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L\;3' ;+#"06#*$'#.'+'B60-2..'<)'=%#-%'#*1#@#19+"'62e9#62,2*&.'06'.B2-#:#-+&#0*.A'.&+*1+61.A'+*1'62"+&21'10-9,2*&.'
+62' 2@+"9+&21'+*1',+12'+BB"#-+<"2' &0' +' .B2-#:#-' B60$6+,'06' B60?2-&' <)' .2"2-&#0*A' +*1' #*' .0,2'24-2B&#0*+"' -+.2.A'
,01#:#-+&#0*'+*1'+11#&#0*'0:'62e9#62,2*&.'#*'&%2'.&+*1+61.>'

;%2':0""0=#*$'.2-&#0*.'B60@#12':96&%26'$9#1+*-2'0*'.B2-#:#-'&+#"06#*$'.#&9+&#0*.>'

2.1 Partial Use of the Standard 

2.1.1 General 

L0&'+""'+.B2-&.'0:'&%#.'.&+*1+61',+)'<2'+BB"#-+<"2'&0'+""',012".'06'.#,9"+&#0*'+BB"#-+&#0*.>';%2':0""0=#*$'
$9#12"#*2.'+62'B60@#121'&0'2*-096+$2'+BB60B6#+&2'9.2'0:'&%2'.&+*1+61'#*'+'*9,<26'0:'24+,B"2'.#&9+&#0*.>'

2.1.2 Creating a New Simulation Environment 

;%#.' .#&9+&#0*' -+"".' :06' 9.2' 0:' &%2' -0,B"2&2' .&+*1+61>' 8&' #.' %0B21' &%+&' &%2' &2+,' 12@2"0B#*$' &%2' *2='
.#,9"+&#0*'2*@#60*,2*&'=09"1A'#:'*2-2..+6)A'+11'&0'&%2'"#.&'0:'.&+*1+61'@+6#+<"2.'+*1'-0061#*+&2'.).&2,.>'

2.1.3 Creating a New Simulation Model in an Existing Simulation Environment 

;%#.'.#&9+&#0*' #.'12:#*21'+.'-62+&#*$'+'*2='.).&2,',012"'C+#6-6+:&'1)*+,#-',012"' :06'24+,B"2D' &%+&'=#""'
69*'#*'+*'24#.&#*$'.#,9"+&#0*'2*@#60*,2*&>'8&' #.'24B2-&21'&%+&'&%#.'#.'&%2',0.&'-0,,0*")'B26:06,21'=06N'
&%+&'=#""'.22'<2*2:#&'<)'+BB"#-+&#0*'0:'&%#.'.&+*1+61>''

8*'&%#.'-+.2'&%2':0""0=#*$'&+#"06#*$'$9#12"#*2.'+62'+BB"#-+<"2>''

+D' 7BB")'&%2'.&+*1+61'&0'&%2'*2='12@2"0B,2*&'+.B2-&.'0:'&%2'B60?2-&'+*1'+""'&%2':9*-&#0*'&+<"2.>''

<D' 7..9,#*$'&%+&',0.&'06'+""'0:'&%2'.&+*1+61'@+6#+<"2'*+,2.'+*1'-0061#*+&2'.).&2,.'+62'+BB"#-+<"2'&0'
&%2'.#,9"+&#0*A'9.2'&%2,':06'&%2'*2='-012'12@2"0B21':06'&%2'.#,9"+&#0*>''

-D' 8*' &%2' 24#.&#*$' .#,9"+&#0*' 2*@#60*,2*&' &%+&' #.' <2#*$' 629.21A' :06' 24+,B"2' &%2' 2e9+&#0*.' 0:' ,0&#0*A'
&%262' #.' *0' *221' &0' 62=6#&2' &%2' -012' &0' 9.2' &%2' .&+*1+61' @+6#+<"2' *+,2.' 06' -0061#*+&2' .).&2,.>'
`0=2@26A' #*' ,0.&' -+.2.' &%2' -0061#*+&2' .).&2,.' 9.21' #*' 24#.&#*$' .#,9"+&#0*' 2*@#60*,2*&.' =#""' <2'
-0@2621' #*' &%2' .&+*1+61' -0061#*+&2' .).&2,' 12:#*#&#0*.' %262#*' C52-&#0*' TD>' ;%262:062' &%2' .&+*1+61'
-0061#*+&2' .).&2,.' -+*' 2+.#")' <2' 62:262*-21' =%2*' 10-9,2*&#*$' &%2' .#,9"+&#0*' +*1' #*&26:+-2.'
<2&=22*'&%2'*2='.#,9"+&#0*'-0,B0*2*&.'+*1'&%0.2'629.21>'

2.1.4 Creating or Updating a Simulation with a Long Life Expectancy 

7'B#"0&' &6+#*#*$'.#,9"+&06' #.'+*'24-2""2*&'24+,B"2'0:' &%#.' &)B2'0:'.#,9"+&#0*>';%#.'.#,9"+&#0*',+)'0*")'<2'
9B1+&21'2@26)'Q[JI')2+6.A'.0'+&':#6.&'$"+*-2'&%2'.&+*1+61',+)'.22,'&0'<2'"2..'+BB"#-+<"2>'

8*':+-&'&%2'0BB0.#&2'#.'&692>'8&'#.'<2-+9.2'0:'&%2'#*:62e92*&',+#*&2*+*-2'&%+&'+BB"#-+&#0*'0:'&%2'.&+*1+61'#.'
-6#&#-+">' 8*' &%#.' -+.2A' #*' 2+-%' *2=' .0:&=+62' 9B1+&2A' &%2' 06#$#*+"' 12@2"0B26.' C06' B62@#09.' 9B1+&26.D' +62'
B60<+<")' *0' "0*$26' +@+#"+<"2A' +*1' &%2' 9B1+&2' #.' <2#*$' B26:06,21' <)' 1#::262*&' B26.0**2">' 50:&=+62'
12@2"0B21' 9.#*$' &%2' .&+*1+61' .%09"1' <2' 2+.#26' :06' &%2' *2=' .0:&=+62' &2+,' &0' 9*126.&+*1>' ;%2)' +62'
=06N#*$'=#&%'-"2+6'@+6#+<"2'12:#*#&#0*.'=#&%'=%#-%'&%2)'+62':+,#"#+6>';%2':9*-&#0*'&+<"2':06,+&'#.'9*126.&001'
+*1' &%2' :9*-&#0*.' &%2,.2"@2.' +62' <2&&26' 10-9,2*&21>' ;%2' -0061#*+&2' .).&2,' 12:#*#&#0*.' +62' -"2+6>'
F%+*$2.'+62'62-06121':06'&%2'<2*2:#&'0:'+*)':9&962'.0:&=+62'9B1+&2>'

8*'.#,9"+&#0*.'=#&%'+'"0*$'24B2-&21'"#:2A'9.2'0:'&%2'.&+&2A'.&+&2'126#@+&#@2'-0*&60"'+*1'09&B9&'-0*@2*&#0*.'
+.'B+6&'0:'&%2'@+6#+<"2'*+,#*$'-0*@2*&#0*'<2-0,2.'-6#&#-+"'+.'&%2.2'@+6#+<"2.':06,'&%2'-062'0:'&%2',012"'

! '



!

+*1' &%2'.#$*#:#-+*&' #*B9&.>' 8&' #.' #,B06&+*&' &%+&' &%2'B26.0**2"',01#:)#*$' &%2'.#,9"+&#0*'+62'+<"2' &0'2+.#")'
#12*&#:)'&%2'.&+&2.A'.&+&2'126#@+&#@2.'+*1'-0*&60".>'

2.2 Implementing the Standard in a non-flat or non-scalar namespace 

;%2'@+6#+<"2'*+,#*$'-0*@2*&#0*'12:#*21'=#&%#*'&%2'.&+*1+61',+N2.'*0'+..9,B&#0*'+.'&0'&%2'%#26+6-%)'0:'
1+&+'-0,B0*2*&.A'.9-%'+.'0<?2-&[06#2*&21',012"'#,B"2,2*&+&#0*'06',9"&#[1#,2*.#0*+"'.&06+$2'0:',+&6#-2.'
+*1' @2-&06.>' ;%2' .&+*1+61' -+*' +--0,,01+&2' &%2.2' #,B"2,2*&+&#0*.' &%609$%' &%2' 9.2' 0:' +' B26#01' C>D'
#*.26&21'<2:062'&%2'0B&#0*+"'10,+#*'*+,2'C2>$>'aero.bodyForceCoefficient_XD'06'&%609$%'&%2'9.2'
0:' +*' +BB60B6#+&2' #*124#*$' ,2-%+*#.,' :06' &%2' -%0.2*' #,B"2,2*&+&#0*' "+*$9+$2' C2>$>'
aerobodyForceCoefficient[0]'06'aerobodyForceCoefficient(1)'D>'`0=2@26A'#&'.%09"1'*0&'<2'
24B2-&21'&%+&'0&%26',2,<26.'0:'&%2'.#,9"+&#0*'-0,,9*#&)',+#*&+#*'#,B"2,2*&+&#0*[.B2-#:#-'-0*@2*&#0*.>'
;%262:062A'0*'24B06&'&%2.2'@+6#+<"2'-0*.&69-&.A.%09"1'<2'-0*@26&21'&0'&%2':"+&A'.-+"+6'*+,2.B+-2'12:#*21'
%262#*>'

2.3 New and Reused Software Tailoring Guidance 

;%2'"0*$26'&%2'24B2-&21'"#:2'0:'&%2'.#,9"+&#0*A'&%2',062'%2"B:9"'&%2'+BB"#-+&#0*'0:'&%2'.&+*1+61'<2-0,2.>'
;%2'+<0@2'&+#"06#*$'$9#12"#*2.',+)'<2'-+&2$06#d21'#*&0'&=0'-0,,0*'.#&9+&#0*.j'*2='+*1'629.21'-012>'

L2='.#,9"+&#0*'-012'.%09"1'

+D' 9.2'-0061#*+&2'.).&2,'12:#*#&#0*.'C52-&#0*'TD'&%+&'-0#*-#12'=#&%'&%2'12:#*#&#0*.'#*'&%2'.&+*1+61j'

<D' 9.2' .&+*1+61' @+6#+<"2' *+,2.' C52-&#0*' UD' &0' :+-#"#&+&2' -0*.#.&2*-)' +*1' .#,B"#:)' 10-9,2*&+&#0*'
62e9#62,2*&.j'

-D' +BB")'&%2'-0*@2*&#0*':06'.&+&2.A'.&+&2'126#@+&#@2.'+*1'-0*&60".'=%262@26'B0..#<"2j'+*1'

1D' 9.2'.&+*1+61':9*-&#0*'&+<"2.'C52-&#0*'XD':06'+""':9*-&#0*'&+<"2.>''

L\;3' ;%#.' :+-#"#&+&2.' -0*.#.&2*-)' #*' &%2' 1+&+A' &%2' 10-9,2*&+&#0*' 0:' &%2' 1+&+A' +*1' -0""+<06+&#0*' =#&%' 0&%26'
06$+*#d+&#0*.'&0'#,B60@2'06'12<9$'&%2'1+&+>'

O29.21'.#,9"+&#0*'-012'.%09"1'62:262*-2'&%2'.&+*1+61'0*")'=%2*'-0*@2*#2*&'&0'10-9,2*&'#*&26:+-2.'=#&%'
*2='-012>'

2.4 Creating New Variable Na mes and Coordinate Systems 

;%2'.&+*1+61'@+6#+<"2'*+,2.'+*1'-0061#*+&2'.).&2,'12:#*#&#0*.'+62'#*-"9121'#*'&%2'.&+*1+61'&0':+-#"#&+&2'
-0,,9*#-+&#0*>';%2)'B60@#12'+'f-0,,0*'"+*$9+$2g':06' &%2'24-%+*$2>'!06'24+,B"2A' #&' #.'*0&'2*09$%'&0'
24-%+*$2' &%2' @+"92.' 0:' &%2' "#:&' -02::#-#2*&' :9*-&#0*>' 7.' +',#*#,9,A' &%2' #*12B2*12*&' @+6#+<"2.' 9.21' &0'
12:#*2' &%2' :9*-&#0*'+*1' &%2#6'9*#&.A' .#$*'-0*@2*&#0*A'+*1' 62:262*-2'-0061#*+&2'.).&2,',9.&'<2'12:#*21>'
;%#.'*221' &0'B62-#.2")'12:#*2'@+6#+<"2.' #.' :+-#"#&+&21'<)'%+@#*$'.&+*1+61'@+6#+<"2'*+,2.'+*1'-0061#*+&2'
.).&2,.>'\:'-096.2A'*2='@+6#+<"2'*+,2.A'12:#*#&#0*.A'+*1'0&%26'-0*@2*#2*&'-0061#*+&2'.).&2,.',+)'<2'
9.21' &0' 24-%+*$2' ,012".' <2&=22*' .#,9"+&#0*' :+-#"#&#2.>' `0=2@26A' #*' .9-%' -+.2.A' &%2' 24B06&26.' +*1'
#,B06&26.',9.&'-+62:9"")'12:#*2'&%2.2'@+6#+<"2.'+*1'-0061#*+&2'.).&2,.A'06'&%2'24-%+*$21',012"',+)'*0&'
B6019-2' &%2' 12.#621' 62.9"&.>' M.2' 0:' .&+*1+61' @+6#+<"2' *+,2.' +*1' -0061#*+&2' .).&2,.' :+-#"#&+&2.' &%2'
24-%+*$2>'

;%#.' .&+*1+61' #*-"912.' +' ,2&%010"0$)' :06' -62+&#*$' *2=' .&+*1+61' @+6#+<"2.>' 8&.' 9.2' #.' 2*-096+$21>'
7**24'F'B60@#12.'&%2'MOY':06'.9<,#&&#*$'+11#&#0*+"'.&+*1+61'@+6#+<"2'*+,2.'+*1'-0061#*+&2'.).&2,.'06'
-0,,2*&.'0*'24#.&#*$'.&+*1+61'@+6#+<"2'*+,2.'+*1'-0061#*+&2'.).&2,.>'

!(!
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3 Applicable Documents 

;%2':0""0=#*$'10-9,2*&.'-0*&+#*'B60@#.#0*.'=%#-%A'&%609$%'62:262*-2'#*'&%#.'&24&A'-0*.&#&9&2'B60@#.#0*.'0:'
&%#.' .&+*1+61>' !06' 1+&21' 62:262*-2.A' .9<.2e92*&' +,2*1,2*&.' &0A' 06' 62@#.#0*.' 0:A' +*)' 0:' &%2.2'
B9<"#-+&#0*.' 10' *0&' +BB")>' `0=2@26A' B+6&#2.' &0' +$622,2*&.' <+.21' 0*' &%#.' .&+*1+61' +62' 2*-096+$21' &0'
#*@2.&#$+&2' &%2' B0..#<#"#&)' 0:' +BB")#*$' &%2' ,0.&' 62-2*&' 21#&#0*.' 0:' &%2' *06,+&#@2' 10-9,2*&.' #*1#-+&21'
<2"0=>'!06'9*1+&21'62:262*-2.A'&%2'"+&2.&'21#&#0*'0:'&%2'*06,+&#@2'10-9,2*&'62:26621'&0'+BB"#2.>''

7877'O[IIS[JaaH' Atmospheric and Space Flight Vehicle Coordinate Systems 

85;[FO[aI[TI' Distributed Interactive Simulation' C(85'7BB"#-+&#0*'E60&0-0".A'R26.#0*'HA'
/+6-%'JaaSD 

===>=Q>06$WK/Y Extensible Markup Language (XML) 1.0 (Fifth Edition), 2008-11-26'

===>=Q>06$W/+&% Mathematical Markup Language (MathML) Version 2.0 (Second Edition), 
2003-10-21 

85\'JaJJJZHIIX' Geographic information Ð Spatial referencing by coordinates 

85\'JJTJ[JZJa]]' Flight dynamics Ð Concepts, quantities, and symbols Ð Part 1: Aircraft 
motion relative to the air 

85\'JJTJ[HZJa]T' Flight dynamics Ð Concepts, quantities, and symbols Ð Part 2: Motions of 
the aircraft and the atmosphere relative to the Earth 

85\'JJTJ[QZJa]a' Flight dynamics Ð Concepts, quantities, and symbols Ð Part 3: 
Derivatives of forces, moments and their coefficients 

85\'JJTJ[SZJaaS' Flight dynamics Ð Concepts, quantities, and symbols Ð Part 4: Concepts, 
quantities and symbols used in the study of aircraft stability and control 

85\'JJTJ[TZJa]X' Flight dynamics Ð Concepts, quantities, and symbols Ð Part 5: Quantities 
used in measurements 

85\'JJTJ[UZJa]H' Terms and symbols for flight dynamics Ð Part 6: Aircraft geometry''

85\']IIII[JZHIIa' Quantities and Units Ð General 

 

! )



!

4 Vocabulary 

4.1 Acronyms and Abbreviated Terms 

7877' 7,26#-+*'8*.&#&9&2'0:'7260*+9&#-.'+*1'7.&60*+9&#-.'

7L(' +#6-6+:&'*0.2'10=*'

7LO' +#6-6+:&'*0.2'6#$%&'

7L58' 7,26#-+*'L+&#0*+"'5&+*1+61.'8*.&#&9&2'

F/' -2*&26'0:',+..'

(7R3[/Y' ()*+,#-'7260.B+-2'R2%#-"2'34-%+*$2'/+6N9B'Y+*$9+$2'

(85' (#.&6#<9&21'8*&26+-&#@2'5#,9"+&#0*'

(;(' (0-9,2*&';)B2'(2:#*#&#0*'

!3' !"+&'3+6&%'-0061#*+&2'.).&2,'

P3' P20-2*&6#-'3+6&%':#421'-0061#*+&2'.).&2,'

`Y7' `#$%'Y2@2"'76-%#&2-&962'

8F' #*#&#+"'-0*1#&#0*'

85\' 8*&26*+&#0*+"'\6$+*#d+&#0*':06'5&+*1+61#d+&#0*'

85k' 8*&26*+&#0*+"'5).&2,'0:'k9+*&#&#2.'

/+&%/Y' /+&%2,+&#-+"'/+6N9B'Y+*$9+$2'

/OF' ,0,2*&'62:262*-2'-2*&26'

/5Y' /2+*'.2+'"2@2"'

O_(' 6#$%&'=#*$'10=*'

58' 5).&l,2'8*&26*+&#0*+"2'1iM*#&2.'

MOY' M*#:06,'O2.096-2'Y0-+&06'

_P5' _06"1'$2012&#-'.).&2,'

K/Y' 2K&2*.#<"2'/+6N9B'Y+*$9+$2'

' '

'

4.2 Terms and Definitions 

!06'&%2'B96B0.2.'0:'&%#.'10-9,2*&A'&%2':0""0=#*$'&26,.'+*1'12:#*#&#0*.'+BB")>'

Center of mass 
;%#.'.&+*1+61'9.2.'-2*&26'0:',+..'CF/D'+.'&%2'12:+9"&'"0-+&#0*':06'.2@26+"'-0061#*+&2'.).&2,.>';%2'"0*$[
.&+*1#*$'+260*+9&#-+"' &6+1#&#0*' #.' &0'62:26' &0'&%#.' "0-+&#0*'+.'&%2'-2*&26'0:'$6+@#&)'CFPD>'F2*&26'0:'$6+@#&)'
+*1'-2*&26'0:',+..'+62' #*&26-%+*$2+<"2' :06'@2%#-"2',012"#*$'0*'06'+<0@2'+' "+6$2'$6+@#&+&#0*+"'<01)' #*'
%)160.&+&#-' 2e9#"#<6#9,' "#N2' &%2' 3+6&%>' `0=2@26A' &%2' 1#::262*-2' <2&=22*' F/' +*1' FP' -+*' <2-0,2'
.#$*#:#-+*&'=%2*'+'@2%#-"2',+*29@26.'*2+6'.,+""A'#662$9"+6")'.%+B21'$6+@#&+&#0*+"'<01#2.'C2>$>'+.&260#1.D>'''

!*!



!

;%9.A'-2*&26'0:',+..' #.' &%2',062'-0662-&' &26,' :06' &%#.' #,B06&+*&'+2601)*+,#-'+*1'N#*2,+&#-' 62:262*-2'
B0#*&>'

Coordinate system 
7',2+.962,2*&' .).&2,' :06' "0-+&#*$' B0#*&.' #*' .B+-2' +*1' +&&+-%21' &0' +' 62:262*-2' :6+,2' C5&2@2*.' +*1'
Y2=#.A'HIIQD>'8*'&%#.'.&+*1+61'&%2)'=#""'<2'06&%0$0*+"'6#$%&[%+*121'&6#+1.'9*"2..'.B2-#:#-+"")'*0&21>'

Ground 
5,00&%'.96:+-2'0:'&%2'2+6&%'+&'&%2'*+1#6A'*0&'*2-2..+6#")'/5Y>'

 
Mean Sea Level 
;%2'd260'2"2@+&#0*'62:262*-2'#*'&%2'.#,9"+&#0*A'*06,+"")'&%2'$20#1>''7"&%09$%',+*)'.#,9"+&#0*.'&62+&'/5Y'
+*1' &%2' .,00&%' .96:+-2' 0:' &%2' 2+6&%' +.' 2e9#@+"2*&' &%#.' #.' *0&' +"=+).' &692>' ' !06' 24+,B"2A' &%2'_P5]S'
,012"'2e9+&2.'/5Y'=#&%'&%2'$20#1A'*0&'&%2'.,00&%'.96:+-2>'

Presentation coordinate system '
;%2'.B2-#:#-'-0061#*+&2'.).&2,'#*'=%#-%'+'@+6#+<"2'06'@2-&06'#.'B62.2*&21'C06'24B62..21D>'!06'24+,B"2A'+'
.B2-#:#-'@2-&06',+)'<2'B62.2*&21'C24B62..21D' #*' &%2'<01)'+4#.'-0061#*+&2'.).&2,A' &%2'$20-2*&6#-'3+6&%'
CgeD' -0061#*+&2' .).&2,A' 06' 0*2' 0:' &%2' +"&26*+&#@2.' B62.2*&21' #*' 52-&#0*' T>' ;%2' @+"92' 0:' &%2' @2-&06i.'
-0,B0*2*&.'C2>$>'KA'cA'm'nD'1#::26.'12B2*1#*$'0*'&%2'B62.2*&+&#0*'-0061#*+&2'.).&2,>';%2'B62.2*&+&#0*'
:6+,2'0*")'12&26,#*2.'%0='&%2'@2-&06'#.'24B62..21'+.'KA'cA'+*1'n'-0,B0*2*&.A'+.'&%2'.B2-#:#-'@2-&06'0:'
+*'0<?2-&'#.'#*@+6#+*&'=#&%'62.B2-&'&0'+*)'+6<#&6+6)'-0061#*+&2':6+,2'C#>2>'&%2)'+62'-0*&6+@+6#+*&'6+*N'0*2'
&2*.06.D>' 8*' 0&%26' =061.A' &%2' .B2-#:#-' @2-&06' #*' &=0' B62.2*&+&#0*' :6+,2.' 1#::26.' 0*")' <)' +' "#*2+6'
&6+*.:06,+&#0*' C#>2>'+' 60&+&#0*',+&6#4D>'_%2*'0*2' fB62.2*&.g'06' f24B62..2.g' &%2'@2-&06' #*'+'B62.2*&+&#0*'
-0061#*+&2'.).&2,A'&%+&'B62.2*&+&#0*'-0061#*+&2'.).&2,'#.'&62+&21'+.'#:'#&'#.'#*.&+*&+*209.")':#421'62"+&#@2'
&0'&%2'0<.26@26':06'&%2'$#@2*'&#,2't'C2@2*'#:'&%2'B62.2*&+&#0*'-0061#*+&2'.).&2,'#.'&6+*."+&#*$'+*1'60&+&#*$'
62"+&#@2'&0'&%2'0<.26@26D>''

;%2'B62.2*&+&#0*'-0061#*+&2'.).&2,.'#.'#12*&#:#21'#*'@+6#+<"2'*+,2.'<)'&%2'#*#&#+"'-0061#*+&2'.).&2,'B62:#4>'

Reference frame 
!6+,2.':06'.%06&>'7'$2*26+"'12:#*#&#0*':06'+'62:262*-2':6+,2'#.Z'&%622'06',062'*0*[-0"#*2+6'B0#*&.'0*'+'6#$#1'
<01)'12:#*2'+'62:262*-2':6+,2'C5&2@2*.'+*1'Y2=#.A'HIIQD>'M*"#N2'+'-0061#*+&2'.).&2,A'+'62:262*-2':6+,2'
%+.'*0' :#421'06#$#*A' #&' #.' #*'2..2*-2'+'6#$#1'<01)'=%262#*'+""'B0#*&.'+62' :#421' #*'B0.#&#0*'62"+&#@2' &0'2+-%'
0&%26>';%2'"0-+&#0*'0:'+'B0#*&'06'@2-&06'#*'+':6+,2'#.'24B62..21'9.#*$'+'.B2-#:#21'-0061#*+&2'.).&2,>'7*)'
*9,<26'0:'B0#*&.'06'@2-&06.',+)'<2'24B62..21'=#&%'+*)'*9,<26'0:'-0061#*+&2'.).&2,.'C=#&%'*0'62"+&#@2'
,0&#0*D' #*' &%2' .+,2' :6+,2>' !06' 24+,B"2A' &%2' 3+6&%' #.' 0:&2*' +' 62:262*-2' :6+,2' +*1' ,+)' %+@2' &%2'
$20-2*&6#-'3+6&%'CgeD'-0061#*+&2'.).&2,'+&&+-%21'&0'&%2'-2*&26A'+*1'+*)'*9,<26'0:'9.26'12:#*21'&0B012&#-'
-0061#*+&2' .).&2,.' C.9-%' +.' 69*=+).' 06' "+9*-%' .#&2.D' 9.21' &0' "0-+&2' +*1' 06#2*&' :#421' 0<?2-&.' 0*' &%2'
3+6&%>' L0&2' %0=2@26' +*' 0<?2-&' ,0@#*$' 0*' 06' +<0@2' &%2' .96:+-2' 0:' &%2' 3+6&%' =09"1' <2' #*' +' 1#::262*&'
62:262*-2':6+,2>'

Reference coordinate system 
;%2'-0061#*+&2'.).&2,' &%+&'12:#*2.' &%2' :6+,2'0:' #*&262.&'0:'+' 60&+&#0*+"',2+.962,2*&'.9-%'+.'+&&#&912A'
+*$9"+6'6+&2'06'+*$9"+6'+--2"26+&#0*>'812*&#:#21'#*'@+6#+<"2'*+,2.'<)'&%2'fOfg'-0,B0*2*&>'8:'*0&'B62.2*&A'
&%2'12:+9"&'62:262*-2'-0061#*+&2'.).&2,'#.'&%2'<01)'-0061#*+&2'.).&2,>'

Reference point 
;%2'B0#*&'0:'#*&262.&'0:'+'&6+*."+&#0*+"',2+.962,2*&'.9-%'+.'B0.#&#0*A'@2"0-#&)'06'+--2"26+&#0*>'812*&#:#21'#*'
@+6#+<"2'*+,2.'<)'+*'fOfg'-0,B0*2*&>'8:'*0&'.B2-#:#21A'&%2'12:+9"&'62:262*-2'B0#*&'#.'&%2'0=*.%#Bi.'-2*&26'
0:',+..>'

Relative coordinate system 
7'-0061#*+&2'.).&2,'&%+&'12:#*2.'&%2'06#$#*'0:'+',2+.962,2*&'.9-%'+.'B0.#&#0*A'@2"0-#&)'06'+--2"26+&#0*'
C&6+*."+&#0*+"' 06' 60&+&#0*+"D>' 812*&#:#21' #*' @+6#+<"2' *+,2.' <)' &%2' fWrtg' -0,B0*2*&>' 8:' *0&' .B2-#:21A' &%2'
12:+9"&'62"+&#@2'-0061#*+&2'.).&2,'#.'&%2'.+,2'+.'&%2'B62.2*&+&#0*'-0061#*+&2'.).&2,':06'&6+*."+&#0*'+*1'

! +



!

&%2'"0-+"")["2@2"'-0061#*+&2'.).&2,':06'60&+&#0*.>'

Observer coordinate system 
7' -0061#*+&2' .).&2,' :60,' =%#-%' ,0&#0*' 0:' +' B0#*&' C+' @2"0-#&)A' +--2"26+&#0*' 06' %#$%26' 126#@+&#@2D' #.'
0<.26@21' C06',2+.9621D>' 8*',+*)'-+.2.' &%#.'-0061#*+&2'.).&2,' #.' #*' &%2'.+,2' 62:262*-2' :6+,2'+.' &%2'
62"+&#@2' -0061#*+&2' .).&2,A' %0=2@26' #*' &%2' ,0.&' $2*26+"' -+.2A' ,+)' 24#.&' #*' +' 1#::262*&' :6+,2>' ;%2'
,+$*#&912'+*1'1#62-&#0*'0:'@2"0-#&)'C+*1'%#$%26'126#@+&#@2.D'1#::26'12B2*1#*$'0*'&%2'0<.26@26'-0061#*+&2'
.).&2,' 192' &0' &%2' :+-&' &%+&' &%2' 62"+&#@2' -0061#*+&2' .).&2,',+)' <2' #*',0&#0*' 62"+&#@2' &0' &%2' 0<.26@26>'
812*&#:#21'#*'@+6#+<"2'*+,2.'<)'&%2'fObsFrg'-0,B0*2*&>'8:'*0&'.B2-#:#21A'&%2'0<.26@26'-0061#*+&2'.).&2,'
12:+9"&.'&0'&%2'.+,2'-0061#*+&2'.).&2,'+.'&%2'62"+&#@2'-0061#*+&2'.).&2,>'

Velocity 
;%2':#6.&'126#@+&#@2'0:'B0.#&#0*j'#*'&%2'$2*26+"'-+.2A'-+*'<2'+BB"#21'&0'2#&%26'&6+*."+&#0*+"'06'60&+&#0*+"'6+&2[
0:[-%+*$2' 0:' B0.#&#0*>' ;%#.' &26,' *06,+"")' +BB"#2.' &0' &6+*."+&#0*+"' ,0&#0*j' &%2' 60&+&#0*+"' 2e9#@+"2*&' #.'
*06,+"")'-+""21'f+*$9"+6'6+&2>g'

Inertial velocity 
;%2'.B2-#+"'-+.2'0:'+'@2"0-#&)' :06'=%#-%' &%2'62"+&#@2'62:262*-2'+*1'0<.26@26'-0061#*+&2'.).&2,.'+62'+*'
#*26&#+"':6+,2>'

Breakpoint 
7' @+"92' 0:' +*' #*12B2*12*&' @+6#+<"2' +&'=%#-%' &%2' @+"92' 0:' #&.' 12B2*12*&' @+6#+<"2' #.' .B2-#:#21A' 06' &%2' x'
-0061#*+&2'C06'+<.-#..+D'0:'+'0*2'1#,2*.#0*+"'&+<"2'

Confidence interval 
7*'2.&#,+&2'0:'&%2'-0,B9&21'06'B26-2#@21'+--96+-)'0:'&%2'1+&+'

Dependent variable 
7*'09&B9&'&%+&'#.'0<&+#*21'<)'2@+"9+&#0*'0:'+'&+<9"+&21':9*-&#0*'06'+'/+&%/Y'24B62..#0*'

3K7/EY3' !06'FYC�D���EDA'FY'#.'&%2'12B2*12*&'@+6#+<"2A'+".0'-+""21'&%2'09&B9&>'

Independent variable 
;%2'#*B9&C.D'&0'+':9*-&#0*'&+<"2'06'+'/+&%/Y'24B62..#0*'

3K7/EY3' !06'FYC�D���EDA'�D'+*1'�E'+62'#*12B2*12*&'@+6#+<"2.>'

One-dimensional table 
7'&+<"2'=%0.2'@+"92.'+62'<+.21'9B0*'0*")'0*2'#*12B2*12*&'@+6#+<"2'

3K7/EY3' FYC�DD',+)'<2'62B62.2*&21'<)'+'0*2[1#,2*.#0*+"'&+<"2>'

Two-dimensional table 
7'&+<"2'=%0.2'@+"92.'+62'<+.21'9B0*'&=0'#*12B2*12*&'@+6#+<"2.'

3K7/EY3' FYC�D���ED',+)'<2'62B62.2*&21'<)'+'&=0[1#,2*.#0*+"'&+<"2>'

Static equation 
7',+&%2,+&#-+"'.&+&2,2*&'=%262'&%2'09&B9&'C"2:&'%+*1'.#12D'102.'*0&'%+@2'1#62-&'12B2*12*-2'C6#$%&'%+*1'
.#12D'0*'+'.#,9"+&#0*'.&+&2'

Simulation states (and state derivatives) 
8*'&%2':06,9"+&#0*'0:'+'*0*["#*2+6'.#,9"+&#0*',012"'.%0=*'+.'

!
=%262''

!$,!



!

x'62B62.2*&.'+'@2-&06'0:'&%2'.#,9"+&#0*'.&+&2.>'

"x '62B62.2*&.'+'@2-&06'0:'&%2'.#,9"+&#0*'.&+&2'126#@+&#@2.>'

u'62B62.2*&.'+'@2-&06'0:'&%2'.#,9"+&#0*'-0*&60".''

y'62B62.2*&.'+'@2-&06'0:'&%2'.#,9"+&#0*'09&B9&.'

w'62B62.2*&.'+'@2-&06'0:'1#.&96<+*-2.'

Function Table 
;%2'*9,26+"'.2&'0:'1+&+'B0#*&.'9.21'&0'62B62.2*&'&%2'@+"92'0:'+*'#*12B2*12*&'@+6#+<"2'+.'+':9*-&#0*'0:'&%2'
@+"92C.D'0:'0*2'06',062'#*12B2*12*&'@+6#+<"2.'

3K7/EY3' FYC�D���ED',+)'<2'62B62.2*&21'<)'+':9*-&#0*'&+<"2>''

Gridded Table 
7',9"&#[1#,2*.#0*+"':9*-&#0*'&+<"2'#*'=%#-%'+""' #*12B2*12*&'@+6#+<"2'<62+NB0#*&.'+62'-0*.&+*&'+-60..'&%2'
:9*-&#0*'6+*$2A'<9&'*0&'*2-2..+6#")'2@2*")'.B+-21''

L\;3'J';%#.'#.'.0,2&#,2.'-+""21'+*'06&%0$0*+"'&+<"2>'

L\;3'H'7""'0*2[1#,2*.#0*+"'&+<"2.'+62'$6#1121'&+<"2.>'

3K7/EY3' 7'$6#1121'&=0[1#,2*.#0*+"':9*-&#0*''

'

Ungridded Table 
7',9"&#[1#,2*.#0*+"' :9*-&#0*' &+<"2' #*'=%#-%' &%2' #*12B2*12*&' @+6#+<"2'<62+NB0#*&.'*221'*0&'<2'-0*.&+*&'
+-60..'&%2':9*-&#0*'6+*$2'

L\;3' ;%#.'#.'.0,2&#,2.'-+""21'+'*0*[06&%0$0*+"'&+<"2>'

3K7/EY3' 7*'9*$6#1121'&=0[1#,2*.#0*+"':9*-&#0*'

! $$



!

'
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5 Standard Simulation Coordinate Systems 

5.1 Background / Philosophy 

/0.&' 0:' &%2' -0061#*+&2' .).&2,' 12:#*#&#0*.' 1#.-9..21' %262#*' =262' &+N2*' :60,' 24#.&#*$' .&+*1+61.A' &%2'
ANSI/AIAA Recommended Practice for Atmospheric and Space Flight Vehicle Coordinate Systems'
C7L58W7877'O[IIS[JaaHD'+*1'&%2'Distributed Interactive Simulation'C(85'7BB"#-+&#0*'E60&0-0".A'R26.#0*'HA'
85;[FO[aI[TIA'/+6-%'JaaSD>'7877'O[IIS[JaaH'#.'<+.21'0*'85\'JJTJ[JZJa]]'+*1'85\'JJTJ[QZJaXH>''

F0061#*+&2'.).&2,'.&+*1+61.'+62'+".0'62:"2-&21'#*'&%2'@+6#+<"2'*+,#*$'-0*@2*&#0*>'_%2*'+BB"#-+<"2A'&%2'
-0061#*+&2'.).&2,'#.'#*-"9121'#*'&%2'@+6#+<"2'*+,2'C.22'52-&#0*'UD>'

5.1.1 Coordin ate System Conventions 

8*'$2*26+"A'7L58W7877'O[IIS[JaaH' #.' &%2'*06,+&#@2' 62:262*-2' :06' -0061#*+&2'.).&2,'12:#*#&#0*.>';%2.2'
-0061#*+&2'.).&2,.'+62'1#.-9..21'#*';+<"2'J>'`0=2@26A'#&'#.'#,B06&+*&'&0'2,B%+.#d2'&%2'-0662"+&#0*'0:'&%2'
7877'10-9,2*&'+*1'&%2'Distributed Interactive Simulation'C(85D'-0061#*+&2'.).&2,.>';%2'$20-2*&6#-'3+6&%'
:#421'-0061#*+&2'.).&2,'+*1'<01)'-0061#*+&2'.).&2,'+62'<0&%'9.21' #*'(85'+*1'`#$%'Y2@2"'76-%#&2-&962'
C`Y7D'.#,9"+&#0*.>'

5.1.1.1 Geocentric Earth Fixed Coordinate System 

;%2'P20-2*&6#-'3+6&%'!#421'F0061#*+&2'5).&2,'C-0061#*+&2'.).&2,'J>J>Q'0:';+<"2'JD' #.' #12*&#-+"' &0' &%2'
(85' fP20-2*&6#-' F+6&2.#+*' F0061#*+&2' 5).&2,g' C+".0' 62:26621' &0' +.' f_06"1' F0061#*+&2' 5).&2,g' #*' &%2'
(85D>''

7""'@+6#+<"2.'62:262*-21'&0'&%#.'-0061#*+&2'.).&2,'9.2'fge”'+.'B+6&'0:'&%2#6'*+,2':06'&%2'P20-2*&6#-'3+6&%'
!#421'F0061#*+&2'5).&2,>';%#.'-0061#*+&2'.).&2,'#.'+".0':62e92*&")'-+""21'f3+6&%[-2*&2621A'3+6&%[:#421>g'

5.1.1.2 Body Coordinate System 

7*0&%26'.&+*1+61'-0061#*+&2'.).&2,'#.'&%2'V01)'F0061#*+&2'5).&2,'C-0061#*+&2'.).&2,'*9,<26'J>J>X'#*'
7L58W7877'O[IIS[JaaHD>';%#.' #.' #12*&#-+"' &0' &%2'(85' f3*&#&)'F0061#*+&2.'5).&2,>g';%2'<01)'-0061#*+&2'
.).&2,'#.'#12*&#:#21'#*'&%2'@+6#+<"2'*+,2.'<) “body”>'

5.1.1.3 Additional Coordinate Systems 

8*' +11#&#0*' &0' &%2' -0061#*+&2' .).&2,.' 12:#*21' #*' 7L58W7877'O[IIS[JaaHA' &%#.' .&+*1+61' %+.' +1121' &%2'
/0,2*&'O2:262*-2'F2*&26A' !"+&'3+6&%A' Y0-+"")' Y2@2"A' +*1'R2%#-"2'O2:262*-2' C06'5&69-&96+"D' -0061#*+&2'
.).&2,.>' ;%2'/0,2*&'O2:262*-2'F2*&26' -0061#*+&2' .).&2,' #.' +' .B2-#+"' -+.2' <01)' -0061#*+&2' .).&2,'
C*9,<26'J>J>X'#*'7L58W7877'O[IIS[JaaHA'*9,<26'J>J>T'#*'85\'JJTJ[JZJaa]D>';%2'!"+&'3+6&%'+*1'Y0-+"")'
Y2@2"'-0061#*+&2'.).&2,.'+62'62.B2-&#@2")'@+6#+*&.'0:'&%2'L06,+"'3+6&%[:#421'-0061#*+&2'.).&2,'C*9,<26'
J>J>S'#*'7L58W7877'O[IIS[JaaHA'*9,<26'J>J>H'#*'85\'JJTJ[JZJaa]D'+*1'&%2'R2%#-"2[-+66#21'*06,+"'3+6&%'
-0061#*+&2' .).&2,' C*9,<26' J>J>U' #*' 7L58W7877'O[IIS[JaaHA' *9,<26' J>J>S' #*' 85\' JJTJ[JZJaa]D>' V0&%'
&%2.2'-0061#*+&2'.).&2,.'+62'*06,+"")'9.21' #*'-0*?9*-&#0*'=#&%'+*'+..9,B&#0*' &%+&' &%2'3+6&%' :06,.'+*'
#*26&#+"'62:262*-2':6+,2>';%2)'+62'9.2:9"':06'.#,B"2'.#,9"+&#0*.A'+*1':06'-62+&#*$'@2%#-"2',012"'@+"#1+&#0*'
1+&+>';%2'R2%#-"2'O2:262*-2'-0061#*+&2'.).&2,'#.'+'<01)'-0061#*+&2'.).&2,'&%+&',+)'<2'9.21'&0'"0-+&2'
@2%#-"2'-0,B0*2*&.'=#&%#*'&%2'.&69-&962'0:'&%2'@2%#-"2>'

;%2',0,2*&'62:262*-2'-2*&26'-0061#*+&2'C/OFD'.).&2,',+)'<2'9.21'&0'"0-+&2'0<?2-&.'#*'&%2'@2%#-"2>'8&.'
+42.'+62'+"#$*21'=#&%' &%2'<01)'-0061#*+&2'.).&2,A'%0=2@26A' #&.'06#$#*' #.' :#421'+&' &%2',0,2*&' 62:262*-2'
-2*&26'0:'&%2'@2%#-"2'=%#"2'&%2'<01)'-0061#*+&2'.).&2,'06#$#*'#.'+&'&%2'-2*&26'0:',+..'CF/D'+*1',0@2.'+.'
&%2'-2*&26'0:',+..'CF/D',0@2.>'

;%2',0,2*&'62:262*-2'-2*&26'-0061#*+&2'.).&2,'#.'#12*&#:#21'#*'&%2'@+6#+<"2'*+,2.'<)'fmrc”>'

;%2':"+&'3+6&%'-0061#*+&2'.).&2,'#.'<+.21'0*'+':#421A'*0*[60&+&#*$A':"+&'3+6&%'=#&%'*0',+BB#*$'&0'+'609*1'
3+6&%'-0061#*+&2'.).&2,A'+*1' &%262:062A' "+&#&912'+*1' "0*$#&912'+62' #*+BB60B6#+&2' C<9&'-+*'<2'.-+"21' :06'

! $&



!

.,+""',+B.D>';%2'B96B0.2'0:'&%#.'-0061#*+&2'.).&2,'#.'&0'+""0=A'#:'12.#621A'@2%#-"2'-%2-N09&'.#,9"+&#0*'&0'
<2'B26:06,21' #*' &%#.'-0061#*+&2'.).&2,>' ';%#.'.#,B"#:#2.' &%2'9.2'0:' &%#.'.&+*1+61'<)'.#,9"+&#0*' :+-#"#&#2.'
&%+&'10'*0&'*06,+"")'9.2'+'609*1'06'0<"+&2'.B%260#1+"A'60&+&#*$'3+6&%',012">''

;%2':"+&'3+6&%'-0061#*+&2'.).&2,'#.'#12*&#:#21'#*'&%2'@+6#+<"2'*+,2.'<)'ffe”>'

;%2'"0-+"")'"2@2"'-0061#*+&2'.).&2,'#.'&%2'62:262*-2'-0061#*+&2'.).&2,':06'+*$"2.'+*1'+*$9"+6',0&#0*>''8&i.'
06#$#*'#.':#421'+&'&%2'@2%#-"2'-2*&26'0:',+..>'

;%2'"0-+"")'"2@2"'-0061#*+&2'.).&2,'#.'#12*&#:#21'#*'@+6#+<"2'*+,2.'<)'fll”>'

;%2'@2%#-"2'62:262*-2'-0061#*+&2'.).&2,'#.'9.21'&0'"0-+&2'@2%#-"2'-0,B0*2*&.>' 8&' #.' :#421'&0'&%2'@2%#-"2'
.&69-&962' +*1' 102.' *0&' ,0@2>' ;%2' .B2-#:#-' 12:#*#&#0*' 1#::26.' :06' 2+-%' @2%#-"2>' 50,2&#,2.' &%2' @2%#-"2'
.).&2,',+)'<2'&%2'=2#$%&'+*1'<+"+*-2'62:262*-2'.).&2,':06'&%2'@2%#-"2>';%2'K'06#$#*'#.'0:&2*'#*':60*&'0:'
&%2'@2%#-"2A'&%2'c'06#$#*'#*'&%2'-2*&26"#*2'0:'&%2'@2%#-"2'+*1'&%2'n'06#$#*'<2"0='&%2'@2%#-"2>';%2'K[+4#.'#.'
0:&2*'-+""21'&%2':9.2"+$2'.&+&#0*'+*1'#.'0:&2*'B0.#&#@2'+:&A'&%2'c[+4#.'#.'-+""21'<9&&'"#*2'+*1'#.'0:&2*'B0.#&#@2'
&0'6#$%&A'+*1'&%2'n[+4#.'#.'&%2'=+&26"#*2'+*1'#.'0:&2*'B0.#&#@2'9B>'`0=2@26A'&%2.2'12:#*#&#0*.',+)'-%+*$2'
=#&%'&%2'@2%#-"2'+*1'+',+*9:+-&96#*$'62:262*-2'.).&2,',+)'#*.&2+1'<2'9.21>''

;%2'@2%#-"2'62:262*-2'.).&2,'#.'#12*&#:#21'#*'@+6#+<"2'*+,2.'<)'fvrs”>'

5.2 Complete List of Coordinate Systems 

;%2'-0061#*+&2'.).&2,.'&%+&'+62'62:262*-21'+62' &+N2*' "+6$2")' :60,'B+6+$6+B%'J>J'0:'7L58W7877'O[IIS[
JaaH>';%2',0,2*&'62:262*-2'-2*&26A':"+&'3+6&%'+*1'"0-+"")'"2@2"'-0061#*+&2'.).&2,.':06'+&,0.B%26#-':"#$%&'
.#,9"+&#0*'+BB604#,+&#0*'+62'+11#&#0*+"'&0'&%+&'62:262*-2>'7'@2%#-"2'62:262*-2'-0061#*+&2'.).&2,'#.'+1121'
:06'&%2'B96B0.2'0:'"0-+&#*$'.).&2,.'+*1'.9<.).&2,.'#*'&%2'@2%#-"2>';+<"2'J'#.'&%2'-0,B62%2*.#@2'"#.&'0:'
-0061#*+&2'.).&2,.'&%+&',+)'<2'9.21'9*126'&%#.'.&+*1+61>''

;%2' :#6.&' -0"9,*' #*' ;+<"2' J' B60@#12.' &%2' +<<62@#+&#0*' 62-0,,2*121' :06' 2+-%' -0061#*+&2' .).&2,>' ;%2'
-0061#*+&2'.).&2,',+)'<2'62:262*-21'#*'+'@+6#+<"2'*+,2'<)'9.2'0:'#&.'+<<62@#+&#0*>'522'52-&#0*'U'0*'&%2'
@+6#+<"2'*+,#*$'-0*@2*&#0*>'

;+<"2'J'^'5&+*1+61'-0061#*+&2'.).&2,.'
Reference 

Abbreviation  
R-004-1992 
Paragraph 

Number 

Term Definition Symbol 

ei  

C:06'3+6&%'
-2*&2621'
#*26&#+"D'

J>J>J' P20-2*&6#-'
#*26&#+"'-0061#*+&2'
.).&2,'

C522'7BB2*1#4'
(>H'0:'O[IIS':06'+'
,01#:#-+&#0*'0:'
&%#.'.).&2,'9.21'
:06'"+9*-%'
@2%#-"2.>D'

7*'#*26&#+"'62:262*-2'.).&2,'0:'&%2'!oT'
,2+*'2e9+&06'+*1'2e9#*04'0:'bHIII>I'%+.'
&%2'06#$#*'+&'&%2'-2*&26'0:'&%2'3+6&%A'&%2'K8[
+4#.'<2#*$'&%2'-0*&#*9+&#0*'0:'&%2'"#*2':60,'
&%2'-2*&26'0:'&%2'3+6&%'&%609$%'&%2'-2*&26'0:'
&%2'59*'&0=+61'&%2'@26*+"'2e9#*04A'&%2'n8[
+4#.'B0#*&#*$'#*'&%2'1#62-&#0*'0:'&%2',2+*'
2e9+&06#+"'B"+*2i.'*06&%'B0"2A'+*1'&%2'c8[+4#.'
-0,B"2&#*$'&%2'6#$%&[%+*1'.).&2,>''
C522'!#$962'J7'#*'O[IISD'

# $%$&$!

L0&'9.21A'&%#.'
:06,.'+'<+.#.'
:06'0&%26'
12:#*#&#0*.'

J>J>H' 3+6&%[:#421'
-0061#*+&2'
.).&2,'

7'6#$%&[%+*1'-0061#*+&2'.).&2,A':#421'
62"+&#@2'&0'+*1'60&+&#*$'=#&%'&%2'3+6&%A'=#&%'
&%2'06#$#*'+*1'+42.'1#62-&#0*.'-%0.2*'+.'
+BB60B6#+&2>'

x' y' z'  

ge 

C+".0'-+""21'
3+6&%[-2*&2621A'

J>J>Q' P20-2*&6#-'3+6&%[
:#421'-0061#*+&2'
.).&2,'

7'.).&2,'=#&%'<0&%'&%2'06#$#*'+*1'+42.':#421'
62"+&#@2'&0'+*1'60&+&#*$'=#&%'&%2'3+6&%'CJ>J>HD>'
;%2'06#$#*'#.'+&'&%2'-2*&26'0:'&%2'3+6&%A'&%2'
4P[+4#.'<2#*$'&%2'-0*&#*9+&#0*'0:'&%2'"#*2'

( ) * ) +) '

!$#!



!

Reference 
Abbreviation  

R-004-1992 
Paragraph 

Number 

Term Definition Symbol 

3+6&%[:#421D'

'

:60,'&%2'-2*&26'0:'&%2'3+6&%'&%609$%'&%2'
#*&26.2-&#0*'0:'&%2'P622*=#-%',26#1#+*'+*1'
&%2'2e9+&06A'&%2'dP[+4#.'<2#*$'&%2',2+*'.B#*'
+4#.'0:'&%2'3+6&%A'B0.#&#@2'&0'&%2'*06&%A'+*1'
&%2')P[+4#.'-0,B"2&#*$'&%2'6#$%&[%+*1'
.).&2,>'

C522'7BB2*1#4'(>Q'#*'O[IIS[JaaHD'

' J>J>S' L06,+"'3+6&%[
:#421'-0061#*+&2'
.).&2,'

7*'3+6&%[:#421'-0061#*+&2'.).&2,'CJ>J>HD'#*'
=%#-%'&%2'd0[+4#.'#.'06#2*&21'+--061#*$'&0'&%2'
10=*=+61'@26&#-+"'B+..#*$'&%609$%'&%2'06#$#*'
C:60,'&%2'06#$#*'&0'&%2'*+1#6D>''
C522'!#$962'JF'#*'O[IIS[JaaHD'

x' y' z' '

vo J>J>T' R2%#-"2[-+66#21'
06<#&[12:#*21'
-0061#*+&2'
.).&2,+'

7'.).&2,'=#&%'&%2'06#$#*':#421'#*'&%2'@2%#-"2A'
(the default being the center of mass),'#*'
=%#-%'&%2'd0[+4#.'#.'1#62-&21':60,'&%2'
.B+-2-6+:&'&0=+61'&%2'*+1#6A'&%2')0[+4#.'#.'
*06,+"'&0'&%2'06<#&'B"+*2'CB0.#&#@2'&0'&%2'6#$%&'
=%2*'"00N#*$'#*'&%2'1#62-&#0*'0:'&%2'
.B+-2-6+:&'@2"0-#&)DA'+*1'&%2'40[+4#.'
-0,B"2&2.'&%2'6#$%&[%+*1'.).&2,>'
C522'!#$962'J7'#*'O[IIS[JaaHD'

( ' * ' +' '

ve' J>J>U' R2%#-"2[-+66#21'
*06,+"'3+6&%'
-0061#*+&2'
.).&2,+'

7'.).&2,'#*'=%#-%'2+-%'+4#.'%+.'&%2'.+,2'
1#62-&#0*'+.'&%2'-0662.B0*1#*$'*06,+"'3+6&%[
:#421'+4#.A'=#&%'&%2'06#$#*':#421'#*'&%2'@2%#-"2A'
the default being'&%2'-2*&26'0:',+..>'

x' y' z' '

body J>J>X' V01)'-0061#*+&2'
.).&2,+'
'

Y0*$#&91#*+"'+4#.'

'

'

'
'
'

Y+&26+"'+4#.'

'
'
L06,+"'+4#.'

7'.).&2,':#421'#*'&%2'@2%#-"2A'with the default 
origin being the center of mass,'-0*.#.&#*$'0:'
&%2':0""0=#*$'+42.Z'

7*'+4#.'#*'&%2'62:262*-2'B"+*2'06A'#:'&%2'06#$#*'
#.'09&.#12'&%+&'B"+*2A'#*'&%2'B"+*2'&%609$%'&%2'
06#$#*'B+6+""2"'&0'&%2'62:262*-2'B"+*2A'+*1'
B0.#&#@2':06=+61><'8*'+#6-6+:&'06',#..#"2.A'&%#.'
#.'*06,+"")':60,'&%2'F/':06=+61'&0=+61.'&%2'
*0.2'#*'&%2'@26&#-+"'B"+*2'0:'.),,2&6)>'8&'#.'
+".0'*06,+"")'B+6+""2"'&0'&%2'=+&26"#*2'0:'&%2'
@2%#-"2>''

7*'+4#.'*06,+"'&0'&%2'62:262*-2'B"+*2'+*1'
B0.#&#@2'&0'&%2'6#$%&'0:'&%2'4[+4#.'C%2*-2:06&%A'
B0.#&#@2'&0'&%2'6#$%&D>''

7*'+4#.'&%+&'"#2.'#*'06'B+6+""2"'&0'&%2'
62:262*-2'B"+*2A'=%0.2'B0.#&#@2'1#62-&#0*'#.'
-%0.2*'&0'-0,B"2&2'&%2'06&%0$0*+"A'6#$%&[
%+*1'.).&2,'4)d>'

x y z  
 
 

x 
 
 
 
 
 
 
 
 
y 
 
 
z'

! $'



!
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mrc 

C:06',0,2*&'
62:262*-2'
-2*&26D'

*0*2' 7'<01)'
-0061#*+&2'
.).&2,'

C*0&'#*'O[IISD'

Y0*$#&91#*+"'+4#.'

'

'

'
'
'

Y+&26+"'+4#.'

'
'
L06,+"'+4#.'

;%#.'#.'+'<01)'-0061#*+&2'.).&2,>';%2'
12:+9"&'06#$#*'#.'*0&':#421'+&'&%2'-2*&26'0:'
,+..A'<9&'+&'&%2',0,2*&'62:262*-2'-2*&26'
C,6-D'+*1'&%262:062'102.'*0&',0@2>'8&'
-0*.#.&.'0:'&%2':0""0=#*$'+42.Z'
'

7*'+4#.'#*'&%2'62:262*-2'B"+*2'06A'#:'&%2'06#$#*'
#.'09&.#12'&%+&'B"+*2A'#*'&%2'B"+*2'&%609$%'&%2'
06#$#*'B+6+""2"'&0'&%2'62:262*-2'B"+*2A'+*1'
B0.#&#@2':06=+61><'8*'+#6-6+:&'06',#..#"2.A'&%#.'
#.'*06,+"")':60,'&%2'/OF':06=+61'&0=+61.'
&%2'*0.2'#*'&%2'@26&#-+"'B"+*2'0:'.),,2&6)>'8&'
#.'+".0'*06,+"")'B+6+""2"'&0'&%2'=+&26"#*2'0:'
&%2'@2%#-"2>''

7*'+4#.'*06,+"'&0'&%2'62:262*-2'B"+*2'+*1'
B0.#&#@2'&0'&%2'6#$%&>''

7*'+4#.'&%+&'"#2.'#*'06'B+6+""2"'&0'&%2'
62:262*-2'B"+*2A'=%0.2'B0.#&#@2'1#62-&#0*'#.'
-%0.2*'&0'-0,B"2&2'&%2'06&%0$0*+"A'6#$%&[
%+*1'.).&2,'4)d>'

xMyMzM 

wind 

C:06'=#*1'
-0061#*+&2'
.).&2,D'

J>J>]' 7#6[B+&%'.).&2,+'
'
'

'
x, [+4#.j'
+#6[B+&%'+4#.'
'
y, [+4#.j''
"+&26+"'+#6[B+&%'
+4#.j'-60..[
.&62+,'+4#.'
'
z, [+4#.j''
*06,+"'+#6[B+&%'
+4#.'

7'@2%#-"2'-+66#21'.).&2,'=#&%'&%2'06#$#*':#421'
#*'&%2'@2%#-"2A'located at'&%2'-2*&26'0:',+..A'
-0*.#.&#*$'0:'&%2':0""0=#*$'+42.Z'
'
7*!+4#.'#*'&%2'1#62-&#0*'0:'&%2'@2%#-"2'@2"0-#&)'
62"+&#@2'&0'&%2'+#6'
'
7*'+4#.'*06,+"'&0'&%2'+#6[B+&%'+4#.'+*1'
B0.#&#@2'&0'&%2'6#$%&'0:'&%2'B"+*2':06,21'<)'
&%2'4+'+*1'd+'+42.>'
'
'
7*'+4#.''

�ƒ' #*'&%2'62:262*-2'B"+*2'06A'#:'&%2'
06#$#*'#.'09&.#12'&%+&'B"+*2A'
B+6+""2"'&0'&%2'62:262*-2'B"+*2A'
+*1''

�ƒ' *06,+"'&0'&%2'+#6[B+&%'+4#.>'

;%2'B0.#&#@2'1#62-&#0*'0:'&%2'd+[+4#.'#.'
-%0.2*'.0'+.'&0'-0,B"2&2'&%2'06&%0$0*+"A'
6#$%&[%+*1'.).&2,'4+)+d+>'

x, y, z,  
 
 
 

x,!
 
 

y,!

!

!

!

z,  

sa  

C:06'.&+<#"#&)'
+4#.'.).&2,D'

J>J>a' 8*&26,21#+&2'
-0061#*+&2'
.).&2,+'
'

7'.).&2,'=#&%'&%2'06#$#*':#421'#*'&%2'@2%#-"2A'
located at'&%2'-2*&26'0:',+..A'-0*.#.&#*$'0:'
&%2':0""0=#*$'+42.>''
'

x-y-z-'

'

'

'

!$(!



!
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x-[+4#.'
'
'
'
'
y-[+4#.'
'
'
'
z-[+4#.

'

'

;%2'B60?2-&#0*'0:'&%2'+#6[B+&%'4'+4#.'0*'&%2'
62:262*-2'B"+*2A'06A'#:'&%2'06#$#*'#.'09&.#12'
&%+&'"+*2A'0*'&%2'B"+*2'&%609$%'&%2'06#$#*A'
B+6+""2"'&0'&%2'62:262*-2'B"+*2>''
'
7*'+4#.'*06,+"'&0'&%2'62:262*-2'B"+*2'+*1'
B0.#&#@2'&0'&%2'6#$%&A'-0#*-#1#*$'=#&%'06'
B+6+""2"'&0'&%2'"+&26+"'+4#.'CJ>J>XD>'
'
7*'+4#.'&%+&'-0#*-#12.'=#&%'06'#.'B+6+""2"'&0'
&%2'*06,+"'+#6[B+&%'+4#.'.0'+.'&0'-0,B"2&2'
&%2'06&%0$0*+"'6#$%&[%+*1'.).&2,>'

x-!

!

!

!

y-!

!

!

!

z-'

fp J>J>JI' !"#$%&[B+&%'
-0061#*+&2'
.).&2,+'

7'.).&2,'=#&%'&%2'06#$#*':#421'#*'&%2'@2%#-"2'
Cat'&%2'-2*&26'0:',+..D'+*1'#*'=%#-%'&%2'4N[
+4#.'#.'#*'&%2'1#62-&#0*'0:'&%2':"#$%&[B+&%'
@2"0-#&)'62"+&#@2'&0'&%2'3+6&%>''

;%2'y. '+4#.'#.'*06,+"'&0'&%2'B"+*2'0:'
.),,2&6)'+*1'B0.#&#@2'&0'&%2'6#$%&>''

;%2'z. '+4#.'-0,B"2&2.'&%2'06&%0$0*+"'6#$%&[
%+*1'.).&2,'

x. y. z. '

aa J>J>JJ' ;0&+"[+*$"2[0:[
+&&+-N'-0061#*+&2'
.).&2,+'

CM57'B6+-&#-2Z'
+260<+""#.&#-'
-0061#*+&2'
.).&2,>D'

7'.).&2,'=#&%'&%2'06#$#*':#421'#*'&%2'@2%#-"2A'
at'&%2'-2*&26'0:',+..A'#*'=%#-%'&%2'4&[+4#.'#.'
-0#*-#12*&'=#&%'&%2'4[+4#.'#*'&%2'<01)'
-0061#*+&2'.).&2,'CJ>J>XD>';%2'y/[+4#.'#.'
B26B2*1#-9"+6'&0'&%2'B"+*2':06,21'<)'&%2'4&[
+4#.'+*1'&%2'@2"0-#&)'@2-&06A'B0.#&#@2'&0'&%2'
6#$%&>';%2'z/[+4#.'#.':06,21'&0'-0,B"2&2'&%2'
06&%0$0*+"A'6#$%&[%+*1'.).&2,>''

x/y/z/'

fe L0*2' !"+&'3+6&%'.).&2,'

C*0&'#*'O[IISD'

;%2'!"+&'3+6&%'-0061#*+&2'.).&2,'06#$#*'#.'
.#&9+&21'0*'&%2'3+6&%i.'.96:+-2'1#62-&")'9*126'
&%2'-2*&26'0:',+..'0:'&%2'@2%#-"2'+&'&%2'
#*#&#+"#d+&#0*'0:'&%2'.#,9"+&#0*>';%2'X01[+4#.'
B0#*&.'*06&%=+61.'+*1'&%2'Y01[+4#.'B0#*&.'
2+.&=+61A'=#&%'&%2'Z01[+4#.'10=*>';%2'X01'
+*1'Y01'+42.'+62'B+6+""2"'&0'&%2'B"+*2'0:'&%2'
:"+&'3+6&%>''

X01Y01Z01'

ll  L0*2' Y0-+"")'Y2@2"'
-0061#*+&2'
.).&2,'

C*0&'#*'O[IISD'

7'@2%#-"2'62"+&21'-0061#*+&2'.).&2,'CJ>J>UD'
=#&%'&%2'06#$#*'#*.&+*&+*209.")'+&'&%2'
0=*.%#B'-2*&26'0:',+..>';%2'Z22[+4#.'
B+..2.'&%609$%'&%2'@2%#-"2'-2*&26'0:',+..'
+*1'B0#*&.'&0=+61.'&%2'*+1#6>';%2'X22[+4#.'#.'
B+6+""2"'&0'&%2'.,00&%'.96:+-2'0:'&%2'3+6&%'
+*1'06#2*&21'&0=+61'&692'*06&%'#*'&%2'
$20,2&6#-'3+6&%',012">';%2'Y22[+4#.'#.'

X22Y22Z22 

! $)



!
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B+6+""2"'&0'&%2'.,00&%'.96:+-2'0:'&%2'3+6&%'
-0,B"2&#*$'&%2'6#$%&'%+*1'&6#+1'C3+.&D>';%2'
"0-+"")'"2@2"'-0061#*+&2'.).&2,'#.'@+"#1':06'
$20,2&6#-'06':"+&'3+6&%',012".>'

vrs L0*2' R2%#-"2'
O2:262*-2'
.).&2,'

C*0&'#*'O[IISD'

7'@2%#-"2':#421'-0061#*+&2'.).&2,'9.21'&0'
"0-+&2'#&2,.'#*'&%2'@2%#-"2>'8&'#.'0:&2*'&%2'
=2#$%&'+*1'<+"+*-2'-0061#*+&2'62:262*-2'
.).&2,':06'&%2'@2%#-"2A'06'&%2',+*9:+-&96#*$'
-0061#*+&2'62:262*-2'.).&2,>';%2'RO5',+)'
*0&'<2'+'6#$%&[%+*121'-0061#*+&2'.).&2,>''

K[+4#.'#.'&%2'"0*$#&91#*+"'62:262*-2>'8&',+)'<2'
&%2'!9.2"+$2'5&+&#0*'"#*2A'*06,+"")'I'<2#*$'#*'
:60*&'0:'&%2'@2%#-"2'=#&%'&%2'-0061#*+&2'
#*-62+.#*$'+:&>'

c[+4#.'#.'&%2'"+&26+"'62:262*-2>'8&',+)'<2'&%2'
V9&&'"#*2'B26B2*1#-9"+6'&0'&%2'@26&#-+"'
.),,2&6#-'B"+*2'0:'&%2'@2%#-"2'+*1'#*'&%2'
$20,2&6#-'-2*&26'0:'&%2'@2%#-"2>'E0.#&#@2'&0'
&%2'6#$%&':+-#*$':06=+61'C5&+6<0+61D'

n[+4#.'#.'&%2'@26&#-+"'62:262*-2>'8&',+)'<2'&%2'
_+&26"#*2'+*1'#&.'06#$#*'#.'*06,+"")'9*126'&%2'
@2%#-"2A'B0.#&#@2'9B>'

'

+By defaultA'&%2'06#$#*.'0:'&%2'-0061#*+&2'.).&2,.'.2"2-&21':60,'7L58W7877[O[IIS[JaaH'J>J>T'&%609$%'
J>J>JJ'-0#*-#12 and are at the center of mass>'8:'&%+&'#.'*0&'&%2'-+.2A'#&'#.'*2-2..+6)'&0'1#.&#*$9#.%'&%2'
1#::262*&'06#$#*.'<)'+BB60B6#+&2'.9::#42.'+*1'+11#&#0*+"'-0061#*+&2'.).&2,'62:262*-2.>''

<;%2'62:262*-2'B"+*2'.%09"1'<2'+'B"+*2'0:'.),,2&6)A'06'+'-"2+6")'.B2-#:#21'+"&26*+&#@2>'This may be 
specified by the vehicle reference system (vrs ).'
F8&+"#-.'#*1#-+&2'-"+6#:#-+&#0*.'&0'7L58W7877[O[IIS[JaaH> 

!

5.3 Summary 

;%#.'-0061#*+&2'.).&2,'.&+*1+61'.%09"1'<2':0""0=21':06'+""':9&962'2e9+&#0*.'0:',0&#0*>'8&'#.'*2-2..+6)':06'
9*+,<#$909.'62:262*-2'&0'-0061#*+&2'.).&2,.'#*'.#,9"+&#0*'@+6#+<"2'*+,2.>''
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7L58W7877' O2-0,,2*121' E6+-&#-2' O[IIS[JaaHA' Atmospheric and Space Flight Vehicle Coordinate 
SystemsA'H]'!2<69+6)'JaaH>'
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6 Standard Simulation Variables 

6.1 Background / Philosophy 

6.1.1 Rationale for Having Standard Variable Name and Naming Conventions 

;%2' .&+*1+61' @+6#+<"2' *+,2.' +*1' -0061#*+&2' .).&2,' 12:#*#&#0*.' +62' B+6&' 0:' &%#.' .&+*1+61' &0' :+-#"#&+&2'
-0,,9*#-+&#0*>' ;%2)' B60@#12' +' f-0,,0*' "+*$9+$2g' :06' #*:06,+&#0*' 24-%+*$2>' !06' 24+,B"2A' &0'
9*+,<#$909.")'24-%+*$2'+':9*-&#0*'62B62.2*&#*$'+'"#:&'-02::#-#2*&A'&%2',#*#,9,'#*:06,+&#0*'62e9#621'&0'<2'
&6+*.,#&&21' #*-"912.' &%2' #*12B2*12*&' @+6#+<"2.' 9.21' &0' 12:#*2' &%2' :9*-&#0*' C.9-%' +.' +*$"2[0:[+&&+-NA'
+*$"2[0:[.#12."#BA' /+-%' *9,<26A' O2)*0"1.' *9,<26' +*1' +#6-6+:&' -0*:#$96+&#0*DA' &%2#6' 9*#&.A' &%2#6' .#$*'
-0*@2*&#0*.A' +*1' &%2#6' 62:262*-2' -0061#*+&2' .).&2,.>' 59-%' +*' 24-%+*$2' =#""' <2' :+-#"#&+&21' <)' 9.#*$'
.&+*1+61'@+6#+<"2'*+,2.'+*1'-0061#*+&2'.).&2,.>'

8:' +' ,012"' 9.2.' .&+*1+61' @+6#+<"2' *0,2*-"+&962' &%2' #*:06,+&#0*' 12:#*#*$' &%2' ,012"' 1+&+' ,+)' <2'
24-%+*$21' 2*&#62")' <)' 62:262*-2' &0' &%#.' .&+*1+61>' 711#&#0*+"")A' +1%262*-2' &0' &%2' @+6#+<"2' *+,#*$'
-0*@2*&#0*' #*-"9121' %262#*' =#""' +""0=' &%2' "#.&' 0:' .&+*1+61' @+6#+<"2.' &0' $60=' +.' *22121' <)' &%2' 9.26'
-0,,9*#&)>'M.2' 0:' &%2' -0*@2*&#0*' &0',+#*&+#*' -0*.#.&2*&' @+6#+<"2' *+,2.'=#""' 2+.2' 9.26'=06N"0+1' +*1'
,+4#,#d2'&%2'<2*2:#&.'&0'<2'0<&+#*21':60,'&%#.'.&+*1+61>'

E0.#&#0*.A'+*$"2.A'@2"0-#&#2.'+*1'+*$9"+6'@2"0-#&#2.'62:26621'&0'#*'&%#.'.&+*1+61'+62'12:#*21'#*'+--061+*-2'
=#&%'7L58W7877'O[IIS[JaaH>'

6.2 Variable Naming Convention 

;%2' B96B0.2' 0:' &%2' *+,#*$' -0*@2*&#0*' #.' &0' B60@#12' $9#1+*-2' :06' &%2' -62+&#0*' 0:' @+6#+<"2' *+,2.'
-0*.#.&2*&'=#&%'&%2'.&+*1+61'@+6#+<"2'*+,2.'C7**24'7D>';%#.'=#""'+""0='24B+*.#0*'0:'7**24'7'0@26'&#,2A'
:96&%26'24B+*1#*$'&%2'.2&'0:'*+,2.'+@+#"+<"2'&0':+-#"#&+&2',012"'24-%+*$2.>'

R+6#+<"2' *+,2.' +62' -0*.&69-&21' :60,' -0,B0*2*&.' &%+&' ?0#*&")' .26@2' &0' :9"")' 12:#*2' &%2' @+6#+<"2' #*' #&.'
B+6&#-9"+6' +BB"#-+&#0*>' 7' -0,<#*21' ,#421' -+.2' +*1' 9*126.-062' @+6#+<"2' *+,2' -0*@2*&#0*' #.' 9.21>' 8*'
@+6#+<"2' *+,2' -0,B0*2*&.' &%+&' -0*.#.&' 0:' ,9"&#B"2' =061.A' &%2' :#6.&' "2&&26' 0:' 2+-%' =061' #.' -+B#&+"#d21'
C,21#+"'-+B#&+".D>'_%262'&%2'.#,9"+&#0*' "+*$9+$2' #*'9.2'+""0=.' #&A'+*1'=%262'&%2' "0$#-'0:' &%2'.#,9"+&#0*'
62e9#62.' #&A' +*' 9*126.-062' ,+)' <2' 62B"+-21' <)' +' B26#01' C>D' &0' #*1#-+&2' +*' 0<?2-&' ,2,<26A' 06' <)'
B+62*&%2.2.'06'<6+-N2&.'&0'#*1#-+&2'+*'+66+)',2,<26>''

;%2':0""0=#*$'$2*26+"'69"2.':06'*+,#*$'+""'@+6#+<"2.'.%+""'<2':0""0=21>'

+D' R+6#+<"2.'.%+""'%+@2',2+*#*$:9"'*+,2.>''

<D' R+6#+<"2'*+,2.'.%+""'*0&'24-221'UQ'-%+6+-&26.' #*' "2*$&%>'V6#2:A'<9&'-0,B"2&2A'*+,2.'+62',0.&'
2::2-&#@2>'

-D' L+,2.'.%+""'<2'-0*.&69-&21'9.#*$'M5[75F88'X[<#&'-%+6+-&26'2*-01#*$.>'

6.3 Variable Name Methodologies 

;%262'+62'&%622',2&%01.'.B2-#:#21':06'12:#*#*$'@+6#+<"2.'-0*.#.&2*&'=#&%'&%#.'.&+*1+61>'(#::262*&',2&%01.'
+62'12.-6#<21':06Z'

+D' E0.#&#0*'@+6#+<"2.'C"#*2+6'06'+*$9"+6DA'+66+).'06'.&69-&962.'

<D' /0&#0*'@+6#+<"2.'C@2"0-#&#2.A'+--2"26+&#0*.A'06'%#$%26'126#@+&#@2.A'<0&%'"#*2+6'+*1'+*$9"+6DA'+66+).'
06'.&69-&962.''

-D' 7""'0&%26'@+6#+<"2'*+,2.'

;%2'*+,#*$'-0*@2*&#0*':06'B0.#&#0*'@+6#+<"2.'+*1':06'@+6#+<"2.'12.-6#<#*$',0&#0*'+62'1#::262*&'&%+*'0&%26'
&)B2.'0:'@+6#+<"2.'<2-+9.2'0:'&%2'$2*26+"'62e9#62,2*&.'&0'.B2-#:)'-0061#*+&2'.).&2,.'&%+&'9*#e92")'12:#*2'
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B0.#&#0*'+*1'@2"0-#&)>''

8*'+11#&#0*+"A'&%2':0""0=#*$'$9#12"#*2.':06'-+B#&+"#d+&#0*'=%2*'-62+&#*$'@+6#+<"2'*+,2.'+62'B60@#121Z'

1D' ;%2':#6.&'"2&&26'#*'&%2'@+6#+<"2'*+,2'#.'"0=26'-+.2>'5#,#"+6")A'&%2':#6.&'"2&&26'#*'&%2'B62:#4'+*1'&%2':#6.&'
-0,B0*2*&':0""0=#*$'&%2'B62:#4'+62'"0=26'-+.2>''

2D' ;%2':#6.&'"2&&26.'#*'+-60*),.'+*1'+<<62@#+&#0*.'+62'-+B#&+"#d21>'

:D' (#.&#*-&'-0,B0*2*&.'#*'@+6#+<"2'*+,2.A'+:&26'&%2':#6.&'-0,B0*2*&A'.%+""'<2$#*'=#&%'+'-+B#&+"'"2&&26>''

$D' M*#&.'+62'*0&'-+B#&+"#d21'9*"2..'&%2'9*#&'+<<62@#+&#0*'#&.2":'#.>'

6.3.1 The Physical Basis for the Position, Velo city, Acceleration (and Derivatives thereof) 
Naming Convention 

;0'$609*1'&%2'1#.-9..#0*'0:'@+6#+<"2'*+,2.'#&'#.'9.2:9"'&0'62:26'&0'+'.&+*1+61'1)*+,#-.'&24&'+*1'&0'62@#2='
&%2'2e9+&#0*'0:'F06#0"#.>'!#$962'H'<2"0='.%0=.' &%2'126#@+&#0*'0:' &%2' &%622[1#,2*.#0*+"' "#*2+6'@2"0-#&)'0:'
B0#*&'p'=#&%'62.B2-&'&0'-0061#*+&2'.).&2,'M'+.'0<.26@21':60,'-0061#*+&2'.).&2,'O>'F0061#*+&2'.).&2,'M'
%+.' &6+*."+&#0*+"' +*1' 60&+&#0*',0&#0*' 62"+&#@2' &0'Oj' #*' &%2' :#$962A' �Z' 12B#-&.' &%2' +*$9"+6' 6+&2' 0:'M' =#&%'
62.B2-&'&0'O>''

!
!#$962'H'^'O0&+&#*$'62:262*-2':6+,2.'+*1'62"+&#@2'$20,2&6)'

Mp Wr
OM Wr

Op Wr

;%2'@2"0-#&)'0:'p'=#&%'62.B2-&'&0'M'+.'0<.26@21':60,'O' #.'&%2'@2-&06'1#::262*-2'0:'&%2'@2"0-#&)'0:'p =#&%'
62.B2-&'&0'O'+*1'&%2'@2"0-#&)'0:'M'=#&%'62.B2-&'&0'O'C<0&%'0:'=%#-%'+62'0<.26@21':60,'ODZ'

' '
CJD
'

!06'&%#.'1#.-9..#0*A'&%2'@2-&06'*0&+&#0*'9.21'<)'5&2@2*.'+*1'Y2=#.'#.'9.21'C.22'!#$962'Q'<2"0=D'<9&'0&%26'
*0&+&#0*.' +62' 2e9+"")' @+"#1>' M.#*$' &%2' 2e9+&#0*' 0:' F06#0"#.' C5&2@2*.' +*1' Y2=#.' 2e9+&#0*' J>H[JIDA' &%2'
@2"0-#&)'0:'p'=#&%'62.B2-&'&0'O'0<.26@21':60,'O'#.'$#@2*'<)Z'

' '
CHD
'

;%2'"2:&[%+*1'.#12'&26,'+*1'&%2':#6.&'6#$%&'%+*1'.#12'&26,'#*'2e9+&#0*'CHD'+62'&%2'@2"0-#&)'&26,.'#*'&%2'6#$%&[
%+*1'.#12'0:'2e9+&#0*'CJD>''F0,<#*#*$'&%2'&=0'2e9+&#0*.'B6019-2.'&%2':0""0=#*$'62"+&#0*.%#BZ'

! %$
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' '
CQD
'

3e9+&#0*'CQD'.%0=.'&%+&'&%2'@2"0-#&)'0:'p'=#&%'62.B2-&'&0'M'+.'0<.26@21':60,'O'102.'*0&'2e9+"'&%2'@2"0-#&)'
0:'p'=#&%'62.B2-&'&0'M'+.'0<.26@21':60,'M'#*'&%2'$2*26+"'-+.2>';%#.'#""9.&6+&2.'&%2'*221'&0'-"2+6")'.B2-#:)A'
:06' 126#@+&#@2.' 0:' +' "#*2+6' B0.#&#0*' @2-&06A' &%2' -0061#*+&2' .).&2,.' &%+&' 12:#*2' &%2' B0#*&' C&%#.' .&+*1+61'
12.#$*+&2.'&%2'B0#*&'0*'&%2'@2%#-"2'<)'f\:gDA'&%2'06#$#*':60,'=%#-%'&%2'B0.#&#0*'#.',2+.9621'C&%#.'.&+*1+61'
12.#$*+&2.' &%#.' <)' f_6&gDA' +*1' &%2' :6+,2' #*' =%#-%' &%2' 0<.26@+&#0*' #.' ,+12' Cf\<.!6gD>' 7*' +11#&#0*+"'
-%+""2*$2'#.'&0'+-%#2@2'&%#.'.B2-#:#-+&#0*'9.#*$'?9.&'&%2'75F88'.2&'0:'-%+6+-&26.'&%+&'+62'9.21'&0'-0,B0.2'
@+6#+<"2'*+,2.>'

!#$962' Q' .%0=.' %0=' &%2' *0&+&#0*' 9.21' <)'5&2@2*.' +*1'Y2=#.' +62',+BB21' #*&0' &%2' -0061#*+&2' .).&2,'
-0,B0*2*&.' 0:' &%2' @+6#+<"2' *+,2' .-%2,+>' '_#&%#*' &%#.' .&+*1+61A' B0#*&'p' =#""' <2' #""9.&6+&#@2' 0:' &%2' \:'
@+6#+<"2'*+,2'-0,B0*2*&A'-0061#*+&2'.).&2,'M'=#""'<2' #""9.&6+&#@2'0:' &%2'_6&'@+6#+<"2'*+,2'-0,B0*2*&'
+*1'-0061#*+&2'.).&2,'O'=#""'<2'#""9.&6+&#@2'0:'&%2'\<.!6'@+6#+<"2'*+,2'-0,B0*2*&>'

'
!#$962'Q'^'/+BB#*$'5&2@2*.'+*1'Y2=#.'*0&+&#0*'#*&0'@+6#+<"2'*+,2'-0,B0*2*&.'

7*0&%26' -0061#*+&2' .).&2,' &%+&',9.&' <2' .B2-#:#21' #.' &%+&' #*&0' =%#-%' &%2' &%622' @2-&06' -0,B0*2*&.' +62'
62.0"@21'#*'C&%#.'.&+*1+61'9.2.'&%2'&26,'pB62.2*&+&#0*'-0061#*+&2'.).&2,iD>';%#.'#.'#*1#-+&21'#*'&%2'!#$962'
Q'+.'&%2'6#$%&'.9B26.-6#B&'BA'=%#-%'=09"1'#*1#-+&2'=%#-%'-0061#*+&2'.).&2,'#.'9.21'&0'62.0"@2'&%2'@2-&06'
#*&0'&%622'.-+"+6'-0,B0*2*&.>'

8*' 06126' &0' 12:#*2' B0.#&#0*A' @2"0-#&)A' +--2"26+&#0*' 06' %#$%26' 126#@+&#@2' @+6#+<"2.' C<0&%' &6+*."+&#0*+"' +*1'
60&+&#0*+"DA' #&' #.' 0:&2*' *2-2..+6)' &0' .B2-#:)' 2+-%' 0:' &%2.2' @+6#09.' -0061#*+&2' .).&2,.>' ;%2' N#*2,+&#-'
62e9#62,2*&.'&0'-"2+6")'12:#*2'&%2.2'@+6#+<"2.'+62'B62.2*&21'<2"0=>''

Positions: !06'B0.#&#0*.' C#*-"91#*$' 60&+&#0*+"'+&&#&912.DA' &%2'@+6#+<"2'*+,2',9.&'.B2-#:)' &%2'06#$#*' :60,'
=%#-%' &%2'B0.#&#0*' #.'<2#*$',2+.9621>';%2'*+,2'+".0',9.&'.B2-#:)' &%2'-0061#*+&2'.).&2,' #*'=%#-%' &%2'
@2-&06'#.'<2#*$'62.0"@21>''

;+N2A':06'24+,B"2A'&%2'-062'@+6#+<"2'*+,2'

position 
;%#.'*+,2'+"0*2'#.',2+*#*$"2..>';%262:062A'#&'#.'*2-2..+6)'&0'12.-6#<2'=%+&'&%2'B0.#&#0*'#.'62B62.2*&#*$Z'

positionOfPilotEye 
;%#.' #.'.&#""'+,<#$909.'+.' #&'*2-2..+6)' &0'.B2-#:)'<0&%' &%2'B0#*&' :60,'=%#-%'&%2'B#"0&i.'2)2B0#*&' #.'<2#*$'
,2+.9621'+*1'#*&0'=%#-%'-0061#*+&2'.).&2,'&%2'B0.#&#0*'@2-&06'#.'<2#*$'62.0"@21>'

positionOfPilotEyeWrtCm 
;%#.'#*1#-+&2.'=%+&'B0#*&'#.'<2#*$'"0-+&21'62"+&#@2'&0'=%+&'62:262*-2'B0#*&A'+*1'&%262:062'+'62"+&#@2'B0.#&#0*'
@2-&06',+)'<2'12:#*21' #*'Q[.B+-2>'`0=2@26A'=#&%09&' N*0=#*$' #*'=%#-%'-0061#*+&2'.).&2,' &%2'@2-&06' #.'
<2#*$'62.0"@21A'+*)'*9,<26'0:'-0061#*+&2'.).&2,.'-09"1'<2'9.21>';%9.'

bodyPositionOfPilotEyeWrtCm 

!%%!
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;%#.'#.'+'-0,B"2&2'+*1'9*+,<#$909.'@+6#+<"2'*+,2'62B62.2*&#*$'+'&%622[1#,2*.#0*+"'B0.#&#0*>';0'12:#*2'
&%2' *+,2' 0:' +*)' 0:' &%2' &%622' <01)' -0061#*+&2' .).&2,' +42.A' =2' *221' &0' +BB2*1' &%2' *+,2' 0:' &%2'
+BB60B6#+&2'+4#.'+*1'9*#&.'0:',2+.962,2*&Z'

bodyPositionOfPilotEyeWrtCm_ft_X 
;%#.'12:#*2.'+'.-+"+6'@+6#+<"2'62B62.2*&#*$'&%2'K[<01)'+4#.'0::.2&'0:'&%2'2)2B0#*&':60,'&%2'-2*&26'
0:',+..A',2+.9621'#*':22&>'

Attitudes: 7&&#&912' C60&+&#0*+"' B0.#&#0*D' #.' &%2' 06#2*&+&#0*' 0:' 0*2' -0061#*+&2' .).&2,' 62"+&#@2' &0' +*0&%26j'
&%262:062A'&=0'-0061#*+&2'.).&2,.'+62'62e9#621'C2#&%26'24B"#-#&'06'#,B"#21D' #*'&%2'@+6#+<"2'*+,2'&0'12:#*2'
+*' +&&#&912>' ;%2.2' +4#.' .).&2,.' +62' .B2-#:#21' 9.#*$' &%2' pOfi' +*1' pWrti' -0,B0*2*&.>' ;%2' B62.2*&+&#0*'
-0061#*+&2'.).&2,'#.'*0&'9.21'<2-+9.2'+&&#&912'C2#&%26'+.'+'e9+&26*#0*A'39"26'+*$"2.A'06'60&+&#0*'-0.#*2'
,+&6#4D'#.'*0&'+'@2-&06'e9+*&#&)'62.0"@21'#*&0'KA'cA'+*1'n'-0,B0*2*&.>'

8:'&%2'+&&#&912'#.'24B62..21'+.'+'.2&'0:'39"26'+*$"2.A'&%2'+260*+9&#-+"'-0*@2*&#0*'0:')+=[B#&-%[60""'CQ[H[JD'
60&+&#0*' .2e92*-2' #.' &%2' 12:+9"&>' ' ;0' .B2-#:)' +' 1#::262*&' 60&+&#0*' .2e92*-2A' &%2' .2e92*-2' .%09"1' <2'
+BB2*121'&0'&%2'39"26'+*$"2'-062'*+,2A'2>$>'29"267*$"2QJQ':06'Q[J[Q'60&+&#0*.>';0'+@0#1'-0*:9.#0*A' :06'
+*)'60&+&#0*'.2e92*-2'0&%26'&%+*'Q[H[JA'_FirstA'_SecondA'_Third'.%09"1'<2'9.21':06'+*$"2'.2"2-&06.'
#*'"#29'0:'_RollA'_PitchA'_Yaw>'

!06'24+,B"2Z'

eulerAngleOfIssWrtEi_rad_Pitch 
;%#.' @+6#+<"2' 62B62.2*&.' &%2' B#&-%' +&&#&912' C60&+&#0*' +<09&' &%2' c' +4#.D' 0:' &%2' 9.26[12:#*21'
8*&26*+&#0*+"'5B+-2'5&+&#0*' CIssD' -0061#*+&2' .).&2,' 62"+&#@2' &0' &%2'3+6&%[-2*&2621' #*26&#+"' CeiD'
-0061#*+&2' .).&2,A' ,2+.9621' #*' 6+1#+*.>' ;%#.' 60&+&#0*' 9.2.' &%2' 12:+9"&' )+=[B#&-%[60""' CQ[H[JD'
60&+&#0*'-0*@2*&#0*>'

 
eulerAngle313OfIssWrtOrion_rad_Second 
;%#.' @+6#+<"2' 62B62.2*&.' &%2' .2-0*1' 60&+&#0*' +*$"2' 0:' &%2' 8*&26*+&#0*+"' 5B+-2' 5&+&#0*' CIssD'
-0061#*+&2' .).&2,' 62"+&#@2' &0' +*0&%26' 9.26[12:#*21' COrionD' .B+-2-6+:&' -0061#*+&2' .).&2,'
,2+.9621'#*'6+1#+*.>';%#.'@+6#+<"2'9.2.')+=[60""[)+='CQ[J[QD'60&+&#0*'-0*@2*&#0*>'

'

eulerAngleOfImuWrtBody_rad[_Roll|_Pitch|_Yaw] 
;%#.'@+6#+<"2'62B62.2*&.'&%2'&%622'39"26'+*$"2.'0:'+'9.26[12:#*21'#*26&#+"',2+.962,2*&'9*#&'CImuD'
-0061#*+&2'.).&2,'62"+&#@2'&0'&%2'<01)'-0061#*+&2'.).&2,>'

'

eulerAngleOfImu1WrtImu2_rad[_Roll|_Pitch|_Yaw] 
;%#.' @+6#+<"2' 62B62.2*&.' &%2' &%622' 39"26' +*$"2.' 0:' +' 9.26[12:#*21' #*26&#+"' ,2+.962,2*&' 9*#&'
CImu1D'-0061#*+&2'.).&2,'62"+&#@2'&0'+*'Imu2'-0061#*+&2'.).&2,A'9.#*$'&%2'12:+9"&')+=A'B#&-%A'60""'
CQ[H[JD'60&+&#0*'-0*@2*&#0*>'

 

Derivatives of position (translational or rotational): ' !06' @+6#+<"2.' 62B62.2*&#*$' 126#@+&#@2.' 0:'
translational' B0.#&#0*.' C@2"0-#&#2.A' +--2"26+&#0*.'+*1'%#$%26' 126#@+&#@2.' &%2620:D' &%2' 0<.26@26' -0061#*+&2'
.).&2,',9.&' <2' .B2-#:#21' <)' &%2' *+,#*$',2&%010"0$)>' ;%2' 0<.26@26' -0061#*+&2' .).&2,' 24#.&.' #*' &%2'
62:262*-2':6+,2':60,'=%#-%'&%2',0@2,2*&'C+'@2"0-#&)A'+--2"26+&#0*'06'%#$%26'126#@+&#@2D' #.'0<.26@21'C06'
,2+.9621D>'8*',+*)'-+.2.'&%#.'#.'&%2'.+,2'62:262*-2':6+,2'+.'&%2'62"+&#@2'-0061#*+&2'.).&2,'C12:#*21'<)'
&%2'Wrt'-0,B0*2*&D'9.21' &0'.B2-#:)' &%2'B0.#&#0*'0:' &%2'0<?2-&'<2#*$'0<.26@21A'<9&' #*' &%2',0.&'$2*26+"'

! %&



!

-+.2',+)'<2'+'1#::262*&' :6+,2>';%2',+$*#&912'+*1'1#62-&#0*'0:' @2"0-#&)' C+*1'%#$%26'126#@+&#@2.D' @+6#2.'
=#&%'.2"2-&#0*'0:' &%2'0<.26@26i.'-0061#*+&2'.).&2,'.#*-2' &%2'62"+&#@2'-0061#*+&2'.).&2,',+)'<2',0@#*$'
62"+&#@2'&0'&%2'0<.26@26i.'-0061#*+&2'.).&2,>''

!06' rotational' 126#@+&#@2.A' #&' #.' 9**2-2..+6)' &0' .B2-#:)' +*' 0<.26@26i.' -0061#*+&2' .).&2,A' <9&' <0&%'
-0061#*+&2':6+,2.'&%+&'12.-6#<2'&%2'60&+&#0*+"'126#@+&#@2.'+62'*2-2..+6)'C<0&%'Of'+*1'Wrt'-0,B0*2*&.D>'

!06'24+,B"2Z'

eiAngularRateOfIssWrtOrion_rad_s_Y 
;%#.' @+6#+<"2' 62B62.2*&.' &%2' +*$9"+6' 6+&2' 0:' &%2' 855' -0061#*+&2' .).&2,' 62"+&#@2' &0' &%2' Orion'
.B+-2-6+:&'-0061#*+&2'.).&2,>';%#.'#.'&%2'+*$9"+6'@2"0-#&)'@2-&06'#.'62.0"@21'&0'&%2'3+6&%[-2*&2621'
#*26&#+"'CeiD'-0061#*+&2'.).&2,'&0',2+.962'&%2'c'-0,B0*2*&'#*'&%+&'.).&2,>'

6.3.2 New Position Variables Naming Convention 

;%2',2&%010"0$)':06'-62+&#*$'+*1'12:#*#*$'+'B0.#&#0*'@+6#+<"2'C"#*2+6'06'+*$9"+6D'&%+&'#.'-0*.#.&2*&'=#&%'&%2'
62e9#62,2*&.'0:'&%#.'.&+*1+61'+62'+.':0""0=.>'

+D' 3+-%'@+6#+<"2'*+,2',+)'%+@2'9B'&0'*#*2'-0,B0*2*&.>''

<D' _#&%'&%2'24-2B&#0*'0:'&%2'-062'*+,2A'+""'-0,B0*2*&.'+62'0B&#0*+"'+*1'.%09"1'0*")'<2'9.21'#:'
62e9#621'<)' &%2'+BB"#-+&#0*>'M*#&.',9.&'<2'.B2-#:#21'9*"2..' &%2'@+6#+<"2' #.'*0*[1#,2*.#0*+"'
+*1'&%2*'&%2'_nd'9*#&.'.B2-#:#-+&#0*'#.'2*-096+$21>'

;%2'@+6#+<"2'*+,2'-0,B0*2*&.'+62'"#.&21'#,,21#+&2")'<2"0=>'(2.-6#B&#0*.'0:'+""'&%2'-0,B0*2*&.':0""0='#*'
&%#.'.2-&#0*>''

J>' qvariable domainr'

H>' _qdynamic equation formulation prefixr_'

Q>' qpresentation coordinate systemr'

S>' qcore namer'^'&%2'0*")'62e9#621'-0,B0*2*&'

T>' Ofqa point for positions or coordinate system for angles, normally on the vehicler'

8:' 0,#&&21' #*' &%2' @+6#+<"2' *+,2A'Of' 12:+9"&.' &0' &%2'F,' :06' &6+*."+&#0*+"' B0.#&#0*' +*1' &%2' <01)'
-0061#*+&2'.).&2,':06'60&+&#0*+"'B0.#&#0*>'

U>' Wrtqg_#&%'62.B2-&'&0g'a point or coordinate systemr''

8:' 0,#&&21' #*' &%2' @+6#+<"2' *+,2A' Wrt' 12:+9"&.' &0' &%2' B62.2*&+&#0*' -0061#*+&2' .).&2,' :06' "#*2+6'
B0.#&#0*.'+*1'&0'&%2'"0-+"")'"2@2"'-0061#*+&2'.).&2,'CllD':06'+*$9"+6'B0.#&#0*>'

X>' Ic'^'#*#&#+"'-0*1#&#0*'12.#$*+&#0*'

]>' _qunitsr'

a>' _qspecific axis of the presentation coordinate systemr'

O+62")'+62'+""'a'-0,B0*2*&.'0:'+'*+,2'9.21>''

!06'24+,B"2Z'

!%#!



!

'

6.3.3 New Velocity, Acceleration or Higher De rivative Motion Variables Naming Convention 

;%2' ,2&%010"0$)' :06' -62+&#*$' +*1' 12:#*#*$' @2"0-#&)' +*1' +--2"26+&#0*' @+6#+<"2.' C06' %#$%26' 126#@+&#@2.D'
-0*.#.&2*&'=#&%'&%2'62e9#62,2*&.'0:'&%#.'.&+*1+61'+62'+.':0""0=.Z'

+D' 3+-%'@+6#+<"2'*+,2',+)'%+@2'9B'&0'&2*'-0,B0*2*&.>''

<D' _#&%' &%2' 24-2B&#0*' 0:' &%2' -062' *+,2A' +""' -0,B0*2*&.' +62' 0B&#0*+"' +*1' .%09"1' 0*")' <2' 9.21' #:'
62e9#621'<)' &%2'+BB"#-+&#0*>'M*#&.',9.&'<2'.B2-#:#21'9*"2..' &%2'@+6#+<"2' #.'*0*[1#,2*.#0*+"'+*1'
&%2*'&%2's*1'9*#&.'.B2-#:#-+&#0*'#.'2*-096+$21>'

;%2'@+6#+<"2'*+,2'-0,B0*2*&.'+62'"#.&21'#,,21#+&2")'<2"0=>'(2.-6#B&#0*.'0:'+""'&%2'-0,B0*2*&.':0""0='#*'
&%#.'.2-&#0*>''

J>' qvariable domainr'

H>' _qdynamic equation formulation prefixr_'

Q>' qpresentation coordinate systemr'

S>' qcore namer'^'&%2'0*")'62e9#621'-0,B0*2*&'

T>' Ofqa point for translation or coordinate system for rotation, normally on the vehicler'

8:' 0,#&&21A' Of' 12:+9"&.' &0' &%2' F,' :06' &6+*."+&#0*' 126#@+&#@2.' +*1' &%2' <01)' -0061#*+&2' .).&2,'
CbodyD':06'60&+&#0*+"'126#@+&#@2.>'

U>' Wrtqg_#&%'62.B2-&'&0g'a point, frame or coordinate systemr' '
'
;%2'Wrt' -0,B0*2*&' C62"+&#@2'-0061#*+&2'.).&2,D',+)'<2'0,#&&21j' #:' .0A' &%2' 62"+&#@2'-0061#*+&2'
.).&2,'12:+9"&.'&0'&%2'B62.2*&+&#0*'-0061#*+&2'.).&2,':06'&6+*."+&#0*+"'@+6#+<"2.'+*1'&%2'"0-+"")[
"2@2"'-0061#*+&2'CllD'.).&2,':06'60&+&#0*+"'@+6#+<"2.>'

X>' ObsFrqÒObserved FromÓ coordinate system, only used for translational motionr' '
'
8:' f\<.!6g' #.' *0&' .B2-#:#21A' #&' 12:+9"&.' &0' &%2' .+,2' -0061#*+&2' .).&2,' .B2-#:#21' <)' &%2' 62"+&#@2'
-0061#*+&2'.).&2,'C&%2'Wrt'-0,B0*2*&D>'8:'&%2'62"+&#@2'-0061#*+&2'.).&2,'#.'*0&'B62.2*&A'ObsFr'
12:+9"&.'&0'&%2'B62.2*&+&#0*'-0061#*+&2'.).&2,>'

8.' Ic'^'#*#&#+"'-0*1#&#0*'12.#$*+&#0* 

a>' _qunitsr'

JI>'_qspecific axis of the presentation coordinate systemr'

O+62")'+62'+""'JI'-0,B0*2*&.'0:'+'*+,2'9.21>''

!06'24+,B"2Z'

! %'



!

 

sensor_s_geVelocityOfIssWrtOrionObsFrGroundStationIc_ft_s_X

F062'
*+,2

(0,+#*

()*+,#-'-0,B0*2*&

E62.2*&+&#0*
-0061#*+&2'.).&2,

O2:>'
B&>W:6+,2

M*#&.

\<.26@26'!6+,2

8*#&#+"'F0*1#&#0*'!"+$

O2"+&#@2'B&>W:6+,2
74#.

sensor_s_geVelocityOfIssWrtOrionObsFrGroundStationIc_ft_s_X

F062'
*+,2

(0,+#*

()*+,#-'-0,B0*2*&

E62.2*&+&#0*
-0061#*+&2'.).&2,

O2:>'
B&>W:6+,2

M*#&.

\<.26@26'!6+,2

8*#&#+"'F0*1#&#0*'!"+$

O2"+&#@2'B&>W:6+,2
74#.

F062'
*+,2

(0,+#*

()*+,#-'-0,B0*2*&

E62.2*&+&#0*
-0061#*+&2'.).&2,

O2:>'
B&>W:6+,2

M*#&.

\<.26@26'!6+,2

8*#&#+"'F0*1#&#0*'!"+$

O2"+&#@2'B&>W:6+,2
74#.

'

'

6.3.4 New General Variables Naming Convention 

;%2',2&%010"0$)':06'12:#*#*$'@+6#+<"2.'0&%26'&%+*'B0.#&#0*.'+*1'126#@+&#@2.'&%2620:'&%+&'#.'-0*.#.&2*&'=#&%'
&%2'62e9#62,2*&.'0:'&%#.'.&+*1+61'+62'+.':0""0=.>'

+D' 3+-%'@+6#+<"2'*+,2',+)'%+@2'9B'&0'.2@2*'-0,B0*2*&.>''

<D' _#&%' &%2' 24-2B&#0*' 0:' &%2' -062' *+,2A' +""' -0,B0*2*&.' +62' 0B&#0*+"' +*1' .%09"1' 0*")' <2' 9.21' #:'
62e9#621'<)' &%2'+BB"#-+&#0*>'M*#&.',9.&'<2'.B2-#:#21'9*"2..' &%2'@+6#+<"2' #.'*0*[1#,2*.#0*+"'+*1'
&%2*'&%2's*1'9*#&.'.B2-#:#-+&#0*'#.'2*-096+$21>'

;%2'@+6#+<"2'*+,2'-0,B0*2*&.'+62'"#.&21'#,,21#+&2")'<2"0=>'(2.-6#B&#0*.'0:'+""'&%2'-0,B0*2*&.':0""0='#*'
&%#.'.2-&#0*>''

J>' qvariable domainr'

H>' _qdynamic equation formulation prefixr_'

Q>' qpresentation coordinate systemr'

S>' qcore namer'^'&%2'0*")'62e9#621'-0,B0*2*&'

T>' Ic'^'#*#&#+"'-0*1#&#0*'12.#$*+&#0*'

U>' _qunitsr'

X>' _qspecific axis of the presentation coordinate systemr'

!%(!



!

!06'24+,B"2Z'

'

6.3.5 Adapting the Naming Convention to Hierar chical and Nested Data Representations 

;%2' *+,#*$' ,2&%010"0$)' B60@#12.' +""' &%2' 2..2*&#+"' #*:06,+&#0*' +<09&' +' @+6#+<"2' #*' #&.' *+,2>' ;%#.'
-0*@2*&#0*'#.'-0*-#.2':06':"+&'1+&+'62B62.2*&+&#0*.'C2>$>'.#*$"2[1+&9,'@+6#+<"2.A'+66+).A'-0,,0*'<"0-N.D>'
`0=2@26A' &%2'-0*@2*&#0*'-+*' "2+1' &0' 62B2&#&#0*'0:' #*:06,+&#0*' #:'+BB"#21' &0' &%2',2,<26.'0:'%#26+6-%#-+"'
+*1'*2.&21'1+&+'.&69-&962.'C2>$>'-"+..2.A'.&69-&962.A' 62-061.D'.#*-2'.&69-&962'06$+*#d+&#0*',#$%&'B+6+""2"'
0*2'06',062'0:'&%2'@+6#+<"2'*+,2'-0,B0*2*&.>'!06'24+,B"2A'+'12@2"0B26'-09"1'-62+&2'+'.&69-&962'&0'%0"1'
+""' 0:' &%2' @+6#+<"2.' #*' +*' +2601)*+,#-.' ,012">' ;%2' 12@2"0B26' -09"1' &%2*' 12-"+62' +*' #*.&+*-2' 0:' &%2'
.&69-&962' =#&%' &%2' *+,2' f+260jg' &%2' .&69-&962' *+,2' =09"1' 62B2+&' #*:06,+&#0*' #*' &%2' @+6#+<"2' .096-2'
10,+#*'-0,B0*2*&'0:'#&.',2,<26'@+6#+<"2.>''

7*'24+,B"2'0:'+'f:"+&g'@+6#+<"2'*+,2'#.Z'

aero_bodyForceCoefficient_X =%262'f+260g'#.'&%2'@+6#+<"2'10,+#* 
E62B2*1#*$'&%2'*+,2'0:'&%2'.&69-&962'&0'&%2'.&+*1+61'@+6#+<"2'*+,2'-09"1'62.9"&'#*'+*'24B62..#0*'"#N2'&%2'
0*2'<2"0=Z'

aero.aero_bodyForceCoefficient_X 
59-%'62B2&#&#0*'-+*'"2+1'&0'9**2-2..+6#")'"0*$'24B62..#0*.>';0'+@0#1'.9-%'62B2&#&#0*A'12@2"0B26.',+)'9.2'
&%2':0""0=#*$'$9#12"#*2.'&0'+1+B&'&%2'*+,#*$'-0*@2*&#0*'&0'%#26+6-%#-+"'+*1'*2.&21'1+&+'.&69-&962.>'!#6.&A'
=%2*' +' "2@2"' 0:' +' .&69-&962' 62B62.2*&.' +*' 06$+*#d+&#0*' 0:' 1+&+' &%+&' #.' 2e9#@+"2*&' &0' +' @+6#+<"2' *+,2'
-0,B0*2*&A' &%2' 12@2"0B26' .%09"1' 9.2' &%2' *+,#*$' 69"2.' :06' &%+&' -0,B0*2*&' &0' *+,2' #*.&+*-2.' 0:' &%+&'
.&69-&962'"2@2">''52-0*1A'#:'+'-0,B0*2*&'0:'&%2'@+6#+<"2'*+,2'+BB2+6.'+&'+'%#$%26'"2@2"'06'"0=26'"2@2"A'&%2'
12@2"0B26' .%09"1' *0&' #*-"912' &%+&' -0,B0*2*&' #*' &%2' @+6#+<"2' *+,2.' +&' &%2' -9662*&' "2@2">' M.#*$' &%2.2'
$9#12"#*2.A'&%2'24+,B"2'+<0@2'-+*'<2'-%+*$21'&0Z'

aero.bodyForceCoefficient_X 
8:'&%2'12@2"0B26',+12'+':96&%26'-%+*$2'&0'62B62.2*&'+'@2-&06'+.'+'.&69-&962'+*1'62B"+-21'&%2'KA'cA'+*1'n'
@+6#+<"2.':06'&%2'<01)':06-2'-02::#-#2*&'=#&%'&%+&'.&69-&962A'&%2'+<0@2'24B62..#0*'=09"1'-%+*$2'&0Z'

aero.bodyForceCoefficient.X 
;0',22&' &%2' #*&2*&' 0:' &%2' $9#12"#*2.A' #&' #.' *0&' *2-2..+6)' &%+&' &%2' .&69-&962' "2@2".' +1162..' &%2' @+6#+<"2'
*+,2'-0,B0*2*&.'#*'&%2'.+,2'06126'&%+&'&%2'-0*@2*&#0*'.B2-#:#2.':06'@+6#+<"2'*+,2.>';%2'#*&2*&'0:'&%2'
*+,#*$' -0*@2*&#0*' #.' &0' 9*+,<#$909.")' #12*&#:)' &%2' #*:06,+&#0*' 62B62.2*&21' <)' +' @+6#+<"2j' #&' #.' *0&'
#*&2*121' &0' .%+B2' 1+&+' 12.#$*>' ;%9.A' &%2' *+,2' -0,B0*2*&.' -+*' +BB2+6' #*' +' 1#::262*&' 06126' :06' +'
%#26+6-%#-+"'06'*2.&21'1+&+'24B62..#0*>'!06'24+,B"2Z'

  bodyForce_lbf.aero.X 
8*' &%#.' 24+,B"2A' &%2' 1+&+' 12.#$*' #.' .9-%' &%+&' +""' &%2' 24&26*+"' :06-2.' 0*' +' @2%#-"2' C24B62..21' #*' <01)'
-0061#*+&2.' +*1' #*' 9*#&.' 0:' B09*1[:06-2D' +62' -0""2-&21' #*' +' .&69-&962' =%0.2' #*.&+*-2' #.' *+,21'
f<01)!06-2g' +*1' =%0.2' ,2,<26.' 62B62.2*&' 2+-%' $2*26+&06' 0:' :06-2' +.' +*' #*.&+*-2' 0:' +' .&69-&962'
62B62.2*&#*$' +' @2-&06>' ;%2' @+6#+<"2' .096-2' 10,+#*' +BB2+6.' +:&26' &%2' -062' *+,2' +*1' 9*#&.' 192' &0' &%2'
-%0.2*'1+&+'12.#$*>'3@2*'.0A'&%#.'1+&+'24B62..#0*'9*+,<#$909.")'#12*&#:#2.'&%2'@+6#+<"2'+.'2::2-&#@2")'+.'
&%2'2e9#@+"2*&'.-+"+6'@+6#+<"2'*+,2A'aero_bodyForce_lbf_X>'

! %)



!

6.4 Components Used to Create Variable Names 

6.4.1 Variable Domain Component 

;%#.'62B62.2*&.'&%2'10,+#*'#*'=%#-%'&%2'@+6#+<"2'#.'-+"-9"+&21>'8*'0<?2-&[06#2*&21'12.#$*A'#&'-09"1'"0$#-+"")'
<2' &%2' 0<?2-&>' ;%2' 10,+#*' #.' *06,+"")' *0&' #*-"9121' #:' #&' C06' &%2' 0<?2-&D' #.' &%2' @2%#-"2' 06' +#6-6+:&' <2#*$'
.#,9"+&21A':06'24+,B"2A'+#6.B221>'

8*' .0,2' -+.2.' &%2' 10,+#*' *+,2' -0,B0*2*&' 0*")' B60@#12.' <+-N$609*1' #*:06,+&#0*' =%2*' 24-%+*$#*$'
,012".>'!06'24+,B"2A'#*'0*2'.#,9"+&#0*'+6-%#&2-&962'&%2'10,+#*':06'ambientPressure_N_m2',#$%&'<2'
fenvironmentg'+*1'+*0&%26'+6-%#&2-&962' &%2'10,+#*',#$%&'<2'fatmosphereg>';%2'-062'-0,B0*2*&'0:'
&%2'*+,2'#.'&%2'N2)>'!06'24+,B"2Z 

environment_ambientPressure_N_m2 #*'0*2'.#,9"+&#0*'+6-%#&2-&962'#.'#12*&#-+"'&0 
atmosphere_ambientPressure_N_m2 #*'+*'+*0&%26'.#,9"+&#0*'+6-%#&2-&962 

`0=2@26'#*'.0,2'-+.2.'&%2'10,+#*'-0,B0*2*&'#.'-6#&#-+">'!06'24+,B"2Z'

aero_bodyForce_lbf_X +*1 thrust_bodyForce_lbf_X +62'&=0'1#::262*&'@+6#+<"2.A'<0&%'
+62' <01)' +4#.' :06-2.' <9&' 0*2' -0,2.' :60,' &%2' B60B9".#0*' .).&2,' ,012"' +*1' 0*2' :60,' &%2'
+2601)*+,#-',012">'8&'#.'&%#.'&)B2'0:'@+6#+<"2'=%262'10,+#*',9.&'<2'#*-"9121>'

50,2'10,+#*'24+,B"2.'+62'B62.2*&21'#*';+<"2'H>';%2'10,+#*'*+,2.'B62.2*&21'%262'+62'*0&'B+6&'0:'+*)'
.&+*1+61j'#*.&2+1'&%2)'+62'B62.2*&21'%262'+.'24+,B"2.>'

;+<"2'H'^'34+,B"2.'0:'10,+#*'*+,2.'
aero +2601)*+,#-',012".'

airLaunchedWeapon ,012"#*$'0:',9*#&#0*.' "+9*-%21' #*&0' &%2'+#6' &%+&'%+@2' &%2#6'
0=*'1)*+,#-.j'#*-"912.'/#..#"2'+.'+'.9<[10,+#*'

cautionAndWarning -+9&#0*'+*1'=+6*#*$'.#,9"+&#0*'

cockpit #*B9&W09&B9&':60,W&0'-0-NB#&'#*.&69,2*&.'+*1'-0*&60".'

controlLaw .#,9"+&#0*'0:'+'-0*&60"'+"$06#&%,'

controlLoading ,012".'0:'&%2'-0*&60"'.).&2,':22"''

controlSurface .#,9"+&#0*'0:'+*'+2601)*+,#-'-0*&60"'2::2-&06'

controlSystem -0""2-&#@2',012"' 0:' -0*&60"' "+=.' +*1' -0*&60"' 2::2-&06.' 0*' +'
@2%#-"2'

electrical ,012".'0:'&%2'2"2-&6#-+"'.).&2,'

engine C06 thrust'06'
propulsionD 

&%69.&'$2*26+&#0*',012".'

environment +&,0.B%26#-',012".'C+,<#2*&'B60B26&#2.A'=#*1A'-"091.A'2&->D'

failureSystem :+#"962',012"#*$'+*1':+9"&'#*?2-&#0*'

fltDirect :"#$%&'1#62-&06',012".'

fuelSystem :92"'.).&2,',012".'

gun ,012"'0:'@2%#-"2',09*&21'$9*.'

hydraulics %)16+9"#-'.).&2,',012".'

!%*!



!

landingGear "+*1#*$'$2+6',012".'

massProperties &622[<+.21',012"#*$'0:'@2%#-"2',+..'+*1',0,2*&.'0:'#*26&#+'

missile ,#..#"2' ,012".>' ' (0,+#*' -09"1' <2' ,062' .B2-#:#-A' :06'
24+,B"2'missileAim9x >'

motion ,0&#0*'.).&2,',012".'+*1'+"$06#&%,.'

navigationDatabase ,+BB#*$'0:'=+)B0#*&.A'+#6B06&.A' 69*=+).A' "2$.A'B60-21962.A'
+*1'*+@#$+&#0*'&6+*.,#&&26.'C+""'0:'=%#-%'+62'.9<10,+#*.D'

navigationReceiver ,012"#*$'0:'.#$*+"[<+.21'*+@#$+&#0*'.2*.06.'

navigationTransmitter ,012"#*$'0:'*+@#$+&#0*'.#$*+"'$2*26+&06.'C2>$>'6+1#0.A'PE5D'

parachute B+6+-%9&2',012".'

propulsion ,012".' &%2' -0""2-&#0*' 0:' &%69.&' $2*26+&06.' C2*$#*2.D' 0*' +'
@2%#-"2'

radar ,012".' &%2' 6+1+6' .).&2,>' '(0,+#*' -09"1' <2',062' .B2-#:-A'
:06'24+,B"2'radarApg79 'D'

relGeom 62"+&#@2' .&+&2' CB0.#&#0*A' @2"0-#&)A' +*1' +--2"26+&#0*D' 0:' 2+-%'
@2%#-"2'&0'2+-%'0&%26'@2%#-"2'

sensor ,012".'0:'.2*.06.'

sensorSystem ,012"#*$'&%2'-0""2-&#0*'0:'.2*.06.'0*'+'@2%#-"2'

sim (0,+#*' 2*-0,B+..#*$' -0*&60"' 0:' &%2' .#,9"+&#0*A'
-0*:#$96+&#0*' 0:' +' .#,9"+&#0*' 69*A' -0*&60"' 0:' ,+&%2,+&#-+"'
&2-%*#e92.'.9-%'+.'#*&2$6+&#0*'&)B2A'2&->'

vehicle ,012"#*$' 0:' &%2' @2%#-"2' +.' +' -00B26+&#*$' .).&2,' 0:' 0&%26'
10,+#*',012".'

weaponSystem -0""2-&#@2' ,012"' 0:' $9*.' +*1' +#6["+9*-%21' =2+B0*.' 0*' +'
@2%#-"2'

wheel "+*1#*$'$2+6'=%22"',012".'

world =06"1',012"' C.%+B2A' 1)*+,#-.A' +*1' 62:262*-2' &#,2C.D' B"9.'
*+@#$+&#0*'1+&+<+.2'+*1'2*@#60*,2*&'10,+#*.D'

universe 10,+#*'2*-0,B+..#*$'=06"1A'@2%#-"2A'+*1'62"+&#@2'$20,2&6)'
10,+#*.'

'

L\;3' M.26.',+)'+11'+.',+*)'10,+#*.'+.'*22121'&0'-"2+6")'#12*&#:)'&%2'@+6#+<"2>'

R+6#+<"2'*+,2'24+,B"2.'9.#*$'f+260g'+*1'f&%69.&g'#*-"912Z'

+D' aero_bodyForce_lbf_X 

<D' thrust_bodyForce_lbf_X 

-D' aero_bodyForceCoefficient_X 

! %+



!

1D' thrust.bodyForceCoefficient_X ^'&%#.'#.'+*'24+,B"2'0:'thrust'+.'+'.&69-&962>'

2D' thrust.bodyForceCoefficient(X)'

6.4.2 Dynamic Equation Formulation Prefix Component 

;%2'1)*+,#-'2e9+&#0*':06,9"+&#0*'B62:#4' #.'9.21'&0' #12*&#:)' &%2',0.&' #,B06&+*&'1)*+,#-'@+6#+<"2.' #*'&%2'
.#,9"+&#0*A' &%2' .&+&2.' CxD' +*1' &%2#6' 126#@+&#@2.' C DA' #*B9&.' CuDA' 09&B9&.' CyDA' +*1' 1#.&96<+*-2.' CwD' +.'
B62.2*&21' #*' &%2' 2e9+&#0*' <2"0=>' ;%2.2' @+6#+<"2.' -%+6+-&26#d2' &%2' 62.9"&+*&' 1)*+,#-' 62.B0*.2' 0:' +'
@2%#-"2'+.'.%0=*'#*'&%2'2e9+&#0*.'<2"0=>'8*'+11#&#0*'&0'&%2.2'@+6#+<"2.A'&%2'.&+*1+61'+""0=.'&%2'B62:#4'&0'
.2B+6+&2")'12.#$*+&2'.#,9"+&#0*'-0*&60"'@+6#+<"2.'CcD>'5#,9"+&#0*'-0*&60"'@+6#+<"2.'+62'9.21'&0',01#:)'&%2'
<2%+@#06' 0:' &%2' ,012"' 196#*$' .#,9"+&#0*' +*1' +62' *0&' B+6&' 0:' &%2' @2%#-"2' ,012"A' =%#"2' #*B9&.' CuD' +62'
@+6#+<"2.'&%+&'62B62.2*&'&%2'#*B9&.'&0'&%2'@2%#-"2',012"'=%#-%',+)'#*-"912'B#"0&'-0*&60"'B0.#&#0*.>'!#*+"")A'
#*'.#,9"+&#0*'06'+*+").#.'=%262'*0#.2'+*1'2*@#60*,2*&+"'1#.&96<+*-2.'+62',012"21A'&%2'1#.&96<+*-2.'CwD'
+62'&%2':#*+"'-0,B0*2*&'#*'&%2'.#,9"+&#0*'0:'&%2'&0&+"'.).&2,'1)*+,#-.>'

x��

'

DtCDACu
DtCDACDACu

H

J

tutxfy

twtutxfx

� 

� ��
'

;%2'B62:#4'.%+""'<2'.2B+6+&21' :60,' &%2'<01)'0:' &%2'@+6#+<"2'<)'+*'9*126.-062' CsD'+*1' :60,' &%2'10,+#*'
*+,2' <)' +*' 9*126.-062' C06' +' B26#01' #:' B62-2121' <)' +' ,2,<26' 0:' +' .&69-&962' 06' -"+..D>' ;%2' "2+1#*$'
9*126.-062'#.'*0&'B26,#&&21'#:'+'10,+#*'*+,2'#.'*0&'B62.2*&>'

6.4.2.1 Identification of Simulati on Model States and State Derivatives 

;%2'.&+&2.'C4D'+*1'.&+&2'126#@+&#@2.'C14D'+62'&%0.2'@+6#+<"2.'&%+&',+N2'&%2'.#,9"+&#0*'1)*+,#-'+*1'+62'&%2'
N2)' @+6#+<"2.' #*'+' :"#$%&' .#,9"+&#0*',012">'V+.#-+"")A'+*)' @+6#+<"2' &%+&' #.',+&%2,+&#-+"")' #*&2$6+&21' #.' +'
.&+&2'126#@+&#@2>';%2' 62.9"&' 0:' #*&2$6+&#0*'0:' +' .&+&2'126#@+&#@2'0@26'+'B26#01'0:' &#,2' #.'+'-%+*$2' #*' &%2'
@+"92'0:'&%2'-0662.B0*1#*$'.&+&2'0@26'&%+&'&#,2>';%#.'#.'&692':06'+*)'#*&2$6+&#0*'#*'+'.#,9"+&#0*>'8:'&%2'9.26'
-0*&60".'&%2'-%+*$2.'#*'+""'&%2'.&+&2.A'&%2)'-0*&60"'&%2'&6+?2-&06)'0:'&%2'.#,9"+&21',012">';%2'&#,2'%#.&06#2.'
0:'&%2'.&+&2.'+*1'#*B9&.'+62'&%2'N2)'@+6#+<"2.'62e9#621':06'@+"#1+&#0*>'7""'09&B9&.'+62'-0,B9&21'1#62-&")'06'
#*1#62-&")':60,'.&+&2.'+*1'#*B9&.>'

;%2':06,9"+&#0*'0:'&%2'2e9+&#0*.'0:',0&#0*'+*1'&%2',012"'#&.2":'12&26,#*2.'=%+&'@+6#+<"2.'+62'.&+&2.>';%#.'
*+,#*$' -0*@2*&#0*' #.' *0&' ,2+*&' &0' .&+*1+61#d2' 0*' +*)' @+6#+<"2' +.' +' .&+&2A' <9&' +""0=.' &%2' .#,9"+&#0*'
2*$#*226' &0' 24B"#-#&")' #12*&#:)' .&+&2.' #*' &%2' ,012"' #,B"2,2*&+&#0*A' ,+N#*$' #&' 2+.#26' &0' 10-9,2*&' +*1'
24-%+*$2'&%2',012".>'

34+,B"2.Z'
'
x_bodyVelocityWrtEi_ft_s_X x_'B62:#4'#*1#-+&2.'&%+&'&%#.'@+6#+<"2'#.'+'.&+&2'

dx_bodyAccelerationWrtEi_ft_s2_X dx_' B62:#4' #*1#-+&2.' &%+&' &%#.' @+6#+<"2' #.' +' .&+&2'
126#@+&#@2'

'

6.4.2.2 Identification of Simulation Model Inputs 

;%2'.#,9"+&#0*',012"'#*B9&.'CuD'+62'&%0.2'@+6#+<"2.'&%+&'B60@#12'&%2'B#"0&'06'+9&0B#"0&'#*B9&.'&0'&%2'@2%#-"2'
,012">';%2.2'+62'+".0'-+""21'-0*&60".' #*',+*)'62:262*-2.>'7.'=#&%' &%2'.&+&2.'+*1'.&+&2'126#@+&#@2.A' &%2'
,012"' #*B9&.'+62'N2)'@+6#+<"2.' :06'@+"#1+&#0*>'7""',012"'09&B9&.'+62'-0,B9&21'1#62-&")'06' #*1#62-&")' :60,'
,012"'.&+&2.'+*1'#*B9&.>'

;%2':06,9"+&#0*'0:'&%2',012"'#&.2":'12&26,#*2.'=%#-%'@+6#+<"2.'+62'#*B9&.>';%#.'*+,#*$'-0*@2*&#0*'#.'*0&'
,2+*&'&0'.&+*1+61#d2'0*'+*)'@+6#+<"2'+.'+*'#*B9&A'<9&'+""0=.'&%2'.#,9"+&#0*'2*$#*226'&0'24B"#-#&")'#12*&#:)'

!&,!
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&%2,A',+N#*$'#&'2+.#26'&0'10-9,2*&',012".A'24-%+*$2'&%2,A'+*1'@26#:)'&%2,>'

34+,B"2.Z'
'
u_controlSurfacePos_deg_avgAileron u_'B62:#4'#*1#-+&2.'&%+&'&%#.'#.'+',012"'

#*B9&'

controlLaw_u_controlSurfacePos_deg_avgAileron .+,2' @+6#+<"2' *+,2' =#&%' 10,+#*'
B62:#4'''

controlLaw.u_controlSurfacePos_deg_avgAileron .+,2' @+6#+<"2' *+,2' #*' +' %#26+6-%#-+"'
+6-%#&2-&962'

u_pilotControlPos_rad_long 7*0&%26' 24+,B"2' 0:' &%2' "0*$#&91#*+"'
B#"0&'#*B9&'

'

6.4.2.3 Identification of Simulation Model Disturbances 

;%2'1#.&96<+*-2.'CwD'+62'&%0.2'@+6#+<"2.'&%+&'B60@#12'2*@#60*,2*&+"'1#.&96<+*-2.'06'.).&2,'*0#.2'&0'&%2'
.#,9"+&#0*',012".>''

(#.&96<+*-2.',+)'<2' #*.26&21' #*&0' &%2' @2%#-"2',012"A' 2*@#60*,2*&A' 06' 2e9+&#0*.'0:',0&#0*A' 12B2*1#*$'
9B0*'#,B"2,2*&+&#0*'.-%2,2.>';%#.'*+,#*$'-0*@2*&#0*'#.'*0&',2+*&'&0'.&+*1+61#d2'0*'+*)'@+6#+<"2'+.'+'
1#.&96<+*-2A' <9&' +""0=.' &%2' .#,9"+&#0*' 2*$#*226' &0' 24B"#-#&")' #12*&#:)' 1#.&96<+*-2.A' ,+N#*$' #&' 2+.#26' &0'
10-9,2*&',012".A'24-%+*$2'&%2,A'+*1'@26#:)'&%2,>'

34+,B"2.Z'
'
w_bodyAngularRateTurbulenceWrtGe_deg_s_Yaw 

'

=s'B62:#4'#*1#-+&2.'&%+&'&%#.'@+6#+<"2'
#.'+'1#.&96<+*-2'

environment_w_bodyAngularRateTurbulenceWrtGe_deg_s_Yaw 

'

.+,2' @+6#+<"2' *+,2' =#&%' 10,+#*'
C2*@#60*,2*&D'+1121'''

environment.w_bodyAngularRateTurbulenceWrtGe_deg_s_Yaw 

'

.+,2'@+6#+<"2'*+,2' #*'+'%#26+6-%+"'
+6-%#&2-&962'

'

6.4.2.4 Identification of Simulation Model Outputs 

;%2'.#,9"+&#0*',012"'09&B9&.'CyD'+62'&%0.2'@+6#+<"2.'&%+&'+62'&%2'09&B9&.'0:'&%2'B%).#-.'0:'&%2'.#,9"+&#0*'
,012".' +.' :06,9"+&21' <)' &%2' .&+&2' 2e9+&#0*.>' ;%#.' #.' ,2+*&' &0' +..#.&' #*' &%2' .B2-#:#-+&#0*' 0:' &%2' .&+&2'
2e9+&#0*.A',+#*")' &0' %2"B' .#,B"#:)',012"' 24-%+*$2.' <2&=22*' .#,9"+&#0*.' 9.21' :06' +*+").#.' +*1' &%0.2'
9.21':06'62+"[&#,2',+*'#*'&%2'"00B'06'%+61=+62'#*'&%2'"00B'.#,9"+&#0*.>''

34+,B"2Z'
'
y_leftHorizonalActuatorRamPosition_deg 

'

y_' B62:#4' #*1#-+&2.' &%+&' &%#.' @+6#+<"2' #.' +' ,012"'
09&B9&>'

'

! &$



!

6.4.2.5 Identification of Simulation Controls 

;%2' .#,9"+&#0*' -0*&60".' C-D' +62' &%0.2' @+6#+<"2.' &%+&' B60@#12' &%2' .#,9"+&#0*' 0B26+&06' -0*&60"' 0:' &%2'
.#,9"+&#0*'v*0&'&0'<2'-0*:9.21'=#&%'.#,9"+&#0*',012"'#*B9&.'CuDw>';%2'.#,9"+&#0*'-0*&60".'.%09"1'*0&'+::2-&'
+*)'@2%#-"2'.&+&2.A'.&+&2'126#@+&#@2.'06'09&B9&.>''

;%2' .0:&=+62' +*1' %+61=+62' +6-%#&2-&962' 0:' &%2' .#,9"+&#0*' 12&26,#*2.' =%+&' @+6#+<"2.' +62' .#,9"+&#0*'
-0*&60".>';%#.'*+,#*$'-0*@2*&#0*'#.'*0&',2+*&'&0'.&+*1+61#d2'0*'+*)'@+6#+<"2'+.'+*'-0*&60"A'<9&'+""0=.'&%2'
.#,9"+&#0*'2*$#*226'&0'24B"#-#&")'#12*&#:)'.#,9"+&#0*'-0*&60".>'F"2+6'12:#*#&#0*'0:'.#,9"+&#0*'-0*&60".',+N2.'
@+"#1+&#0*'0:'+'.#,9"+&#0*',9-%'2+.#26'+:&26'+',012"'#.'24-%+*$21>'

34+,B"2.Z'
'
c_simDuration_s c_'B62:#4'#*1#-+&2.'&%+&'&%#.'@+6#+<"2'#.'+'.#,9"+&#0*'-0*&60"'

c_deltaTime_s +*0&%26'24+,B"2'

sim_c_deltaTime_s .+,2'@+6#+<"2'*+,2'=#&%'10,+#*'+1121'''

sim.c_deltaTime_s .+,2'@+6#+<"2'*+,2'#*'+'%#26+6-%+"'+6-%#&2-&962'

'

6.4.3 Presentation Coordinate System Component 

;%#.'#.'&%2'-0061#*+&2'06'62:262*-2'.).&2,'&0'=%#-%'&%2'@+6#+<"2'#.'62:262*-21'06'#*'=%#-%'#&'#.',2+.9621'C#&'
#.' #*1#-+&21'<)'&%2'fVg' #*'!#$962'QD>';+<"2'J'.B2-#:#2.'&%2'.&+*1+61'-0061#*+&2'.).&2,'+<<62@#+&#0*.'&%+&'
.%09"1' <2' 9.21>' 8:' *0' -0061#*+&2' .).&2,' B26&+#*.' &0' &%2' @+6#+<"2' 06' &%2' -062' @+6#+<"2' *+,2' *221.' *0'
62:262*-2'.).&2,'&0'<2'9*+,<#$909.'C2>$>'7#6.B221DA'&%#.'B+6&'0:'&%2'@+6#+<"2'*+,2',+)'<2'0,#&&21>''

6.4.3.1 Conventions Used 

3+6&%' :#421'+*1' "0-+"'-0061#*+&2'.).&2,.'<)'-0*@2*&#0*'9.2'KA'cA'nA' :06'<0&%' &6+*."+&#0*'+*1' CKA'cA'nDA'
CE#&-%A'O0""A'+*1'c+=DA'06'C!#6.&A'52-0*1A';%#61D' :06'60&+&#0*'+4#.' #*1#-2.>';%2'06#$#*'+*1'+&&#&912'0:' "0-+"'
-0061#*+&2' .).&2,.' C:"+&' 3+6&%' :06' 24+,B"2D',+)' <2' 9.26' 12:#*21' C.9-%' +.'LA' 3A' (D>' Y0-+"' -0061#*+&2'
.).&2,.'+62',2+*&':06'69*=+)A'&2.&'6+*$2A'&+6$2&'62:262*-2A'*+@#$+&#0*+"'+#1.A'2&->'

6.4.3.2 Variable Name Examples 

;%2':0""0=#*$'@+6#+<"2'*+,2.'+62'B60@#121'+.'24+,B"2.>'

x_bodyAngularRate_rad_s_Roll 

x_bodyAngularRate_rad_s.Roll 

x_bodyAngularRate_rad_s_X'

 

;%2.2' +62' +""' 2e9#@+"2*&' @+6#+<"2' *+,2.' =%262
body #.'&%2'-0061#*+&2'.).&2,'+*1 roll #.'&%2'
.B2-#:#-' +4#.' #*' &%2' <01)' +4#.' .).&2,A' 60""'
#*1#-+&#*$' +*$9"+6' ,0&#0*' +<09&' &%2' "0*$#&91#*+"'
+4#.' 62"+&#@2' &0' &%2' "0-+"")["2@2"' :6+,2' CWrt'
12:+9"&.'&0'"0-+"")["2@2"':06'60&+&#0*+"'@+6#+<"2.D>'

L\;3' 8*'&%#.'24+,B"2'&%2'@+6#+<"2'#.'12.#$*+&21'
+.'+'.&+&2>''

x_bodyVelocityWrtEi_m_s_X 

x_bodyVelocityWrtEi_m_s.X 

;%2.2' 62B62.2*&' &6+*."+&#0*+"' #*26&#+"' @2"0-#&)' #*'
&%2'<01)'-0061#*+&2'.).&2,'+"0*$'&%2'"0*$#&91#*+"'
+4#.' C&%2' &6+*."+&#0*+"' @+6#+<"2' +*+"0$09.' &0' &%2'
60&+&#0*+"'@+6#+<"2'+<0@2D>'

;%2.2'+62'+""'2e9#@+"2*&'@+6#+<"2'*+,2.>'

!&%!
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geVelocity_m_s_Y ;%#.' 62B62.2*&.' +' &6+*."+&#0*+"' @2"0-#&)' =#&%' ge 
.B2-#:#21'+.'&%2'-0061#*+&2'.).&2,'+*1 Y'+.'&%2'
.B2-#:#-'+4#.>';%#.'*0*[#*26&#+"'@2"0-#&)'0:' &%2'F/'
#.' 62"+&#@2' &0' +*1' ,2+.9621' #*' &%2' $20-2*&6#-'
2+6&%[:#421'C$2D'-0061#*+&2'.).&2,>'

bodyTurbulenceVelocityWrtGe_ft_s_Z 

bodyTurbulenceVelocityWrtGe_ft_s [3] 

bodyTurbulenceVelocityWrtGe_ft_s.Z 

;%2.2' +62' +""' 2e9#@+"2*&' @+6#+<"2' *+,2.' =%262
body #.' &%2' -0061#*+&2' .).&2,' +*1 n #.' &%2'
.B2-#:#-' +4#.' #*' &%2' <01)' -0061#*+&2' .).&2,A' Z 
#*1#-+&#*$' @26&#-+"' &6+*."+&#0*+"' ,0&#0*>' 7".0'
#""9.&6+&21'+.'+'@2-&06'+*1'.&69-&962>'

runway22VelocityOfLeftWheelWrtTd_ft_s_Z `262'runway22 #.' &%2'-0061#*+&2'.).&2,' C9.26'
12:#*21D' +*1 Z #.' &%2' .B2-#:#-' +4#.A' +".0'
#*1#-+&#*$'&6+*."+&#0*+"',0&#0*>'LeftWheel'#.'&%2'
B0#*&'0*'&%2'@2%#-"2'+*1'Td'C&09-%10=*'B0#*&D' #.'
&%2'62:262*-2'B0#*&>'

bodyAccelOfPilotEyeWrtEi_m_s2_Y `262'body #.' &%2' -0061#*+&2' .).&2,' +*1 Y #.'
&%2' .B2-#:#-' +4#.A' +".0' #*1#-+&#*$' &6+*."+&#0*+"'
,0&#0*>'(2.#$*'B#"0&'2)2B0#*&' #.' &%2'B0#*&'0*' &%2'
@2%#-"2>'

x_eiVelocity_ft_s_X ;%#.'#.'+'-+.2'=%262'&%2'2e9+&#0*.'0:',0&#0*'+62'
:06,9"+&21' .9-%' &%+&' &%2' @+6#+<"2' #.' +' .&+&2A'
62.0"@21' #*' &%2' 2+6&%' -2*&2621' #*26&#+"' C2#D'
-0061#*+&2'.).&2,'

eiVelocity_ft_s_X ;%#.'#.'+'-+.2'=%262'&%2'2e9+&#0*.'0:',0&#0*'+62'
:06,9"+&21'.9-%'&%+&'&%2'@+6#+<"2'#.'*0&'+'.&+&2'

x_llVelocity_ft_s_X Y0-+"")'Y2@2"'-0061#*+&2'.).&2,'

x_feVelocity_ft_s_X !"+&'3+6&%'-0061#*+&2'.).&2,'

bodyAngularRate_rad_s_Pitch '

bodyAngularRate_rad_s_Roll '

bodyAngularAccel_rad_s2_Yaw '

!
L0&2' &%+&' &%2' .&+*1+61' +""0=.' CKA' cA' nD' 06' CO0""A' E#&-%A' c+=D' 06' C!#6.&A' 52-0*1A' ;%#61D' +.' .2"2-&06.' :06'
60&+&#0*+"'B0.#&#0*.'+*1'126#@+&#@2.A'.#*-2'&%+&'#.'=#12")'-0*@2*&#0*+">'`0=2@26A'.#*-2'&%2'0@26+""'0<?2-&#@2'
0:'&%2'.&+*1+61'#.'&0':06,'+':6+,2=06N':06'-"2+6'-0,,9*#-+&#0*'<2&=22*'.#,9"+&#0*':+-#"#&#2.A'&%2'9.2'0:'KA'
cA'n'.2"2-&06.' #.'+--2B&+<"2>';%2'+BB60B6#+&2'-062'@+6#+<"2'*+,2'.%+""'<2'9.21' &0' #*1#-+&2'=%2&%26' &%2'
@+6#+<"2'#.'+'&6+*."+&#0*+"'06'60&+&#0*+"'@+6#+<"2>'

6.4.4 Core Variable Name Component 

;%#.' #.' &%2' ,0.&' .B2-#:#-' C%2*-2' -062D' *+,2' :06' &%2' @+6#+<"2>' 7""' @+6#+<"2' *+,2.' .%+""' #*-"912' &%#.'
-0,B0*2*&'0:'&%2'*+,2>''

F062'@+6#+<"2'*+,2'24+,B"2.'+62'+.':0""0=.>'

�x' velocity' -0*@2*&#0*':06'@2"0-#&#2.'

�x' angularRate' -0*@2*&#0*':06'+*$9"+6'6+&2.'

! &&



!

�x' accel'' -0*@2*&#0*':06'&6+*."+&#0*+"'+--2"26+&#0*.''

�x' angularAccel'' -0*@2*&#0*':06'+*$9"+6'+--2"26+&#0*.''

�x' pilotControlPos -0*@2*&#0*.':06'B#"0&'-0*&60". 

�x' pilotControlRate 

�x' pilotControlAccel 

�x' pilotControlForce 

�x' copilotControlPos  -0*@2*&#0*.':06'B#"0&'-0*&60". 

�x' copilotControlRate 

�x' copilotControlAccel 

�x' copilotControlForce 

�x' controlSurfacePos -0*@2*&#0*.':06'-0*&60"'.96:+-2.'

�x' controlSurfaceRate 

�x' controlSurfaceAccel 

�x' controlSurfaceHingeMoment'

�x' liftCoefficient 

�x' dragCoefficient 

�x' forceCoefficient  

�x' turbulenceVelocity  

�x' angleOfAttack  

�x' angleOfSideslip  

�x' cosineOfAngleOfSideslip  

�x' thrust  

�x' torque  

;%2':0""0=#*$'24&2*121'@+6#+<"2'*+,2.'+62'B60@#121'+.'24+,B"2.>'

�x' x_bodyAngularRate_rad_s_Roll  

�x' bodyTurbulenceVelocityWrtGe_ft_s_X  

�x' geVelocity_ft_s_Z  

�x' geVelocity_m_s_Z  

�x' pilotControlPos_deg_long  

�x' pilotControlPos_deg_lat 

�x' pilotControlRate_deg_s_pedal 

�x' pilotControlAccel_deg_s2_long 

!&#!
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�x' copilotControlPos_deg_long  

�x' copilotControlPos_deg_lat 

�x' copilotControlRate_deg_s_long 

�x' copilotControlAccel_deg_s2_long 

�x' controlSurfacePos_deg_elevator[number of surfaces]'

�x' controlSurfaceRate _deg_s_rudder[number of surfaces]'

�x' controlSurfaceAccel _deg_s2_aileron[number of surfaces]'

�x' controlSurfaceHingeMoment_ftlbf_canard[number of surfaces]'

�x' angleOfAttack_rad  

�x' angleOfSideslip_deg  

�x' cosineOfAngleOfSideslip  

�x' controlSurfacePos_deg_aileron  

�x' totalPressure_N_m2  

�x' ambientPressure_N_m2  

�x' totalLiftCoefficient  

�x' aeroBodyForceCoefficient  

�x' aeroBodyForce_lbf  

�x' aeroBodyForce_N  

�x' thrustBodyForce_N''

6.4.5 Reference Point or Coordinate System (Ò Of Ó) 

;%#.'-0,B0*2*&'0:'&%2'*+,2'#.'12.#$*21'&0'-"+6#:)'B0.#&#0*.A'@2"0-#&#2.'+*1'+--2"26+&#0*.'+*1'#.'*06,+"")'
0,#&&21'#:'&%2'@+6#+<"2'#.'*0&'+'B0.#&#0*A'@2"0-#&)'06'+--2"26+&#0*>'`0=2@26A'#&',+)'<2'9.21':06'+*)'@+6#+<"2'
#:'12.#621>';%#.'-0,B0*2*&'12.-6#<2.'=%#-%'B0#*&'06'0<?2-&'&%+&'#.'<2#*$'.B2-#:#21>'fOfg'#.'9.21'&0'.B2-#:)'
&%2'B0#*&'06'0<?2-&'C&%#.'#.'B0#*&'p'#*'!#$962'HD>'

!06' &%0.2' =%0' B62:26' .%06&26' @+6#+<"2' *+,2.A' &%2' .&+*1+61' +10B&.' &%2' -0*@2*&#0*' &%+&' #:' &%2' B0#*&' 06'
"0-+&#0*'0*'&%2'@2%#-"2' #.' &%2'-2*&26'0:',+..':06' &6+*."+&#0*+"',0&#0*'@+6#+<"2.A' &%2*'&%2'62:262*-2'B0#*&'
,+)' <2' 0,#&&21>' !06' 60&+&#0*+"' ,0&#0*A' &%2' 12:+9"&' 62:262*-2' -0061#*+&2' .).&2,' #.' &%2' <01)' +4#.'
-0061#*+&2'.).&2,>''

O2:262*-2'B0#*&.',+)'<2'12:#*21'<)'&%2'9.26'+*1'12B2*1'0*'&%2'0<?2-&'&%2'@+6#+<"2'#.'12.-6#<#*$>''

34+,B"2.'0:'62:262*-2'B0#*&.'+62'+.':0""0=.>'

�x' OfCm  &%2' -2*&26' 0:' ,+..' #.' &%2' 12:+9"&' B0#*&A' .0' fOfCmg' #.' *06,+"")' 0,#&&21' #*' +*)'
@+6#+<"2'*+,2>''

�x' OfImu 06 OfImu1, OfImu2, OfImuLtn200, 2&-> 

�x' OfSensor 06 OfRadar, OfFlir, OfRadarApg67, 2&-> 

�x' OfMrc ' :06',0,2*&'62:262*-2'-2*&26'

! &'



!

�x' OfPilotEye ' :06'&%2'B#"0&'2)2'B0#*&'

�x' OfRadAlt ' :06'6+1+6'+"&#,2&26'

�x' OfTerrain ' +' *06,+"' 3+6&%[:#421' -0061#*+&2' .).&2,' =#&%' 06#$#*' =%262' &%2' @2%#-"2' *+1#6'
#*&26.2-&.'&%2'&266+#* 

;%2':0""0=#*$'@+6#+<"2'*+,2.'+62'B60@#121'+.'24+,B"2.>'

bodyPositionOfImuWrtCm_m[3] ;%#.'&%622[2"2,2*&'@2-&06'"0-+&2.'&%2'8,9'62"+&#@2'
&0' &%2' F/' #*' &%2' <01)' +4#.' -0061#*+&2' .).&2,>'
L0&2' &%+&' vQw' #*1#-+&2.' C:06' &%#.'24+,B"2D' &%+&' &%2'
62:262*-21'@+6#+<"2'#.'+'&%622[2"2,2*&'@2-&06>'

bodyPositionWrtImu_m[3] 

bodyPositionOfCmWrtImu_m[3] 

V0&%' 0:' &%2.2' @2-&06' *+,2.' 62:26' &0' &%2' .+,2'
e9+*&#&)j' #&' #.' &%2' 0BB0.#&2' 0:' &%2' @2-&06' +<0@2'
C&%2)'"0-+&2'&%2'F/'62"+&#@2'&0'&%2'8,9D>'8*'&%2':#6.&'
*+,2'fOfCmg'#.'0,#&&21'.#*-2'#&'#.'12:+9"&>'

eulerAngleOfImuWrtBody_rad[3] ;%#.' #.' &%2'+*$9"+6'2e9#@+"2*&'0:' &%2' :#6.&'@+6#+<"2'
+<0@2>';%2'Q[H[J'60&+&#0*'-0*@2*&#0*'#.'#,B"#21>'

x_bodyAngularRateWrtEi_rad_s[3] `262'2"2,2*&' J'=09"1'<2'+<09&' &%2'K[+4#.' C60""DA'
2"2,2*&' H'=09"1' <2'+<09&' &%2'c[+4#.' CB#&-%D' +*1'
2"2,2*&'Q'=09"1'<2'+<09&'&%2'n[+4#.'C)+=D>';%2.2'
+62' #*26&#+"' 6+&2.' .#*-2' &%2)' +62' ,2+.9621' =#&%'
62.B2-&' &0' &%2' 3+6&%' #*26&#+"' C3#D' -0061#*+&2'
.).&2,> 

bodyVelocityWrtAir_ft_s_X OfCm'#.'#,B"#21'

bodyVelocityOfCmWrtAir_ft_s_X 5+,2',2+*#*$'+.'+<0@2'

bodyVelocityWrtEi_ft_s_X 8*26&#+"'@2"0-#&)'0:'&%2'F/'+"0*$'&%2'K[<01)'+4#.'

bodyVelocityWrtEi_m_s_X 8*26&#+"'@2"0-#&)'0:'&%2'F/'+"0*$'&%2'K[<01)'+4#.'#*'
58'9*#&.'

heightOfCmWrtTerrain_ft OfCm ,+)'<2'0,#&&21'.#*-2'#&'#.'&%2'12:+9"&'

heightOfRadAltWrtTerrain_ft ' '

heightOfTerrainWrtWgs84_ft' `2#$%&'0:'*+1#6' #*&26.2-&#0*'=#&%'&266+#*'+<0@2'&%2'
62:262*-2'2""#B.0#1'

bodyPositionOfPilotEyeWrtCm_ft_X '

geLongitudeRateOfImu_deg_s '

longitudeOfImuWrtGe_deg 
geLongitudeOfImu_deg 

;%2.2'+62'&%2'.+,2'.-+"+6'e9+*&#&)>'

bodyAccelOfPilotWrtEi_ft_2[3] 8*26&#+"'+--2"26+&#0*'@2-&06'#*'&%2'<01)'+4#.'

 

6.4.6 Component Indicating Relative Reference Poin t or Relative Reference Coordinate System  

;%2'62"+&#@2'62:262*-2'-0,B0*2*&'#.'$2*26+"")'9.21'#*'-0*?9*-&#0*'=#&%'&%2'f62:262*-2'B0#*&'06'"0-+&#0*'0*'
&%2' @2%#-"2g' -0,B0*2*&' 12.-6#<21' #*' .2-&#0*' U>S>T>' 8&' #.' B6#,+6#")' 9.21' #*' @+6#+<"2.' 12.-6#<#*$' B0.#&#0*A'
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!

@2"0-#&#2.'+*1'+--2"26+&#0*.>';%#.'-0,B0*2*&'12:#*2.'&%2'62:262*-2'&%+&'&%2',0&#0*'06'B0.#&#0*'#.'62"+&#@2'
&0>' ;%#.' -0,B0*2*&A' B62-2121' <)' fWrtg' C=#&%' 62.B2-&' &0D' #*' &%2' @+6#+<"2' *+,2A' #.' &%2' 2e9#@+"2*&' 0:'
-0061#*+&2'.).&2,'M'#*'!#$962'HA'+.'*0&21'#*'!#$962'Q>'

!06'B0.#&#0*'@+6#+<"2.A'Wrt' 62:26.' &0' &%2' 62:262*-2'B0#*&' :06' "#*2+6'B0.#&#0*.>'!06'+*$9"+6'B0.#&#0*.A'Wrt'
62:26.'&0'&%2'62"+&#@2'-0061#*+&2'.).&2,>'!06'126#@+&#@2.'0:'B0.#&#0*'C@2"0-#&#2.A'+--2"26+&#0*.A'2&->D'Wrt'#.'
9.21'&0'12:#*2'62"+&#@2',0&#0*'0:'&=0'0<?2-&.>'

8:'fWrtg'#.'0,#&&21'&%2*'&%2'12:+9"&'B0#*&.'06'62"+&#@2'-0061#*+&2'.).&2,.'+62Z'

' &%2'B62.2*&+&#0*'-0061#*+&2'.).&2,':06'"#*2+6'B0.#&#0*.'+*1'&6+*."+&#0*+"',0&#0*>'!06'24+,B"2A'

bodyPositionOfImu_m[3]>'`262'WrtBody'#.'#,B"#21>'

' &%2'"0-+"")'"2@2"'-0061#*+&2'.).&2,'.B2-#:#21':06'60&+&#0*+"'@+6#+<"2.>'!06'24+,B"2Z''

eulerAngleOfImu_rad[3]>'`262'fWrtLlg'#.'#,B"#21. 

L0&2Z'' 5#*-2':06'&6+*."+&#0*+"',0&#0*'&%2'f_6&g'12:+9"&.'&0'&%2'B62.2*&+&#0*'-0061#*+&2'.).&2,'&%2'@+6#+<"2Z'

' bodyVelocity_f_s_X 

=%#"2'+'@+"#1'@+6#+<"2A'%+.'"#&&"2'9.2:9"*2..'<2-+9.2A':9"")'2*9,26+&21'#.Z'

' bodyVelocityOfCmWrtBodyObsFrBody_f_s_X  

V01)'@2"0-#&)'0:'&%2'F,'=#&%'62.B2-&'&0'&%2'<01)'#.'@#6&9+"")'+"=+).'*2+6'd260>''8&'=09"1'0*")'62B62.2*&'&%2'
,0@2,2*&'0:'&%2'F,'=#&%#*'&%2'<01)A'192'&0'-+6$0'.%#:&A':92"'<96*A'2&->''8&'=09"1'*0&'62B62.2*&'@2"0-#&)'0:'&%2'
F,'=#&%'62.B2-&'&0'+'-0061#*+&2'.).&2,'09&.#12'&%2'+#6-6+:&>'

34+,B"2.'0:'62:262*-2'B0#*&.'+62'+.':0""0=.Z'

�x' WrtCm  &%#.'#.'-0,,0*")'9.21'&0'-"+6#:)'12:#*#&#0*.'0:'B0.#&#0*.'=#&%#*'&%2'@2%#-"2''

�x' WrtEi  #12*&#:#2.'+'@+6#+<"2'&%+&'#.'62:262*-21'&0'#*26&#+"'.B+-2''

�x' WrtMrc  ,0,2*&'62:262*-2'-2*&26'

�x' WrtTgt  +#,'B0#*&'

�x' WrtImpact  &%2'12.#621'=2+B0*'#,B+-&'B0#*& 

�x' WrtAir  &%2'"0-+"'+&,0.B%262A'9.21'&0'12:#*2'+#6[62"+&#@2'C06'=#*1[62"+&#@2D',0&#0*''

�x' WrtMeanSL'' ,2+*'.2+'"2@2"'

�x' WrtGe'' &%2'$20-2*&6#-'3+6&%':#421'-0061#*+&2'.).&2,'

�x' WrtGround +' *06,+"' 3+6&%[:#421' -0061#*+&2' .).&2,' =#&%' 06#$#*' =%262' &%2' @2%#-"2'
*+1#6'#*&26.2-&.'&%2'.,00&%'.96:+-2'0:'&%2'3+6&%'

�x' WrtTerrain' +' *06,+"' 3+6&%[:#421' -0061#*+&2' .).&2,' =#&%' 06#$#*' =%262' &%2' @2%#-"2'
*+1#6'#*&26.2-&.'&%2'&266+#*'

;%2':0""0=#*$'"#*2+6'+*1'+*$9"+6'B0.#&#0*'@+6#+<"2'*+,2.'+62'B60@#121'+.'24+,B"2.Z'

bodyPositionOfImuWrtCm_m[3] ;%#.'@2-&06'"0-+&2.'&%2'8,9'62"+&#@2'&0'&%2'F/'#*'&%2'
<01)'+4#.'-0061#*+&2'.).&2,>'

WrtCm' ,+)' <2' 0,#&&21' .#*-2' F/' #.' &%2' 12:+9"&'
62:262*-2'B0#*&':06'"#*2+6'B0.#&#0*',2+.962,2*&.>'
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eulerAngleOfImu_rad[3] 
eulerAngleOfImuWrtLl_rad[3] 

;%#.' #.' &%2' +*$9"+6' 2e9#@+"2*&' 0:' &%2' :#6.&' @+6#+<"2'
+<0@2>'8*'&%2':#6.&'@+6#+<"2'fWrtLlg' #.'0,#&&21'.#*-2'
&%2' "0-+"")["2@2"' -0061#*+&2' .).&2,' #.' &%2' 12:+9"&'
62"+&#@2'-0061#*+&2'.).&2,':06'+*$9"+6'B0.#&#0*.>'

eulerAngleOfImuWrtBody_rad[3] ;%#.' #.' +' @2-&06' 62B62.2*&#*$' &%2' +"#$*,2*&' 0:' &%2'
8/M'=#&%'62.B2-&'&0'&%2'+#6-6+:&'<01)>'

eulerAngleOfImu1WrtImu2_rad[3] ;%#.' #.' +' @2-&06' 62B62.2*&#*$' &%2' +&&#&912' 0:' 8,9J'
62"+&#@2'&0'8,9J>'

bodyPositionOfPilotEye_ft [3] WrtBody' #.' #,B"#21' .#*-2' &%2' _6&' 12:+9"&.' &0' &%2'
B62.2*&+&#0*' -0061#*+&2' .).&2,>' ' 5#*-2' &%2' V01)'
-0061#*+&2'.).&2,'06#$#*' #.'+&' &%2'F,A' &%#.'@+6#+<"2'
62B62.2*&.' &%2'B0.#&#0*'0:' &%2'E#"0&'12.#$*'2)2'=#&%'
62.B2-&'&0'&%2'F,'Cx'y'2)2':=1Z'6#$%&Z'<2"0='F,D'

geLongitudeOfImu_deg _6&P2' #.' #,B"#21' C.#*-2' $2' #.' &%2' B62.2*&+&#0*'
-0061#*+&2'.).&2,D'

geLongitude_deg OfCm #.'#,B"#21'=%2*'*0&'$#@2*>'

bodyPositionOfCmWrtMrc_ft[3] '

heightOfRunwayWrtMeanSL_ft '

'

6.4.7 Component Indicating ObserverÕs Coordina te System (Vehicle translational motion 
variables only) 

!06'@+6#+<"2.'62B62.2*&#*$'126#@+&#@2.'0:'"#*2+6'B0.#&#0*.'C@2"0-#&#2.A'+--2"26+&#0*.'+*1'%#$%26'126#@+&#@2.'
&%2620:DA'&%2'0<.26@26i.'-0061#*+&2'.).&2,'C#*1#-+&21'<)'ObsFr :06'f\<.26@21'!60,gDD',9.&'<2'.B2-#:#21>'
;%2' 0<.26@26i.' -0061#*+&2' .).&2,' #.' #*' &%+&' 62:262*-2' :6+,2' :60,' =%#-%' &%2' ,0@2,2*&' C+' @2"0-#&)A'
+--2"26+&#0*' 06' %#$%26' 126#@+&#@2D' #.' 0<.26@21' 06',2+.9621>' 8*',+*)' -+.2.' &%#.' #.' &%2' .+,2' 62:262*-2'
:6+,2'+.'&%2'62"+&#@2'-0061#*+&2'.).&2,'C$#@2*'<)'WrtD'<9&'#*'&%2',0.&'$2*26+"'-+.2'#&',+)'<2'+'1#::262*&'
:6+,2>' ;%2' ,+$*#&912' +*1' 1#62-&#0*' 0:' @2"0-#&)' C+*1' %#$%26' &6+*."+&#0*+"' ,0&#0*' 126#@+&#@2.D' 1#::26'
12B2*1#*$'0*'&%2',0&#0*'0:'&%2'0<.26@26i.'-0061#*+&2'.).&2,>';%#.'#.'&%2'-0061#*+&2'.).&2,'.%0=*'+.'&%2'
9BB26' "2:&' .9B26.-6#B&' #*' &%2' 5&2@2*.' +*1' Y2=#.' -0*@2*&#0*' .%0=*' #*' !#$962' Q' +*1' #.' #""9.&6+&21' <)'
-0061#*+&2'.).&2,'O'#*'!#$962'H>'

8&' #.'-0*@2*&#0*+"' &0'0,#&' &%2'0<.26@26i.'-0061#*+&2'.).&2,'=%2*' #&' #.' &%2'.+,2'+.' &%2' 62:262*-2' CWrtD'
-0061#*+&2'.).&2,>'7.'*0&21'#*'52-&#0*'U>S>UA'=%2*'&%2'Wrt'-0061#*+&2'.).&2,'#.'0,#&&21'#&'12:+9"&.'&0'&%2'
B62.2*&+&#0*' -0061#*+&2' .).&2,' :06' &6+*."+&#0*+"' @+6#+<"2.A' .0' =%2*' <0&%' &%2' Wrt' C62:262*-2D' +*1' &%2'
0<.26@26i.' CObsFrD' -0061#*+&2' .).&2,.' +62' 0,#&&21A' &%2' 12:+9"&' 0<.26@26i.' -0061#*+&2' .).&2,' #.' &%2'
B62.2*&+&#0*'-0061#*+&2'.).&2,>'

8&' #.'*2#&%26'*2-2..+6)'*06'+BB60B6#+&2' &0'.B2-#:)' &%2'0<.26@26i.'-0061#*+&2'.).&2,':06'60&+&#0*+"',0&#0*'
@+6#+<"2.'+.'60&+&#0*.'+62'#*@+6#+*&'=#&%'&%2'"0-+&#0*'0:'&%2'0<.26@26>'

50,2'24+,B"2.'+62Z'

geVelocity_ft_s_X'

R2"0-#&)'0:' &%2'0=*.%#B'-2*&26[0:[,+..' #*' &%2'$20-2*&6#-'3+6&%'-0061#*+&2'.).&2,' C@2"0-#&)'+"0*$'
&%2'P3'K[+4#.D>'L0&2'&%+&'&%2'62:262*-2'B0#*&'COfDA'62"+&#@2'-0061#*+&2'.).&2,'CWrtD'+*1'0<.26@26i.'
-0061#*+&2' .).&2,' CObsFrD' 12:+9"&' &0' &%2' @2"0-#&)' 0:' &%2' -2*&26' 0:' ,+..' =#&%' 62.B2-&' &0' +*1'

!&*!



!

0<.26@21':60,'&%2'$20-2*&6#-'3+6&%[:#421'-0061#*+&2'.).&2,'.#*-2'&%2)'+62'0,#&&21>'

geVelocityOfCmWrtGeObsFrGe_ft_s_X'

;%#.'#.'&%2'.+,2'@+6#+<"2'+.'&%2'B62@#09.'0*2'=#&%'&%2'62:262*-2'B0#*&'COfCmDA'62"+&#@2'-0061#*+&2'
.).&2,' CWrtGeD' +*1' 0<.26@26' -0061#*+&2' .).&2,' CObsFrGeD' +""' 24B"#-#&")' .B2-#:#21' C&%2)' +62' *0&'
62e9#621'.#*-2'&%2)'+62'&%2'12:+9"&.D>'

bodyAccelWrtEi_ft_s2_X 

7--2"26+&#0*'0:'&%2'@2%#-"2'-2*&26'0:',+..'62"+&#@2'&0'+*1'0<.26@21':60,'&%2'3+6&%[:#421'#*26&#+"'C38D'
-0061#*+&2'.).&2,'+*1'B62.2*&21'#*'&%2'<01)'+4#.'-0061#*+&2'.).&2,'C+--2"26+&#0*'+"0*$'&%2'<01)'
K[+4#.D>'L+,#*$'-0*@2*&#0*'-0,B0*2*&.'&%+&'-+*'<2'#,B"#21'+62'0,#&&21>'

bodyAccelOfCmWrtEiObsFrEi_ft_s2_X'

;%#.'#.'&%2'.+,2'@+6#+<"2'+.'&%2'B62@#09.'0*2'=#&%'&%2'62:262*-2'B0#*&A'62"+&#@2'-0061#*+&2'.).&2,'
+*1'0<.26@26'-0061#*+&2'.).&2,'+""'24B"#-#&")'.B2-#:#21>'

bodyVelocityWrtAir_ft_s_X'

;%#.'#.'&%2'+#6[62"+&#@2'@2"0-#&)'0:'&%2'F/'24B62..21'#*'<01)'-0061#*+&2.j'&%2'ObsFr'-0,B0*2*&'#.'
0,#&&21'&0'#*1#-+&2'&%+&'&%2'0<.26@26i.'-0061#*+&2'.).&2,'#.'#*'&%2'.+,2':6+,2'+.'&%2'.&2+1)'.&+&2'
+#6',+..'62:262*-2':6+,2'C7#6D>'

bodyVelocityOfCmWrtAirObsFrAir_ft_s_X'

5+,2'+.'&%2'@+6#+<"2'+<0@2A':9"")'24B62..21'

bodyPositionOfPilotEyeWrtCm_ft_X 

;%2' B0.#&#0*' 0:' &%2' B#"0&i.' 2)2B0#*&' 62"+&#@2' &0' &%2' @2%#-"2' -2*&26[0:[,+..' +"0*$' &%2' <01)'K[+4#.>'
L0&2' &%+&' &%2' .#$*' -0*@2*&#0*' #.' -"2+6Z' .#*-2' &%2' K[+4#.' 06#$#*' #.' +&' &%2' -2*&26' 0:' ,+..A' +*1' #.'
B0.#&#@2':06=+61A'&%2'B#"0&i.'2)2B0#*&'B0.#&#0*'#.'B0.#&#@2'=%2*':06=+61'0:'&%2'-2*&26'0:',+..>'

bodyPositionOfPilotEyeWrtMrc_ft_X'

;%2'B0.#&#0*'0:'&%2'B#"0&i.'2)2B0#*&'62"+&#@2'&0'&%2',0,2*&'62:262*-2'-2*&26'+"0*$'&%2'<01)'K[+4#.>'
L0&2'&%+&'&%2'.#$*'-0*@2*&#0*'#.'-"2+6Z'.#*-2'&%2'<01)'K[+4#.'06#$#*'#.'+&'&%2'-2*&26'0:',+..A'+*1'#.'
B0.#&#@2':06=+61A'&%2'B#"0&i.'2)2B0#*&'B0.#&#0*'#.'B0.#&#@2'=%2*':06=+61'0:'&%2'/OF>'

bodyAccelOfPilotWrtEi_ft_s2_[3]'

;%#.' 62B62.2*&.' &%2' #*26&#+"' +--2"26+&#0*' 0:' &%2' B#"0&A' 62.0"@21' #*&0' &%2' @2%#-"2i.' <01)' +42.>' ;%2'
ObsFr' -0,B0*2*&' #.' 0,#&&21A' #,B")#*$' &%2',0&#0*' #.' 0<.26@21' :60,' &%2'Wrt' -0061#*+&2' .).&2,'
C%262A'3+6&%'8*26&#+"D>'

bodyAccelOfPilotWrtEiObsFrEi_ft_s2_[3] 5+,2'+.'+<0@2>'ObsFr'24B"#-#&")'.&+&21>'

bodyVelocityWrtEi_ft_s_X  8*26&#+"'@2"0-#&)'0:'&%2'F/'+"0*$'&%2'K[<01)'+4#.>''

bodyVelocityOfCmWrtEiObsFrEi_ft_s_X  5+,2' ,2+*#*$' +.' &%2' B62@#09.' @+6#+<"2A' :9"")'
24B62..21'

runway22VelocityOfLeftWheelWrtTdObsFrTd_ft_s_Z'

;%#.'#.'&%2'@2"0-#&)'0:'&%2'=%22"'62"+&#@2'&0'&%2';('B0#*&'0<.26@21':60,'&%2';('-0061#*+&2'.).&2,>'
;%2' 9.26' ,9.&' 24B"#-#&")' 12:#*2' &%2' ;(' -0061#*+&2' .).&2,A' <9&' "0$#-+"")' #&' #.' #*' +*' 3+6&%[:#421'
62:262*-2' :6+,2A' B60<+<")' =#&%' &%2' 06#$#*' +&' &%2' 12.#621' &09-%10=*' B0#*&' +*1' +"#$*21' =#&%' &%2'

! &+



!

69*=+)>'

runway22VelocityOfLeftWheelWrtTd_ft_s_Z'

;%#.'#.'&%2'.+,2'@+6#+<"2'+.'+<0@2A'.#*-2'0,#&&#*$'ObsFr'#,B"#2.'#&'#.'&%2'Wrt'-0061#*+&2'.).&2,>'

velocityWrtGround_ft_s'

;%#.'.-+"+6'@+6#+<"2'#.'-0,,0*")'N*0=*'+.'$609*1.B221>'

'

6.4.8 Component Indicating Initial Variables 

7'-0*@2*&#0*'B60B0.21'<)'&%#.'.&+*1+61'#.'+11#*$'fIcg'&0'&%2'2*1'0:'+*)'@+6#+<"2'*+,2A'<2:062'+*)'9*#&.A'
&0' 12.#$*+&2' &%+&' &%2' @+6#+<"2' #.' +*' #*#&#+"' -0*1#&#0*' .B2-#:#-+&#0*>' ;%#.' -+*' <2' +1121' &0' @#6&9+"")' +*)'
@+6#+<"2'=#&%09&'+*'9*126.-062'.2B+6+&06A'-0*-2B&9+"")'-62+&#*$'+'-0*.&+*&A':06'24+,B"2Z'

J>' x_bodyVelocityWrtEiIc_rad_s_X 

H>' grossWeightIc_N'

6.4.9 Units Suffix 

;%2' .9::#4' #.' 9.21' &0' 12.-6#<2' &%2' 9*#&.' 0:' &%2' @+6#+<"2>' ;%2' -0*@2*&#0*' :06' &%2' .9::#4' #.' .#,B"2' +*1' #.'
:0""0=21':06'+""'@+6#+<"2.>'_%2*'24-%+*$#*$'.#,9"+&#0*',012".A'&%2'9*#&.'0:'+""'@+6#+<"2.',9.&'<2'.B2-#:#21'
+*1'&%#.'#.'&%2',2-%+*#.,'&0'10'.0>';%#.'=#""'+".0'+""0='&%2'9.26A'&%2'B60$6+,,26A'+*1'&%2'62+126'0:'&%2'
-012'&0'-%2-N':06'%0,0$2*2#&)'0:'&%2'9*#&.'+*1'#.'.2":[10-9,2*&#*$'#*'&%#.'62.B2-&>';%262:062A'9*#&.'.%+""'
<2'#*-"9121'#*'+""'@+6#+<"2.'24-2B&'@+6#+<"2.'&%+&'+62'*0*[1#,2*.#0*+">'8:'62e9#621':06'-"+6#&)A'fndg',+)'<2'
9.21'#*'&%2'9*#&.'.9::#4'&0'#*1#-+&2'+'*0*[1#,2*.#0*+"'@+6#+<"2>'8*-"91#*$'9*#&.'%+.'&%2'+1121'+1@+*&+$2'0:'
,+N#*$'&%#.'.&+*1+61'-0*.#.&2*&'+*1'+--2B&+<"2'#*'-09*&6#2.'9&#"#d#*$'&%2'#*&26*+&#0*+"'.).&2,'0:'9*#&.>'!06'
24+,B"2A' +#6.B221' #.' 2e9+"")' +--2B&+<"2' +.' +' .&+*1+61' <0&%' :06' &%2' M>5>' .).&2,' 0:' 9*#&.' +*1' &%2'
8*&26*+&#0*+"'.).&2,'0:'9*#&.>'

;%2' .&+*1+61' 9.2.' +*' 9*126.-062' CsD' &0' .2B+6+&2' &%2' *9,26+&06' :60,' &%2' 12*0,#*+&06' +*' +*+"0$)' &0'
24B0*2*&#+"' *0&+&#0*' :06' &%2' .B2-#:#-+&#0*' 0:' 9*#&.>' !06' 24+,B"2A' &%2' 9*#&' 24B62..#0*' :06' -9<#-' :22&' B26'
.2-0*1'.e9+621'C:06'24+,B"2D'=09"1'<2'ft3s-2>'3"#,#*+&#*$'&%2'.9B26.-6#B&.' "2+@2.'ft3s-2>'52B+6+&#*$'
&%2' *9,26+&06' :60,' &%2' 12*0,#*+&06' 62.9"&.' #*' ft3_s2A' .#*-2' &%2' *2$+&#@2' .#$*' #*' &%2' 12*0,#*+&06'
24B0*2*&#+"'&26,'#.'160BB21>'

_#&%':2='24-2B&#0*.A'0*")'<+.2'9*#&.'+62'.9BB06&21j' #&' #.'*0&'+""0=21'&0'%+@2A' :06'24+,B"2A',#""#.2-0*1.'
C,.D>'`262'&%2'B60B26'9.2'=09"1'<2'&0'24B62..'&%+&'@+6#+<"2'#*'.2-0*1.>'

!96&%26'24+,B"2.'+62'+.':0""0=.Z'

J>' trueAirspeed_ft_s':06':22&'B26'.2-0*1'C:&W.D'

H>' trueAirspeed_m_s :06',2&26.'B26'.2-0*1'C,W.D'

Q>' trueAirspeed_kt':06'N*0&.'C*+9&#-+"',#"2.'B26'%096D'

S>' bodyAccelWrtEi_ft_s2_X :06':22&'B26'.2-0*1'.e9+621'C:&W.HD'

;%2'.9::#4'.%+""'<2'.2B+6+&21' :60,' &%2'<01)'0:' &%2'@+6#+<"2'*+,2'<)'+*'9*126.-062>';%2'.&+*1+61'9*#&'
*0&+&#0*.'+62'$#@2*'#*';+<"2'Qj'58'9*#&.'+*1'.&+*1+61'+<<62@#+&#0*.'+62'#*-"9121'=%262'+@+#"+<"2>'

!#,!



!

! #$

'

;+<"2'Q'^'7<<62@#+&#0*':06'9*#&.[0:[,2+.962'#*'.&+*1+61'@+6#+<"2'*+,2.
Time 

.2-0*1' s+'

,#*9&2' min2 
%096' h2 

Length 
#*-%' inch 
:00&' ft 
,2&26' ma 

*+9&#-+"',#"2' nmi 
.&+&9&2',#"2' smi 
N#"0,2&26' km 
-2*&#,2&26' cm 
,#""#,2&26' mm 

+.&60*0,#-+"'9*#&' ua2 
!

Force 
B09*1':06-2' lbf 
L2=&0*' Nb 

N#"0$6+,':06-2' kgf 
Mass 

N#"0$6+,' kg+'

B09*1',+..' lbm 
."9$' slug 

Solid Angle 
.&26+1#+*' sr<'

Plane Angle 
12$622' deg 
6+1#+*' rad<'

62@0"9&#0*' rev 
!

Temperature 
12$622.'O+*N#*2' dgR 
12$622.'F2".#9.' dgC1'

12$622.'!+%62*%2#&' dgF 
o2"@#*' dgK-'

!
!

Power, energy, work, heat 
2*26$)'CV6#&#.%''
&%26,+"'9*#&D' btu 

2*26$)'C26$D' erg 
2*26$)'C-+"06#2D' Cal 
2*26$)'C?09"2D' J<'

B0=26'C%06.2B0=26D' Hp 
B0=26'C=+&&D' W<'

Electrical units 
B0&2*&#+"'C@0"&D' V<'

@0"&A'1#62-&'-9662*&' Vdc1 

@0"&A'+"&26*+&#*$'-9662*&' Vac1 
-9662*&'C+,B262D' A+'

:62e92*-)'C%26&dD' Hz<'

#*19-&+*-2'C%2*6)D' H<'

-+B+-#&+*-2'C:+6+1D' F<'

-%+6$2'C-09"0,<D' C<'

-0*19-&+*-2'C.#2,2*.D' S<'

62.#.&+*-2'C0%,D' ohm1'

!
Other 

B62..962A'.&62..'CB+.-+"D' Pa<'

.&+*1+61'$6+@#&+&#0*+"'
+--2"26+&#0*'9*#&'

g 

"9,#*09.'#*&2*.#&)'C-+*12"+D'' cd+'

"9,#*09.':"94'C"9,2*D' lm<'

'#""9,#*+*-2'C"94D' lx<'

+,09*&'0:'.9<.&+*-2'C,0"2D' mol+'

,+$*2&#-':"94'12*.#&)'C&2."+D' T<'

,+$*2&#-':"94'C=2<26D' Wb<'

6+1#0+-&#@2'+-&#@#&)'
C<2-e9262"D'

Bq<'

+<.06<21'10.2'C$6+)D' Gy<'

10.2'2e9#@+"2*&'C.#2@26&D' Sv<'

*+9&#-+"',#"2'B26'%096' kt 
*0*[1#,2*.#0*+"' nd 



!

L0&2.Z'
' +>'58'<+.2'9*#&'C62:262*-2'85\']IIII[JZHIIaA'zU>T>HD'
' <>'58'126#@21'9*#&'C62:262*-2'85\']IIII[JZHIIaA'zU>T>QD'
' ->'58'<+.2'9*#&'=#&%',01#:#21'+<<62@#+&#0*'
' 1>'58'126#@21'9*#&'=#&%',01#:#21'+<<62@#+&#0*'

2>'85\'62-0$*#d21'*0*[58'9*#&'C62:262*-2'85\']IIII[JZHIIaA'zU>T>UD'

6.4.10 Units-agnostic models 

50,2',012".'%+@2' #12*&#-+"' :06,9"+&#0*.'=%2&%26' &%2'.).&2,'0:',2+.962,2*&' #.' &%2'58' .).&2,'06' &%2'
M>5>'-9.&0,+6)'.).&2,>';%2'9*#&.'0:'&%2',012"i.'09&B9&.'12B2*1'0*")'0*'&%2'9*#&.'0:'&%2'@+"92.'&%+&'+62'
B60@#121' +.' #*B9&.>' ;%2.2' f9*#&.[+$*0.&#-g' ,012".' -+*' <2' 629.21' #*' .#,9"+&#0*.' =#&%' :2=' 06' *0'
-0*@26.#0*.' B26:06,21' 0*' #*B9&.' 06' 09&B9&.' <)' &%2' %0.&' .#,9"+&#0*>' ;0' +""0=' &%2' 24-%+*$2' 0:' 9*#&.[
+$*0.&#-',012".A' &%2'.&+*1+61'B60@#12.'+'.2&'0:'+<<62@#+&#0*.' :06'$2*26#-'9*#&.' &%+&' 62B62.2*&' &%2'<+.2'
9*#&.'&%+&'1#::26'<2&=22*'58'+*1'M>5>'-9.&0,+6)'.).&2,A'*+,2")'"2*$&%A',+..A'+*1'&2,B26+&962Z'

Unit Abbreviation 
"2*$&%' L+ 
,+..' M+ 

&2,B26+&962' dgT< 
L0&2.Z'
' +>'85k'<+.2'9*#&>'C62:262*-2'85\']IIII[JZHIIaA'zQ>XD'

<>'85k'<+.2'9*#&'=#&%',01#:#21'+<<62@#+&#0*'

;%2'&=0'.).&2,.'0:',2+.962,2*&'9.2'&%2'.+,2'9*#&':06'&#,2'C.2-0*1D>'';%2'M>5>'-9.&0,+6)'.).&2,'102.'
*0&'12:#*2'9*#&.' :06' &%2'<+.2'e9+*&#&#2.'0:'2"2-&6#-'-9662*&A' "9,#*09.' #*&2*.#&)A'+*1'+,09*&'0:'.9<.&+*-2j'
&%2'58'9*#&.'C.22'85\']IIII[JZHIIaD':#""'&%#.'0,#..#0*>';%262:062A'$2*26#-'9*#&.'+62'*0&'62e9#621':06'&#,2A'
2"2-&6#-' -9662*&A' "9,#*09.' #*&2*.#&)' 06' +,09*&' 0:' .9<.&+*-2j' &%2'58' 9*#&' :06' &%2.2'e9+*&#&#2.' #.' 9.21' :06'
@+6#+<"2'*+,2.'#*'9*#&'+$*0.&#-',012".>'''

34+,B"2.'0:'@+6#+<"2'*+,2.'9.#*$'$2*26#-'9*#&.Z'

�x' bodyForce_ML_s2_Z'

�x' bodyVelocityWrtGe_L_s_X'

�x' thermalConductivity_ML_s3dgT'

L0&2' &%+&' &%2' "+.&' @+6#+<"2A' &%26,+"' -0*19-&#@#&)A' =09"1' *06,+"")' <2' B9<"#.%21' #*' 58' 9*#&.' 0:'_WC,[{oD'
v2e9+"' &0'N$[,WC'.Q[o' Dw'=#&%'+'-0*@26.#0*' :+-&06' &0' &%2' &)B#-+"'3*$"#.%'9*#&.'0:'V;MWC%6[:&[{!DA'*2#&%26'0:'
=%#-%'2e9+".' &%2'3*$"#.%'9*#&' .9<.&#&9&#0*' #*' &%2' @+6#+<"2'*+,2'0:' ."9$[:&WC.Q[{OD>'50A' +'%0.&' .#,9"+&#0*'
<+.21'0*'M>5>'-9.&0,+6)'9*#&.'=09"1'*221'&0'-0*@26&'&%2'B9<"#.%21'@+"92'&0'."9$[:&WC.Q[{OD'<2:062'B+..#*$'
&%2'@+"92'&0'&%2',012">'C7'9*#&'-0*@26.#0*'#.'*0&'62e9#621'#*'+'%0.&'.#,9"+&#0*'<+.21'0*'58'9*#&.>D'8:'&%#.'
,012"'=262'06#$#*+"")'12@2"0B21' :06' &%+&'%0.&'.#,9"+&#0*A' &%2',012"'12@2"0B26'=09"1' "#N2")'%+@2'B"+-21'
&%2' *2-2..+6)' -0*@26.#0*.' :60,' V;M' +*1' %096.' C06' :60,' &%2' B9<"#.%21' 58' @+"92D' =#&%#*' &%2' ,012"j'
%0=2@26A'<)':06,9"+&#*$'&%2',012"'+.'9*#&'+$*0.&#-A'62.B0*.#<#"#&)':06'-0*@26.#0*'%+.'<22*',0@21'&0'&%2'
%0.&'.#,9"+&#0*>';%2'&%26,+"'-0*19-&#@#&)'24+,B"2'#""9.&6+&2.'%0='+'9*#&'+$*0.&#-',012"',+)'.&#""'62e9#62'
-0*@26.#0*'0:'#*B9&.'06'09&B9&.'<)'&%2'%0.&'.#,9"+&#0*>'

6.4.11 Component Indicating Specific Axis , Coordinate Component or Reference 

;%2' "+.&'-0,B0*2*&' #.' &%2'.B2-#:#-'+4#.A'-0061#*+&2'-0,B0*2*&'06' 62:262*-2'9.21'=#&%#*' &%2'-0061#*+&2'
.).&2,' C-0061#*+&2' .).&2,.' +62' 12:#*21' #*' 52-&#0*' TD>' 8&' ,+)' +".0' #*1#-+&2' 2"2,2*&.' 0:' @2-&06.' +*1'
+66+).>' 8&' #.' .2B+6+&21' :60,' &%2' 9*#&.' <)' +*' 9*126.-062' CsD>' 7.' -+*' <2' .22*' #*' &%2' 24+,B"2.A' &%#.'
-0,B0*2*&' #.'+BB2*121' "+.&' &0'N22B' &%2'*+,#*$'-0*@2*&#0*'-0*.#.&2*&' :06'@+6#+<"2.' &%+&'+62'.-+"+6.'06'
@2-&06.>' 8:' &%2'-0061#*+&2'.).&2,' #.' #*-"9121' #*' &%2'*+,2A' &%2'.B2-#:#-'+4#.'06' 62:262*-2'.%09"1'+".0'<2'
#*-"9121>''
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5&+*1+61'+42.'.2"2-&06'.2&.'+62Z'

+D' CKA'cA'nD':06'"#*2+6W&6+*."+&#0*+"',0&#0*A'

<D' CKA'cA'nDA'CO0""A'E#&-%A'c+=D'06'C!#6.&A'52-0*1A';%#61D':06'+*$9"+6',0&#0*>'

_%2*'&%2'.B2-#:#-'+4#.'06'62:262*-2'-+*'"0$#-+"")'<2'+'@2-&06'06'+*'+66+)A'&%2'@2-&06'06'+66+)'-0,B0*2*&'
,+)' <2' -0*@2*#2*&' :06' +' .B2-#:#-' #,B"2,2*&+&#0*>'_%2*' -0061#*+&2' .).&2,' @2-&06.' +62' 9.21A' +' 6#$%&[
%+*121' &6#+1' #*'06126' CKA'cA'nD'.%+""'<2'9.21' &0'+@0#1'-0*:9.#0*>'(92' &0'1#::262*-2.'<2&=22*'I['+*1'J[
<+.21'+66+)'#*124#*$'#*'@+6#09.'#,B"2,2*&+&#0*'"+*$9+$2.A'9.2'0:'*9,26#-+"'#*1#-2.'#.'1#.-096+$21>'

8*' &%2' :0""0=#*$' 24+,B"2.A' Z' =09"1' <2' 12:#*21' +.' +' -0*.&+*&' 0:' 2#&%26' H' 06' Q' 12B2*1#*$' 0*' &%2'
#,B"2,2*&+&#0*'"+*$9+$2'+66+)'#*124#*$'-0*@2*&#0*>'

R+6#+<"2'*+,2'24+,B"2.Z'
x_bodyAngularRate_rad_s_Roll 

x_bodyAngularRate_rad_s[Roll] 

x_bodyAngularRate_rad_s.Roll 

`262 body #.' &%2' -0061#*+&2' .).&2,' +*1
60""'#.'&%2'.B2-#:#-'+4#.'#*'&%2'<01)'-0061#*+&2'
.).&2,A' roll #*1#-+&#*$' +*$9"+6' ,0&#0*>'
34+,B"2.' .%0=' +"&26*+&2' .-+"+6' +*1' @2-&06'
#,B"2,2*&+&#0*.' +*1' #,B"2,2*&+&#0*' +.' +'
.&69-&962>'

L\;3' 8*' &%#.' 24+,B"2' &%2' @+6#+<"2' #.'
12.#$*+&21'+.'+'.&+&2>'

bodyTurbulenceVelocityWrtGe_ft_s_Z''C.&+*1+61D

bodyTurbulenceVelocityWrtGe_ft_s[Z] 

bodyTurbulenceVelocityWrtGe_ft_s.Z 

`262 body #.'&%2'-0061#*+&2'.).&2,'+*1 Z
#.' &%2' .B2-#:#-' +4#.' #*' &%2' <01)' -0061#*+&2'
.).&2,A' Z' #*1#-+&#*$' @26&#-+"' &6+*."+&#0*+"'
,0&#0*>'

geVelocity_m_s_Y `262'ge #.' &%2'-0061#*+&2'.).&2,'+*1 Y' #.'
&%2'.B2-#:#-'+4#.A'+".0' #*1#-+&#*$' &6+*."+&#0*+"'
,0&#0*>'

runway22VelocityOfLeftWheelWrtTd_ft_s_Z =%262' runway22 #.' &%2' -0061#*+&2' .).&2,'
C9.26' 12:#*21D' +*1 Z #.' &%2' .B2-#:#-' +4#.A'
+".0' #*1#-+&#*$' &6+*."+&#0*+"' ,0&#0*>'
LeftWheel' #.' &%2' B0#*&' 0*' &%2' @2%#-"2' +*1'
Td'C&09-%10=*'B0#*&D'#.'&%2'62:262*-2'B0#*&>'

bodyAccelOfPilotEyeWrtEi_m_s2_Y `262'body #.' &%2'-0061#*+&2'.).&2,'+*1 Y 
#.' &%2' .B2-#:#-' +4#.A' +".0' #*1#-+&#*$'
&6+*."+&#0*+"' ,0&#0*>' (2.#$*' B#"0&' 2)2B0#*&'
"0-+&#0*'#.'&%2'B0#*&'0*'&%2'@2%#-"2>'

bodyProductOfInertia_slugf2_YZ `262A'sYZ'.2"2-&.'&%2'2"2,2*&'#*'&%2'.2-0*1'
60='+*1'&%#61'-0"9,*'0:'&%2'#*26&#+"',+&6#4>'

'
6.5 Additional Discussion 

R26)'6+62")A'#:'2@26A'+62'+""'JI'-0,B0*2*&.'0:'+'*+,2'9.21>'8*'&%2'-+.2'0:''

x_bodyAngularRate_rad_s_Roll''

&%2':0""0=#*$':#@2'-0,B0*2*&.'=262'9.21Z'
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H>' -0061#*+&2'06'62:262*-2'.).&2,'CbodyDA'

Q>' -062'*+,2'CAngularRateDA''

S>' 9*#&.'.9::#4'Crad_sDA':06'6+1#+*.'B26'.2-0*1'

T>' .B2-#:#-'+4#.'06'62:262*-2'CRollD>''

8*' &%#.' -+.2' f@+6#+<"2' .096-2'10,+#*g'=+.'0,#&&21'<2-+9.2'x_bodyAngularRate_rad_s_Roll #.' +'
.#*$"2'e9+*&#&)'12:#*21'<)'&%2' "+=.'0:'B%).#-.j' &%262'.%09"1'*0&'<2'.2B+6+&2'<01)'6+&2.'+..0-#+&21'=#&%'
+2601)*+,#-.' +*1'+' B60B9".#0*' .).&2,>' 8:A' %0=2@26A' &%2' 9.26'=+*&21' &0' %+@2'+',9"&#[<01)' .#,9"+&#0*A'
"0$#-+"")' &%2' f@+6#+<"2' .096-2'10,+#*g' -09"1' <2'9.21' &0' 1#.-6#,#*+&2' <2&=22*'1#::262*&' 2"2,2*&.' 0:' &%2'
<01)A'06A'B26%+B.',062' "0$#-+"")A'+*'+66+)'06'.&69-&962'=09"1'<2'9.21' &0'12:#*2'1#::262*&'2"2,2*&.' #*'+'
,9"&#[<01)'06':"24#<"2'.&69-&962'B60<"2,>'

;%2'OfA'WrtA'+*1 ObsFr'=262'0,#&&21'<2-+9.2'&%2'@+6#+<"2'#.'12.-6#<#*$',0&#0*'+<09&'COfD'&%2'F/'+*1'
62"+&#@2' &0' &%2' "0-+"")["2@2"' -0061#*+&2' .).&2,>' O2-+""' &%+&' Wrt' 12:+9"&.' &0' &%2' "0-+"")["2@2"' :6+,2' :06'
60&+&#0*+"' ,0&#0*' +*1' 60&+&#0*+"' ,0&#0*' @+6#+<"2.' 10' *0&' +""0=' .B2-#:#-+&#0*' 0:' +*' 0<.26@26i.' CObsFrD'
-0061#*+&2'.).&2,>'

7*'Ic':"+$'#.'*0&'B62.2*&A'#*1#-+&#*$'&%+&'&%#.'@+6#+<"2'102.'*0&'.B2-#:)'+*'#*#&#+"'-0*1#&#0*>'

;%2'#*&2*&'0:'&%2.2'-0*@2*&#0*.'#.'&0'B60@#12'-"2+6'-0,,9*#-+&#0*'=%2*'24-%+*$#*$',012".A'*0&'&0':06-2'
&%2' 9*#@26.+"' 9.2' 0:' &%2.2' @+6#+<"2' *+,2.>' x_bodyAngularRate_rad_s_Roll' #.' #*&2*121' &0' <2' +'
-"2+6A'<6#2:A'9*+,<#$909.'*+,2':06'&%2'@+6#+<"2>'

6.5.1 Discarded Conventions and Reasons 

\*2'-0*@2*&#0*'-0*.#12621'2"#,#*+&21'&%2'9*#&.'.9::#4'=%2*'&%2'9*#&.'=262':60,'+'.&+*1+61'.2&A'<9&'&%#.'
-0*-2B&'=+.'1#.-+6121'.#*-2'+"=+).'%+@#*$'&%2'9*#&.'+..0-#+&21'=#&%'&%2'@+6#+<"2'*+,2'.%09"1'%2"B'&%2'
12@2"0B26',+#*&+#*'-0*.#.&2*&'9*#&.'#*'&%2'.#,9"+&#0*'+*1'&0'6219-2'B60$6+,,#*$'26606.'192'&0'#,B60B26'
,#4#*$' 0:' 9*#&.>' F0*.#.&2*&' +BB"#-+&#0*' 0:' 9*#&.' #*' @+6#+<"2' *+,2.' .%09"1' +".0' 6219-2' &%2' .0:&=+62'
,+#*&2*+*-2' 2::06&'=%2*' +' .9<.2e92*&' 12@2"0B26' #.' &6)#*$' &0' 9*126.&+*1' &%2' -012' &0',+N2' <9$' :#42.A'
#,B"2,2*&'2*%+*-2,2*&.A'06'629.2'&%2'-012>'

6.5.2 Relationship with Markup Grammar, DAVE-ML 

7&' B62.2*&A' &%#.' @+6#+<"2' *+,#*$' -0*@2*&#0*' #.' &+6$2&21' :06' 9.2' =#&%' &%2' (7R3[/Y' K/Y' $6+,,+6' :06'
,012"' 24-%+*$2' C.22' 52-&#0*' XD>' 8*' (7R3[/YA' &%2' 1)*+,#-' 2e9+&#0*' :06,9"+&#0*' B62:#4' +*1' &%2' 9*#&.'
.9::#4'+62'.&0621'+.'.2B+6+&2'-0,B0*2*&.' C+&&6#<9&2.'06'-%#"1'2"2,2*&.D'0:' &%2'@+6#+<"2'12:#*#&#0*>';%9.A'
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-0*:"#-&#*$'#*:06,+&#0*>'
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JD' ;%2'(7R3[/Y'$6+,,+6'102.'*0&'2*:06-2'*+,#*$'69"2.j':06'&%0.2'@+6#+<"2.'&%+&'10'*0&'-0*:06,'&0'
&%2' *+,#*$' -0*@2*&#0*' +*1' &%262:062' 10' *0&' %+@2' .&+&2W.&+&2' 126#@+&#@2' 12.#$*+&#0*' 06' 9*#&.A'
(7R3[/Y'2*-096+$2.'&%2'#*-"9.#0*'0:'&%#.'#*:06,+&#0*'&0'+..#.&'=#&%'&%2'-"2+6'10-9,2*&+&#0*'0:'+'
,012">'

HD' ;%2' -0*@2*&#0*' +""0=.' K/Y' B60-2..06.' &0' +10B&' &%2' B6+-&#-2' 0:' +9&0,+&#-+"")' .&6#BB#*$' +*1'
+11#*$'&%2'B62:#4'+*1'.9::#4'&0'&%2'@+6#+<"2'*+,2.A'6219-#*$'&%2'B0..#<#"#&)'0:'%9,+*'26606'196#*$'
&6+*."+&#0*>'

6.6 Standard Variable Name Table Example 
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B62.2*&21'#*'7**24'7>'7*'24-26B&'0:'7**24'7'#.'$#@2*'#*';+<"2'S':06'#""9.&6+&#@2'B96B0.2.>''
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34' ;%2'.),<0"':06'&%+&'@+6#+<"2A'�- !
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:06'"2$+-)'-0,B#"26.'=#&%'.#$*#:#-+*&'*+,2'"2*$&%'62.&6#-&#0*.'
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7,26#-+*'-0*@2*&#0*'9*#&.'+*1'0*2'=#&%'58'9*#&.>' 'O2:26' &0'.2-&#0*'U' :06'+' "#.&'0:' &%2'.&+*1+61'9*#&.'
+*1'&%2#6'+<<62@#+&#0*.>'

L\;3Z' '_%#"2' &%2' @+6#+<"2' *+,#*$' -0*@2*&#0*' 12.-6#<21' #*' 52-&#0*' U' 2*-096+$2.' &%2' 9.2' 0:' &%2'
q@+6#+<"2' 10,+#*r' -0,B0*2*&A' &%#.' 7**24' 102.' *0&' #*-"912' @+6#+<"2' 10,+#*.' +.' B+6&' 0:' &%2'
*06,+&#@2'.&+*1+61'*+,2.>';%#.'#.'<2-+9.2'&%2'@+6#+<"2'10,+#*'#.'*06,+"")'12B2*12*&'9B0*'&%2'
.#,9"+&#0*'+6-%#&2-&962A'+*1'+.'.9-%'#.'#,,+&26#+"'&0'&%2'24-%+*$2'0:'+'.#,9"+&#0*',012"'9*"2..'
&%2'24-%+*$2'#.'<2&=22*':+-#"#&#2.'=#&%'.#,#"+6'+6-%#&2-&962.>'

L\;3Z'7*)'.9#&+<"2'9*#&.',+)'<2'9.21>' ' 8*' &%2'24+,B"2' :06'eulerAngle_Roll'<0&%' &%2'_deg' :06'
12$622.' +*1' &%2' _rad' :06' 6+1#+*.' +62' $#@2*>' ' ;%2' f!9""' R+6#+<"2' L+,2g' -0"9,*' 102.' *0&'
*2-2..+6#")'B60@#12'+""'+--2B&+<"2'9*#&.':06'2+-%'@+6#+<"2>'

SD' 7'12.-6#B&#0*'0:'&%2'@+6#+<"2A'#:'+BB"#-+<"2'.%09"1'+"=+).'.B2-#:)'&%2'-0061#*+&2'.).&2,>''O2:26'&0'
.2-&#0*'T':06'+'12.-6#B&#0*'0:'&%2'.&+*1+61'-0061#*+&2'.).&2,.>'

TD' ;%2' E\58;8R3' .#$*' -0*@2*&#0*' 0:' &%2' @+6#+<"2' ^' O_(' #*1#-+&2.' &%+&' B0.#&#@2'
eulerAngle_Roll'#.'6#$%&'=#*$'10=*>''C522'.2-&#0*'7>H>J':06'+'"#.&'0:'.#$*'-0*@2*&#0*'+-60*),.D'

UD' /#*#,9,'@+"92A'*06,+"")'0*")'.B2-#:#21':06'+*$"2.'

XD' /+4#,9,'@+"92.'0:'&%2'@+6#+<"2A'*06,+"")'0*")'.B2-#:#21':06'+*$"2.'

8*'+11#&#0*'&%#.'24+,B"2'+".0'#""9.&6+&2.'&%2'B#&-%'+*1')+='39"26'+*$"2.>'

5#*-2'60""A'B#&-%'+*1')+=',+)'+".0'-0*@2*#2*&")'<2'24B62..21'+.'+*'+66+)A'&%2':#6.&'@+6#+<"2'*+,2'#*';+<"2'
S'#.'&%2'.&+*1+61'12:#*#&#0*'0:'&%2'39"26'+*$"2'+66+)>'7$+#*A'eulerAngle_rad(3)'=09"1'<2'&%2'.&+*1+61'
+66+)'9.#*$'6+1#+*.'+.'&%2'9*#&.'+*1'#.':9"")'-0,B"#+*&'=#&%'&%2'.&+*1+61>'

39"26'+*$"2.'+62'9.21'#*'@#6&9+"")'+*)'+#6'@2%#-"2'.#,9"+&#0*>'_%#"2'*06,+"")'&%2'-0061#*+&2'.).&2,'=09"1'
<2' #*-"9121' #*' &%2' *+,2A' #&' =+.' *0&' #*-"9121' 192' &0' &%2' 9*#@26.+"' 12:#*#&#0*' 0:' 39"26' +*$"2.>' 7' ,062'
6#$0609.'*+,2'=09"1' <2'llEulerAngleOfBodyWrtLl_deg[3]=%#-%'24B62..2.' +""' &%2' 12:+9"&.' C' &%2'
@+6#+<"2' #.' &%2'39"26' +*$"2.'0:' &%2'<01)'=#&%' 62.B2-&' &0' &%2' "0-+"")' "2@2"' vll w' -0061#*+&2'.).&2,'+*1' #.'
B62.2*&21'#*''v06',2+.9621'#*w'&%2'"0-+"")'"2@2"'-0061#*+&2'.).&2,D>''7#6-6+:&'.#,9"+&#0*.'&)B#-+"")'9.2'39"26'
+*$"2.'12:#*21'@#+'&%2'Q[H[J'+*$"2'60&+&#0*'.2e92*-2'C)+=A'B#&-%A'60""Dj'0&%26'60&+&#0*'.2e92*-2.',+)'<2'
9.21'<9&'.%09"1'<2'24B"#-#&")'#12*&#:#21'+.'#*'EulerAngle313A':06'24+,B"2>'

;%2'.&+*1+61'+""0=.'9.2'0:'+*)'0:'&%2'.&+*1+61'.2&'0:'9*#&.'C12$622.'06'6+1#+*.'#*'&%#.'-+.2D>'

;+<"2'S'^'5&+*1+61'@+6#+<"2'*+,2'&+<"2'24-26B&'

Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Min 
Value 

Max 
Value 

Vehicle Positions and Angles 
�H�� 3MYCQD' eulerAngle_deg(3) 

eulerAngle_rad(3) 

766+)'0:'&%2'0=*.%#B'60""A'B#&-%A'+*1')+='39"26'+*$"2.'-0,B6#.21'
0:'&%2'2"2,2*&.'12:#*21'<2"0=>'YY'C"0-+"")'"2@2"D'-0061#*+&2'
.).&2,>'
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Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Min 
Value 

Max 
Value 

�- ' E`8' eulerAngle_deg_Roll 

eulerAngle_rad_Roll 

O0""'39"26'7*$"2A'YY'
-0061#*+&2'.).&2,>'

O_(' [J]IA[�S�� J]IA'�S��

��' ;`3;' eulerAngle_deg_Pitch 

eulerAngle_rad_Pitch 

E#&-%'39"26'7*$"2A'YY'
-0061#*+&2'.).&2,'

7LM' [aIA'[�SWH' aIA'�SWH'

�%' E58' eulerAngle_deg_Yaw 

eulerAngle_rad_Yaw 

c+='39"26'7*$"2A'YY'
-0061#*+&2'.).&2,'

7LO' [J]IA[�S�� J]IA'�S��

'

6.7 Summary 
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12.-6#<2.'&%2'=2<'.#&2'9.21'&0'.9BB06&'&%#.'.&+*1+61>';%262'#.'+*'+BB60B6#+&2'MOY'06'2,+#"'+1162..':06'
.9<,#&&#*$'+11#&#0*+"'*+,2.'06':06'62-0,,2*1#*$'-"+6#:#-+&#0*'0:'24#.&#*$'*+,2.>'

6.8 References 

5&2@2*.A'V6#+*'Y>A'+*1'Y2=#.A'!6+*N'Y>, Aircraft Control and Simulation, Second Edition >'85VL'aX][I[
SXJ[QXJST[]A'HIISA'L2='c06NA'b>'_#"2)'+*1'50*.A'HIIQ>'

8*&26*+&#0*+"'\6$+*#d+&#0*':06'5&+*1+61#d+&#0*A'Quantities and units - GeneralA'85\']IIII[JA'!#6.&'21#&#0*A'
HIIa[JJ[JT'

M*#&21' 5&+&2.' 0:' 7,26#-+' 5&+*1+61.' 8*.&#&9&2Z'USA Standard Code for Information Interchange, M575'
KQ>S[JaUXA'JaUX[IX[IX 

!#(!



!

7 Standard Simulation Data Format and XML Implementation of the 
Standard: DAVE-ML 

7.1 Purpose 

;%#.'.2-&#0*'24B"+#*.'&%2'62e9#62,2*&.'&%+&'+'.&+*1+61'.#,9"+&#0*'1+&+':06,+&',9.&'<2'+<"2'&0'.+&#.:)>'8&'
#*-"912.'&%2'-0*&2*&'0:'12:#*21':9*-&#0*.'+*1'-0*:#$96+&#0*',+*+$2,2*&'0:'&%2'-0*&2*&>';%2'12:#*#&#0*'0:'
&%2'(7R3[/Y':06,+&'#*-"912.'1+&+':06'&%2.2'-0,B0*2*&.>'

;%#.' 10-9,2*&' +".0' 1#.-9..2.' -0*-2B&9+"")' %0=' +' 1+&+' &+<"2' .%09"1' <2' +--2..21' #*' +*' 242-9&+<"2'
B60$6+,>''

;%2'.&+*1+61' #.' #,B"2,2*&21' #*'K/Y'+.'.B2-#:#21'<)'(7R3[/Y>'7**24'V' #.' &%2'-9662*&' @26.#0*'0:' &%2'
(7R3[/Y'62:262*-2'10-9,2*&>'7**24'F'B60@#12.'"#*N.'&0'24+,B"2'B60$6+,.':06'"0+1#*$'+*1'"00N#*$'9B'
1+&+'-0*:06,#*$'&0'&%2'K/Y'.&+*1+61>'

7.2 Philosophy 

E60<+<")'&%2'$62+&2.&'<2*2:#&'0:'&%2'.&+*1+61'&0'&%2'.#,9"+&#0*'1#.-#B"#*2'#.'&%2'12:#*#&#0*'0:':06,+&.':06'&%2'
#*&26-%+*$2' 0:' &+<9"+6' 1+&+>' ;+<9"+6' 1+&+' #.' 9.21' =#12")' :06' *0*["#*2+6' :9*-&#0*' 62B62.2*&+&#0*' 0:'
+2601)*+,#-A' 2*$#*2A' +&,0.B%26#-A' +*1' ,+*)' 0&%26' ,012"' B+6+,2&26.>' ;%2' .#,B"#:#21' #*&26-%+*$2' 0:'
.9-%'1+&+'.%09"1'#,B60@2'2::#-#2*-)'#*'&%2'.#,9"+&#0*'-0,,9*#&)>'

/0.&'.#,9"+&#0*'12@2"0B26.'+*1'9.26.'%+@2'+1162..21'&%#.'#..92'"0-+"")>'8*',+*)'.#,9"+&#0*'-0,,9*#&#2.A'
+':+,#")'0:'&00".'%+.'<22*'<9#"&'+609*1'24#.&#*$'"0-+"':9*-&#0*'&+<"2':06,+&.>';%2'#*&2*&'0:'&%#.'.&+*1+61'#.'
*0&'&0'62B"+-2'&%2.2'"0-+"'.&+*1+61.A'<9&'6+&%26'&0'12:#*2'+':06,+&':06'-0,,9*#-+&#0*'&%+&'=#""'+""0='2+-%'
.#&2'&0'12@2"0B'+'.#*$"2':06,+&'-0*@26&26'&0'+*1':60,'&%2#6'"0-+"':06,+&>';%2'(7R3[/Y'1+&+'62B62.2*&+&#0*'
#.'B60B0.21'+.'+*'24-%+*$2'.&+*1+61>'

7.3 Design Objective 

;%2':#6.&'12.#$*'0<?2-&#@2'0:'&%2'.&+*1+61'1+&+'&+<"2':06,+&'=+.'&0'#*-"912'+""'62"2@+*&'#*:06,+&#0*'+<09&'
62+"',9"&#[1#,2*.#0*+"':9*-&#0*.A'*0&'?9.&'&%2'1+&+'@+"92.>'8*'&%2'$2*26+"'-+.2'0:'+',9"&#[1#,2*.#0*+"'&+<"2A'
&%2'#*12B2*12*&'@+6#+<"2.'%+@2'1#::262*&'*9,<26.'0:'<62+NB0#*&.A'1#::262*&'<62+NB0#*&.A'+*1'1#::262*&'@+"#1'
6+*$2.A'=%#-%'+62'+""'62"2@+*&'&0'-0*.#.&2*&'2@+"9+&#0*'0:'&%2':9*-&#0*>''

7*'2e9+"")' #,B06&+*&'12.#$*'0<?2-&#@2'=+.' &0'+""0=' &%2' &+<"2' &0'-0*&+#*' #*:06,+&#0*'0*' &%2'1+&+'.096-2'
CB60@2*+*-2A'@#+'62:262*-2DA'+*1'+'-0*:#12*-2'#*&26@+"':06'&%2'1+&+>'M.2.'0:'-0*:#12*-2'#*&26@+".'=#&%#*'+'
,012"' #*-"912'1#62-&' -0,B9&+&#0*'0:' 09&B9&' -0*:#12*-2' "2@2".A' 2.&#,+&#0*'0:' 09&B9&' -0*:#12*-2' #*&26@+".'
&%609$%' /0*&2' F+6"0' .#,9"+&#0*.A' +*1' ,+&%2,+&#-+"")' -0,<#*#*$' 1#::262*&' 2.&#,+&2.' 0:' &%2' .+,2'
B+6+,2&26'+&' &%2'.+,2'#*B9&'@+"92.>';%262:062A'-0*:#12*-2'.&+&#.&#-.'.%09"1'<2' #*-"9121'=%2*'9B1+&#*$'
+*'24#.&#*$'06'-62+&#*$'+'*2='1+&+'.2&>'(7R3[/Y'+""0=.'1#::262*&'&)B2.'0:'-0*:#12*-2'#*&26@+".A'*0&'+""'0:'
=%#-%'-+*'<2',2+*#*$:9"")'-0,<#*21>''

;%2' 1+&+' :06,+&' ,9.&' +".0' <2' 2+.#")' 62+1' <)' -0,B9&26' 06' %9,+*A' +*1' <2' +.' .2":[10-9,2*&#*$' +.'
B0..#<"2>''

7.4 Standard Function Table Data Ñ An Illustrative Example 

!#$962'S'B62.2*&.'+':+#6")'.&+*1+61'&%622[1#,2*.#0*+"'.2&'0:'+2601)*+,#-'1+&+'&)B#-+"'0:':"#$%&'&2.&'06'=#*1'
&9**2"'62.9"&.>'8*'&%2'24+,B"2A'"#:&'-02::#-#2*&'#.'+':9*-&#0*'0:'+*$"2[0:[+&&+-NA'/+-%'*9,<26A'+*1'+'-0*&60"'
.96:+-2'B0.#&#0*>'/062'$2*26+"")'.&+&21A'&%2':9*-&#0*'09&B9&'C12B2*12*&'@+6#+<"2D'FY7Y!7'#.'12B2*12*&'
0*'&%622'#*B9&.'C#*12B2*12*&'@+6#+<"2.DZ'angleOfAttack_degA'machA'm'
controlSurfacePos_deg_avgElevator>''

;%2'24+,B"2'#""9.&6+&2.'&%2':0""0=#*$'-%+6+-&26#.&#-.>'

! #)



!

JD' ;%2'*9,<26'0:'<62+NB0#*&.',+)'<2'1#::262*&':06'2+-%'#*12B2*12*&'@+6#+<"2>'(+&+'#.'B62.2*&21':06'
+' 1#::262*&' *9,<26' 0:' +*$"2[0:[+&&+-N' CangleOfAttack_degD' B0#*&.' +&' 2+-%' -0,<#*+&#0*' 0:'
/+-%'*9,<26'CmachD'+*1'-0*&60"'B0.#&#0*'CcontrolSurfacePos_deg_avgElevatorD>'!06'&%2'
:#6.&' -0,<#*+&#0*' 0:' /+-%' *9,<26' +*1' -0*&60"' B0.#&#0*' Cmach y' I>UA'
controlSurfacePos_deg_avgElevator'y'TD'&%262'+62'JX'+*$"2[0:[+&&+-N'B0#*&.>'!06'&%2'"+.&'
-0,<#*+&#0*' 0:' /+-%' *9,<26' +*1' -0*&60"' B0.#&#0*' Cmach' y' I>]A'
controlSurfacePos_deg_avgElevator'y'ID' &%262'+62'JH'+*$"2[0:[+&&+-N'B0#*&.>';%262'+62'
+".0'1#::262*&'*9,<26.'0:'/+-%'*9,<26'B0#*&.' :06'2+-%'-0*&60"'B0.#&#0*>';%2'.&+*1+61' 62e9#62.'
&%#.'&0'<2'62B62.2*&21'+.'+*'9*$6#1121'&+<"2>''

8*'-0*&6+.&A'+'$6#1121'&+<"2'=09"1'62e9#62'+*':9*-&#0*'@+"92'<2'12:#*21':06'2@26)'-0,<#*+&#0*'0:'+'
:#421'.2&'0:'/+-%A'+*$"2[0:[+&&+-N'+*1''-0*&60"'B0.#&#0*'<62+NB0#*&'@+"92.>'

HD' 7&'.0,2'<62+NB0#*&.A'&%2'@+"92.'0:'&%2'0&%26'#*12B2*12*&'@+6#+<"2.'+62'1#::262*&>'7$+#*A'&%#.'#.'+'
-%+6+-&26#.&#-'0:'+*'9*$6#1121'&+<"2>''

QD' ;%2' @+"#1' 6+*$2.' 0:' &%2' #*12B2*12*&' @+6#+<"2.' +62' 1#::262*&A' +*0&%26' 9*$6#1121' &+<"2'
-%+6+-&26#.&#->'

SD' ;%2'+<0@2'&%622'1#::262*-2.'+62'*0&'-0*.#.&2*&':06'+""'1+&+>'!06'24+,B"2A'#*'&%2'.+,B"2'&+<"2'&%2'
angleOfAttack_degA' <62+NB0#*&.' :06' mach' y' I>U' +*1' mach' y' I>X' +*1' :06'
controlSurfacePos_deg_avgElevator'y'[T'+62'#12*&#-+">''

CLALFA(angleOfAttack_deg,mach,controlSurfacePos_deg_avgElevator

[I>H

I

I>H

I>S

I>U

I>]

J

J>H

J>S

J>U

[HI I HI SI UI ]I JII JHI

angleOfAttack_d

,+-%yI>UA
-0*&60"596:+-2E0.s12$s+@$3"2@+&06y[T

,+-%yI>XA
-0*&60"596:+-2E0.s12$s+@$3"2@+&06y[T

,+-%yI>]A
-0*&60"596:+-2E0.s12$s+@$3"2@+&06y[T

,+-%yI>UA
-0*&60"596:+-2E0.s12$s+@$3"2@+&06yI

,+-%yI>]A
-0*&60"596:+-2E0.s12$s+@$3"2@+&06yI

''

!#*!



!

!#$962'S'^'7*'#""9.&6+&#0*'0:'+'&%622[1#,2*.#0*+"':9*-&#0*'&+<"2'

!06':9*-&#0*'1+&+'&%262'#.'0&%26'#*:06,+&#0*'&%+&'#.'0:'#,B06&+*-2'&0'&%2'9.26A'=#&%09&'=%#-%'&%2'1+&+'#.'*0&'
@26)'9.2:9">'8*'$2*26+"'&%#.'#*:06,+&#0*'#.'+.':0""0=.>'

+D' _%262'1#1'&%2'1+&+'-0,2':60,|'!06'24+,B"2'=%+&'=#*1'&9**2"'&2.&'06'-0,B9&+&#0*+"',012"|''

<D' `0='#.'#&'12:#*21|'!06'24+,B"2A'#.'&%#.'+&'+'.B2-#:#-'+"&#&912|'_%+&'#.'&%2'@2%#-"2'-0*:#$96+&#0*'|'

-D' _%+&'+62'&%2'2*$#*226#*$'9*#&.'0:'&%2'09&B9&'C&%2'12B2*12*&'@+6#+<"2D'+*1'&%2'#*12B2*12*&'@+6#+<"2.|''

1D' _%+&'#.'&%2'.#$*'-0*@2*&#0*'0:'&%2'#*12B2*12*&'+*1'12B2*12*&'@+6#+<"2.|'!06'24+,B"2A'#.'&%2'-0*&60"'
B0.#&#0*'B0.#&#@2'&6+#"#*$'21$2'9B'06'&6+#"#*$'21$2'10=*|'34+-&")'=%#-%'-0*&60"'.96:+-2'#.'#&|''

2D' _%0'-62+&21' &%2' &+<"2|'L0&'=%262' &%2'1+&+'-+,2' :60,A'<9&'=%+&'B26.0*'12-#121' &%+&' &%#.'=+.' &%2'
-0662-&'1+&+':06'&%#.'&+<"2|''

:D' `0='%+.'#&'<22*',01#:#21'+*1':06'=%+&'62+.0*|''

$D' `0='+--96+&2'#.'&%2'1+&+'2.&#,+&21'&0'<2|'\6A',+&%2,+&#-+"")'=%+&'#.'&%2'-0*:#12*-2'#*&26@+"'0:'&%2'
1+&+|''

%D' V)'=%+&',2&%01' #.' &%2'1+&+' #*&2*121' &0'<2' #*&26B0"+&21|'!06'24+,B"2A' "#*2+6' #*&26B0"+&#0*'06' -9<#-'
.B"#*2'#*&26B0"+&#0*|''

#D' V)'=%+&',2&%01' #.' &%2'1+&+' #*&2*121' &0'<2'24&6+B0"+&21'=%2*' &%2' #*12B2*12*&'@+6#+<"2'@+"92.'+62'
09&.#12'&%2'.B2-#:#21'6+*$2':06'&%2'<62+NB0#*&'1+&+|'

;%2'(7R3[/Y'$6+,,+6'%+.'1+&+'2"2,2*&.'&%+&'-0*&+#*'+""'0:'&%2'+<0@2'#*:06,+&#0*>'8&'+".0'#*-"912.'&%2'
+<#"#&)' &0'+9&0,+&2'.&+&#-'-%2-N.'0:' &%2' :9*-&#0*'1+&+' &0'+""0='.B0&' -%2-N#*$'0:' &%2' :9*-&#0*'+:&26' #&' %+.'
<22*'24-%+*$21>'8&'#.'1#.-9..21'#*'12&+#"'#*'&%2'(7R3[/Y'62:262*-2'10-9,2*&'-0*&+#*21'#*'7**24'V>'7*'
#*&6019-&#0*'+*1'0@26@#2='0:'(7R3[/Yi.'.2@2*',+?06'2"2,2*&.'#.'B60@#121'%262>'

7.5 DAVE-ML Major Elements (Annex B) 

;%2',+?06'2"2,2*&.'0:'(7R3[/Y'+62'"#.&21'<2"0='#*'&%2'06126'62e9#621'<)'&%2'(7R3[/Y'(;(>';%2'600&'
2"2,2*&' 0:' +' (7R3[/Y' ,012"' :#"2A' DAVEfuncA' -+*' %+@2' .2@26+"' .9<[2"2,2*&.' +*1' +&&6#<9&2.j' ,0.&'
+&&6#<9&2.'+*1'.9<[2"2,2*&.'+62'0B&#0*+">';%2'0*")' .9<[2"2,2*&.'+'(7R3[/Y' :#"2',9.&' -0*&+#*'+62' &%2'
fileHeader'+*1'+&'"2+.&'0*2'variableDef'>''

8*:06,+&#0*' C<62+NB0#*&.A' 1+&+' B0#*&.A' B60@2*+*-2A' 2&->D' &%+&' #.' 9.21' <)',062' &%+*' 0*2',+?06' 2"2,2*&'
.%09"1'<2'12:#*21'0*-2'+*1'&%2*'62:262*-21'#*'+*)'.9<.2e92*&'9.2>''

;%2'.9<[2"2,2*&.',9.&'+BB2+6'#*'&%2':0""0=#*$'06126'C+.'62e9#621'<)'&%2'(;(DZ'

fileHeader'^'.&+&2.' &%2'.096-2'+*1'B96B0.2'0:' &%2' :#"2>' 8&',9.&' #*-"912' &%2'+9&%06i.'-0*&+-&'12&+#".'
+*1' &%2' :#"2' -62+&#0*' 1+&2A' +*1',+)' #*-"912' +' 12.-6#B&#0*A' 62:262*-2' #*:06,+&#0*A' +*1',01#:#-+&#0*'
%#.&06)> 

variableDef'^'2+-%'variableDef'12:#*2.'0*2'0:'&%2'-0*.&+*&.'06'.#$*+".'C@+6#+<"2.D'9.21'#*'&%2'(7R3[
/Y' ,012"A' =%2&%26' #*B9&A' 09&B9&' 06' #*&26*+">' ;%2' 12:#*#&#0*' #*-"912.' +""' &%2' +&&6#<9&2.' +*1' .9<[
2"2,2*&.' 62e9#621' &0' :9"")' -%+6+-&26#d2' &%2' @+6#+<"2' 0:' #*&262.&A' #*-"91#*$'+'/+&%/Y'12:#*#&#0*' #:' &%2'
@+6#+<"2i.' @+"92' #.' 2e9+&#0*[<+.21>' ' 5&+*1+61' @+6#+<"2.' +.' 12:#*21' #*' 52-&#0*' U' +*1' 7**24' 7' +62'
2*-096+$21'%262> 

breakpointDef'^'12:#*2.'<62+NB0#*&'.2&.'&0'<2'9.21'#*'&%2',012">';%2'<62+NB0#*&.'+62'&%2'-0061#*+&2'
@+"92.'+"0*$'0*2'+4#.'0:'+'$6#1121'"#*2+6':9*-&#0*'@+"92'&+<"2>'\*2'breakpointDef',+)'<2'629.21'<)'
.2@26+"':9*-&#0*.> 

griddedTableDef' ^' 12:#*2.' +*' 06&%0$0*+"")[$6#1121' ,9"&#[1#,2*.#0*+"' &+<"2' 0:' &%2' @+"92.' 0:' +'

! #+



!

:9*-&#0*' +&' &%2' #*&26.2-&#0*' 0:' +' .2&' 0:' .B2-#:#21' #*12B2*12*&' #*B9&.' C<62+NB0#*&.D>' ;%2' -0061#*+&2.'
+"0*$'2+-%'1#,2*.#0*'+62'12:#*21'#*'.2B+6+&2'breakpointDef'2"2,2*&.> 

ungriddedTableDef'^'12:#*2.'+'&+<"2'0:'*0*[06&%0$0*+"'@+"92.'0:'+':9*-&#0*A'2+-%'=#&%'&%2'@+"92.'0:'
&%2#6'#*12B2*12*&'-0061#*+&2.> 

function'^'12:#*2.'+' :9*-&#0*'<)'-0**2-&#*$' #*12B2*12*&'@+6#+<"2.A'<62+NB0#*&.'+*1'1+&+' &+<"2.' &0'
&%2#6'09&B9&'@+"92> 

checkData ^ -0*&+#*.' 0*2' 06' ,062' #*B9&W09&B9&' @2-&06' B+#6.' C+*1' 0B&#0*+"")' +' @2-&06' 0:' #*&26*+"'
@+"92.D':06'&%2'2*-0121',012"'&0'+..#.&'#*'@26#:#-+&#0*'+*1'12<9$$#*$'0:'&%2'#,B"2,2*&+&#0*>''

7**24'V'-0*&+#*.'&%2'"+&2.&'@26.#0*'0:'&%2'(7R3[/Y'62:262*-2'10-9,2*&A'#*-"91#*$'+'12&+#"21'12.-6#B&#0*'
+*1'24+,B"2.'0:'&%2'1+&+'2"2,2*&'12:#*#&#0*.'0:'&%2'(7R3[/Y'.&+*1+61>'52-&#0*']'0:'7**24'V'B60@#12.'
12&+#"21'K/Y'2"2,2*&'62:262*-2.'+*1'12.-6#B&#0*.>'

7.6 Simple DAVE-ML Examples 

;%2' 2+.#2.&' =+)' &0' 9*126.&+*1' &%2' .&+*1+61' #.' &%609$%' +*' 24+,B"2>' 7**24' V' -0*&+#*.' ,+*)' ,062'
24+,B"2.'0:'&%2'(7R3[/Y'#,B"2,2*&+&#0*'0:'&%2'.&+*1+61>''

7'.#,B"2'0*2'1#,2*.#0*+"'62"+&#0*.%#B'24+,B"2A'$#@#*$'B#&-%#*$',0,2*&'-02::#-#2*&'+.'+':9*-&#0*'0:'+*$"2'
0:'+&&+-NA'#.'.%0=*'#*';+<"2'T'+*1'!#$962'T>'

;+<"2'T'^'7'.#,B"2'0*2[1#,2*.#0*+"':9*-&#0*'&+<"2'
angleOfAttack_deg I' J]' Ja' HI' HH' HQ' HT' HX' aI'
cm(angleOfAttack_deg) I>J' [I>J' [I>Ia' [I>I]' [I>IT' [I>IT' [I>IX' [I>JT' [I>U'
'

-,C+*$"2\:7&&+-Ns1D

[I>X
[I>U
[I>T
[I>S
[I>Q
[I>H
[I>J
I

I>J
I>H

I HI SI UI ]I JII

angleOfAttack_d

cm -,C+*$"2\:7&&+-Ns1D

'
!#$962'T'^'7'.#,B"2'0*2[1#,2*.#0*+"'$6#1121':9*-&#0*'

7'(7R3[/Y'#,B"2,2*&+&#0*':06'&%#.':9*-&#0*'-09"1'<2'+.':0""0=.>'

<?xml version="1.0" encoding="UTF-8" standalone="no"?> 
<!DOCTYPE DAVEfunc PUBLIC "-//AIAA//DTD for Flight Dynamic Models - Functions 
2.0//EN" "DAVEfunc.dtd"> 
<DAVEfunc xmlns="http://daveml.org/2010/DAVEML"> 
  
<!--            ==========================               --> 
<!--============= File Header Components =============== --> 

!',!



!

<!--            ==========================               --> 
<fileHeader> 
!
 <!-- This is an example of the file header components of the  
      derivative of Cm as a function of angle of attack. It must 
      define all documents that are later referenced by any function. 
!
      Note that there is not much information in this header, 
      because it is meant to be a simple example. In 
      reality, probably the most important information is the 
      author, the reference and the modification record, because 
      these data describe where the data came from and if it has 
      been changed (and how). See annex B for more complete 
      examples. 
 --> 
!
 <author name="Bruce Hildreth" org="JFTI" email="bhildreth@jfti.com"/> 
 <fileCreationDate date="2006-03-18"/> 
 <description> 
  This is made up data to use as an example of a simple gridded function. 
 </description> 
 <reference refID="BLHRpt1" author="Joe Smith"  
      title="A Generic Aircraft Simulation Model (does not really exist)"  
      accession="ISBN 1-2345-678-9" date="2004-01-01"/> 
!
 <!-- no modifications so far, so we don't need a modificationRecord yet --> 
!
</fileHeader> 
!
<!--            ==================================               --> 
<!--============= Variable Definition Components =============== --> 
<!--            ==================================               --> 
!
  
 <!-- Input variable --> 
  
 <variableDef name="Angle of attack" varID="angleOfAttack" units="deg" > 
  <isStdAIAA/> <!-- Indicates that this variable is a standard 
           variable, which is why the author omitted 
           description and sign convention  
           and any other info. (it certainly could 
           be included here)               --> 
 </variableDef> 
!
 <!-- Output (function value) --> 
!
 <variableDef name="Pitching moment coefficient due to angle of attack" 
       varID="CmAlfa" units="nondimensional" sign="+ANU"> 
  <description> 
   The derivative of total pitching moment with respect to 
   angle of attack.  
 </description> 
 </variableDef> 
  
 <!--            =============================               --> 
 <!--============= Breakpoint Definition Set =============== --> 
 <!--            =============================               --> 
  
 <breakpointDef bpID="angleOfAttack_bp1"> 
!
  <!--  

! '$



!

   Note that the bpID can be any valid XML string to uniquely identify  
   the breakpoints. The author here chose to use a name related to the 
   independent variable that is expected to be used to look up the function. 
   In fact, if this set of breakpoints were shared by many functions 
   and different independent variables would be used to look up the 
   function, then the bpID of "angleOfAttack_bp1" would be 
   misleading and a more generic name like "AOA" would probably be 
   better. 
  --> 
!
  <description> 
   Angle of attack breakpoint set for CmAlfa, CdAlfa, and ClAlfa 
  </description> 
!
  <bpVals>  <!-- Always comma separated values --> 
   0, 18, 19, 20, 22, 23, 25, 27, 90 
  </bpVals>  
  
 </breakpointDef> 
!
 <!--            ============================               --> 
 <!--============= Gridded Table Definition =============== --> 
 <!--            ============================               --> 
!
 <griddedTableDef gtID="CmAlfa_Table1"> 
  <description> 
   The derivative of Cm wrt fuselage AOA in degrees 
  </description> 
!
  <provenance> 
   <author name="Jake Smith" org="AlCorp"/> 
   <functionCreationDate date="2006-12-31"/> 
   <documentRef refID="BLHRpt1" /> <!-- This points back to the Header,  
                      which provides the information 
                      about BLHRpt1. --> 
  </provenance> 
!
  <breakpointRefs> 
   <bpRef bpID="angleOfAttack_bp1" /> 
  </breakpointRefs> 
!
  <uncertainty effect="percentage"> 
   <normalPDF numSigmas="3"> 
    <bounds>12</bounds> 
   </normalPDF> 
   <!-- This means that the 3 sigma confidence is +-12% on the Data. -->  
  </uncertainty> 
  
  <dataTable>   <!-- Always comma separated values --> 
   0.1,-0.1,-0.09, -.08, -0.05, -0.05, -0.07, -0.15, -0.6 
  </dataTable> 
!
 </griddedTableDef> 
  
 <!--            ========================               --> 
 <!--============= Function Definition  =============== --> 
 <!--            ========================               --> 
!
 <!-- The function definition ties input and output variables 
   with table definitions. This allows a level of abstraction such 
   that the table, with its breakpoint definitions, can be reused 

!'%!



!

   by several functions (such as left and right aileron or multiple 
   thruster effect tables).  
 --> 
!
 <function name="Cm_alpha_func"> 
  <description> 
   Variation of pitching moment coefficient with angle of attack (example) 
  </description> 
  <independentVarRef varID="angleOfAttack"/> 
  <dependentVarRef varID="CmAlfa"/> 
  <functionDefn> 
   <griddedTableRef gtID="CmAlfa_Table1"/> 
  </functionDefn> 
 </function> 
!
 <!--            =====================               --> 
 <!--============= Check Data Cases  =============== --> 
 <!--            =====================               --> 
!
 <!-- Checkcase data provides automatic verification of the model by 
   specifying the tolerance in output values for a given set of 
   input values. One 'staticShot' is required per input/output 
   mapping; in this case for a single input, single output model, 
   we have a single input signal and a single output signal in each 
   test point.  
 --> 
!
 <checkData> 
  <staticShot name="case 1"> 
   <checkInputs> 
    <signal> 
    <varID>angleOfAttack</varID> 
    <signalValue> 0.</signalValue> 
    </signal> 
   </checkInputs> 
   <checkOutputs> 
    <signal> 
    <varID>CmAlfa</varID> 
    <signalValue>0.01</signalValue> 
    <tol>0.00001</tol> 
    </signal> 
   </checkOutputs> 
  </staticShot> 
  <staticShot name="case 2"> 
   <checkInputs> 
    <signal> 
    <varID>angleOfAttack</varID> 
    <signalValue> 5.</signalValue> 
    </signal> 
   </checkInputs> 
   <checkOutputs> 
    <signal> 
    <varID>CmAlfa</varID> 
    <signalValue>0.04444</signalValue> 
    <tol>0.00001</tol> 
    </signal> 
   </checkOutputs> 
  </staticShot> 
  <staticShot name="case 3"> 
   <checkInputs> 
    <signal> 
    <varID>angleOfAttack</varID> 
    <signalValue>10.</signalValue> 

! '&
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    </signal> 
   </checkInputs> 
   <checkOutputs> 
    <signal> 
    <varID>CmAlfa</varID> 
    <signalValue>-0.01111</signalValue> 
    <tol>0.00001</tol> 
    </signal> 
   </checkOutputs> 
  </staticShot> 
  <staticShot name="case 4"> 
   <checkInputs> 
    <signal> 
    <varID>angleOfAttack</varID> 
    <signalValue>15.</signalValue> 
    </signal> 
   </checkInputs> 
   <checkOutputs> 
    <signal> 
    <varID>CmAlfa</varID> 
    <signalValue>-0.06667</signalValue> 
    <tol>0.00001</tol> 
    </signal> 
   </checkOutputs> 
  </staticShot> 
  <staticShot name="case 5"> 
   <checkInputs> 
    <signal> 
    <varID>angleOfAttack</varID> 
    <signalValue>20.</signalValue> 
    </signal> 
   </checkInputs> 
   <checkOutputs> 
    <signal> 
    <varID>CmAlfa</varID> 
    <signalValue>-0.08</signalValue> 
    <tol>0.00001</tol> 
    </signal> 
   </checkOutputs> 
  </staticShot> 
  <staticShot name="case 6"> 
   <checkInputs> 
    <signal> 
    <varID>angleOfAttack</varID> 
    <signalValue>25.</signalValue> 
    </signal> 
   </checkInputs> 
   <checkOutputs> 
    <signal> 
    <varID>CmAlfa</varID> 
    <signalValue>-0.07</signalValue> 
    <tol>0.00001</tol> 
    </signal> 
   </checkOutputs> 
  </staticShot> 
  <staticShot name="case 7"> 
   <checkInputs> 
    <signal> 
    <varID>angleOfAttack</varID> 
    <signalValue>50.</signalValue> 
    </signal> 
   </checkInputs> 
   <checkOutputs> 
    <signal> 

!'#!
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    <varID>CmAlfa</varID> 
    <signalValue>-0.31429</signalValue> 
    <tol>0.00001</tol> 
    </signal> 
   </checkOutputs> 
  </staticShot> 
 </checkData> 
</DAVEfunc> 
!
_%#"2'&%2'+<0@2'.22,.'24-2..#@2")'"0*$':06'+':9*-&#0*'=#&%'0*")'a'1+&+'B0#*&.A',0.&'0:'#&.'-0*&2*&'#*@0"@2.'
.2":[10-9,2*&+&#0*'+*1'-%2-N#*$>';%262:062A' +.'=2""' +.' &%2' :9*-&#0*i.' 1+&+' #&' #*-"912.' &%2'1+&+i.'9*#&.A'
-0061#*+&2' .).&2,.A' 9*-26&+#*&)' 12.-6#B&#0*.' +*1' B60@2*+*-2>' 8&' +".0' #*-"912.' ,+*)' #*.&69-&#0*+"'
-0,,2*&.A' +*1' @26#:#-+&#0*' 1+&+' :06',9"&#B"2' .#,9"+&#0*' -0*1#&#0*.>'7".0A' +' @26)' "+6$2' -0,B"24' :9*-&#0*'
=09"1' 0*")' <2' 24B+*121' <)' &%2' +11#&#0*+"' 1+&+' B0#*&.>' ;%2' 12:#*#&#0*.' +*1' B60@2*+*-2' #*:06,+&#0*'
#*-"9121'=#&%'&%2':9*-&#0*'=09"1'B60<+<")'*0&'-%+*$2',9-%>'

8*'&%2',#*#,9,A'&%2'.+,2'*0,#*+"'1+&+'-+*'<2'62B62.2*&21'+.'.%0=*>'8&' #.'+".0'B0..#<"2'&0'-0,B"2&2")'
62,0@2' +""'=%#&2.B+-2' <2&=22*' 2"2,2*&.' :06',062' -0,B+-&*2..A' <9&' &%#.' $62+&")' +::2-&.' 62+1+<#"#&)' <)'
%9,+*.>'

<?xml version="1.0" encoding="UTF-8" standalone="no"?> 
<!DOCTYPE DAVEfunc PUBLIC "-//AIAA//DTD for Flight Dynamic Models - Functions 
2.0//EN" "DAVEfunc.dtd">  
<DAVEfunc xmlns="http://daveml.org/2010/DAVEML"> 
   <fileHeader> 
     <author name="Bruce Hildreth" org="SAIC"/> 
     <fileCreationDate date="2006-03-18"/> 
   </fileHeader> 
   <variableDef name="Angle of attack" varID="angleOfAttack"  
units="deg"/> 
   <variableDef name="CMalpha" varID="CmAlfa" units=""/> 
   <breakpointDef bpID="angleOfAttack_bp1"> 
     <bpVals> 0, 18, 19, 20, 22, 23, 25, 27, 90 </bpVals> 
   </breakpointDef> 
   <griddedTableDef gtID="CmAlfa_Table1"> 
     <breakpointRefs> 
       <bpRef bpID="angleOfAttack_bp1"/> 
     </breakpointRefs> 
     <dataTable> 0.1,-0.1,-0.09, -.08, -0.05, -0.05, -0.07, -0.15, -0.6 
</dataTable> 
   </griddedTableDef> 
   <function name="Cm_alpha_func"> 
     <independentVarRef varID="angleOfAttack"/> 
     <dependentVarRef varID="CmAlfa"/> 
     <functionDefn> 
       <griddedTableRef gtID="CmAlfa_Table1"/> 
     </functionDefn> 
   </function> 
</DAVEfunc> 
'

;%2'0&%26'B6#*-#B+"',2+*.'0:',012"'62B62.2*&+&#0*'#*'(7R3[/Y'#.'&%609$%'/+&%[/Y'2"2,2*&.A'=%#-%'+62'
9.21'&0'.B2-#:)'-+"-9"+&#0*.>''

!06'24+,B"2Z'

' &0&+";%69.&sLy'2*$#*2J;%69.&sL'x'2*$#*2H;%69.&sL'x'2*$#*2Q;%69.&sL'

;%#.'2e9+&#0*A'=%#-%'#.'B+6&'0:'&%2',012"'<2#*$'24-%+*$21A',+)'<2'2*-0121'#*'(7R3[/Y'+*1'24-%+*$21'
+.'1+&+'+.'.%0=*'<2"0=> 

<?xml version="1.0" encoding="UTF-8" standalone="no"?> 

! ''
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<!DOCTYPE DAVEfunc PUBLIC "-//AIAA//DTD for Flight Dynamic Models - Functions 
2.0//EN" "DAVEfunc.dtd"> 
<DAVEfunc xmlns="http://daveml.org/2010/DAVEML"> 
 <fileHeader> 
  <author name="Dan Newman" org="Quantitative Aeronautics"/> 
  <creationDate date="2009-11-10"/> 
  <description> 
   Simple MathML example : total thrust is the sum of three inputs. 
  </description> 
 </fileHeader> 
 <variableDef name="Engine #1 thrust" varID="engine1Thrust" units="N"/> 
 <variableDef name="Engine #2 thrust" varID="engine2Thrust" units="N"/> 
 <variableDef name="Engine #3 thrust" varID="engine3Thrust" units="N"/> 
 <variableDef name="Total thrust" varID="totalThrust" units="N" > 
  <calculation> 
 <math> 
  <apply> 
   <plus/> 
  <ci>engine1Thrust</ci> 
  <ci>engine2Thrust</ci> 
  <ci>engine3Thrust</ci> 
  </apply>'
 </math> 
  </calculation> 
 </isOutput> 
 </variableDef> 
</DAVEfunc>'
'
7.7 Summary 

;%2' (7R3[/Y' #,B"2,2*&+&#0*' 0:' &%2' .&+*1+61' 2*+<"2.' *2+6")' 2::06&"2..' &6+*.:26' 0:' .#,9"+&#0*'
+2601)*+,#-.',012".'<2&=22*'.#,9"+&#0*':+-#"#&#2.'06'+6-%#&2-&962.>'8*-"9.#0*'0:'/+&%[/Y'2"2,2*&.'+""0=.'
&%2':06,9"+&#0*'0:'+"$2<6+#-'2e9+&#0*.A'.9-%'+.'+2601)*+,#-A'B60B9".#0*A'#*26&#+"A'"+*1#*$'$2+6'06'-0*&60"'
.).&2,',012".A' &0' <2' #*-"9121' +.' 1+&+' #*' &%2',012">' (7R3[/Y' #.' +".0' .9#&+<"2' :06' 9.2' 06' &6+*.:26' 0:'
&+<9"+6':9*-&#0*.'+*1'+"$2<6+#-'2e9+&#0*.':06'+*)'&)B2'0:'1+&+A'*0&'?9.&'.#,9"+&#0*',012".>''

_%#"2'&%2'+<0@2'B+6+$6+B%.'B60@#12'+*'0@26@#2='0:'&%2'-0*-2B&.'#,B"2,2*&21'#*'(7R3[/YA'7**24'V'#.'
&%2'*06,+&#@2'+9&%06#&)' :06' &%#.' .&+*1+61>' 8&' #*-"912.',9-%',062'12&+#"' +*1'24+,B"2.'0*'%0=' &0'2+.#")'
<9#"1'+'(7R3[/Y'-0,B"#+*&'.#,9"+&#0*>'7**24'F'B60@#12.'+'62:262*-2'&0'&%2'(7R3[/Y'=2<'.#&2A'=%#-%'
#*-"912.'&00".'&%+&':+-#"#&+&2'9.2'0:'(7R3[/Y'<+.21',012".'#*',+*)'+BB"#-+&#0*.>'
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8 Future Work 

;%2'7877'/012"#*$'+*1'5#,9"+&#0*';2-%*#-+"'F0,,#&&22'B"+*.'&0'-0*&#*92'#&.'2::06&.'#*':+-#"#&+&#0*'0:'&%2'
24-%+*$2'0:'.#,9"+&#0*.'+*1',012".'&%609$%09&'&%2'9.26'-0,,9*#&)>'F0,,2*&.'+*1'.9$$2.&#0*.'0*'&%#.'
24B+*.#0*' +62' =2"-0,21' 0*' &%2' .#,9"+&#0*' .&+*1+61.' 1#.-9..#0*' $609B>' R#.#&' %&&BZWW55567,89:;6'<= ' :06'
.9<,#&&+"'#*:06,+&#0*>';%2':0""0=#*$'.2-&#0*.'12.-6#<2'&%2'&=0'&+.N.'0:'B6#,+6)'#*&262.&>'

8.1 Time History Information 

;%2'#,,21#+&2'&+.N'&%+&' #.'<2#*$'B96.921'#.' &%2'&6+*.:26'0:'@+"#1+&#0*'1+&+'<2&=22*':+-#"#&#2.>';%#.' #.' :06'
&%2'B96B0.2'0:'.2*1#*$'&#,2'62.B0*.2'@+"#1+&#0*'1+&+'=%2*'+',012"'#.'24-%+*$21>''
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%#26+6-%+"'1+&+':06,+&'C`(!D'+*1'%+.'<22*'+10B&21'<)'&%2'b5!'-0,,9*#&)'+*1'0&%26'B60$6+,.>'8&'#.'&%2'
/012"#*$' +*1' 5#,9"+&#0*' ;2-%*#-+"' F0,,#&&22i.' #*&2*&' &0' +10B&' &%#.' :06' &%2' &6+*.:26' 0:' .#,9"+&#0*'
@+"#1+&#0*'1+&+>'50,2'=06N'=#""'<2'62e9#621'&0'12:#*2'&%2'1+&+'2"2,2*&.'&%+&'+62'62e9#621':06'&%2'@+"#1+&#0*'
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8.2 Dynamic Element Specification 

;%2'+11#&#0*'0:'&%2'.B2-#:#-+&#0*'0:'1)*+,#-.'C2>$>'-0*&#*909.'+*1'1#.-62&2'.&+&2.D'#.'<2#*$'-0*.#12621'&0'
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9 Conclusion 
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10 Standard Variable Names (Normative) 
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A.1 General 
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A.2 Table Explanation 
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/"#$%#&%' $#.,/9' 45)/' )/' *,7#</,' "5,' 2#&)#*+,' %1.#)$' )/' $1&.#++>' %,=,$%,$"' <=1$' "5,' /).<+#")1$'
#&75)",7"<&,D'#$%'#/'/<75')/')..#",&)#+'"1'"5,',:75#$6,'1;'#'/).<+#")1$'.1%,+'<$+,//'"5,',:75#$6,')/'
*,"B,,$';#7)+)"),/'B)"5'/).)+#&'#&75)",7"<&,/9'

-L4PG'N$>'/<)"#*+,'<$)"/'.#>'*,'</,%9' ' E$' "5,',:#.=+,' ;1&'eulerAngle_Roll '*1"5' "5,'_deg ' ;1&'
%,6&,,/'#$%'"5,'_rad ';1&'&#%)#$/'#&,'6)2,$9''45,'@T<++'(#&)#*+,'-#.,A'71+<.$'%1,/'$1"'$,7,//#&)+>'
=&12)%,'#++'#77,="#*+,'<$)"/';1&',#75'2#&)#*+,9'

U3' N'%,/7&)=")1$'1;'"5,'2#&)#*+,D');'#==+)7#*+,'/51<+%'#+B#>/'/=,7);>'"5,'711&%)$#",'/>/",.9''O,;,&'"1'
/,7")1$'V';1&'#'%,/7&)=")1$'1;'"5,'/"#$%#&%'711&%)$#",'/>/",./9'

V3' 45,' IL!E4E(P' /)6$' 71$2,$")1$' 1;' "5,' 2#&)#*+,' M' OQW' )$%)7#",/' "5#"' =1/)")2,'
eulerAngle_Roll ')/'&)65"'B)$6'%1B$9''0!,,'/,7")1$'N9H9X';1&'#'+)/"'1;'/)6$'71$2,$")1$'#7&1$>./3'

83' Y)$).<.'2#+<,D'$1&.#++>'1$+>'/=,7);),%';1&'#$6+,/'

F3' Y#:).<.'2#+<,/'1;'"5,'2#&)#*+,D'$1&.#++>'1$+>'/=,7);),%';1&'#$6+,/'

-1",G''

45)/',:#.=+,'#+/1')++</"&#",/'"5,'=)"75'#$%'>#B'P<+,&'#$6+,/9'

!1.,'2#&)#*+,/'.#>'*,'</,%'"1'&,=&,/,$"'2#&)#*+,/'&,;,&,$7,%'"1'.1&,'"5#$'1$,'711&%)$#",'/>/",.9''E$'
"5)/'7#/,'"5,'711&%)$#",'/>/",.')/'/=,7);),%'#/'xx '#$%'#$>'711&%)$#",'/>/",.'&,;,&,$7,'0&,;,&'"1'"5,'*1%>'
1;'"5)/'/"#$%#&%3'.#>'*,'/<*/")"<",%';1&'"5,'xx 9'T1&',:#.=+,D'xxVelocity_ft_s_Y '.#>'&,=&,/,$"G'

eiVelocity_ft_s_Y ;1&' "5,' 2,+17)">' #+1$6' "5,' Z' #:)/' 1;' "5,' ,)' 711&%)$#",' />/",.' [' P#&"5' 7,$",&,%'
E$,&")#+'0#+/1'\$1B$'#/'6,17,$"&)7')$,&")#+3'711&%)$#",'/>/",.'

geVelocity_ft_s_Y ;1&'"5,'2,+17)">'#+1$6'"5,'Z'#:)/'1;'"5,'6,17,$"&)7'P#&"5'06,3'711&%)$#",'/>/",.9''
N+/1'&,;,&&,%'"1'#/'"5,'P#&"5'],$",&,%'P#&"5'T):,%'0P]PT'711&%)$#",'/>/",.39'

!""#$%!%&'(#%)%*+%,-%
%
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!""#$%!%&'(#%)%*+%,-%%

voVelocity_ft_s_Y !"#$%&'$("$)""#*+,-%'$./.%'0$12'&+)3'$)-##+'*4$5#6+%$*'!+,'*$)""#*+,-%'$./.%'07$

8"334$ 9+%)&$ -,*$ /-:$ 0-/$ -3."$ )",(',+',%3/$ 6'$ ';9#'..'*$ -.$ -,$ -##-/<$ $ =>-+,4$ eulerAngle_rad[3]1$
:"?3*$6'$%&'$.%-,*-#*$-##-/$?.+,>$#-*+-,.$-.$%&'$?,+%.$-,*$+.$!?33/$)"093+-,%$:+%&$%&'$.%-,*-#*<$

$

$

$

$

Symbol 
Short 
Name 

Full Variable Name Description 
Positive 

Sign 
Convention 

Min 
Value 

Max 
Value 

@ABCDE$eulerAngle_deg[3] 

eulerAngle_rad[3] 

=##-/$"!$%&'$#"334$9+%)&4$-,*$/-:$@?3'#$-,>3'.$)"09#+.'*$"!$%&'$
'3'0',%.$*'!+,'*$6'3":<$$BB$13")-33/$3'('37$)""#*+,-%'$./.%'0<$

$ FGH$ eulerAngle_deg_Roll 

eulerAngle_rad_Roll 

8"33$@?3'#$=,>3'4$BB$
)""#*+,-%'$./.%'0<$

8IJ$ KLMN4K LMN4$

$ OG@O$ eulerAngle_deg_Pitch 

eulerAngle_rad_Pitch 

F+%)&$@?3'#$=,>3'4$BB$
)""#*+,-%'$./.%'0$

=PA$ KQN4$KRS$ QN4$RS$

$ FTH$ eulerAngle_deg_Yaw 

EulerAngle_rad_Yaw 

U-:$@?3'#$=,>3'4$BB$
)""#*+,-%'$./.%'0$

=P8$ KLMN4K LMN4$

$

O&'$ (-#+-63'$ ,-0'$ %-63'$ 6'3":$ *"'.$ ,"%$ .9')+!/$ :&+) &$ (-#+-63'.$ -#'$ .%-%'.4$ .%-%'$ *'#+(-%+('.4$ +,9?%.4$
*+.%?#6-,)'.4$ .+0?3-%+",$ )",%#"3.$ "#$ +,+%+-3$ )",*+%+",.<$ $ O&'.'$ .9')+!+)-%+",.$ 0-/$ 6'$ -**'*$ %"$ -,/$
-99#"9#+-%'$ (-#+-63'<$ $ 8'!'#$ %"$ T')%+",$ V<S$ +,$ %&'$6"*/$ "!$ %&+.$ .%-,*-#*$ !"#$ ?.'$ "!$ */,-0+)$ 'W?-%+",$
9#'!+;'.$-,*$.')%+",$X<V<M$!"#$+,+%+-3$)",*+%+",$.9')+!+)-%+",<$

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
" !#!$%&'()!*)!+,-)!*.!$%&'()/!'(01(($!/2%,)(!'),34(0/!)(+) (/($0/!05(!$%&'()!*.!(6(&($0/!-$!,$!,)),7!*)!&,0)-8!
)(/+(30-9(67:!
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A.2.1 Annex A Acronyms 

Positive Sign Convention Acrpnyms 

!"#$ %&''&()*+$,-.&*/01$0,/$,22#,.$,1$3,'4#1$ %&.$ 5"#$62&1)5)3#$1)+*$-&*3#*5)&*7$&%$3,.),8'#1$9#%)*#9$ )*$
5"#$3,.),8'#$*,0#$5,8'#1:$

;<$ )*$5"#$2&1)5)3#$9).#-5)&*$&%$5"#$2.#1#*5,5)&*$-&&.9)*,5#$1/15#0=1$<>,?)1$

;@$ )*$5"#$2&1)5)3#$9).#-5)&*$&%$5"#$2.#1#*5,5)&*$-&&.9)*,5#$1/15#0=1$@>,?)1:$

;A$ )*$5"#$2&1)5)3#$9).#-5)&*$&%$5"#$2.#1#*5,5)&*$-&&.9)*,5#$1/15#0=1$A>,?)1$

BCD$ 2&1)5)3#$,8&3#$

BE!$ 2&1)5)3#$,%5$

BF$ 2&1)5)3#$,8&3#$"&.)G&*$

BHI$ 2&1)5)3#$,).-.,%5$*&1#$.)+"5$

BHJ$ 2&1)5)3#$,).-.,%5$*&1#$42$

CF$ 2&1)5)3#$8#'&($"&.)G&*$

CKL$ 2&1)5)3#$8#'&($

MMEH$ 2&1)5)3#$-&4*5#.-'&-N()1#$%.&0$*&.5"$

MLOP$ 2&1)5)3#$-&02.#11#9$

MQEH$ 2&1)5)3#$-'&-N()1#$%.&0$*&.5"$

RSM$ 9#-.#,1#$

RH$&.$R&(*$ 2&1)5)3#$9&(*$

S$&.$S,15$ 2&1)5)3#$S,15$

EQR$ 2&1)5)3#$%&.(,.9$

THM$ 2&1)5)3#$)*-.#,1#$

KSR$ 2&1)5)3#$'#,9)*+$#9+#$9&(*$

K!$&.$K#%5$ 2&1)5)3#$'#%5$

OBM$ 2#.-#*5$0#,*$,#.&9/*,0)-$-"&.9$

H$&.$H&.5"$ 2&1)5)3#$H&.5"$

HUM$ *&$1)+*$-&*3#*5)&*$V3,.),8'#$)1$,'(,/1$2&1)5)3#W$

LJ!$ 2&1)5)3#$&45(,.9$

PLU$ ,'(,/1$2&1)5)3#$

I!$&.$I)+"5$ 2&1)5)3#$.)+"5$

I!MK$ 2&1)5)3#$.)+"5$&%$-#*5#.')*#$

IQR$ 2&1)5)3#$.)+"5$()*+$9&(*$

!""#$%!%&'(#%)%*+%,-%
%
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!**+,&!-&&#./*0/10&2/13/45+&"/6+7&

!""#$%!%&'(#%)%*+%,)%%

!"#$ %&'()(*+$),-(.(/0$+10+$1&2/$

!"3$ %&'()(*+$),-(.(/0$+10+$.+4)$

!"5$ %&'()(*+$),-(.(/0$+10+$,(06)$

!"7$ %&'()(*+$),-(.(/0$+10+$8%$

79$ %&'()(*+$8%$

:;:$ 2+(06)$&/$26++.'$

Control Surface and Position Acronyms 

3"<$ .+-1(/0$+10+$4.-%$

!"<$ ),-(.(/0$+10+$4.-%$

$
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!

A.3 Standard Variable Name Tables 

"#$%&!'()!*!+&,-.%&!/01-2-031!#34!'35%&1!

Symbol Short 
Name Full Variable Name Description 

Positive Sign  

Convention 
Intial 
Value 

Min 
Value 

Max 
Value 

�H�� 678! eulerAngle_deg[3] 

eulerAngle_rad[3] 
'99#:!0;!2,&!90%%<!=-2.,<!#34!:#>!6?%&9!#35%&1!4&;-3&4!$&%0>(!!88!@%0.#%%:!%&A&%B!
.0094-3#2&!1:12&C(!

�- ! /DE! eulerAngle_deg_Roll 

eulerAngle_rad_Roll 

F0%%!6?%&9!'35%&<!88!.0094-3#2&!
1:12&C(!

FGH! ! I)JK<!
!�S!

)JK<!
�S!

��! "D6"! eulerAngle_deg_Pitch 

eulerAngle_rad_Pitch 

/-2.,!6?%&9!'35%&<!88!.0094-3#2&!
1:12&C!

'L7! ! IMK<!!
�S����!

MK<!
�S����!

�%! /NE! eulerAngle_deg_Yaw 

eulerAngle_rad_Yaw 

O#>!6?%&9!'35%&<!88!.0094-3#2&!
1:12&C!

'LF! ! I)JK<!
!�S!

)JK �����S!

1-3!�- ! N/DE! sinEulerAngle_Roll N-3&!P;!6?%&9!F0%%!'35%&! FGH! " I)(K! )(K!

.01! �- ! Q/DE! cosEulerAngle_Roll Q01-3&!P;!6?%&9!F0%%!'35%&! FGH! " I)(K! )(K!

1-3!��! N"D"! sinEulerAngle_Pitch N-3&!P;!6?%&9!/-2.,!'35%&! 'L7! " I)(K! )(K!

.01! ��! Q"D"! cosEulerAngle_Pitch  Q01-3&!P;!6?%&9!/-2.,!'35%&! 'L7! " K(K! )(K!

1-3!�%!! N/NE! sinEulerAngle_Yaw N-3&!P;!6?%&9!O#>!'35%&! 'LF! " I)(K! )(K!

.01! �%!! Q/NE! cosEulerAngle_Yaw Q01-3&!P;!6?%&9!O#>!'35%&! 'LF! " I)(K! )(K!

TR6ST! "! feToBodyT[3,3] ",&!R6!20!T04:!29#31;09C#2-03!C#29-U!.0C=01&4!0;!2,&!&%&C&321!4&;-3&4!$&%0>!

" R6STV)<)W! "))! feToBodyT11 Q"D"XQ/NE!!@R6!"0!TB!.0094-3#2&!
29#31;09C#2-03!&%&C&32!

" " " "

" R6STVY<)W! "Y)! feToBodyT21 N/DEXN"D"XQ/NE!I!Q/DEXN/NE!
@R6!"0!TB!.0094-3#2&!
29#31;09C#2-03!&%&C&32!

" " " "

!""#$%!%&'(#%)%*+%),%
%
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Symbol Short 
Name Full Variable Name Description 

Positive Sign  
Convention 

Intial 
Value 

Min 
Value 

Max 
Value 

! "#$%&'()*+ !')+ feToBodyT31 ,-./01!.!0,-1/+2+1-./01-1/+
3"#+45+%6+75589:;<4=+
48<;>?58@<4:5;+=A=@=;4+

! ! ! !

! "#$%&)(B*+ !)B+ feToBodyT12 ,!.!01-1/++3"#+45+%6+75589:;<4=+
48<;>?58@<4:5;+=A=@=;4+

! ! ! !

! "#$%&B(B*+ !BB+ feToBodyT22 1-./01!.!01-1/+2+,-./0,-1/+
3"#+45+%6+75589:;<4=+
48<;>?58@<4:5;+=A=@=;4+

! ! ! !

! "#$%&'(B*+ !'B+ feToBodyT32 ,-./01!.!01-1/+C+1-./0,-1/+
3"#+45+%6+75589:;<4=+
48<;>?58@<4:5;+=A=@=;4+

! ! ! !

! "#$%&)('*+ !)'+ feToBodyT13 C1!.!++3"#+45+%6+75589:;<4=+
48<;>?58@<4:5;+=A=@=;4+

! ! ! !

! "#$%&B('*+ !B'+ feToBodyT23 1-./0,!.!++3"#+45+%6+75589:;<4=+
48<;>?58@<4:5;+=A=@=;4+

! ! ! !

! "#$%&'('*+ !''+ feToBodyT33 ,-./0,!.!++3"#+45+%6+75589:;<4=+
48<;>?58@<4:5;+=A=@=;4+

! ! ! !

DEFG+ flightPathAngle_rad 

flightPathAngle_deg 

"A:HI4+-<4I+E;HA=+EJ5K=+.58:L5;+ EMN+ ! C $B+

COP+

$B+

OP+

+ DEF.+ flightPathAzimuth_rad 

flightPathAzimuth_deg 

"A:HI4+-<4I+E;HA=+/;+.58:L5;+
-A<;=(+?85@+M584I+

,Q"M+ ! C +

C)RP+

+

)RP+

I+ ES!+ altitudeMsl_ft 

altitudeMsl_m 

D=5@=48:7+<A4:4T9=+5?+K=I:7A=+
<A4:@=4=8+<J5K=+F=<;+1=<+S=K=A+

N-+ ! ! !

!""#$%!%&'(#%)%*+%,-%%
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Symbol Short 
Name Full Variable Name Description 

Positive Sign  
Convention 

Intial 
Value 

Min 
Value 

Max 
Value 

�O! !"#$% geLongitude_rad 

geLongitude_deg 

$&'(%)*(%+&&,-./0'(%121'(3%302%4(%-(5('(-%.6%7(%
+&&,-./0'(%121'(38%,(195'./:%./%

longitude_rad 

longitude_deg 

"&/:.'9-(%&6%;(*.+5(%

<3%=.'*%,(1>(+'%'&%'*(%:(%
?:(&+(/',.+%@0,'*A%+&&,-./0'(%
121'(3B%

C@D)% ! ! !

�M! !"E)% geLatitude_rad 

geLatitude_deg 

$&'(%)*(%+&&,-./0'(%121'(3%302%4(%-(5('(-%.6%7(%
+&&,-./0'(%121'(38%,(195'./:%./%

latitude_rad 

latitude_deg 

7(&-('.+%"0'.'9-(%&6%;(*.+5(%

<3%=.'*%,(1>(+'%'&%'*(%:(%
?:(&+(/',.+%@0,'*A%+&&,-./0'(%
121'(3B%

$#F)G% ! ! !

! !"#$HI
J%

geLongitudeOfImu_rad 

geLongitudeOfImu_deg 

 

$&'(%)*(%+&&,-./0'(%121'(3%302%4(%-(5('(-%.6%7(%
+&&,-./0'(%121'(38%,(195'./:%./%

longitudeOfImu_rad 

longitudeOfImu_deg 

"&/:.'9-(%&6%;(*.+5(%

H39%=.'*%,(1>(+'%'&%'*(%ge%
+&&,-./0'(%121'(3B%%)*.1%K0,.045(%
-&(1%/&'%./+59-(%0/2%H39%1(/1&,%
(,,&,1B%

C(1'% ! ! !

! !"E)HIJ% gelatitudeOfImu_rad 

gelatitudeOfImu_deg 

 

$&'(%)*(%+&&,-./0'(%121'(3%302%4(%-(5('(-%.6%7(%
+&&,-./0'(%121'(38%,(195'./:%./%

latitudeOfImu_rad 

latitudeOfImu_deg 

7(&-('.+%"0'.'9-(%&6%;(*.+5(%

H39%=.'*%,(1>(+'%'&%'*(%
Ge+&&,-./0'(%121'(3B%%%)*.1%
K0,.045(%-&(1%/&'%./+59-(%0/2%H39%
1(/1&,%(,,&,1B%

$#F)G% ! ! !

!""#$%!%&'(#%)%*+%,-%
%
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Symbol Short 
Name Full Variable Name Description 

Positive Sign  

Convention 
Intial 
Value 

Min 
Value 

Max 
Value 

! ! geSensedLongitudeOfImu_rad 

eSensedLongitudeOfImu_deg 

 

"#$%!&'%!(##)*+,-$%!./.$%0!0-/!1%!*%2%$%*!+3!4%!
(##)*+,-$%!./.$%05!)%.62$+,7!+,!

sensedLongitudeOfImu_rad 

sensedLongitudeOfImu_deg 

8#,7+$6*%!#3!9%'+(2%!
:06!;+$'!)%.<%($!$#!$'%!Ge!
(##)*+,-$%!./.$%0=!!&'+.!>-)+-12%!
+,(26*%.!-,/!:06!.%,.#)!%))#).=!

?%.$! ! ! !

! ! geSensedLatitudeOfImuWrtZzz_rad 

geSensedLatitudeOfImuWrtZzz_deg 

 

"#$%!&'%!(##)*+,-$%!./.$%0!0-/!1%!*%2%$%*!+3!4%!
(##)*+,-$%!./.$%05!)%.62$+,7!+,!

sensedLatitudeOfImu_rad 

sensedLatitudeOfImu_deg 

4%#*%$+(!8-$+$6*%!#3!9%'+(2%!
:06!;+$'!)%.<%($!$#!$'%!Ge!
(##)*+,-$%!./.$%0=!!&'+.!>-)+-12%!
+,(26*%.!-,/!:06!.%,.#)!%))#).=!

"@A&B! ! ! !

! B4&CA?
D!

runwayHeightWrtMsl_ft 

runwayHeightWrtMsl_m 

B%+7'$!@3!A6,;-/!;=)=$=!0%-,!E%-!
8%>%2!

F1#>%! ! ! !

! ! 4%,%)-2!G%3+,+$+#,!
xxPositionOfYyyWrtZzz_ft[3] 
xxPositionOfYyyWrtZzz_m[3] 

H#)!IJ-0<2%K!
xxPosition_ft[3] 

+.!$'%!.-0%!-.!
xxPositionOfCmWrtxx_ft[3]  

General Definition for Linear and Angular Positions K!!A%3%)!$#!.%($+#,!L!#3!
$'+.!.$-,*-)*!3#)!(#0<2%$%!76+*-,(%!#,!$'%!,-0+,7!#3!>-)+-12%.=!
9%($#)!#3!<#.+$+#,.!#3!Yyy !;+$'!)%.<%($!$#!Zzz !M-!6.%)!*%3+,%*!)%3%)%,(%!<#+,$!#)!
(##)*+,-$%!./.$%0!#)+7+,N!+,!$'%!JJ!(##)*+,-$%!./.$%0=!!!&'%!2%,7$'.!#3!xx 5!Yyy 5!
Zzz !-)%!,#$!)%.$)+($%*!$#!O!-,*!P!('-)-($%).!)%.<%($+>%2/=!
&'%!(##)*+,-$%!./.$%0!JJ!06.$!-2;-/.!1%!*%3+,%*=!!!:3!$'%!OfYyy !+.!,#$!*%3+,%*!
$'%!*%3+,+$+#,!*%3-62$.!$#!$'%!>%'+(2%!Q0!3#)!2+,%-)!<#.+$+#,.!-,*!$'%!1#*/!
(##)*+,-$%!./.$%0!3#)!-,762-)!<#.+$+#,.=!!:3!$'%!WrtZzz !+.!,#$!*%3+,%*!$'%!
)%3%)%,(%!<#+,$!*%3-62$.!$#!$'%!#)+7+,!#3!$'%!xx !(##)*+,-$%!./.$%0!3#)!2+,%-)!
<#.+$+#,!-,*!$'%!2#(-22/!2%>%2!M82N!(##)*+,-$%!./.$%0!3#)!-,762-)!<#.+$+#,=!
!
Q#0<)+.%*!#3!$'%!$')%%!(#0<#,%,$.!-.!*%3+,%*!1%2#;=!

!""#$%!%&'(#%)%*+%,-%%
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Symbol Short 
Name 

Full Variable Name Description 
Positive Sign  

Convention 
Intial 
Value 

Min 
Value 

Max 
Value 

! ! xxPositionOfYyyWrtZzz_ft_X 

xxPositionOfYyyWrtZzz_m_X  

!

!

"#!

xxPosition_ft_X 

$!%"&'('")!"*!Yyy !+'(,!#-&%-.(!("!
Zzz !/0!1&-#!2-*')-2!#-*-#-).-!
%"')(3!')!(,-!xx !.""#2')0(-!&4&(-56!

7-*018(&!("!(,-!95!0)2!"#':')!"*!
(,-!xx !.""#2')0(-!&4&(-56!

/Yyy ÐZzz 3! ! ! !

! ! xxPositionOfYyyWrtZzz_ft_Y  

xxPositionOfYyyWrtZzz_m_Y !!

!

!

"#!

xxPosition_ft_Y 

;!%"&'('")!"*!Yyy !+'(,!#-&%-.(!("!
Zzz !/0!1&-#!2-*')-2!#-*-#-).-!
%"')(3!')!(,-!xx !.""#2')0(-!&4&(-56!

7-*018(&!("!(,!95!0)2!"#':')!"*!(,-!
xx !.""#2')0(-!&4&(-56!

/Yyy ÐZzz 3! ! ! !

! ! xxPositionOfYyyWrtZzz_ft_Z  

xxPositionOfYyyWrtZzz_m_Z !!

"#!

xxPosition_ft_Z 

<!%"&'('")!"*!Yyy !+'(,!#-&%-.(!("!
Zzz !/0!1&-#!2-*')-2!#-*-#-).-!
%"')(3!')!(,-!xx !.""#2')0(-!&4&(-56!

7-*018(&!("!(,-!9=!0)2!"#':')!"*!
(,-!xx !.""#2')0(-!&4&(-56!

/Yyy ÐZzz 3! ! ! !

! ! fePosition_ft [3] >-.("#!"*!%"&'('")&!"*!(,-!9?!')!(,-!*80(!@0#(,!.""#2')0(-!&4&(-56!!
9"5%#'&-2!"*!(,-!(,#--!."5%")-)(&!0&!2-*')-2!A-8"+6!

! $9=! fePosition_ft_X $!!"#!B"#(,!%"&'('")!"*!(,-!9?!')!
(,-!*80(!@0#(,!.""#2')0(-!&4&(-5!

! ! ! !

! ;9=! fePosition_ft_Y ;!!"#!@0&(!%"&'('")!"*!(,-!9?!')!(,-!
*80(!@0#(,!.""#2')0(-!&4&(-5!

! ! ! !

! <9=! fePosition_ft_Z <!!"#!7"+)!%"&'('")!"*!(,-!9?!')!
(,-!*80(!@0#(,!.""#2')0(-!&4&(-5!

5')1&!-C108&!
0A"D-!(,-!
:#"1)2!

! ! !

! !  !

!""#$%!%&'(#%)%*+%,-%
%
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Symbol Short 
Name Full Variable Name Description 

Positive Sign  

Convention 
Intial 
Value 

Min 
Value 

Max 
Value 

! ! xxPositionOfMrcWrtZzz_ft_X  

xxPositionOfMrcWrtZzz_m_X !!

"!#$%&'&$(!$)!'*+!,$,+('!
-+)+-+(.+!.+('+-!/ Mrc0!1&'*!
-+%#+.'!'$!Zzz !&(!'*+!xx !
.$$-2&(3'+!%4%'+,5!!!!

! ! ! !

! ! xxPositionOfMrcWrtZzz_ft_Y  

xxPositionOfMrcWrtZzz_m_Y  

6!#$%&'&$(!$)!'*+!,$,+('!
-+)+-+(.+!.+('+-!/ Mrc0!1&'*!
-+%#+.'!'$!Zzz !&(!'*+!xx !
.$$-2&(3'+!%4%'+,5!!!!

! ! ! !

! ! xxPositionOfMrcWrtZzz_ft_Z  

xxPositionOfMrcWrtZzz_m_Z !!

7!#$%&'&$(!$)!'*+!,$,+('!-+)+-+(.+!
.+('+-!/ Mrc0!1&'*!-+%#+.'!'$!Zzz !&(!
'*+! xx !.$$-2&(3'+!%4%'+,5!

! ! ! !

! 89:!;<=! bodyPositionOfMrc_ft [3] >+.'$-!$)!#$%&'&$(%!$)!'*+!3+-$24(3,&.!,$,+('!-+)+-+(.+!.+('+-!&(!'*+!?$24!
.$$-2&(3'+!%4%'+,5!!@&(.+!'*+!$-&A&(!$)!'*+!?$24!.$$-2&(3'+!%4%'+,!&%!'*+!B,C!
'*&%!D+.'$-!&%!'*+!#$%&'&$(%!$)!'*+!E-.!1&'*!-+%#+.'!'$!'*+!B,!!!

B$,#-&%+2!$)!'*+!'*-++!.$,#$(+('%!3%!2+)&(+2!?+F$15!

! "89:! bodyPositionOfMrc_ft_X "!#$%&'&$(!$)!'*+!E-.!&(!'*+!?$24!
.$$-2&(3'+!%4%'+,!

E-.!&(!)-$('!$)!
'*+!$-&A&(!/B,0!

! ! !

! 689:! bodyPositionOfMrc_ft_Y 6!#$%&'&$(!$)!'*+!E-.!&(!'*+!?$24!
.$$-2&(3'+!%4%'+,!

E-.!$G'!'*+!
-&A*'!1&(A!1&'*!
-+%#+.'!'$!'*+!
$-&A&(!/B,0!

! ! !

! 789:! bodyPositionOfMrc_ft_Z 7!#$%&'&$(!$)!'*+!E-.!&(!'*+!?$24!
.$$-2&(3'+!%4%'+,!

E-.!?+F$1!'*+!
$-&A&(!/B,0!

! ! !

! HIJKBL;
<=!

bodyPositionOfPilotEyeWrtCm_f[3] 

bodyPositionOfPilotEyeWrtCm_ft[3] 

>+.'$-!$)!#$%&'&$(%!$)!'*+!#&F$'M%!+4+!1&'*!-+%#+.'!'$!'*+!B,!&(!'*+!?$24!
.$$-2&(3'+!%4%'+,5!!B$,#-&%+2!$)!'*+!'*-++!.$,#$(+('%!3%!2+)&(+2!?+F$15!

! "HIJKB
L!

bodyPositionOfPilotEyeWrtCm_ft_X  

bodyPositionOfPilotEyeWrtCm_ft_X  

"!#$%&'&$(!$)!#&F$'!+4+!#$&('!15-5'5!
B,C!&(!'*+!?$24!.$$-2&(3'+!%4%'+,!

94+!:NO!$)!
B,!

! ! !

! 6HIJKB
L!

bodyPositionOfPilotEyeWrtCm_ft_Y  

bodyPositionOfPilotEyeWrtCm_ft_Y  

6!#$%&'&$(!$)!#&F$'!+4+!#$&('!15-5'5!
B,C!&(!'*+!?$24!.$$-2&(3'+!%4%'+,!

94+!8&A*'!$)!
'*+!B,!

! ! !

!""#$%!%&'(#%)*%+,%-.%%
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Symbol Short 
Name Full Variable Name Description 

Positive Sign  
Convention 

Intial 
Value 

Min 
Value 

Max 
Value 

! !"#$%&
'(

bodyPositionOfPilotEyeWrtCm_ft_Z  

bodyPositionOfPilotEyeWrtCm_ft_Z  

!()*+,-,*.(*/(),0*-(121()*,.-(3454-4(
&67(,.(-81(9*:2(;**5:,.<-1(+2+-16(

=21(910*3(&6( ! ! !

EXAMPLES 
 (  

runway22Position_ft[3]  

,.:,;<-1+()*+,-,*.(*/(-81(&6(>:1/<?0-@((3,-8(51+)1;-(-*(-81(
*5,A,.(*/(-81(B?.3<2%%(;**5:, .<-1(+2+-16(>:1/<?0-@7(,.(-81(
5?.3<2%%(;**5:,.<-1(+2+-164((C(6*51(;*6)01-1(<.:(;01<5(
.<61(3*?0:(91D(
runway22PositionOfCmWrtRunway22_ft[3]  

(
runway22PositionOfFwdLeftMainWheelWrtTd_ft[3
] 

,.:,;<-1+()*+,-,*.(*/(-81(/*53<5:(01/-(6<,.(38110(3,-8(
51+)1;-(-*(-81(-*?;8:*3.()*,.-(,.(-81(B?.3<2(%%(
;**5:,.<-1(+2+-16(

EF$=(C00(;**5:,.<-1(+2+-16+(<51(?+15(:1/,.1:(

(

G1;-*5(*/()*+,-,*.+(*/(-81(H18,;01(&6(510<-,H1(-*(-81(B?.3<2(%%(><(?+15(:1/,.1:(
;**5:,.<-1(+2+-16@(-*?;8:*3.(51/151.; 1()*,.-4((&*6)5,+1:(*/(-81(-8511(
;*6)*.1.-+(<+(:1/,.1:(910*34(

! I&'$J( runway22PositionOfCmWrtTd_ft_X 

runway22PositionOfCmWrtTd_m_X 

&6(IK)*+,-,*.(3454-4(5?.3<2(
-*?;8:*3.()*,.-(,.(-81(+)1;,/,1:(
>B?.3<2%%@(;**5:,.<-1(+2+-164(

&6(J*3.(-81(
5?.3<2(/5*6(
-81(51/151.;1(

)*,.-(

! ! !

! L&'$J( runway22PositionOfCmWrtTd_ft_Y 

runway22PositionOfCmWrtTd_m_Y 

&6(LK)*+,-,*.(3454-4(5?.3<2(
-*?;8:*3.()*,.-(,.(-81(+)1;,/,1:(
>B?.3<2%%@(;**5:,.<-1(+2+-164(

&6(-*(-81(5,A8-(
*/(-81(

51/151.;1()*,.-(

! ! !

! !&'$J( runway22PositionOfCmWrtTd_ft_Z 

runway22PositionOfCmWrtTd_m_Z 

&6(!K)*+,-,*.(3454-4(5?.3<2(
-*?;8:*3.()*,.-(,.(-81(+)1;,/,1:(
>B?.3<2%%@(;**5:,.<-1(+2+-164((
>$8,+(H<5,<901(,+(.*56<002(
.1A<-,H14@(

&6(910*3(-81(
$J()*,.-((

! ! !

! B=( smoothEarthRadius_ft 

smoothEarthRadius_m 

'1*;1.-5,;(5<:,?+(*/(=<5-8(>;1.-15(
-*(+6**-8(+?5/<;1@7(5*?.:(=<5-8(
6*:10(*5(*90<-1(+)815*,:(<-(-81(
.<:,5(*/(-81(<,5;5</-4(

( ! ! !

!""#$%!%&'(#%))%*+%,-%
%
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Symbol Short 
Name Full Variable Name Description 

Positive Sign  

Convention 
Intial 
Value 

Min 
Value 
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Value 

! !"#$% heightOfCmWrtTerrain_ft 

heightOfCmWrtTerrain_m 

or  

heightWrtTerrain_ft 

heightWrtTerrain_m 

&'()*+%,-%+*'%.(/0/.-+%12%.3,4'%+*'%
+'//.(5%

671% ! ! !

! &$8!!"9
6%

heightOfTerrainWrtGround_ft 

heightOfTerrainWrtGround_m 

 

&'()*+%,-%+*'%+'//.(5%.+%+*'%5.:(/%,-%
+*'%.(/0/.-+%12;%9+%(<%+*'%+'//.(5%
*'()*+%.3,4'%+*'%<2,,+*%<=/-.0'%
,-%+*'%8./+*>%/')./:?'<<%,-%@*'+*'/%
.%-?.+>%/,=5:%,/%,3?.+'%<A*'/,(:%
2,:'?%(<%=<':;%

% ! ! !

%

$.3?'%";B%C%D'*(0?'%4'?,0(+('<%.5:%.5)=?./%/.+'<%

Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

!!"# % D$EE% totalSpeedWrtXx_ft_s 

totalSpeedWrtXx_m_s 

$,+.?%D'?,0(+F%@(+*%/'<A'0+%+,%.5:%
,3<'/4':%-/,2%Xx%%@*'/'%Xx%(<%+*'%
0,,/:(5.+'%<F<+'2%.<%:'-(5':%(5%
+*'%3,:F%,-%+*(<%<+.5:./:;%

671% % % %

VG% DH% groundSpeed_ft_s  

groundSpeed_m_s  

D'*(0?'%<A'':%.?,5)%+*'%)/,=5:%;% 671% % % %

I6% JI"1&% mach I.0*%5=23'/%,-%+*'%.(/0/.-+% 671% % % %

!!$ % "#$KEE% xxAltitudeRate_ft_s 

xxAltitudeRate_m_s 

:'-.=?+%0,,/:(5.+'%<F<+'2%(<%?,0.??F%?'4'?%.5:%LM%.E(< 

"?+(+=:'%+(2'%/.+'%,-%0*.5)'%(5%xx %
0,,/:(5.+'%<F<+'2;%

K6% % % %

!""#$%!%&'(#%)*%+,%-.%%
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Symbol 
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Full Variable Name Description 
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Convention 

Initial 
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Value 

! "#$%&! xxLongitudeRate_rad_s 

xxLongitudeRate_deg_s 

&'()*+,!-.!/'!01123-4),'!.5.,'6  

#147-,*3'!8),'!$(!9:)47'!-4! xx !
01123-4),'!.5.,'6;!

<=>?! ! ! !

! "#@?&! xxlatitudeRate_rad_s 

xxlatitudeRate_deg_s 

&'()*+,!-.!/'!01123-4),'!.5.,'6  

/'13',-0!#),-,*3'!8),'!$(!
9:)47'!-4! xx !01123-4),'!.5.,'6;!

%$8?A! ! ! !

! ! /'4'2)+!&'(-4-,-14B?2)4.+),-14)+!C'+10-,-'.!

xxVelocityOfYyyWrtZzzObsFrWww_ft_s [3] 

xxVelocityOfYyyWrtZzzObsFrWww_m_s [3]  

 

General Definition for Translational Motion :  8'('2!,1!.'0,-14!D!1(!,:-.!
.,)43)23!(12!016E+','!7*-3)40'!14!,:'!4)6-47!1(!F)2-)G+'.;!

/'4'2)+!'HE2'..-14!(12!F'0,12!1(!F'+10-,- '.!E2'.'4,'3!I12!6').*2'3J!-4!,:'!HH!
01123-4),'!.5.,'6;!!K55!-43-0),'.!,:'! 2'('2'40'!E1-4,!14!,:'!F':-0+'!)43!,:'!
OfYyy !6)5!G'!16-,,'3!-(!-,!-.!,:'!96;!!LMM! 2'E2'.'4,.!,:'!01123-4),'!.5.,'6!,:),!
,:'!F':-0+'!-.!61F-47!N-,:!2'.E'0,!,1!)43! WrtZzz !6)5!G'!16-,,'3!-(!-,!-.!,:'!HH!
01123-4),'!.5.,'6;!! ObsFrWww!2'E2'.'4,.!,:'!01123-4),'!.5.,'6!(216!N:-0:!,:'!
F':-0+'!61,-14!-.!1G.'2F'3;!!?:'! ObsFrWww!6)5!G'!16-,,'3!-(!-,!-.!,:'!LMM!
01123-4),'!.5.,'6!I.''!.'0,-14!D;O;O!(12!612'!3',)-+J!

?:'2'(12'! eiVelocity_ft_s_X !-.!,:'!F'+10-,5!1(!,:'!F':-0+'!96!)+147!,:'!"!
)H-.!1(!,:'! ei !01123-4),'!.5.,'6P!6').*2'3!N-,:!2'.E'0,!,1!,:'!'-!01123-4),'!
.5.,'6!)43!1G.'2F'3!(216!,:'!'-!0112 3-4),'!.5.,'6!)43!-.!,:'!3'()*+,!
'HE2'..-14!(12!! eiVelocityOfCmWrtEiObsFrEi_ft_s_X ;!

! ! /'4'2)+!&'(-4-,-14B@47*+)2!C'+10-,-'.!

xxAnggularRateOfYyyWrtZzz_rad_s_[3] 

xxAnggularRateOfYyyWrtZzz_deg_s_[3] 

!

General Definition fo r Rotational Motion Q!!8'('2!,1!.'0,-14!D!1(!,:-.!.,)43)23!
(12!016E+','!7*-3)40'!14!,:'!4)6-47!1(!F)2-)G+'.;!

/'4'2)+!'HE2'..-14!(12!)47*+)2!F'+10-,-'.!E2'.'4,'3!-4!,:'! xx !01123-4),'!.5.,'6;!!
Yyy !-43-0),'.!,:'!2'('2'40'!01123-4),'!.5.,'6!14!,:'!F':-0+'!)43!,:'! OfYyy !
6)5!G'!16-,,'3!-(!-,!-.!,:'!G135!01123-4),'!.5.,'6;!! Zzz !2'E2'.'4,.!,:'!
01123-4),'!.5.,'6!,:),!,:'!F':-0+'!-.!61 F-47!N-,:!2'.E'0,!,1!)43!(216!N:-0:!,:'!
F':-0+'!61,-14!-.!1G.'2F'3;!!?:'! WrtZzz !6)5!G'!16-,,'3!-(!-,!-.!,:'! locally 
level (Ll) 01123-4),'!.5.,'6;!!I.''!.'0, -14!D;O;O!(12!612'!3',)-+J!

?:'2'(12'! eiAngularRate_rad_s_Roll -.!,:'!)47*+)2!2),'!1(!,:'!G135!)H-.!
1(!,:'!F':-0+'!N-,:!2'.E'0,!,1!,:'!+10) ++5!+'F'+!01123-4),'!.5.,'6!)43!E2'.'4,'3!
I12!6').*2'3J!-4!,:'!=)2,:!0'4,'2'3!-4'2 ,-)+!I'-J!01123-4),'!.5.,'6!)43!-.!,:'!
3'()*+,!'HE2'..-14!(12  eiAngularRateOfBodyWrtLl_rad_s_Roll 

!""#$%!%&'(#%)*%+,%-.%
%
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Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

!"# bodyAngularRate_rad_s[3] 

bodyAngularRate_deg_s[3] 

$%&'()#(*#+(,-#&((),./0'%#0/1230)#)0'%4#(*#'5%#(6/45.7#+(,-#&((),./0'%#4-4'%8#
6.'5#)%47%&'#'(#'5%#3(&033-#3%9%3#:;3<#&((),./0'%#4-4'%8=#

>(87).4%,#(*#'5%#'5)%%#&(87(/%/'4#04#,%*./%,#+%3(6=#?/1230)#8('.(/#.4#0360-4#
6.'5#)%47%&'#'(#'5%#;3#&((),./0'%#4-4'%8#2/3%44#('5%)6.4%#47%&.*.%,=#

p  @# bodyAngularRate_rad_s_Roll 

bodyAngularRate_deg_s_Roll 

$%5.&3%#)(33#9%3(&.'-A#+(,-#
&((),./0'%#4-4'%8#

BCD# # # #

q  E# bodyAngularRate_rad_s_Pitch 

bodyAngularRate_deg_s_Pitch 

$%5.&3%#7.'&5#9%3(&.'-A#+(,-#
&((),./0'%#4-4'%8#

?FG# # # #

r  B# bodyAngularRate_rad_s_Yaw  

bodyAngularRate_deg_s_Yaw  

$%5.&3%#-06#9%3(&.'-A#+(,-#
&((),./0'%#4-4'%8#

?FB# # # #

!"H# bodyAngularRateWrtEi_rad_s[3] 

bodyAngularRateWrtEi_deg_s[3] 

$%&'()#(*#+(,-#&((),./0'%#0/1230)#)0'%4#6.'5#)%47%&'#'(#'5%#I0)'5#&%/'%)%,#
./%)'.03#:I.<#&((),./0'%#4-4'%8=#

>(87).4%,#(*#'5%#'5)%%#&(87(/%/'4#04#,%*./%,#+%3(6=###

p  @H# bodyAngularRateWrtEi_rad_s_Roll 

bodyAngularRateWrtEi_deg_s_Roll 

$%5.&3%#)(33#9%3(&.'-A#+(,-#
&((),./0'%#4-4'%8#

BCD# # # #

q  EH# bodyAngularRateWrtEi_rad_s_Pitch 

bodyAngularRateWrtEi_deg_s_Pitch 

$%5.&3%#7.'&5#9%3(&.'-A#+(,-#
&((),./0'%#4-4'%8#

?FG# # # #

r  BH# bodyAngularRateWrtEi_rad_s_Yaw  

bodyAngularRateWrtEi_deg_s_Yaw  

$%5.&3%#-06#9%3(&.'-A#+(,-#
&((),./0'%#4-4'%8#

?FB# # # #

79*# @J# saAngularRateOfBodyWrtEi_rad_s_Roll 

saAngularRateOfBodyWrtEi_deg_s_Roll 

H(,-#&((),./0'%#4-4'%8#B(33#)0'%#
0+(2'#'5%#K#0L.4#./#'5%#sa #
&((),./0'%#4-4'%8A#034(#M/(6#04#
4'0+.3.'-#0L.4#)(33#)0'%=#

BCD# # # #

)9*# BJ# saAngularRateOfBodyWrtEi _rad_s_yaw  

saAngularRateOfBodyWrtEi_deg_s_yaw  

H(,-#&((),./0'%#4-4'%8#N06#)0'%#
0+(2'#'5%#O#0L.4#./#'5%#sa #
&((),./0'%#4-4'%8A##034(#M/(6/#04#
'5%#J'0+.3.'-#?L.4#-06#)0'%#

?FB# # # #

!""#$%!%&'(#%)*%+,%-*%%
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&

Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

�H��! "#$%! eulerAngleRate_deg_s[3] 

eulerAngleRate_rad_s[3] 

&''()!*+!,-.!'*//0!12,3-0!(45!)(6!"7/.'!(48/.!'(,.9!5.+24.5!:./*6;!!$$!</*3(//)!
/.=./>!3**'524(,.!9)9,.?!

�I��!
@AB%! eulerAngleRate_rad_s_Roll "7/.'!'*//!'(,.0!$$!3**'524(,.!

9)9,.?!
CD%! ! ! !

�T��!
EA"E%! eulerAngleRate_rad_s_Pitch "7/.'!12,3-!'(,.0!$$!3**'524(,.!

9)9,.?!
&F#! ! ! !

�\�� !
@GB%! eulerAngleRate_rad_s_Yaw "7/.'!)(6!'(,.0!$$!3**'524(,.!

9)9,.?!
&FC! ! ! !

! ! H"$!IJK! bodyVelocityWrtAir_ft_s[3] 

bodyVelocityWrtAir_m_s[3] 

3(4!(/9*!:.!.L1'.99.5!(9M!

bodyVelocityOfCmWrtAir_ft_s[3] 

H.3,*'!*+!:*5)!3**'524(,.!=./*32,2.9!*+! ,-.!N?!62,-!'.91.3,!,*!,-.!249,(4,(4.*79!
6245!3*?1'29.5!*+!,-.!,-'..!3*?1*4.4,9!(9!5.+24.5!:./*6;!

E-29!29!,-.!3*4=.4,2*4(/!:*5)!3 **'524(,.!9)9,.?!(2'91..5!=.3,*';!

7! #! bodyVelocityWrtAir_ft_s_X 
bodyVelocityWrtAir_m_s_X 

&

OP=./*32,)!Q*5)!3**'524(,.!
9)9,.?;!!

&

RD%! & & &

=! H! bodyVelocityWrtAir_ft_s_Y 
bodyVelocityWrtAir_m_s_Y 

  

SP=./*32,)!Q*5)!3**'524(,.!9)9,.?! CE! ! ! !

6 ! D! bodyVelocityWrtAir_ft_s_Z 
bodyVelocityWrtAir_m_s_Z 

!

TP=./*32,)!Q*5)!3**'524(,.!9)9,.?! %F! ! ! !

"! ! H"$QIJK! bodyVelocityWrtEi_ft_s[3] 

bodyVelocityWrtEi_m_s[3] 

3(4!(/9*!:.!.L1'.99.5!(9M!

bodyVelocityOfCmWrtEi_ft_s[3] 

H.3,*'!*+!:*5)!3**'524(,.!24.',2(/!=./*32 ,2.9!*+!,-.!N?!3*?1'29.5!*+!,-.!,-'..!
3*?1*4.4,9!(9!5.+24.5!:./*6;!

!""#$%!%&'(#%)*%+,%*-%
%
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Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

!"# $"# bodyVelocityWrtEi_ft_s_X 
bodyVelocityWrtEi_m_s_X 
 

%&'()*+,-.#"*/.#+**0/,12-(#
3.3-(45##

#

678# # # #

'"# 9"# bodyVelocityWrtEi_ft_s_Y 
bodyVelocityWrtEi_m_s_Y 
  

:&'()*+,-.#"*/.#+**0/,12-(#3.3-(4# ;<# # # #

="# 7"# bodyVelocityWrtEi_ft_s_Z 
bodyVelocityWrtEi_m_s_Z 
 

>&'()*+,-.#"*/.#+**0/,12-(#3.3-(4# 8?# # # #

!" # 9@A@BCD# bodyVelocityWrtGe_ft_s[3] 

bodyVelocityWrtGe_m_s[3] 

+21#2)3*#E(#(FG0(33(/#23H#

bodyVelocityOfCmWrtGe_ft_s[3] 

9(+-*0#*I#E*/.#+**0/,12-(#J4#'()*+,-,(3#=,-K#0(3G(+-#-*#-K(#L(*+(1-0,+#@20-K#
MN(O#+**0/,12-(#3.3-(45#

J*4G0,3(/#*I#-K(#-K0((#+*4G*1(1-3#23#/(I,1(/#E()*=5#

!@# $@# bodyVelocityWrtGe_ft_s_X 
bodyVelocityWrtGe_m_s_X 
 

%&'()*+,-.#"*/.#+**0/,12-(#
3.3-(45##

#

678# # # #

'@# 9@# bodyVelocityWrtGe_ft_s_Y 
bodyVelocityWrtGe_m_s_Y 
  

:&'()*+,-.#"*/.#+**0/,12-(#3.3-(4# ;<# # # #

=@# 7@# bodyVelocityWrtGe_ft_s_Z 
bodyVelocityWrtGe_m_s_Z 
 

>&'()*+,-.#"*/.#+**0/,12-(#3.3-(4# 8?# # # #

#!" # 9@A6@# feVelocity_ft_s[3] 

feVelocity_m_s[3] 

9(+-*0#*I#6)2-#@20-K#M6@O#+**0/,12-(#-0213)2-,*12)#'()*+,-,(3#*I#-K(#J4#+*4G0,3(/#
*I#-K(#-K0((#+*4G*1(1-3#23#/(I,1(/#E()*=5#

9?# 9?6@# feVelocity_ft_s_X 

feVelocity_m_s_X 

?*0-K=20/#9()*+,-.#P'(0#6)2-#
@20-K#M6@O#+**0/,12-(#3.3-(4#BI)2-Q#
1*1&0*-2-,1L#@20-KD#

?P;<R# # # #

!""#$%!%&'(#%)*%+,%-.%%
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&

Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

! "# !"$"# feVelocity_ft_s_Y 

feVelocity_m_s_Y 

"%&'(%)*#!+,-./'0#12+)#$,%'#"%)'3#
4$"5#.--)*/6%'+#&0&'+7#89,%':#6-6;
)-'%'/6<#"%)'3=#

">?@# # # #

! A# !A$"# feVelocity_ft_s_Z 

feVelocity_m_s_Z 

A-(6(%)*#!+,-./'0#@-(%)*#"%)'3#
B'):C4$"5#.--)*/6%'+#&0&'+7#89,%':#
6-6;)-'%'/6<#"%)'3=#

AD# # # #

EV # # geVelocity_ft_s [3] 

geVelocity_m_s [3] 

!+.'-)# -9# E+-.+6')/.# "%)'3# 4E+5# .--)*/6% '+# ')%6&,%'/-6%,# 2+,-./'/+&# -9# '3+# B7#
.-7F)/&+*#-9#'3+#'3)++#.-7F-6+6'&#%&#*+9/6+*#G+,-(C#

VXE# !HE"# geVelocity_ft_s_X 

geVelocity_m_s_X 

H#%I/&#2+,-./'0#-2+)#'3+#"%)'3#/6#
'3+#<+-.+6')/.#"%)'3#4E"5#
.--)*/6%'+#&0&'+7#/6#9'J&+.#

KH# # # #

VYE# !LE"# geVelocity_ft_s_Y 

geVelocity_m_s_Y 

L#%I/&#2+,-./'0#-2+)#'3+#"%)'3#/6#
'3+#<+-.+6')/.#"%)'3#4E"5#
.--)*/6%'+#&0&'+7#/6#9'J&+.#

KL# # # #

VZE# !ME"# geVelocity_ft_s_Z 

geVelocity_m_s_Z 

L#%I/&#2+,-./'0#-2+)#'3+#"%)'3#/6#
'3+#<+-.+6')/.#"%)'3#4E"5#
.--)*/6%'+#&0&'+7#/6#9'J&+.#

KM# # # #

OTHER EXAMPLES 

VXge! !HE" # geVelocity_km_s_X H#%I/&#2+,-./'0#-9#'3+#2+3/.,+#B7#
/&#'3+#<+-.+6')/.#4<+5#.--)*/6%'+#
&0&'+7#/6#N/,-7+'+)&J&+.#

KH# # # #

! ! runway22Velocity_ft_s_Z M#%I/&#2+,-./'0#-9#'3+#B7#/6#'3+#
O&+)#*+9/6+*#P)O6(%0QQR#
.--)*/6%'+#&0&'+7#/6#9'J&##

AD# # # #

#

!""#$%!%&'(#%)*%+,%-.%
%
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!"#$%&'()&*&+%,-.$%&$-/%"0&"/1&"/23$"0&"..%$%0"4-5/6&

Symbol Short Name Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

! & 7%/%0"$&8%9-/-4-5/:!0"/6$"4-5/"$&'..%$%0"4-5/6&

xxAccelOfYyyWrtZzzObsFrWww_ft_s2 [3] 
xxAccelOfYyyWrtZzzObsFrWww_m_s2 [3]  

 

General Definition for Translational Motion ;&&<%9%0&45&6%.4-5/&=&59&4,-6&
64"/1"01&950&.5>?$%4%&23-1"/.%&5/&4,%&/">-/2&59&@"0-"#$%6(&
7%/%0"$&%A?0%66-5/&950&@%.450&59&"..%$%0"4-5/6&?0%6%/4%1&B50&>%"630%1C&-/&4,%&AA&
.5501-/"4%&6D64%>(&&EDD&-/1-."4%6&4,%&0%9%0%/.%&?5-/4&5/&4,%&@%,-.$%&"/1&4,%&
OfYyy&>"D&#%&5>-44%1&-9&-4&-6&4,%&F>(&&GHH&0%?0%6%/46&4,%&.5501-/"4%&6D64%>&4,"4&
4,%&@%,-.$%&-6&>5@-/2&I-4,&0%6?%.4&45&"/1&WrtZzz&>"D&#%&5>-44%1&-9&-4&-6&4,%&AA&
.5501-/"4%&6D64%>(&&ObsFrWww&0%?0%6%/46&4,%&.5501-/"4%&6D64%>&905>&I,-.,&4,%&
@%,-.$%&>54-5/&-6&5#6%0@%1(&&!,%&ObsFrWww&>"D&#%&5>-44%1&-9&-4&-6&4,%&GHH&
.5501-/"4%&6D64%>&B6%%&6%.4-5/&=()()&950&>50%&1%4"-$C&

!,%0%950%&eiVelocity_ft_s2_X &-6&4,%&"..%$%0"4-5/&59&4,%&@%,-.$%&F>&"$5/2&
4,%&J&"A-6&59&4,%&ei &.5501-/"4%&6D64%>K&>%"630%1&I-4,&0%6?%.4&45&4,%&%-&
.5501-/"4%&6D64%>&"/1&5#6%0@%1&905>&4,%&%-&.5501-/"4%&6D64%>&"/1&-6&4,%&1%9"3$4&
%A?0%66-5/&950&&eiVelocityOfCmWrtEiObsFrEi_ft_s2_X (&

! & 7%/%0"$&8%9-/-4-5/:'/23$"0&'..%$%0"4-5/6&

xxAnggularAccelOfYyyWrtZzz_rad_s2_[3] 

xxAnggularAccelOfYyyWrtZzz_deg_s2_[3] 

&

General Definition fo r Rotational Motion ;&&<%9%0&45&6%.4-5/&=&59&4,-6&64"/1"01&
950&.5>?$%4%&23-1"/.%&5/&4,%&/">-/2&59&@"0-"#$%6(&
7%/%0"$&%A?0%66-5/&950&"/23$"0&"..%$%0"4-5/6&?0%6%/4%1&-/&4,%&xx &.5501-/"4%&
6D64%>(&&Yyy &-/1-."4%6&4,%&0%9%0%/.%&.5501-/"4%&6D64%>&5/&4,%&@%,-.$%&"/1&4,%&
OfYyy &>"D&#%&5>-44%1&-9&-4&-6&4,%&#51D&.5501-/"4%&6D64%>(&&Zzz &0%?0%6%/46&4,%&
.5501-/"4%&6D64%>&4,"4&4,%&@%,-.$%&-6&>5@-/2&I-4,&0%6?%.4&45&"/1&905>&I,-.,&4,%&
@%,-.$%&>54-5/&-6&5#6%0@%1(&&!,%&WrtZzz &>"D&#%&5>-44%1&-9&-4&-6&4,%&locally 
level (Ll) .5501-/"4%&6D64%>(&&B6%%&6%.4-5/&=()()&950&>50%&1%4"-$C&

!,%0%950%&eiAngularAccel_rad_s2_Roll -6&4,%&"/23$"0&"..%$%0"4-5/&59&4,%&
#51D&"A-6&59&4,%&@%,-.$%&I-4,&0%6?%.4&45&4,%&$5."$$D&$%@%$&.5501-/"4%&6D64%>&"/1&
?0%6%/4%1&B50&>%"630%1C&-/&4,%&L"04,&.%/4%0%1&-/%04-"$&B%-C&.5501-/"4%&6D64%>&
"/1&-6&4,%&1%9"3$4&%A?0%66-5/&950 
eiAngularAccelOfBodyWrtLl_rad_s2_Roll &

�Z�� & MNO8& bodyAngularAccel_rad_s2[3] 

bodyAngularAccel_deg_s2[3] 

+%.450&59&#51D&.5501-/"4%&"/23$"0&"..%$%0"4-5/6&59&4,%&5I/6,-?&#51D&"A-6&
.5501-/"4%&6D64%>&I-4,&0%6?%.4&45&4,%&P5."$$D&$%@%$&BP$C&.5501-/"4%&6D64%>&BQ54%;&&
R04P$&-6&4,%&1%9"3$4&"/1&-6&4,%0%950%&5>-44%1CK&.5>?0-6%1&59&4,%&4,0%%&#51D&"A-6&
.5>?5/%/46&"6&1%9-/%1&#%$5I(&

p�� & SO8& bodyAngularAccel_rad_s2_Roll 

bodyAngularAccel_deg_s2_Roll 

'-0.0"94&<5$$&'..%$%0"4-5/K&O51D&
.5501-/"4%&6D64%>&

<R8& & & &

!""#$%!%&'(#%)*%+,%-.%%
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&

Symbol Short Name Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

q�� ! "#$! bodyAngularAccel_rad_s2_Pitch 

bodyAngularAccel_deg_s2_Pitch 

%&'(')*+!,&+(-!%((./.')+&012!#034!
(00'3&1)+.!545+.6!

%78! ! ! !

r��! 9#$! bodyAngularAccel_rad_s2_Yaw 

bodyAngularAccel_deg_s2_Yaw 

%&'(')*+!:);!%((./.')+&012!#034!
(00'3&1)+.!545+.6!

%79! ! ! !

!��
!
! <=#$>! bodyAngularAccelWrtEi_rad_s2[3] 

bodyAngularAccelWrtEi_deg_s2[3] 

?.(+0'! 0*! @034! (00'3&1)+.! )1AB/)'! )((./.')+&015! ;&+-! '.5C.(+! +0! +-.! >)'+-D
(.1+.'.3! &1.'+&)/! (00'3&1)+.! 545+.62! (06C'&5.3! 0*! +-.! +-'..! @034! )E&5!
(06C01.1+5!)5!3.*&1.3!@./0;F!

!"��
!
! ,#$>! bodyAngularAccelWrtEi_rad_s2_Roll 

bodyAngularAccelWrtEi_deg_s2_Roll 

%&'(')*+!90//!%((./.')+&012!#034!
(00'3&1)+.!545+.6!

9G$! ! ! !

!#��
!
! "#$>! bodyAngularAccelWrtEi_rad_s2_Pitch 

bodyAngularAccelErtEi_deg_s2_Pitch 

%&'(')*+!,&+(-!%((./.')+&012!#034!
(00'3&1)+.!545+.6!

%78! ! ! !

!$�� ! 9#$>! bodyAngularAccelWrtEi_rad_s2_Yaw 

bodyAngularAccelWrtEi_deg_s2_Yaw 

%&'(')*+!:);!%((./.')+&012!#034!
(00'3&1)+.!545+.6!

%79! ! ! !

!%�� ! ! bodyAccelWrtEi_ft_s2[3] 

bodyAccelWrtEi_m_s2[3] 

?.(+0'!0*!)((./.')+&015!0*!+-.!H6!0*!+-.!)&'(')*+!;&+-!'.5C.(+!+0!)13!0@5.'I.3!
*'06!+-.!Ei !(00'3&1)+.!545+.6!J>)'+-D(.1+.'.3!&1.'+&)/K!&1!+-.!@034!(00'3&1)+.!
545+.6F!!!L-&5!I)'&)@/.!&1(/B3.5!+-.!A')I&+)+&01!I.(+0'F!!H06C'&5.3!0*!+-.!+-'..!
(06C01.1+5!)5!3.*&1.3!@./0;F!

#B��  8#$!! bodyAccelWrtEi_ft_s2_X 

bodyAccelWrtEi_m_s2_X 

M01A&+B3&1)/!)((./.')+&01!J)/01A!
+-.!ND@034!(00'3&1)+.K!

OG$! ! ! !

#I��  ?#$!! bodyAccelWrtEi_ft_s2_Y 

bodyAccelWrtEi_m_s2_Y 

9&A-+!P&3.;)'3!%((./.')+&012!
#034!(00'3&1)+.!

9L! ! ! !

#;��  G#$!! bodyAccelWrtEi_ft_s2_Z 

bodyAccelWrtEi_m_s2_Z 

$0;1;)'3!%((./.')+&012!#034!
(00'3&1)+.!

$7$7! ! ! !

!""#$%!%&'(#%)*%+,%-.%
%
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Symbol Short Name Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

V ! ! bodyAccelWrtAir_ft_s2[3] 

bodyAccelWrtAir_m_s2[3] 

"#$%&'!&(!)&*+!$&&'*,-.%#!.$$#/#'.%,&-0!&(!%1#!23!4,%1!'#05#$%!%&!%1#!3#.-!.,'!
3.00!.-*!$&35',0#*!&(! %1#! %1'##!$&35&-#-%0!.0!*#(,-#*!)#/&46! !71,0!8.',.)/#!
,-$/9*#0!%1#!:'.8,%.%,&-!8#$%&'6! !2&35',0#*!&(!%1#!%1'##!$&35&-#-%0!.0!*#(,-#*!
)#/&46!

9 ! ! bodyAccelWrtAir_ft_s2_X 

bodyAccelWrtAir_m_s2_X 

;&-:,%9*,-./!.$$#/#'.%,&-!<./&-:!
%1#!=>)&*+!$&&'*,-.%#?!

@AB! ! ! !

8 ! ! bodyAccelWrtAir_ft_s2_Y 

bodyAccelWrtAir_m_s2_Y 

C,:1%!D,*#4.'*!E$$#/#'.%,&-F!
./&-:!%1#!G!H&*+!$&&'*,-.%#!

C7! ! ! !

4 ! ! bodyAccelWrtAir_ft_s2_Z 

bodyAccelWrtAir_m_s2_Z 

B&4-4.'*!E$$#/#'.%,&-F!./&-:!%1#!
I!H&*+!$&&'*,-.%#!

BJBJ! ! ! !

EV ! ! bodyAccelWrtGe_ft_s2[3] 

bodyAccelWrtGe_m_s2[3] 

"#$%&'!&(!)&*+!$&&'*,-.%#!23!8#/&$,%,#0!4,%1!'#05#$%!%&!%1#!:#&$#-%',$!K.'%1!
<L#?!$&&'*,-.%#!0+0%#36!

2&35',0#*! &(! %1#! %1'##! $&35&-#-%0! .0! *#(,-#*! )#/&46$&35',0#*! &(! %1#! %1'##!
$&35&-#-%0! .0! *#(,-#*! )#/&46! ! 71,0! 8.',.)/#! ,-$/9*#0! %1#! :'.8,%.%,&-! 8#$%&'6!!
2&35',0#*!&(!%1#!%1'##!$&35&-#-%0!.0!*#(,-#*!)#/&46!

K9 ! ! bodyAccelWrtGe_ft_s2_X 

bodyAccelWrtGe_m_s2_X 

;&-:,%9*,-./!.$$#/#'.%,&-!<./&-:!
%1#!=>)&*+!$&&'*,-.%#?!

@AB! ! ! !

K8 ! ! bodyAccelWrtGe_ft_s2_Y 

bodyAccelWrtGe_m_s2_Y 

C,:1%!D,*#4.'*!E$$#/#'.%,&-F!
./&-:!%1#!G!H&*+!$&&'*,-.%#!

C7! ! ! !

K4 ! ! bodyAccelWrtGe_ft_s2_Z 

bodyAccelWrtGe_m_s2_Z 

B&4-4.'*!E$$#/#'.%,&-F!./&-:!%1#!
I!H&*+!$&&'*,-.%#!

BJ! ! ! !

! ! totalAccelWrtEi_ft_s2 M.:-,%9*#!&(!%1#!,-#'%,./!
.$$#/#'.%,&-!8#$%&'!

JD2! ! ! !

!""#$%!%&'(#%)*%+,%-.%%
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&

Symbol Short Name Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

! "#$%%! totalVelocityRateWrtXx_ft_s2 

totalVelocityRateWrtXx_m_s2  

&'()!*+!,-'./)!*+!01))2!34(-!
5)01),(!(*!'.2!*60)57)2!+5*8!9%:!
3-)5)! xx !40!(-)!,**524.'()!0;0()8!
'0!2)+4.)2!4.!(-)!6*2;!*+!(-40!
0('.2'52<!

#*('=!7)=*,4(;!>01))2?!5'()!*+!
,-'./)!40!.*(!(-)!0'8)!'0!
(*('=!',,)=)5'(4*.!>8'/.4(@2)!
*+!(-)!',,)=)5'(4*.!7),(*5?<!!
A*5!)%'81=):!'!7)=*,4(;!7),(*5!
(-'(!*.=;!@.2)5/*)0!'!245),(4*.!
,-'./)!0-*30!B)5*!,-'./)!4.!
01))2!>8'/.4(@2)?!6@(!0(4==!
0-*30!'!1*04(47)!(*('=!
',,)=)5'(4*.!2@)!(*!4(0!
245),(4*.!,-'./)<!

CDE! ! ! !

 ! xxAccel_ft_s2 [3]  

xxAccel_m_s2 [3] 

F).)5'=!+*58!+*5!(-)!7),(*5!*+!'45,5'+(!E8!(5'.0='(4*.'=!',,)=)5'(4*.!34(-!5)01),(!
(*!'.2!*60)57)2!+5*8!(-)!01),4+4)2!> xx ?!,**524.'()!0;0()8!,*81540)2!*+!(-)!
(-5))!,*81*.).(0!'0!2)+4.)2!6)=*3<!

! ! xxAccel_ft_s2_X  

xxAccel_m_s2_X 

9G'%40!',,)=)5'(4*.!4.!%%!
,**524.'()!0;0()8!

H9! ! ! !

! ! xxAccel_ft_s2_Y  

xxAccel_m_s2_Y  

IG'%40!',,)=)5'(4*.!4.!%%!
,**524.'()!0;0()8!

HI! ! ! !

! ! xxAccel_ft_s2_Z  

xxAccel_m_s2_Z 

JG'%40!',,)=)5'(4*.!4.!%%!
,**524.'()!0;0()8!

HJ! ! ! !

 ! bodyAccelOfImuWrtEi_ft_s2[3] 

bodyAccelOfImuWrtEi_m_s2[3] 

"),(*5!*+!(5@)!4.)5(4'=!',,)=)5'(4*.0!'(!(-)!4.)5(4'=!8)'0@5)8).(!@.4(!>C8@?!
4.,=@24./!(-)!)++),(0!*+!(-)!/5'74('(4*.!7),(*5<!!!#-40!7'54'6=)!'00@8)0!'!1)5+),(!
C8@<!

!E*81540)2!*+!(-)!(-5))!6*2;!,**524.'()!0;0()8!,*81*.).(0!'0!2)+4.)2!6)=*3<!

!""#$%!%&'(#%)*%+,%-.%
%
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Symbol Short Name Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

 !"# bodyAccelOfImuWrtEi_ft_s2_X 

bodyAccelOfImuWrtEi_m_s2_X  

"#!$$%&%'()*+,#-.#(*'$'(.)#/0#
12+34#$++'3*,()%5#

6,$&73%8#)9%#:'(;*)()*+,#;%$)+'<#

=>?# # # #

 !@# bodyAccelOfImuWrtEi_ft_s2_Y  

bodyAccelOfImuWrtEi_m_s2_Y  

@#!$$%&%'()*+,#-.#(*'$'(.)#/0#
12+34#$++'3*,()%5#

6,$&73%8#)9%#:'(;*)()*+,#;%$)+'<#

AB# # # #

 !C# bodyAccelOfImuWrtEi_ft_s2_Z  

bodyAccelOfImuWrtEi_m_s2_Z  

C#!$$%&%'()*+,#-.#(*'$'(.)#/0##
12+34#$++'3*,()%5#

6,$&73%8#)9%#:'(;*)()*+,#;%$)+'<##

?D# # # #

 # bodySensedAccelOfImuWrtEi_ft_s2[3] 

bodySensedAccelOfImuWrtEi_m_s2[3] 

E%$)+'#+.#8%,8%3#*,%')*(&#($$%&%'()*+,8#()#)9%#*,%')*(&#0%(87'%0%,)#7,*)#16075#
*,$&73*,:#)9%#%..%$)8#+.#)9%#:'(;*)()*+,#;%$)+'<###B9*8#;('*(2&%#*,$&73%8#(,4#8%,+'#
8$(&%F#2*(8#(,3#,+*8%<<#

#/+0G'*8%3#+.#)9%#)9'%%#2+34#$++'3*,()%#848)%0#$+0G+,%,)8#(8#3%.*,%3#2%&+H<#

 # bodySensedAccelOfImuWrtEi_ft_s2_X 

bodySensedAccelOfImuWrtEi_m_s2_X  

"#!$$%&%'()*+,#-.#(*'$'(.)#/0#
12+34#$++'3*,()%5#

6,$&73%8#)9%#:'(;*)()*+,#;%$)+'<#

=>?# # # #

 # bodySensedAccelOfImuWrtEi_ft_s2_Y  

bodySensedAccelOfImuWrtEi_m_s2_Y  

@#!$$%&%'()*+,#-.#(*'$'(.)#/0#
12+34#$++'3*,()%5#

6,$&73%8#)9%#:'(;*)()*+,#;%$)+'<#

AB# # # #

 # bodySensedAccelOfImuWrtEi_ft_s2_Z  

bodySensedAccelOfImuWrtEi_m_s2_Z  

C#!$$%&%'()*+,#-.#(*'$'(.)#/0##
12+34#$++'3*,()%5#

6,$&73%8#)9%#:'(;*)()*+,#;%$)+'<##

?D# # # #

 # bodyAccelOfPilotWrtEi_ft_s2[3] 

bodyAccelOfPilotWrtEi_m_s2 [3] 

E%$)+'#+.#*,%')*(&#($$%&%'()*+,8#()#)9%#G*&+)#'%.%'%,$%#G+*,)F#*,#)9%#2+34#$++'3*,()%#
848)%0F#$+0G'*8%3#+.#)9%#)9'%%#$+0G+,%,)8#(8#3%.*,%3#2%&+H<#

!""#$%!%&'(#%))%*+%,-%%
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&

Symbol Short Name Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

 !"#$ bodyAccelOfPilotWrtEi_ft_s2_X  

bodyAccelOfPilotWrtEi_m_s2_X  

"$!%%&'&()*+,-$./$#+',*$(&/&(&-%&$
0,+-*$12,34$%,,(3+-)*&5$

678$ $ $ $

 !9#$ bodyAccelOfPilotWrtEift_s2_Y  

bodyAccelOfPilotWrtEi_m_s2_Y 

9$!%%&'&()*+,-$./$#+',*$(&/&(&-%&$
0,+-*12,34$%,,(3+-)*&5$

:;$ $ $ $

 !<#$ bodyAccelOfPilotWrtEi_ft_s2_Z  

bodyAccelOfPilotWrtEi_m_s2_Z  

<$!%%&'&()*+,-$./$#+',*$(&/&(&-%&$
0,+-*12,34$%,,(3+-)*&5$

8=$ $ $ $

 >?@.89$
ABC$

bodyLocalGravitation_ft_s2 [3] 

bodyLocalGravitation_m_s2 [3] 

D,%)'$E()F+*)*+,-$F&%*,($+-$*G&$2,34$%,,(3+-)*&$H4H*&IJ$

 >?@.89"$ bodyLocalGravitation_ft_s2_X 

bodyLocalGravitation_ft_s2_X 

"$)K+H$%,I0,-&-*$ 678$ $ $ $

 >?@.899$ bodyLocalGravitation_ft_s2_Y 

bodyLocalGravitation_ft_s2_Y 

9$)K+H$%,I0,-&-*$ :;$ $ $ $

 >?@.89<$ bodyLocalGravitation_ft_s2_Z 

bodyLocalGravitation_ft_s2_Z 

<$)K+H$%,I0,-&-*$ 8=$ $ $ $

 >?>L$ABC$ geLocalGravitation_ft_s2 [3] 

geLocalGravitation_m_s2 [3] 

D,%)'$E()F+*)*+,-$F&%*,($+-$*G&$E&$1E&,%&-*(+%$L)(*G5$%,,(3+-)*&$H4H*&IJ$

 >?>L"$ geLocalGravitation_ft_s2_X 

geLocalGravitation_ft_s2_X 

"$)K+H$%,I0,-&-*$ 678$ $ $ $

 >?>L9$ geLocalGravitation_ft_s2_Y 

geLocalGravitation_ft_s2_Y 

9$)K+H$%,I0,-&-*$ :;$ $ $ $

!""#$%!%&'(#%)*%+,%-.%
%



!"#$%!$!!&#'(()&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&!**+,&!-&&#./*0/10&2/13/45+&"/6+7&

Symbol Short Name Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

 !"!#$% geLocalGravitation_ft_s2_Z 

geLocalGravitation_ft_s2_Z 

$%&'()%*+,-+./.0% 12% % % %

 !"#3456%% eiLocalGravitation_ft_s2 [3] 

eiLocalGravitation_m_s2 [3] 

7+*&8%9:&;(0&0(+.%;/*0+:%(.%0</%/(%=#&:0<%*/.0/:/>%(./:0(&8?%*++:>(.&0/%)@)0/,A%

 !"#3B% eiLocalGravitation_ft_s2_X 

eiLocalGravitation_ft_s2_X 

B%&'()%*+,-+./.0% CD1% % % %

 !"#3E% eiLocalGravitation_ft_s2_Y 

eiLocalGravitation_ft_s2_Y 

E%&'()%*+,-+./.0% FG% % % %

 !"#3$% eiLocalGravitation_ft_s2_Z 

eiLocalGravitation_ft_s2_Z 

$%&'()%*+,-+./.0% 12% % % %

 !% localGravity_ft_s2 

localGravity_m_s2 

H**/8/:&0(+.%1I/%G+%!:&;(0@%=&0%
0</%;/<(*8/%&80(0I>/?J%(.%0</%78%
*++:>(.&0/%)@)0/,A%

12% % % %

%

G&K8/%HAL%M%"/<(*8/%&(:%>&0&%

Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

�D% H7CH% angleOfAttack_deg 

angleOfAttack_rad 

H.98/%NO%H00&*PJ%Q+>@%*++:>(.&0/%H2R% % �S�� JS
TUV%

�S�� J
WTUV%

�E% Q#GH% angleOfSideslip_deg 

angleOfSideslip_rad 

X(>/)8(-%H.98/J%Q+>@%*++:>(.&0/% H27% % �S�� JS
TUV%

�S�� J
WTUV%

�D��% H7C1% angleOfAttackRate_rad_s H.98/%NO%H00&*P%F&0/J%Q+>@%
*++:>(.&0/%

H2R% % % %

!""#$%!%&'(#%)*%+,%-*%%
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&

Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

! "#$%! angleOfSideslipRate_rad_s &'()*+',!-./+)!012)! -34! ! ! !

!"# ! &-456! sineAngleOfAttack &'.)!78!-./+)!78!-2219:! -3;! ! <=>?! =>?!

$%! ! @-456! cosineAngleOfAttack @A*'.)!78!-./+)!78!-2219:! -3;! ! <=>?! =>?!

!"# ! &"#$-! sineAngleOfSideslip &'.)!78!&'()*+',!-./+)! -34! ! <=>?! =>?!

$%! ! @"#$-! cosineAngleOfSideslip @A*'.)!78!&'()*+',!-./+)! -34! ! <=>?! =>?!

V@-4! B@-4! calibratedAirspeed_nmi_h @1+'CD12)(!-'D!&,))(E!:.A2*! FG%! ! ! !

V#H! B#H! equivalentAirspeed_nmi_h #IJ'K1+).2!-'D!&,))(! FG%! ! ! !

VL3%! B@-4! indicatedAirspeed_nmi_h @1+'CD12)(!-'D!&,))(E! FG%! ! ! !

V! B0G! trueAirspeed_ft_s 

trueAirspeed_m_s 

trueAirspeed_nmi_h 

B)M'9+)!B)+A9'2N!D)+12'K)!2A!2M)!
+A91+!O'.(!P2DJ)!1'D*,))(Q!

FG%! ! ! !

! !
H"-0! dynamicPressure_lbf_ft2  

dynamicPressure_N_m2 

%N.1R'9!5D)**JD)! 3&@! ! ! !

! 9! H"-0@! impactPressure_lbf_ft2 

impactPressure_N_m2  

LR,192!5D)**JD)! 3&@! ! ! !

! 067! airDensity_lbm_ft3  

airDensity_kg_m3 

-'D!%).*'2NE!-2!-+2'2J()!A8!2M)!
1'D9D182!

3&@! ! ! !

! %#3-4$! densityAltitude_ft 

densityAltitude_m 

%).*'2N!1+2'2J()! ! ! ! !

!""#$%!%&'(#%)*%+,%*-%
%



!"#$%!$!!&#'(()&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&!**+,&!-&&#./*0/10&2/13/45+&"/6+7&

Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

!" #$%&'" speedOfSound_ft_s 

speedOfSound_m_s 

()*+,-./"$0"#+123"4."4*.-.13)"+0"
.5)"!-6,6!0."

&#7" " " "

88$89" 89" totalTempRatio 

totalTempRatio 

8+.!*"8):;)6!.16)"9!.-+" &#7" " " "

<8$89" <9" totalPressureRatio 

totalPressureRatio 

8+.!*"<6)==16)"9!.-+" &#7" " " "

84>?" 84>?" ambientTemperature_dgC 

ambientTemperature_dgK 

4:@-)2."8):;)6!.16)"!."!*.-.13)" &#7" " " "

<4>?" <4>?" ambientPressure_lbf_ft2 

ambientPressure_N_m2 

4:@-)2."<6)==16)"!."!*.-.13)" &#7" " " "

<4>?9" <4>?9" ambientPressureRatio 9!.-+"$0"!:@-)2.";6)==16)"!."
!*.-.13)".+"=)!"*)A)*"!:@-)2."
;6)==16)"

&#7" " " "

84>?9" 84>?9" ambientTemperatureRatio 9!.-+"$0"!:@-)2.".):;)6!.16)"!."
!*.-.13)".+"=)!"*)A)*"!:@-)2.".):;B"

&#7" " " "

t8" 88$8" totalTemp_dgC 

totalTemp_dgK 

8+.!*"8):;)6!.16)"!."!*.-.13)" &#7" " " "

p8" <8$8" totalPressure_lbf_ft2 

totalPressure_N_m2 

8+.!*"<6)==16)"!."!*.-.13)" &#7" " " "

" 84>?" ambientTemperatureAtAlt_dgK 

ambientTemperatureAtAlt_dgR 

ambientTemperatureAtAlt_dgC 

4:@-)2.".):;)6!.16)C"!.".5)"
!*.-.13)"+0".5)"7:"

" " " "

!""#$%!%&'(#%)*%+,%-.%%
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&

Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

! ""#"! totalTemperatureAtAlt_dgK 

totalTemperatureAtAlt_dgR  

totalTemperatureAtAlt_dgC 

"$%&'!%()*(+&%,+(!&%!%-(!&'%.%,/(!$0!
%-(!1)!

! ! ! !

! 23"456"! instrumentAltimeterSetting_inchMercury 1$78*.%!2'%.)(%(+!9(%%.:;!
<=$-'9)&:!>.:/$>?!

@ABA@!.9!
9%&:/&+/!/&C!

! ! !

! D423"! pressureAltitude_ft 

pressureAltitude_m 

D+(99,+(!&'%.%,/(!&%!%-(!1)! ! ! ! !

! EF#453! seaLevelAirDensity_lbm_ft3 2.+!/(:9.%C!&%!9(&!'(G('! ! ! ! !

! "2HI453! seaLevelAmbientTemp_dgK 

seaLevelAmbientTemp_dgC 

2)J.(:%!%()*(+&%,+(!&%!)(&:!9(&!
'(G('!

! ! ! !

! D2HI453! seaLevelAmbientPressure_lbf_ft2 

seaLevelAmbientPressure_N_m2 

2)J.(:%!*+(99,+(!&%!9(&!'(G('! ! ! ! !

"&J'(!2BK!L!2%)$9*-(+.7!/.9%,+J&:7(9!&:/!%,+J,'(:7(!

Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

 MNOP45D6
6P!

meanAirMassSpeed_ft_s 

meanAirMassSpeed_m_s 

"$%&'!G('$7.%C!$0!)(&:!>.:/! ! ! ! !

! MNOP4PNE
61"N#O!

meanAirMassDirection_deg H(&:!>.:/!/.+(7%.$:! M.:/!J'$>.:;!
QE#H!O$+%-!

! ! !

V>! R"M5! totalWindSpeed_ft_s 

totalWindSpeed_m_s 

"$%&'!M.:/!5*((/!<)(&:!>.:/!
*',9!%,+J,'(:7(?!

O51! ! ! !

!""#$%!%&'(#%)*%+,%-.%
%
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Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

llTWV  ! llTurbulenceVelocityWrtGe_ft_s[3] 
llTurbulenceVelocityWrtGe_m_s[3]  

"#$%&'!&(!)&$*))+!)#,#)!$&&'-./*%#!0./-!%1'21)#/$#!,#)&$.%.#3!0.%4!'#35#$%!%&!%4#!
6#&$#/%'.$!#*'%4!78#9!(.:#-!$&&'-./*%#!3+3%#;<!

=&;5'.3#-!&(!%4#!%4'##!$&;5&/#/%3!*3!-#(./#-!2#)&0<!!

>&%#?!@4.3!,#$%&'! .3!-#3.6/#-!%&!2#!%'*/3(&';#-!('&;!%4#!8ABC!DE!3;*))!0./-!
5#'%12*%.&/!,#)&$.%.#3<!!8ABC!DE!&1%51%3!%4#!0./-!5#'%12*%.&/!,#$%&'?!

    usmall !!!!7F!G*3%9!

    vsmall !!!!!7F!>&'%49!

    wsmall !!!!7F!HI9!

@4#'#(&'#?!

    llturbulenceVelocityWrtGe_m_s_X = vsmall 

    llturbulenceVelocityWrtGe_m_s_Y = usmall 

    llturbulenceVelocityWrtGe_m_s_Z = -wsmall!

> J @))
 >KCBLL! llTurbulenceVelocityWrtGe_ft_s_X 

llTurbulenceVelocityWrtGe_m_s_X  
MN,#)&$.%+!@1'2<!=&;5&/#/%! %&!%4#!>&'%4! ! ! !

GJ @))
 GKCBLL! llTurbulenceVelocityWrtGe_ft_s_Y 

llTurbulenceVelocityWrtGe_m_s_Y  
ON,#)&$.%+!@1'2<!=&;5&/#/%! %&!%4#!G*3%! ! ! !

PJ @))
 PKCBLL! llTurbulenceVelocityWrtGe_ft_s_Z 

llTurbulenceVelocityWrtGe_m_s_Z  
QN,#)&$.%+!@1'2<!=&;5&/#/%! %&!-&0/0*'-! ! ! !

TurbV ! "GLRJ@! bodyTurbulenceVelocityWrtGe_ft_s[3] 
bodyTurbulenceVelocityWrtGe_m_s[3]  

"#$%&'!&(!2&-+!$&&'-./*%#!%'*/3)*%.&/*)!%1'21)#/$#!,#)&$.%.#3!$&;5'.3#-!&(!%4#!
%4'##!$&;5&/#/%3!*3!-#(./#-!2#)&0<!

H@1'2! HR@HAR! bodyTurbulenceVelocityWrtGe_ft_s_X 
bodyTurbulenceVelocityWrtGe_m_s_X  

MN,#)&$.%+!@1'2<!=&;5&/#/%S!R&-+!
$&&'-./*%#!

TJP!7%*.)0./-9! ! ! !

" @1'2! "R@HAR! bodyTurbulenceVelocityWrtGe_ft_s_Y 
bodyTurbulenceVelocityWrtGe_m_s_Y  

ON,#)&$.%+!@1'2<!=&;5&/#/%S!R&-+!
$&&'-./*%#!

A@! ! ! !

!""#$%!%&'(#%)*%+,%-.%%
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&

Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

! "#$%& !'"()'& bodyTurbulenceVelocityWrtGe_ft_s_Z 
bodyTurbulenceVelocityWrtGe_m_s_Z  

*+,-./0123&"#$%4&5/67/8-829&'/:3&
0//$:18;2-&

<=& & & &

llMWV & >?@A!& llVelocityOfMeanAirMassWrtGe_ft_s[3] 
llVelocityOfMeanAirMassWrtGe_m_s[3]  

>-02/$&/B&./0;..3&.-,-.&0//$:18;2-&6-;8&C18:&2$;8D.;21/8;.&,-./0121-D&0/67$1D-:&/B&
2E-&2E$--&0/67/8-82D&;D&:-B18-:&%-./C4&&

=/2-F&"E1D&,-02/$&1D&:-D1G8-:&2/&%-&2$;8DB/$6-:&B$/6&2E-&H)IA&JK&C18:&6/:-.&
,-./0121-D4&&H)IA&JK&/#27#2D&2E-&6-;8&C18:&,-./0123&,-02/$F&

    umean &&&&LM&?;D2N&

    vmean &&&&&LM&=/$2EN&

    wmean &&&&LM&(ON&

"E-$-B/$-F&

    llVelocityOfMeanAirMassWrtGe_m_s_X = vmean 

    llVelocityOfMeanAirMassWrtGe_m_s_Y = umean 

    llVelocityOfMeanAirMassWrtGe_m_s_Z = -wmean&

= ! A ..
& =A?I=& llVelocityOfMeanAirMassWrtGe_ft_s_X 

llVelocityOfMeanAirMassWrtGe_m_s_X 

P+,-./0123&5/67/8-829&./0;..3&
.-,-.&0//$:18;2-&D3D2-6&

2/&2E-&=/$2E& & & &

?! A ..
& ?A?I=& llVelocityOfMeanAirMassWrtGe_ft_s_Y 

llVelocityOfMeanAirMassWrtGe_m_s_Y 

Q+,-./0123&5/67/8-829&./0;..3&
.-,-.&0//$:18;2-&D3D2-6&

2/&2E-&?;D2& & & &

< ! A ..
& <A?I=& llVelocityOfMeanAirMassWrtGe_ft_s_Z 

llVelocityOfMeanAirMassWrtGe_m_s_Z 

*+,-./0123&5/67/8-829&./0;..3&
.-,-.&0//$:18;2-&D3D2-6&

2/&:/C8C;$:& & & &

!""#$%!%&'(#%)*%+,%-.%
%
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Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

BMWV ! "#$%&'! bodyVelocityOfMeanAirMassWrtGe_ft_s[3] 
bodyVelocityOfMeanAirMassWrtGe_m_s[3]  

"()*+,!+-!.+/0!)++,/123*(!404*(5!5(32!612/!*,32473*1+237!612/!8(7+)1*1(4!
)+59,14(/!+-!*:(!*:,((!)+59+2(2*4!34!/(-12(/!.(7+6;!
!

<+*(=!>:14!8()*+,!14! /(41?2(/! *+! .(! *:(!@AB%!CD!612/!5+/(7!5(32!8(7+)1*1(4!
*,324-+,5(/!12*+!*:(!.+/0!)++,/123*(!404*(5;!!!!

E& %'
! F%#B<'! bodyVelocityOfMeanAirMassWrtGe_ft_s_X 

bodyVelocityOfMeanAirMassWrtGe_m_s_X 

GH8(7+)1*0!!I+59+2(2*J!.+/0!
)++,/123*(!404*(5!

K&L!M*317612/N! ! ! !

8& %'
! "%#B<'! bodyVelocityOfMeanAirMassWrtGe_ft_s_Y 

bodyVelocityOfMeanAirMassWrtGe_m_s_Y 

OH8(7+)1*0!I+59+2(2*J!.+/0!
)++,/123*(!404*(5!

>+!*:(!A>! ! ! !

6 & %'
! &%#B<'! bodyVelocityOfMeanAirMassWrtGe_ft_s_Z 

bodyVelocityOfMeanAirMassWrtGe_m_s_Z 

PH8(7+)1*0!I+59+2(2*J!.+/0!
)++,/123*(!404*(5!

L<! ! ! !

TwV ! ">&! bodyWindVelocityWrtGe_ft_s[3] 

bodyWindVelocityWrtGe_m_s[3] 

"()*+,!+-!*:(!.+/0!)++,/123*(!404*(5!+-!2(*!612/!8(7+)1*1(4!15912?12?!+2!*:(!
31,),3-*!3*!*:(!I5;!!!>:14!6+E7/!12)7E/(!5(32!31,!5344!5+*1+2!32/!320!
/14*E,.32)(4!4E):!34!*E,.E7(2)(!32/!4:(3,;!

!I+59,14(/!+-!*:(!*:,((!)+59+2(2*4!34!/(-12(/!.(7+6;!

<+*(=! &12/4! 3,(! 376304! 61*:! ,(49()*! *+! 32/! +.4(,8(/! -,+5! 32! #3,*:H-1Q(/!
,(-(,(2)(! -,35(;! ! >:14! 8()*+,! 14! 61*:! ,(49()*! *+! *:(! ?(+)(2*,1)! #3,*:! M@(N-1Q(/!
)++,/123*(!404*(5;!

F>6 ! F'>&G! bodyWindVelocityWrtGe_ft_s_X 

bodyWindVelocityWrtGe_m_s_X 

<(*!612/!8(7+)1*0!15912?12?!+2!*:(!
8(:1)7(!12!*:(!G!.+/0!3Q14;!

<(*!612/!14!*:(!5(32!31,!5344!
97E4!320!*E,.E7(2)(J!4:(3,4J!+,!
+*:(,!612/!/14*E,.32)(4;!

K&L!M*317612/N! ! ! !

!""#$%!%&'(#%)*%+,%-.%%
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Symbol 
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Full Variable Name Description 
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Convention 

Initial 
Value 
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Value 

!"#$ !%"&'$ bodyWindVelocityWrtGe_ft_s_Y 

bodyWindVelocityWrtGe_m_s_Y 

()*$#+,-$.)/01+*2$+34+,5+,5$0,$*6)$
.)6+1/)$+,$*6)$'$70-2$89+:$$

()*$#+,-$+:$*6)$3)8,$8+;$38::$
4/<:$8,2$*<;7</),1)=$:6)8;:=$0;$
0*6);$#+,-$-+:*<;78,1):>$

?"$ $ $ $

&"#$ !%"&@$ bodyWindVelocityWrtGe_ft_s_Z 

bodyWindVelocityWrtGe_m_s_Z  

()*$#+,-$.)/01+*2$+34+,5+,5$0,$*6)$
.)6+1/)$+,$*6)$@$70-2$89+:$$

()*$#+,-$+:$*6)$3)8,$8+;$38::$
4/<:$8,2$*<;7</),1)=$:6)8;:=$0;$
0*6);$#+,-$-+:*<;78,1):>$

A($ $ $ $

$ $ bodyAngularRateTurbulenceWrtLl_deg_s [3] 

bodyAngularRateTurbulenceWrtLl_rad_s [3] 

!)1*0;$0B$8,5</8;$*<;7</),1)$.)/01+*+):$1034;+:)-$0B$*6)$*6;))$70-2$100;-+,8*)$
:2:*)3$10340,),*:$8:$-)B+,)-$7)/0#>$$$

(0*)C$"<;7</),1)$8,5</8;$;8*)$+:$8/#82:$#+*6$;):4)1*$*0$8,-$07:);.)-$B;03$*6)$
/018//2$/).)/$DE/F$$$;)B);),1)$B;83)>$

$ G"H?%$ bodyAngularRateTurbulenceWrtLl_deg_s_Roll 

bodyAngularRateTurbulenceWrtLl_rad_s_Roll 

%0-2$100;-+,8*)$;0//$*<;7</),1)$ "6)$*<;7</),1)$
#0</-$30.)$*6)$
8+;1;8B*$;+56*$
#+,5$-0#,$

$ $ $

$ I"H?%$ bodyAngularRateTurbulenceWrtLl_deg_s_Pitch 

bodyAngularRateTurbulenceWrtLl_rad_s_Pitch 

%0-2$100;-+,8*)$4+*16$*<;7</),1)$ "6)$*<;7</),1)$
#0</-$30.)$*6)$
8+;1;8B*$,0:)$<4$

$ $ $

$ ?"H?%$ bodyAngularRateTurbulenceWrtLl_deg_s_Yaw 

bodyAngularRateTurbulenceWrtLl_rad_s_Yaw 

%0-2$100;-+,8*)$28#$*<;7</),1)$ "6)$*<;7</),1)$
#0</-$30.)$*6)$
8+;1;8B*$,0:)$

;+56*$

$ $ $

$

!""#$%!%&'(#%)*%+,%-.%
%
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Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

4& & bodyMomentOfInertia_slugft2 [3,3] 

bodyMomentOfInertia_kgm2 [3,3] 

5"32-6&78&3,%&373"$&979%:31&78&-:%23-"&78&3,%&"-2.2"83(&!,-1&-1&;-3,&2%1/%.3&37&3,%&
<9&":=&-:.$>=%1&%?%203,-:@&-:&72&"33".,%=&37&3,%&"-2.2"83&A1372%1B&/"11%:@%21B&
.2%;B&8>%$B&%3.(C(&&43&-1&.79/2-1%=&78&3,%&.79/7:%:31&#%$7;(&

4DD& E4DF& E4GD&

E4DF& 4FF& E4FG&

E4GD& E4FG& 4GG&

I6& D4DD& bodyMomentOfInertia_slugft2_X 

bodyMomentOfInertia_kgm2_X 

+%,-.$%&H7$$&579%:3&I8&4:%23-"&
"#7>3&<9B&#7=0&.772=-:"3%&
1013%9&

JK<& & & &

I0& D4FF& bodyMomentOfInertia_slugft2_Y 

bodyMomentOfInertia_kgm2_Y 

+%,-.$%&L-3.,&579%:3&I8&4:%23-"&
"#7>3&<9B&#7=0&.772=-:"3%&
1013%9&

JK<& & & &

IM& D4GG& bodyMomentOfInertia_slugft2_Z 

bodyMomentOfInertia_kgm2_Z 

+%,-.$%&F";&579%:3&I8&4:%23-"&
"#7>3&<9B&#7=0&.772=-:"3%&
1013%9&

JK<& & & &

I6M& D4GD& bodyProductOfInertia_slugft2_ZX 

bodyProductOfInertia_kgm2_ZX 

+%,-.$%&GD&<2711&L27=>.3&I8&
4:%23-"&"#7>3&<9B&#7=0&.772=-:"3%&
1013%9&

JK<& & & &

I60& D4DF& bodyProductOfInertia_slugft2_XY 

bodyProductOfInertia_kgm2_XY 

+%,-.$%&DF0&<2711&L27=>.3&I8&
4:%23-"&"#7>3&<9B&#7=0&.772=-:"3%&
1013%9&

JK<& & & &

I0M& D4FG& bodyProductOfInertia_slugft2_YZ 

bodyProductOfInertia_kgm2_YZ 

+%,-.$%&FG&<2711&L27=>.3&I8&
4:%23-"&"#7>3&<9B&#7=0&.772=-:"3%&
1013%9&

JK<& & & &

!""#$%!%&'(#%)*%+,%-.%%
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Initial 
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! "#$%&'! vrsPositionOfMrc_ft[3] 

vrsPositionOfMrc_m[3] 

()$*&#!&+!*,)!-&$.*/&0!&+!*,)!1&1)0*!#)+)#)0$)!$)0*)#!2"#$3!&+!*,)!./#$#.+*!/0!*,)!
4),/$-)!#)+)#)0$)!'5'*)1!24#'36!!7&18#/')9!&+!*,)!*,#))!$&18&0)0*'!.'!9)+/0)9!
:)-&;6!!<,/'!4)$*&#!/'!=')9!*&!9)+/0)!*,)!+/>)9!8,5'/$.-!-&$.*/&0!&+!*,)!1&1)0*!
#)+)#)0$)!$)0*)#!/0!*,)!4),/$-)6!!?&*)!*,.*!*,)!4#'!9)+/0/*/&0!/'!'8)$/+/$!*&!).$,!
4),/$-)6!

! @"#$! vrsPositionOfMrc_ft 

vrsPositionOfMrc_m 

@!"#$!%&'/*/&0! ! ! ! !

! A"#$! vrsPositionOfMrc_ft 

vrsPositionOfMrc_m 

A!"#$!%&'/*/&0!! ! ! ! !

! B"#$! vrsPositionOfMrc_ft 

vrsPositionOfMrc_m 

B!"#$!8&'/*/&0! ! ! ! !

�' $C! D7E! bodyPositionOfCmWrtMrc_ft [3] ()$*&#! &+! *,)! -&$.*/&0! &+! *,)!71!;/*,! #)'8)$*! *&! *,)!1&1)0*! #)+)#)0$)! $)0*)#!
2"#$3! &+! *,)! ./#$#.+*! /0! *,)! :&95! $&&#9/0.*)! '5'*)16! ! 7&18#/')9! &+! *,)! *,#))!
$&18&0)0*'!.'!9)+/0)9!:)-&;6!!<,/'!4)$*&#!/'!=')9!*&!9)+/0)!*,)!-&$.*/&0!&+!*,)!
71!;,/$,!1&4)'!F#*!*&!*,)!+/>)9!1&1)0*!#)+)#)0$)!$)0*)#!/0!*,)!4),/$-)6!!?&*)!
*,.*!vrsPositionOfMrc !-&$.*)'!*,)!"#$!/0!*,)!4),/$-)6!

�'@$C! D@7E! bodyPositionOfCmWrtMrc_ft_X 

bodyPositionOfCmWrtMrc_m_X 

@!71!8&'/*/&0! 71!+&#;.#9!&+!
*,)!"#$!

! ! !

�'A$C! DA7E! bodyPositionOfCmWrtMrc_ft_Y 

bodyPositionOfCmWrtMrc_m_Y 

A!71!8&'/*/&0! 71!*&!*,)!#/C,*!
2&=*!*,)!#/C,*!

;/0C3!&+!*,)!"#$!

! ! !

�'B$C! DB7E! bodyPositionOfCmWrtMrc_ft_Z 

bodyPositionOfCmWrtMrc_m_Z 

B!71!8&'/*/&0! 71!:)-&;!*,)!
"#$!

! ! !

m @"GHH! totalMass_slug 

totalMass_kg 

<&*.-!".''!I+!(),/$-)!2/0$-=9/0C!
J=)-K!$#);K!$.#C&K!'*&#)'K!
8.'')0C)#'K!)*$63!

?H7! ! ! !

!""#$%!%&'(#%))%*+%,-%
%
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Initial 
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!" !#$%&'" grossWeight_lbf 

grossWeight_N 

()*+*,-."%*/00"!1)23."
45,0062*,7).89:");+<=>);2",<<"-=1<:"
/++=?,;.0:"0./*10:"1.+@"

ABC" " " "

S" (D#(" referenceWingArea_ft2 

referenceWingArea_m2 

D1-1*1;+1"!);2"(*1," ABC" " " "

b BE(A" referenceWingSpan_ft  

referenceWingSpan_m 

D1-1*1;+1"!);2"B?,;" ABC" " " "

+" C&FDG" referenceWingChord_ft 

referenceWingChord_m 

H1,;"(1*/>8;,5)+"C3/*>"
4*1-1*1;+1"I);2"+3/*>9"

ABC" " " "

" " engineMomentOfInertia_slugft2[3,3] 

engineMomentOfInertia_kgm2[3,3] 

"

H,.*)J"/-".31"5/51;.0"/-");1*.),"/-".31"D/.,.);2"1;2);1:"-/*",;"1;2);1"I).3".31"
?*/?1<<1*:");+<=>10".31"?*/?1<<1*",;>">*)71".*,);@""'3)0")0"I@*@.@".31"*/.,.)/;,<",J)0"
/-".31"1;2);1@""K/*"5=<.)L1;2);1"713)+<10")0"-/*"/;1"1;2);1@""$.")0"+/5?*)01>"/-".31"
+/5?/;1;.0"M1</I@"

$#NN" L$#NO" L$#PN"

L$#NO" $#OO" L$#OP"

L$#PN" L$#OP" $#PP"

I#J" $#NN" engineMomentOfInertia_slugft2_X 

engineMomentOfInertia_kgm2_X 

H/51;."/-");1*.),",M/=.".31"NL,J)0"
F-"D/.,.);2"#;2:"-/*",;"1;2);1"
I).3".31"?*/?1<<1*:");+<=>10".31"
?*/?1<<1*"

'3)0")0"I@*@.@".31"*/.,.)/;,<",J)0"/-"
.31"1;2);1"

" " " "

!""#$%!%&'(#%)*%+,%-*%%
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I!"# $!%%# engineMomentOfInertia_slugft2_Y 

engineMomentOfInertia_kgm2_Y 

&'()*+#',#-*).+-/#/0'1+#+2)#%3/4-5#
6,#7'+/+-*8#!*89#,'.#/*#)*8-*)#
:-+2#+2)#;.';)<<).9#-*=<1>)5#+2)#
;.';)<<).#

?2-5#-5#:@.@+@#+2)#.'+/+-'*/<#/4-5#',#
+2)#)*8-*)#

# # # #

I!A# $!BB# engineMomentOfInertia_slugft2_Z 

engineMomentOfInertia_kgm2_Z 

&'()*+#',#-*).+-/#/0'1+#+2)#B3/4-5#
6,#7'+/+-*8#!*89#,'.#/*#)*8-*)#
:-+2#+2)#;.';)<<).9#-*=<1>)5#+2)#
;.';)<<).#

?2-5#-5#:@.@+@#+2)#.'+/+-'*/<#/4-5#',#
+2)#)*8-*)#

# # # #

I!4A# $!CB# engineProductOfInertia_slugft2_XZ 

engineProductOfInertia_kgm2_XZ 

D.'>1=+#',#-*).+-/#/0'1+#+2)#CB3
/4-5#6,#7'+/+-*8#!*89#,'.#/*#
)*8-*)#:-+2#+2)#;.';)<<).9#-*=<1>)5#
+2)#;.';)<<).#

?2-5#-5#:@.@+@#+2)#.'+/+-'*/<#/4-5#',#
+2)#)*8-*)#

# # # #

I!4"# $!C%# engineProductOfInertia_slugft2_XY 

engineProductOfInertia_kgm2_XY 

 

D.'>1=+#',#-*).+-/#/0'1+#+2)#C%3
/4-5#6,#7'+/+-*8#!*89#,'.#/*#
)*8-*)#:-+2#+2)#;.';)<<).9#-*=<1>)5#
+2)#;.';)<<).#

?2-5#-5#:@.@+@#+2)#.'+/+-'*/<#/4-5#',#
+2)#)*8-*)#

# # # #

!""#$%!%&'(#%)*%+,%*-%
%
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Min 
Value 
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I!"#$ %!&'$ engineProductOfInertia_slugft2_YZ 

engineProductOfInertia_kgm2_YZ 

 

()*+,-.$*/$012).03$34*,.$.52$&'6
3708$9/$:*.3.01;$!1;<$/*)$31$
21;012$=0.5$.52$>)*>2??2)<$01-?,+28$
.52$>)*>2??2)$

@508$08$=A)A.A$.52$)*.3.0*13?$3708$*/$
.52$21;012$

$ $ $ $

$ $ fuelInTank_lbm[number of fuel tanks]  

fuelInTank_kg[number of fuel tanks] 

B2-.*)$*/$/,2?$=20;5.$4"$.31CA$$
!3-5$30)-)3/.$.31C$08$1*)D3??"$
1,D42)2+$31+$.52$E2-.*)$85*,?+$
42$*)+2)2+$3--*)+01;$.*$/,2?$.31C$
1,D42)A$$%1$.52$34821-2$*/$.31C$
1,D42)01;$.52$-*1E21.0*1$*/$>*).$
.*$8.3)4*3)+<$,>>2)$.*$?*=2)<$.521$
/)*1.$.*$)23)$85*,?+$42$,82+A$

$ $ $ $

$ $ fuelTankCentroid_ft[number of fuel tanks,3]  

fuelTankCentroid_m[number of fuel tanks,3] 

F3.)07$,82+$.*$?*-3.2$.52$-21.*0+8$
*/$.52$/,2?$.31C8A$$!3-5$30)-)3/.$
.31C$08$1*)D3??"$1,D42)2+$31+$
.52$D3.)07$85*,?+$42$*)+2)2+$
3--*)+01;$.*$/,2?$.31C$1,D42)A$$
@52$82-*1+$-*D>*121.$08$.52$7<$"$
31+$#$D*D21.$3)D8$/)*D$.52$
D*D21.$)2/2)21-2$-21.2)$.*$.52$
.31C$-21.)*0+$01$.52$8.),-.,)3?$
-**)+013.2$8"8.2DA$$%1$.52$
34821-2$*/$.31C$1,D42)01;$.52$
-*1E21.0*1$*/$>*).$.*$8.3)4*3)+<$
,>>2)$.*$?*=2)<$.521$/)*1.$.*$)23)$
85*,?+$42$,82+A$

@31C$-21.)*0+$
42501+<$)0;5.<$
31+$42?*=$.52$
D*D21.$
)2/2)21-2$
-21.2)A$

$ $ $

$

@34?2$GAH$I$B250-?2$-*1.)*?$>*80.0*1$

Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

!""#$%!%&'(#%)*%+,%-.%%
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Standard naming convention for crew control inputs 

“Pos” indicates a position input 

“Rate” indicates the derivative of the position input 

“Accel” indicates the derivative of the rate 

“Force” indicates the force input  

!"#$%"&' (")*$*"#)' +"%' ,' -./*0&.' ,%.' "+$.#' 1#*21.&3' 4.+*#.4' +"%' $/,$' -./*0&.5'
$/.%.+"%.'$/.6'

'''''7.)0%*($*"#'

'''''8")*$*-.'9*:#'!"#-.#$*"#'

''''';#*$*,&'<,&1.'

'''''=*#'<,&1.'

'''''=,>'<,&1.'

4.+*#*$*"#)'?,3',&&'0/,#:.'@,).4'"#'$/.'(,%$*01&,%'-./*0&.A''

The table below shall be used as default descriptions and values when 
they are not otherwise explicitly defined for the vehicle. 

D�G?
' ' pilotControlPos_deg_long 

pilotControlPos_rad_long 

B"#:*$14*#,&'0"#$%"&'(")*$*"#'"+'$/.'
(*&"$A'

CDE'

FG'-.%$*0,&'H/.#'
-./*0&.'@"43'*)'
&.-.&'I(*$0/',#4'
%"&&',$$*$14.'G'FJ'

' ' '

 ' pilotControlRate_deg_s_long 

pilotControlRate_rad_s_long 

K,$.'"+'$/.'(*&"$'B"#:*$14*#,&'
0"#$%"&'?"-.?.#$A'

="-*#:',+$' ' ' '

 ' pilotControlAccel_deg_s2_long 

pilotControlAccel_rad_s2_long 

C00.&.%,$*"#'"+'$/.'(*&"$'
B"#:*$14*#,&'0"#$%"&'?"-.?.#$A'

C00.&.%,$*#:',+$' ' ' '

 ' pilotControlForce_lbf_long 

pilotControlForce_N_long 

B"#:*$14*#,&'0"#$%"&'+"%0.'"+'$/.'
(*&"$A'

C+$'+"%0.' ' ' '

The convention and examples above apply to all pilot and copilot controls defined below 

!""#$%!%&'(#%)*%+,%-.%
%
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Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

D�G!
" " pilotControlPos_deg_lat 

pilotControlPos_rad_lat 

#$%&'$!"()*%')!"+),-%-)*")."%/&"+-!)%0" #123"

45"6&'%-($!"7/&*"
6&/-(!&"8)9:"-,"
!&6&!";+-%(/"$*9"
')!!"$%%-%<9&"5"4="

" " "

D�G*
" " pilotControlPos_deg_avgPedal 

pilotControlPos_rad_avgPedal 

>&%"?-'&(%-)*$!"()*%')!"+),-%-)*")."
%/&"+-!)%0"">)'@$!!:A"!&.%"+&9$!"B"
'-C/%"+&9$!0"

#&.%"D&9$!"-*")'"
()<*%&'"

(!)(E7-,&"%7-,%"
)."$",-9&,%-(E"

" " "

" " pilotControlPos_deg_rtPedal 

pilotControlPos_rad_rtPedal 

F-C/%"?-'&(%-)*$!"()*%')!"+),-%-)*"
)."%/&"+-!)%0"

>1GH3IJ1"".)'"
D&9$!"-*"

45"+&9$!".<!!"$.%"

" " 404"

" " pilotControlPos_deg_ltPedal 

pilotControlPos_rad_ltPedal 

#&.%"?-'&(%-)*$!"()*%')!"+),-%-)*")."
%/&"+-!)%0"

D&9$!"-*0"

45"+&9$!".<!!"$.%"

" 404" "

D�GK
" " pilotControlPos_deg_collective 

pilotControlPos_rad_collective 

D-!)%"()!!&(%-6&"()*%')!"+),-%-)*0" LD"

4"5".<!!"9)7*"

" 404" "

" " pilotControlPos_deg_avgThrottle 

pilotControlPos_rad_avgThrottle 

H6&'$C&"+-!)%"%/')%%!&"()*%')!"
+),-%-)*0"

2M?"

45".<!!"$.%"7N)"
%/'<,%"'&6&',-*C0"
3/'<,%"'&6&',-*C"
-,"*&C$%-6&"

" " "

" " pilotControlPos_deg_throttle [number of 
engines] 

pilotControlPos_rad_throttle [number of 
engines] 

I*9-6-9<$!"+-!)%"%/')%%!&"()*%')!"
+),-%-)*,0"O'9&'"-,")<%8)$'9"+)'%"
;!&.%="%)")<%8)$'9",%$'8)$'90""

2M?"

45".<!!"$.%"7N)"
%/'<,%"'&6&',-*C0"
3/'<,%"'&6&',-*C"
-,"*&C$%-6&"

" " "

!""#$%!%&'(#%)*%+,%-.%%
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&

Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

! ! copilotControlPos_deg_long 

copilotControlPos_rad_long 

"#$%&'($)*+!,#$'-#+!.#/&'&#$!#0!'12!
,#.&+#'3!

456!

78!92-'&,*+!:12$!
921&,+2!;#)<!&/!
+292+!=.&',1!*$)!
-#++!*''&'()2!8!7>!

! ! !

! ! copilotControlPos_deg_lat 

copilotControlPos_rad_lat 

"*'2-*+!,#$'-#+!.#/&'&#$!#0!'12!
,#.&+#'3!

"?56!

78!92-'&,*+!:12$!
921&,+2!;#)<!&/!
+292+!=.&',1!*$)!
-#++!*''&'()2!8!7>!

! ! !

! ! copilotControlPos_deg_avgPedal 

copilotControlPos_rad_avgPedal 

@2'!A&-2,'&#$*+!,#$'-#+!.#/&'&#$!#0!
'12!,#.&+#'3!!@#-B*++<C!"20'!.2)*+!D!
-&%1'!.2)*+3!

"20'!E2)*+!&$!#-!
,#($'2-!

,+#,F:&/2!':&/'!
#0!*!/&)2/'&,F!

! ! !

! ! copilotControlPos_deg_rtPedal 

copilotControlPos_rad_rtPedal 

G&%1'!A&-2,'&#$*+!,#$'-#+!.#/&'&#$!
#0!'12!,#.&+#'3!

@?H46IJ?!!0#-!
E2)*+!&$!

78!.2)*+!0(++!*0'!

! ! 737!

! ! copilotControlPos_deg_ltPedal 

copilotControlPos_rad_ltPedal 

"20'!A&-2,'&#$*+!,#$'-#+!.#/&'&#$!#0!
'12!,#.&+#'3!

E2)*+!&$3!

78!.2)*+!0(++!*0'!

! 737! !

! ! copilotControlPos_deg_collective 

copilotControlPos_rad_collective 

K#.&+#'!,#++2,'&92!,#$'-#+!.#/&'&#$3!! LE!

7!8!0(++!)#:$!

! 737! !

! ! copilotControlPos_deg_avgThrottle 

copilotControlPos_rad_avgThrottle 

492-*%2!,#.&+#'!'1-#''+2!,#$'-#+!
.#/&'&#$3!

5MA!

78!0(++!*0'!:N#!
'1-(/'!-292-/&$%3!
61-(/'!-292-/&$%!

&/!$2%*'&92!

! ! !

!""#$%!%&'(#%)*%+,%-.%
%
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Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

! ! copilotControlPos_deg_throttle [number of 
engines] 

copilotControlPos_rad_throttle [number of 
engines] 

"#$%&%$'()!*+,%)+-!-./+--)0!*+#-/+)!
,+1%-%+#12!3/$0/!%1!+'-4+(/$!,+/-!
5)06-7!-+!+'-4+(/$!1-(/4+(/$2!

89:!

;<!6'))!(6-!=>+!
-./'1-!/0&0/1%#?2!
@./'1-!/0&0/1%#?!
%1!#0?(-%&0!

! ! !

! ! controlPos_deg_avgThrottle 

controlPos_rad_avgThrottle 

A&0/(?0!,%)+-!(#$!*+,%)+-!-./+--)0!
*+#-/+)!,+1%-%+#2!

89:!

;<!6'))!(6-!=>+!
-./'1-!/0&0/1%#?2!
@./'1-!/0&0/1%#?!
%1!#0?(-%&0!

! ! !

! ! controlPos_deg_avgPropellor 

controlPos_rad_avgPropellor 

A&0/(?0!,%)+-!(#$!*+,%)+-!,/+,0))0/!
4)($0!,%-*.!*+#-/+)!,+1%-%+#2!

89:!

;<6)(-!,%-*.B!
@./'1-!/0&0/1%#?!
%1!#0?(-%&0!

! ! !

! ! controlPos_deg_propellor [number of engines] 

controlPos_rad_propellor [number of engines] 

"#$%&%$'()!,/+,0))0/!4)($0!,%-*.!
*+#-/+)!,+1%-%+#2!3/$0/!%1!+'-4+(/$!
,+/-!5)06-7!-+!+'-4+(/$!1-(/4+(/$2!!

89:!

;<6)(-!,%-*.B!
@./'1-!/0&0/1%#?!
%1!#0?(-%&0!

! ! !

!""#$%!%&'(#%)*%+,%-)%%
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Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

Standard naming convention for control surfaces 

ÒPosÓ indicates a control surface position  

ÒRateÓ indicates the derivative of the control surface position 

ÒAccelÓ indicates the derivative of the control surface rate 

ÒHingeMomentÓ indicates the hinge moment on the control surface 
(sign convention = + deflection results in + hinge moment)  

!"#$%"&'()%*+,-'."(/$/"#('*"%'+'0-1/,&-'+%-'"*$-#')#/2)-&3'4-*/#-4'*"%'$1+$'0-1/,&-5'
$1-%-*"%-'$1-6'

'''''7-(,%/.$/"#'

'''''8"(/$/0-'9/:#'!"#0-#$/"#'

''''';#/$/+&'<+&)-'

'''''=/#'<+&)-'

'''''=+>'<+&)-'

4-*/#/$/"#('?+3'+&&',1+#:-'@+(-4'"#'$1-'.+%$/,)&+%'0-1/,&-A''

The table below shall be used as default descriptions and values when 
they are not otherwise explicitly defined for the vehicle. '

BCD#
' ' controlSurfacePos_deg_TEF [number of trailing 

edge flap control surfaces] 
controlSurfacePos_rad_TEF [number of trailing 
edge flap control surfaces]  

<-,$"%'"*'$%+/&/#:'-4:-'*&+.'
."(/$/"#(5'"#-'*"%'-+,1'()%*+,-'
4-*&-,$-4A''E%4-%'/('")$@"+%4'."%$'
F&-*$G'$"'")$@"+%4'($+%@"+%4A'

BC7'

H'4-*&-,$/"#'/('
*&+.'%-$%+,$-4'

' ' '

' ' controlSurfaceRate_deg_s_TEF [number of 
trailing edge flap control surfaces] 
controlSurfaceRate_rad_s_TEF [number of 
trailing edge flap control surfaces] 

<-,$"%'"*'$%+/&/#:'-4:-'*&+.'
4-*&-,$/"#'%+$-(5'"#-'*"%'-+,1'
()%*+,-A''E%4-%'/('")$@"+%4'."%$'
F&-*$G'$"'")$@"+%4'($+%@"+%4A'

BC7' ' ' '

' ' controlSurfaceAccel_deg_s2_TEF [number of 
trailing edge flap control surfaces] 
controlSurfaceAccel_rad_s2_TEF [number of 
trailing edge flap control surfaces] 

<-,$"%'"*'$%+/&/#:'-4:-'*&+.'
4-*&-,$/"#'+,,-&-%+$/"#(5'"#-'*"%'
-+,1'()%*+,-A''E%4-%'/('")$@"+%4'
."%$'F&-*$G'$"'")$@"+%4'($+%@"+%4A'

BC7' ' ' '

!""#$%!%&'(#%)*%+,%-)%
%
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Symbol 
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Initial 
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Value 
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! ! controlSurfaceHingeMoment_ftlbf_TEF [number 
of trailing edge flap control surfaces] 
controlSurfaceHingeMoment_Nm_s_TEF [number of 
trailing edge flap control surfaces] 

"#$%&'!&(!%)#!)*+,#!-&-#+%.!&+!
%)#!%'/*0*+,!#1,#!(0/23!&+#!(&'!#/$)!
.4'(/$#5!!6'1#'!*.!&4%7&/'1!2&'%!
80#(%9!%&!&4%7&/'1!.%/'7&/'15!

:!;!<=>!
-&-#+%!
82&.*%*?#!
1#(0#$%*&+!
'#.40%.!*+!
2&.*%*?#!
-&-#+%9!

! ! !

The convention and examples above apply to all control surface positions defined below 

<=@+
! ! controlSurfacePos_deg_TEF [number of leading 

edge flap control surfaces] 

controlSurfacePos_rad_TEF [number of leading 
edge flap control surfaces] 

"#$%&'!&(!%'/*0*+,!#1,#!(0/2!8<=@9!
2&.*%*&+.3!&+#!(&'!#/$)!.4'(/$#!
1#(0#$%#15!!6'1#'!*.!&4%7&/'1!2&'%!
80#(%9!%&!&4%7&/'1!.%/'7&/'15!

<=A! ! ! !

<=@! ! controlSurfacePos_deg_avgTEF 

controlSurfacePos_rad_avgTEF 

 

<'/*0*+,!#1,#!(0/2!1#(0#$%*&+!
8<=@95!!B?#'/,#!(&'!/00!%'/*0*+,!
#1,#!(0/2!.4'(/$#.5!

<=A!

C!1#(0#$%*&+!*.!
(0/2!'#%'/$%#1!

! ! !

<=@
! ! controlSurfacePos_deg_diffTEF 

controlSurfacePos_rad_diffTEF  

A*((#'#+%*/0!%'/*0*+,!#1,#!(0/2!!
8A<=@91#(0#$%*&+!80#(%!1#(0#$%*&+.!
D:;<=AE!F'*,)%!1#(0#$%*&+.!
D:;<=AE!9!

G<!<=A!

8HIA!-&-#+%9!

! ! !

G=@+
! ! controlSurfacePos_deg_LEF [number of leading 

edge flap control surfaces] 

controlSurfacePos_rad_LEF [number of leading 
edge flap control surfaces] 

"#$%&'!&(!0#/1+,!#1,#!(0/2!8G=@9!
2&.*%*&+.3!&+#!(&'!#/$)!.4'(/$#!
1#(0#$%#15!!6'1#'!*.!&4%7&/'1!2&'%!
80#(%9!%&!&4%7&/'1!.%/'7&/'15!

G=A! ! ! !

G=@! ! controlSurfacePos_deg_avgLEF 

controlSurfacePos_rad_avgLEF  

G#/1*+,!#1,#!(0/2J.0/%!1#(0#$%*&+5!!
B?#'/,#!(&'!/00!1#(0#$%#1!0#/1*+,!
#1,#!(0/2J.0/%!.4'(/$#.5!

G=A! ! ! !

!""#$%!%&'(#%)*%+,%-)%%
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Value 
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!"#
$ $ controlSurfacePos_deg_diffLEF 

controlSurfacePos_rad_diffLEF 

%&''()(*+&,-$-(,.&*/$(./($'-,0$
1!"#2$.('-(3+&4*$1-('+$.('-(3+&4*56
)&/7+$.('-(3+&4*52$

!8$!"%$

19:%$;4;(*+2$

$ $ $

<= *
$ $ controlSurfacePos_deg_spoiler [number of 

spoiler control surfaces] 

controlSurfacePos_rad spoiler [number of 
spoiler control surfaces] 

>(3+4)$4'$504&-()$34*+)4-$5?)',3($
045&+&4*5@$4*($'4)$(,37$5?)',3($
.('-(3+(.A$$B).()$&5$4?+C4,).$04)+$
1-('+2$+4$4?+C4,).$5+,)C4,).A$

8"D$ $ $ $

<=$ $ controlSurfacePos_deg_avgSpoiler 

controlSurfacePos_rad_avgSpoiler  

<04&-()$.('-(3+&4*A$$EF(),/($'4)$,--$
.('-(3+(.$504&-()5$15?;$4'$
045&+&4*5G*?;C()$4'$5?)',3(52$

8"D$ $ $ $

<=
$ $ controlSurfacePos_deg_diffSpoiler 

controlSurfacePos_rad_diffSpolier 

%&''()(*+&,-$504&-()$34*+)4-$5?)',3($
045&+&4*$1)&/7+$.('-(3+&4*56-('+$
.('-(3+&4*52$

98$8"D$

19:%$;4;(*+2$

$ $ $

E*
$ $ controlSurfacePos_deg_aileron [number of 

aileron control surfaces] 

controlSurfacePos_rad_aileron  [number of 
aileron control surfaces] 

>(3+4)$4'$,&-()4*$34*+)4-$045&+&4*5@$
4*($'4)$(,37$5?)',3($.('-(3+(.A$$
B).()$&5$4?+C4,).$04)+$1-('+2$+4$
4?+C4,).$5+,)C4,).A$

8"D$ $ $ $

E
$ $ controlSurfacePos_deg_diffAileron 

controlSurfacePos_rad_diffAileron 

%&''()(*+&,-$,&-()4*$.('-(3+&4*@$
1)&/7+$.('-(3+&4*56-('+$.('-(3+&4*52$

9&/7+$,&-()4*$
8"D$

19:%$;4;(*+2$

$ $ $

E+,C*@&
$ $ controlSurfacePos_deg_aileronTab [number of 

aileron control surfaces, number of tabs] 

controlSurfacePos_rad_aileronTab [number of 
aileron control surfaces, number of tabs] 

E)),H$4'$,&-()4*$+,C$34*+)4-$
045&+&4*5$1&2$'4)$(,37$5?)',3($
.('-(3+(.$1*2A$$B).()$&5$4?+C4,).$
04)+$+4$4?+C4,).$5+,)C4,).$

8"D$ $ $ $

E+,C$ $ controlSurfacePos_deg_avgAileronTab 

controlSurfacePos_rad_avgAileronTab  

EF(),/($,&-()4*$+,C$.('-(3+&4*$
15?;$4'$045&+&4*5G*?;C()$4'$
5?)',3(52$

8"D$

$

$ $ $

!""#$%!%&'(#%)*%+,%-)%
%
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�G�G!"#$
% % controlSurfacePos_deg_diffAileronTab 

controlSurfacePos_rad_diffAileronTab 

&'(()*)+"'#,%#',)*-+%"#$%.)(,)/"'-+%
0*'12"%"#$%.)(,)/"'-+34,)("%"#$%
.)(,)/"'-+35%

67%!',)*-+%7#$%
789%

06:&%;-;)+"5%

% % %

�G6 +
% % controlSurfacePos_deg_rudder [number of 

rudder control surfaces] 

controlSurfacePos_rad_rudder [number of 
rudder control surfaces] 

<)/"-*%-(%*=..)*%/-+"*-,%>-3'"'-+3?%
-+)%(-*%)#/2%3=*(#/)%.)(,)/").@%%
A*.)*%'3%-="$-#*.%>-*"%0,)("5%"-%
-="$-#*.%3"#*$-#*.@%

78B% % % %

�G6% % controlSurfacePos_deg_avgRudder 

controlSurfacePos_rad_avgRudder 

!C)*#1)%*=..)*%.)(,)/"'-+%03=;%-(%
>-3'"'-+3D+=;$)*%-(%3=*(#/)35%

78B% % % %

�G�G6% % controlSurfacePos_deg_diffRudder 

controlSurfacePos_rad_diffRudder 

&'(()*)+"'#,%*=..)*%.)(,)/"'-+%0*'12"%
.)(,)/"'-+34,)("%.)(,)/"'-+35%

67%6=..)*%78B%

0!E6%;-;)+"5%

% % %

�G6"#$+?'
% % controlSurfacePos_deg_rudderTab [number of 

rudder control surfaces, number of tabs] 

controlSurfacePos_rad_rudderTab [number of 
rudder control surfaces, number of tabs] 

!**#F%-(%*=..)*%"#$%/-+"*-,%
>-3'"'-+3%0'5%(-*%)#/2%3=*(#/)%
.)(,)/").%0+5@%%A*.)*%-(%"#$3%'3%
=>>)*%"-%,-G)*@%

78B% % % %

�G6"#$% % controlSurfacePos_deg_avgRudderTab 

controlSurfacePos_rad_avgRudderTab  

!C)*#1)%*=..)*%"#$%.)(,)/"'-+%
03=;%-(%>-3'"'-+3D+=;$)*%-(%
3=*(#/)35%

67%6=..)*%7#$%
78B%

0!E6%;-;)+"5%

%

% % %

�G�G6"#$
% % controlSurfacePos_deg_diffRudderTab 

controlSurfacePos_rad_diffRudderTab 

&'(()*)+"'#,%*=..)*%"#$%.)(,)/"'-+%
0*'12"%.)(,)/"'-+34,)("%.)(,)/"'-+35%

67%6=..)*%7#$%
78B%

0!E6%;-;)+"5%

% % %

!""#$%!%&'(#%))%*+%,)%%
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Convention 
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�G! "
# # controlSurfacePos_deg_elevator [number of 

elevator control surfaces] 

controlSurfacePos_rad_elevator [number of 
elevator control surfaces] 

$%&'()#(*#%+%,-'()#.()#
/'-01+12%)3/'-01+-'()4#&("')(+#
5(/1'1("/6#("%#*()#%-&7#/8)*-&%#
9%*+%&'%9:##;)9%)#1/#(8'0(-)9#5()'#
.+%*'4#'(#(8'0(-)9#/'-)0(-)9:#

<!=# # # #

�G! # # controlSurfacePos_deg_avgElevator 

controlSurfacePos_rad_avgElevator  

>,%)-?%#%+%,-'()#.()#
/'-01+12%)3/'-01+-'()4#9%*+%&'1("#4#
./8@#(*#5(/1'1("/3"8@0%)#(*#
/8)*-&%/4#

<!=# # # #

�G�G! # # controlSurfacePos_deg_diffElevator 

controlSurfacePos_rad_diffElevator  

A1**%)%"'1-+#%+%,-'()#9%*+%&'1("#
.)1?7'#9%*+%&'1("/B+%*'#9%*+%&'1("/4##

C1?7'#&("')(+#
<!=#

.CDA#@(@%"'4#

# # #

�G!'-0 "61
# # controlSurfacePos_deg_elevatorTab [number of 

elevator tab control surfaces, number of 
tabs] 

controlSurfacePos_rad_elevatorTab [number of 
elevator tab control surfaces, number of 
tabs] 

>))-E#(*#%+%,-'()#.()#
/'-01+12%)3/'-01+-'()4#'-0#5(/1'1("/#
.14#*()#%-&7#/8)*-&%#."4:##;)9%)#1/#
(8'0(-)9#5()'#.+%*'4#'(#(8'0(-)9#
/'-)0(-)9#5%)#&("')(+#/8)*-&%:#

<!=# # # #

�G!'-0 # # controlSurfacePos_deg_avgElevatorTab 

controlSurfacePos_rad_avgElevatorTab  

>,%)-?%#%+%,-'()#.()#
/'-01+12%)3/'-01+-'()4##'-0#&("')(+#
/8)*-&%#5(/1'1("/#./8@#(*#
5(/1'1("/3"8@0%)#(*#/8)*-&%/4#

<!=# # # #

�G�G!'-0 # # controlSurfacePos_deg_diffElevatorTab 

controlSurfacePos_rad_diffElevatorTab  

>,%)-?%#91**%)%"'1-+#%+%,-'()#.()#
/'-01+12%)3/'-01+-'()4##'-0#9%*+%&'1("#
.)1?7'#9%*+%&'1("/B+%*'#9%*+%&'1("/4#

C1?7'#&("')(+#
<!=#

.CDA#@(@%"'4#

# # #

!""#$%!%&'(#%)*%+,%*)%
%
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Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

!"
# # controlSurfacePos_deg_canard [number of 

canard control surfaces] 

controlSurfacePos_rad_canard [number of 
canard control surfaces] 

$%&'()#(*#&+"+),#&("')(-#.(/0'0("/1#

("%#*()#%+&2#/3)*+&%4##5),%)#0/#

(3'6(+),#.()'#7-%*'8#'(#(3'6(+),#

/'+)6(+),4#

9:;# # <4<# #

!# # controlSurfacePos_deg_avgCanard 

controlSurfacePos_rad_avgCanard 

=>%)+?%#&+"+),#.(/0'0("#7/3@#(*#

.(/0'0("/A"3@6%)#(*#/3)*+&%/8#

9:;# # <4<# #

!# # controlSurfacePos_deg_diffCanard 

controlSurfacePos_rad_diffCanard  

=>%)+?%#,0**%)%"'0+-#&+"+),#

,%*-%&'0("#7B:C9#,%*-%&'0("/D

EFGH9#,%*-%&'0("/8#

B:C9#&("')(-#

9:;#

7EI;#@(@%"'8#

# # #

!'+6"10
# # controlSurfacePos_deg_canardTab [number of 

canard tab control surfaces, number of tabs] 

controlSurfacePos_rad_canardTab [number of 
canard tab control surfaces, number of tabs] 

=))+J#(*#&+"+),#'+6#.(/0'0("/#708#

*()#%+&2#/3)*+&%#7"84##5),%)#0/#

(3'6(+),#.()'#7-%*'8#'(#(3'6(+),#

/'+)6(+),#.%)#&("')(-#/3)*+&%4#

9:;# # # #

!'+6# # controlSurfacePos_deg_avgCanardTab 

controlSurfacePos_rad_avgCanardTab  

=>%)+?%#&+"+),#'+6#,%*-%&'0("#

7/3@#(*#.(/0'0("/A"3@6%)#(*#

/3)*+&%/8#

9:;# # # #

!'+6# # controlSurfacePos_deg_diffCanardTab 

controlSurfacePos_rad_diffCanardTab  

=>%)+?%#,0**%)%"'0+-#&+"+),##'+6#

,%*-%&'0("##7B:C9#,%*-%&'0("/D

EFGH9#,%*-%&'0("/8#

B:C9#&("')(-#

9:;#

7EI;#@(@%"'8#

# # #

KL# # controlSurfacePos_deg_speedbrake 

controlSurfacePos_rad_speedbrake  

K.%%,6)+M%#,%*-%&'0("# :N'%",%,# # # #

BG"# # landingGearPosition [number of landing gear 
struts] 

$%&'()#(*#-+",0"?#?%+)#.(/0'0("/1#

("%#*()#%+&2#/')3'4##5),%)#0/#

(3'6(+),#.()'#7-%*'8#'(#(3'6(+),#

/'+)6(+),4###

<O#3.#+",#

-(&M%,#

PO#*3--#%N'%"/0("#

Q0'2#"(#Q%0?2'#

("#Q2%%-/#

# <4<# #

!""#$%!%&'(#%)*%+,%-)%%



!"#$%!$!!&#'(()&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&!**+,&!-&&#./*0/10&2/13/45+&"/6+7&

&

Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

! ! landingGearWeightOnWheels_lbf [number of 
landing gear struts]  

landingGearWeightOnWheels_N [number of 
landing gear struts] 

"#$%&'!&(!)*+,-+.!.#*'!/#-.0%!&+!
/0##)12!&+#!(&'!#*$0!1%'3%4!!5',#'!
-1!&3%6&*',!7&'%!8)#(%9!%&!&3%6&*',!
1%*'6&*',4!!!

! ! ! !

! ! landingGearWheelSpeed_rad_s [number of 
landing gear struts, number of trucks, number 
of wheels per truck]  

:''*;!&(!)*+,-+.!.#*'!/0##)!
17##,1!6;!1%'3%2!&+#!(&'!#*$0!
1%'3%4!!5',#'!&(!1%'3%1!-1!&3%6&*',!
7&'%!8)#(%9!1%'3%2!%&!&3%6&*',!
1%*'6&*',4!!5',#'!&(!%'3$<1!-1!('&+%!
%&!'#*'4!!5',#'!&(!/0##)1!&+!#*$0!
%'3$<!-1!7&'%!%&!1%*'6&*',4!

! ! ! !

!

=*6)#!:4>!?!"#0-$)#!*#'&,;+*@-$!$0*'*$%#'-1%-$1!

Symbol 
Short 
Name 

Full Variable Name Description 
Positive Sign 
Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

AB! AB! totalCoefficientOfLift  A&#((-$-#+%!5(!B-(%2!=&%*)2!-+$)3,#1!
#((#$%1!&(!1%&'#1!

CD! ! ! !

AE! AE! totalCoefficientOfDrag  A&#((-$-#+%!5(!E'*.2!=&%*)2!
-+$)3,#1!#((#$%1!&(!1%&'#1!

:F=! ! ! !

! ! aeroBodyForceCoefficient[3] "#$%&'!&(!%&%*)!*#'&,;+*@-$!(&'$#!$&#((-$-#+%1!-+!%0#!6&,;!$&&',-+*%#!1;1%#@2!
$&@7'-1#,!&(!%0#!%0'##!$&@7&+#+%1!*1!,#(-+#,!6#)&/4!

AG! AG! aeroBodyForceCoefficient_X 

!

GH6&,;!F&'$#!A&#((-$-#+%!,3#!%&!
*#'&,;+*@-$!)&*,12!-+$)3,#1!
1%&'#1!8I&,;!$&&',-+*%#9!

FJE! ! ! !

AK! AK! aeroBodyForceCoefficient_Y KH6&,;!F&'$#!A&#((-$-#+%!,3#!%&!
*#'&,;+*@-$!)&*,12!-+$)3,#1!
1%&'#1!8I&,;!$&&',-+*%#9!

L=! ! ! !

!""#$%!%&'(#%)*%+,%-)%
%
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Value 
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! "# !"# aeroBodyForceCoefficient_Z "$%&'(#)&*+,#!&,--.+.,/0#'1,#0&#
2,*&'(/23.+#4&2'56#./+41',5#
50&*,5#78&'(#+&&*'./20,9#

:;# # # #

# # aeroBodyForce_lbf [3] 

aeroBodyForce_N [3] 

<,+0&*#&-#0&024#2,*&'(/23.+#-&*+,5#./#0=,#%&'(#+&&*'./20,#5(50,36#./+41'./>#
50&*,5?#!&3@*.5,'#&-#0=,#0=*,,#+&3@&/,/05#25#',-./,'#%,4&A?#

) BC# )BC# aeroBodyForce_lbf_X 

aeroBodyForce_N_X 

D&024#C$%&'(#)&*+,#'1,#0&#
2,*&'(/23.+#4&2'56#./+41',5#
50&*,5#78&'(#+&&*'./20,9#

)E:# # # #

) BF# )BF# aeroBodyForce_lbf_Y 

aeroBodyForce_N_Y 

D&024#F$%&'(#)&*+,#'1,#0&#
2,*&'(/23.+#4&2'56#./+41',5#
50&*,5#78&'(#+&&*'./20,9#

GD# # # #

) B"# )B"# aeroBodyForce_lbf_Z 

aeroBodyForce_N_Z 

D&024#"$%&'(#)&*+,#'1,#0&#
2,*&'(/23.+#4&2'56#./+41',5#
50&*,5#78&'(#+&&*'./20,9#

:;# # # #

# # thrustBodyForce_lbf [3] 

thrustBodyForce_N [3] 

<,+0&*#&-#0&024#/,0#@*&@145.&/#5(50,3#-&*+,5#./#0=,#%&'(#+&&*'./20,#5(50,3#
7./+41',5#./5024420.&/#4&55,56#./4,0#,--.+.,/+(#2/'#@*&@,44,*#,--.+.,/+(9?##!&3@*.5,'#
&-#0=,#0=*,,#+&3@&/,/05#25#',-./,'#%,4&A?#

) HC# )HC# thrustBodyForce_lbf_X 

thrustBodyForce_N_X 

D&024#/,0#,/>./,#0=*150#)&*+,6#C$
%&'(#2I.5#

)E:# # # #

) HF# )HF# thrustBodyForce_lbf_Y 

thrustBodyForce_N_Y 

D&024#/,0#,/>./,#0=*150#)&*+,#6#F$
%&'(#2I.5#

GD# # # #

) H"# )H"# thrustBodyForce_lbf_Z 

thrustBodyForce_N_Z 

D&024#/,0#,/>./,#0=*150#)&*+,6#"$
%&'(#2I.5#

:;# # # #

!""#$%!%&'(#%)*%+,%-)%%



!"#$%!$!!&#'(()&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&!**+,&!-&&#./*0/10&2/13/45+&"/6+7&

&

Symbol 
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! ! gearBodyForce_lbf  [3] 

gearBodyForce_N [3] 

"#$%&'!&(!%&%)*!*)+,-+.!.#)'!.'&/+,!' #)$%-&+!(&'$#0!-+!%1#!2&,3!$&&',-+)%#!
030%#45!!6&#0!789!-+$*/,#!)#'&,3+)4-$!(&'$#0!&+!%1#!*)+,-+.!.#)'!%1)%!)'#!
-+$*/,#,!-+! aeroBodyForce !,#(-+#,!)2&:#5!!!;&4<'-0#,!&(!%1#!%1'##!
$&4<&+#+%0!)0!,#(-+#,!2#*&=5!

>?@! >?@! gearBodyForce_lbf_X 

gearBodyForce_N_X 

9&%)*!*)+,-+.!.#)'!.'&/+,!'#)$%-&+!
(&'$#A!@B2&,3!)C-0!

>D6! ! ! !

>?E! >?E! gearBodyForce_lbf_Y 

gearBodyForce_N_ Y 

9&%)*!*)+,-+.!.#)'!.'&/+,!'#)$%-&+!
(&'$#A!EB2&,3!)C-0!

F9! ! ! !

>?G! >?G! gearBodyForce_lbf_Z 

gearBodyForce_N_Z 

9&%)*!*)+,-+.!.#)'!.'&/+,!'#)$%-&+!
(&'$#A!GB2&,3!)C-0!

67! ! ! !

! ! totalBodyForce_lbf [3] 

totalBodyForce_N [3] 

"#$%&'!&(!%&%)*!(&'$#0!-+!%1#!2&,3!$&&',-+)%#!030%#45!!H+$*/,#0!)**!(&'$#0!#C#'%#,!
/<&+!%1#!)-'$')(%5!!;&4<'-0#,!&(!%1#!%1'##!$&4<&+#+%0!)0!,#(-+#,!2#*&=5!

>C989! >@! totalBodyForce_lbf_X 

totalBodyForce_N_X 

9&%)*!>&'$#0!8+!)I$A!@B2&,3!)C-0! >D6! ! ! !

>3989! >E! totalBodyForce_lbf_Y 

totalBodyForce_N_Y 

9&%)*!>&'$#0!8+!)I$A!EB2&,3!)C-0! F9! ! ! !

>J989! >G! totalBodyForce_lbf_Z 

totalBodyForce_N_Z 

9&%)*!>&'$#0!8+!)I$A!GB2&,3!)C-0!! 67! ! ! !

! ! aeroBodyMomentCoefficient [3] "#$%&'!&(!%&%)*!)#'&,3+)4-$!4&4#+%!$&#((-$-#+%0!-+!%1#!2&,3!$&&',-+)%#!030%#4A!
-+$*/,-+.!0%&'#05!;&4<'-0#,!&(!%1#!%1'##!$&4<&+#+%0!)0!,#(-+#,!2#*&=5!

; *! ;KK! aeroBodyMomentCoefficient_Roll 9&%)*!L#'&,3+)4-$!F&**-+.!
M&4#+%!;&#((-$-#+%!-+$*/,-+.!
0%&'#05!!M&4#+%!)2&/%!%1#!@B2&,3!
)C-0!

FD6! ! ! !

!""#$%!%&'(#%)*%+,%-)%
%
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Initial 
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Value 

! "# !$%# aeroBodyMomentCoefficient_Pitch &'()*#+,-'./0)"12#31(24105#
%'",0(#!',66121,0(7#102*8.105#
9('-,9:##%'",0(#);'8(#(4,#<=;'./#
)>19#

+?@# # # !

! 0# !$?# aeroBodyMomentCoefficient_Yaw &'()*#+,-'./0)"12#/)A105#
%'",0(#!',66121,0(7#102*8.105#
9('-,9:##%'",0(#);'8(#(4,#B=;'./#
)>19#

+?C# # # !

# # aeroBodyMoment_ftlbf [3] 

aeroBodyMoment_Nm [3] 

D,2('-#'6#('()*#),-'./0)"12#"'",0(9#10#(4,#;'./#2''-.10)(,#9/9(,"7#102*8.105#
9('-,9:##C,6,-,02,.#('#(4,#"'",0(#-,6,-,02,#2,0(,-:##!'"E-19,.#'6#(4,#(4-,,#
2'"E'0,0(9#)9#.,610,.#;,*'A:#

$+# &+$# aeroBodyMoment_ftlbf_Roll 

aeroBodyMoment_Nm_Roll 

&'()*#+,-'./0)"12#C'**105#
"'",0(#F102*8.105#)(()24,.#
9('-,9G7#);'8(#(4,#H=;'./#)>19#

CIJ# # # #

%+# &+%# aeroBodyMoment_ftlbf_Pitch 

aeroBodyMoment_Nm_Pitch 

&'()*#+,-'./0)"12#E1(24105#
"'",0(#F102*8.105#)(()24,.#
9('-,9G7#);'8(#(4,#<=;'./#)>19#

+?@# # # #

? +# &+?# aeroBodyMoment_ftlbf_Yaw 

aeroBodyMoment_Nm_Yaw 

&'()*#+,-'./0)"12#/)A105#
"'",0(#F102*8.105#)(()24,.#
9('-,9G7#);'8(#(4,#B=;'./#)>19#

+?C# # # #

# # thrustBodyMoment_ftlbf [3] 

thrustBodyMoment_Nm [3] 

D,2('-#'6#('()*#0,(#E-'E8*91'0#9/9(,"#"'",0(9#10#(4,#;'./#2''-.10)(,#9/9(,"#
F102*8.,9#109()**)(1'0#*'99,97#10*,(#,66121,02/#)0.#E-'E,**,-#,66121,02/G:##
C,6,-,02,.#('#(4,#"'",0(#-,6,-,02,#2,0(,-:##!'"E-19,.#'6#(4,#(4-,,#
2'"E'0,0(9#)9#.,610,.#;,*'A:#

$K# &K$# thrustBodyMoment_ftlbf_Roll 

thrustBodyMoment_Nm_Roll 

&'()*#K0510,#C'**105#%'",0(7#
);'8(#(4,#H=;'./#)>19#

CIJ# # # #

%K# &K%# thrustBodyMoment_ftlbf_Pitch 

thrustBodyMoment_Nm_Pitch 

&'()*#K0510,#E1(24105#%'",0(7#
);'8(#(4,#<=;'./#)>19#

+?@# # # #

!""#$%!%&'(#%)*%+,%)-%%
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! "# $"!# thrustBodyMoment_ftlbf_Yaw 

thrustBodyMoment_Nm_Yaw 

$%&'(#")*+),#-'.+)*#/%0,)&1#
'2%3&#&4,#562%7-#'8+9#

:!;# # # #

# # landingGearBodyMoment_ftlbf [3] 

landingGearBodyMoment_Nm [3] 

<,=&%>#%?#&%&'(#(')7+)*#*,'>#*>%3)7#>,'=&+%)#0%0,)&9#+)#&4,#2%7-#=%%>7+)'&,#
9-9&,0@##;,?,>,)=,7#&%#&4,#0%0,)&#>,?,>,)=,#=,)&,>@##A%,9#!B$#+)=(37,#
',>%7-)'0+=#0%0,)&9#%)#&4,#(')7+)*#*,'>#&4'&#'>,#+)=(37,7#+)#
aeroBodyMoment#7,?+),7#'2%C,@##D%0E>+9,7#%?#&4,#&4>,,#=%0E%),)&9#'9#
7,?+),7#2,(%.@#

FG# $GF# landingGearBodyMoment_ftlbf_Roll 

landingGearBodyMoment_Nm_Roll  

$%&'(#F')7+)*#G,'>#;%((+)*#
/%0,)&1#'2%3&#&4,#562%7-#'8+9#

;HA# # # #

/ G# $G/# landingGearBodyMoment_ftlbf_Pitch 

landingGearBodyMoment_Nm_Pitch  

$%&'(#F')7+)*#*,'>#I+&=4#/%0,)&1#
'2%3&#&4,#J62%7-#'8+9#

:!K# # # #

! G# $G!# landingGearBodyMoment_ftlbf_Yaw 

landingGearBodyMoment_Nm_Yaw  

$%&'(#F')7+)*#G,'>#J'.+)*#
/%0,)&1#'2%3&#&4,#L62%7-#'8+9#

:!;# # # #

# # totalBodyMoment_ftlbf [3] 

totalBodyMoment_Nm [3] 

<,=&%>#%?#&%&'(#0%0,)&9#+)#&4,#2%7-#=%%>7+)'&,#9-9&,0@##;,?,>,)=,7#&%#&4,#
0%0,)&#>,?,>,)=,#=,)&,>@##M)=(37,9#'((#0%0,)&9#,8,>&,7#3E%)#&4,#'+>=>'?&@##
D%0E>+9,7#%?#&4,#&4>,,#=%0E%),)&9#'9#7,?+),7#2,(%.@#

F$B$# $$F# totalBodyMoment_ftlbf_Roll 

totalBodyMoment_Nm_Roll 

$%&'(#;%((+)*#/%0,)&1#'2%3&#&4,#
562%7-#'8+9#

;HA# # # #

/ $B$# $$/# totalBodyMoment_ftlbf_Pitch 

totalBodyMoment_Nm_Pitch 

$%&'(#I+&=4+)*#/%0,)&1#'2%3&#&4,#
J62%7-#'8+9#

:!K# # # #

! $B$# $$!# totalBodyMoment_ftlbf_Yaw 

totalBodyMoment_Nm_Yaw 

$%&'(#J'.+)*#/%0,)&1#'2%3&#&4,#
L62%7-#'8+9#

:!;# # # #

#

!""#$%!%&'(#%)*%+,%)-%
%
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!"#$%&'()&*&+,-.$"/,01&201/30$&4"3"-%/%35&

Symbol 
Short 
Name 

Full Variable Name Description 
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Convention 

Initial 
Value 

Min 
Value 

Max 
Value 

 !678& simDuration_s 

  

!,-%&+,12%&+/"3/&9:&94%3"/%&
70;%&

<+=& & & &

& & deltaTime_s[number of different integration 
step sizes] 

>%2/03&0:&61/%?3"/,01&5/%4&5,@%5& & & & &

& & simDate A"/%&5,-.$"/%;(&&A"/%&"/&/B%&5/"3/&
0:&/B%&5,-.$"/,01&,5&.5%;(&&C<0/&/B%&
;"/%&/B%&5,-.$"/,01&3.1&D"5&-";%E&

!F4%&FFFFG--G;;&&

& & & &

& & simTime +,-.$"/%;&/,-%&0:&;"F&#"5%;&01&
HI&B0.35&J.$.(&

!F4%&BBK--K55(55&

& & & &

& & productionDate A"/%&/B%&5,-.$"/,01&3.1&D"5&-";%&
C<0/&/B%&5,-.$"/%;&;"/%&L5,-A"/%ME&

!F4%&FFFFG--G;;&

&

& & & &
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DAVE-ML Website (Informative) 
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Abstract

The Dynamic Aerospace Vehicle Exchange Markup Language (DAVE-ML)
is a text-based file format intended for encoding the principal elements
of a flight simulation model for an aerospace vehicle. It is based on two
other open standards: the Extensible Markup Language (XML) version
1.1 and the Mathematical Markup Language (MathML) version 2.0, both
products of the World Wide Web Consortium. DAVE-ML defines additional
grammar (markup elements) to provide a domain-specific language capable
of aerospace flight dynamics modeling, verification, and documentation.

This markup language represents the encoding format for BSR/AIAA S-119
Flight Dynamic Model Exchange Standard [AIAA10].

This is a draft version of the reference manual for DAVE-ML syntax and
markup. DAVE-ML syntax is specified by the DAVEfunc.dtd Document
Type Definition (DTD) file; the version number above refers to the version
of the DAVEfunc.dtd.

DAVE-ML is an open standard, being developed by an informal team
of American Institute of Aeronautics and Astronautics (AIAA) members.
Contact the author above for more information or comments regarding
refinement of DAVE-ML.

https://info.aiaa.org/tac/ASG/MSTC
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B-1. Changes to this document

This section contains a list of changes during the development of the DAVE-ML DTD.

B-1.1. Changes since version 2.0RC2

This section outlines changes to the DTD and this reference manual since version 2, release
candidate 2, was released in October 2008.

The changes are divided into structural changes to the DTD and non-structural changes to the
DTD and reference manual.

B-1.1.1. DTD structural changes since version 2.0RC2

¥ Corrected the DTD to require at least one staticShot child element of the checkData
element.

¥ Changed the DTD logic for inclusion of provenance information for elements
griddedTableDef, ungriddedTableDef, function, checkData, and staticShot
from

    ( provenance? | provenanceRef? )

to

    ( provenance | provenanceRef )?

which is the more correct way to display an optional selection from two choices. However,
use of provenance or provenanceRef is now deprecated for checkData elements as
described in the non-structural changes below; this change was made for consistency with the
other elements that have provenance information.

¥ Added optional, mutually exclusive flag elements isInput, isControl, and
isDisturbance to conform with the latest draft of [AIAA10]. These flags are intended to help
clarify the role of all defined variables and to assist in analyses such as linear model extraction.

¥ Changed the Uniform Resource Identifier (URI) for the atan2 function definition to the
daveml.org domain.

¥ Changed SYSTEM ID to reflect new daveml.org domain; changed PUBLIC ID from NASA to
AIAA.

¥ In the DTD, the default DAVE-ML namespace definition was added to the top-level DAVEfunc
element to observe a best-practice for XML DTDs, at the suggestion of Dan Newman.

¥ In the DTD and reference manual, changed the bpVals elements to allow white space
separation of values in addition to comma separation (which has always been the case for
the dataTable element). Ditto for dependentVarPts and independentVarPts. This may
cause a problem for some existing parsers.

No other changes have been made to the DAVE-ML grammar since 2.0RC2, but this version of
the DTD and reference manual include clean-up of a number of inconsistencies (found by Dennis
Linse and Trey Arthur) between the reference manual and element descriptions, as noted below.

B-1.1.2. Non-structural DTD and reference manual changes since version 2.0RC2

¥ Amplified and elaborated on possible values for interpolate and extrapolate attributes
for independent variables of function definitions.
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¥ Added an index to the reference manual.

¥ Removed the sign convention list as this is now in the overlying AIAA draft standard, S-119
[AIAA10].

¥ Added clarification that, while uncertainty can be applied in multiple places in the model
(including input, calculations, functions, and outputs), it is probably not a good practice to do so.

¥ Changed the non-dimensional signal units-of-measure indication from blank or ND to 'nd',
in accordance with the latest draft standard [AIAA10]; removed plus sign from front of sign
convention since it doesn't always apply and is redundant to the definition.

¥ Added references to earlier standards papers by B. Hildreth [Hildreth94], [Hildreth98].

¥ Cleaned up formatting in the element descriptions found in Section B-8.2 [55]; corrected
the grammar in the BNF descriptions of the major elements within this text.

¥ Added two sentences to the description of the calculation element, explaining how to tie
variables in the model to the MathML expression via the MathML content identifier (ci)
element. Thanks to Missy Hill and Curtis Zimmerman for pointing out the lack of explanation.

¥ Changed email address for B. Hildreth; added persistent email at daveml.org; changed default
Uniform Resource Locator (URL) to daveml.org

¥ Changed the description of bounds element in the DTD to remove out-of-date reference to
[un]griddedTable[Def|Ref] since this is no longer supported. In the reference manual, removed
a misleading second bounds element for the uniformPDF element case and added notes to
imply the presence of PCDATA (either one or two, depending on the case). Thanks to Dan
Newman for prompting this review and change.

¥ Did more DTD clean-up to remove redundant 'optional' specifiers on elements and attributes;
made the 'internal identifier' descriptions consistent throughout the DTD and reference manual;
tweaked the style of the reference pages in the reference manual; fixed poor grammar in
the DTD; replaced parentheses with brackets in the BNF syntax in the reference manual for
comments to avoid confusion; reformatted the reference pages in the manual for readability;
and added references to W3C on-line documentation where necessary. Thanks to Dennis
Linse for encouraging the correction of these long-standing inconsistencies and distractions.

¥ Put editorial comments in BNF syntaxes in braces ({}) to avoid confusion with parentheses,
which are used to indicate a choice. Thanks to Dennis Linse for the catch.

¥ In the DTD, a sentence was added to the description of the deprecated fileCreationDate
element and a similar description was added to the deprecated functionCreationDate
element mentioning that both of them have been deprecated in version 2.0. The clarification
was made after near-simultaneous suggestions from both Trey Arthur and Dan Newman.

¥ Added a paragraph about the alias attribute of the variableDef element; it's a valid
attribute but was missing an explanation. Thanks to Trey Arthur for catching this long-standing
omission.

¥ Changed the definition of atan2 so that the input arguments are not limited to ±1 and are not
referred to as 'sine' and 'cosine' to better match ANSI C. Thanks to Dan Newman for catching
this inconsistency.

¥ Corrected typographical errors in fileHeader, variableDef, griddedTableDef,
ungriddedTableDef, and function element schematic overview syntaxes in sections
6.2.1-6.2.6. Thanks to Dennis Linse for catching these errors.
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¥ Added a sentence about the  tol   sub-element being an absolute difference to remove
ambiguity over its interpretation.

¥ In the reference manual syntax layout, moved the  provenance  and  provenanceRef
sub-elements out of checkData  and into staticShot  sub-elements since checkData ,
a singleton place-holder, doesn't warrant a description but each staticShot  does.
provenance  and provenanceRef  are still in the DTD for checkData  but only for backwards
compatibility; their use in a checkData  element is deprecated and may be removed in a future
version. Thanks to Dennis Linse for prompting this needed change.

¥ Added a note to documentRef  docID  attribute that it is deprecated. Thanks to Dennis Linse
for catching this omission.

¥ Removed the redundant "optional" in the description of  reference  element's xlink:href
attribute. Added the constant value for attributes xmlns:xlink  and xlink:type . Expanded
the somewhat terse description of this element. Thanks to Dennis Linse for this correction and
other helpful suggestions.

B-1.2. Changes since version 2.0RC1

¥ Tweaked examples and syntaxes to match the 2.0 RC 2 DTD. Cleaned up a couple of figures
and incorporated several new reference citations. Added interpolation paragraph.

¥ Deprecated  signalID   used for internal signals in check-case data in favor of the more
consistent  varID   (which meant the introduction of a formal varID  element) and made
the specification of signalUnits  sub-element mandatory for input and output signals for
consistency. Thanks to Dan Newman for helping solidify the thinking about this issue.

¥ Changed examples in this text to use updated AIAA variable names to match a revised
(but unpublished) draft standard of September 2008. Changed many 'examples' to 'excerpts'
to emphasize the missing portions of a valid DAVE-ML file. Corrected units in check-case
examples to match the draft AIAA standard.

¥ Removed the symmetric  attribute of the uniformPDF  sub-element; this attribute was
redundant as symmetric distribution is implied with a single bounds  sub-element, and
asymmetric is implied by two bounds  sub-elements. Kudos to Dan Newman and Dennis Linse
for catching the inconsistent examples and for suggesting this convention.

¥ Corrected the DTD by reversing the definition of the floor  and ceiling  values of the
interpolate  attribute of the  independentVarPts   element; also corrected the correlated
uncertainty example. Thanks to Dan Newman for catching both of these problems in 2.0 RC1.

¥ Corrected the DTD so that only one checkData  element is allowed (but it can have
multiple different staticShot  test conditions). Thanks to Dan and Dennis for reporting this
inconsistency between the reference manual and the DTD.

¥ Added a description  sub-element to the staticShot  element in response to a suggestion
by Dennis Linse; and added a typical description to example listings.

¥ Added a section about namespaces and removed the hard link in the DTD that incorrectly set
the namespace for the calculation  element.

¥ Added new multi-purpose creationDate   element to replace the single-purpose
fileCreationDate   and  functionCreationDate   elements, at the suggestion of Dennis
Linse of SAIC.  fileCreationDate   and  functionCreationDate   are now deprecated.
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¥ Corrected descriptions of  ungriddedTableDef  and  griddedTableDef  to reflect the
possible use of an internal  function  element; previously the descriptions implied that these
elements were only specified external to functions and thus the utID and gtID attributes,
respectively, were required. Thanks to Dennis Linse for the correction.

¥ Depicted provenanceRef as an option to the provenance sub-element for
griddedTableDef , ungriddedTableDef , and function elements in the narrative part of
this manual (it was described correctly in the reference section). Also added both  provenance
and  provenanceRef as optional sub-elements of the variableDef and checkData
elements. Thanks to Dennis Linse for the correction.

¥ Added '[Deprecated]' to the description of  griddedTable,  ungriddedTable, and
confidenceBound elements for consistency; these were previously deprecated but not
marked clearly in each element's 'purpose' section. Thanks to Dennis Linse for the suggestion.

¥ Updated the acknowledgment paragraph of the DTD; significantly reformatted the .PDF version
of this document, and added section numbers to all versions.

B-1.3. Changes since version 1.9b3

¥ Added ceiling and floor enumeration selections to interpolate attribute of
independentVarPts  and  independentVarRef elements at the suggestions of Geoff
Brian, Giovanni Cignoni, Randy Brumbaugh, and Dan Newman.

¥ Added five uncertainty examples.

¥ Cleaned up all FIXME and BUG notes.

¥ Corrected and expanded the labels on the DAVE-ML excerpt figure.

B-1.4. Changes since version 1.9b2

¥ Corrected link to the DAVE-ML exchange test [Jackson04] paper.

¥ Added discrete enumeration selection to interpolate attribute of  independentVarPts
and  independentVarRef  elements at the suggestion of Geoff Brian, Australian Defence
Science and Technology Organisation (DSTO).

¥ Added a section and a  variableDef  example on extending the MathML-2 function set with
atan2.

¥ Removed all xns attributes from examples.

¥ Emphasized that it is a good practice to provide variableDefs in sorted sequence.

B-1.5. Changes since version 1.8b1

¥ Added a quadraticSpline enumerated value to the interpolate attributes of the
independentVarPts and independentVarRef elements (in response to a request from
Geoff Brian of DSTO) and fixed a typographical error in cubicSpline attribute string.
Added reference to Wikipedia article on spline interpolation [http://en.wikipedia.org/wiki/
Spline_interpolation].

¥ Added a classification attribute to the  reference element and added a date attribute
to the  modificationRecord element, at the suggestion of Geoff Brian of DSTO.

http://en.wikipedia.org/wiki/Spline_interpolation
http://en.wikipedia.org/wiki/Spline_interpolation
http://en.wikipedia.org/wiki/Spline_interpolation
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¥ Added 2D and 3D ungridded table examples and figures and corrected a typographical error
in the ungridded table definition syntax (thanks to Dr. Peter Grant of U. Toronto's UTIAS and
Geoff Brian of DSTO).

¥ Reintroduced <!ENTITY> to include MathML-2 DTD (complete) in the body of this DTD. This
entity definition quietly went away in version 1.6 due to a misunderstanding of the proper way
to include external DTDs. It was reintroduced to assist with validating parsers.

¥ Added a description  sub-element to the  provenance element, so the provenance entry
can contain more information about change justification documents and made provenance
or provenanceRef acceptable sub-elements to variableDef  and checkData elements
at the request of Geoff Brian of DSTO.

B-1.6. Changes since version 1.7b1

¥ Renamed docID attribute to refID in the modificationRecord so the attribute name is
consistent; the docID attribute is deprecated but remains in place for compatibility with older
documents.

¥ Added  correlatesWith  and  correlation  sub-elements of  uncertainty  element
to allow for multiple-dimensioned linear correlation of uncertainty of selected functions and
variables.

¥ Added a new element,  contactInfo, to replace the single address element. This format
supports multiple ways to indicate how to contact the author of a document or reference.
address is deprecated but is retained for backwards compatibility. This element also replaces
the email and xns attributes of  author.   

¥ Fixed a typographical error in  ungriddedTableRef element: incorrect gtID attribute
corrected to utID.

¥ Allowed multiple author elements wherever only one had been allowed before.

¥ Added a new tag, isStdAIAA , to indicate that a variableDef refers to one of the standard
AIAA variables.

¥ Removed [un]griddedTable[Ref|Def] sub-elements of the confidenceBound
element since this leads to circular logic.

¥ Changed SYSTEM ID to reflect new daveml.nasa.gov domain availability.

¥ Removed true email from examples to protect privacy of individual contributors.

¥ Added a new attribute, interpolate, to the  independentVarPts  element to indicate
whether the table interpolation should be linear or cubic spline in the given dimension [modified
to include quadratic in version 1.9].

¥ Added a new tag, isState, to indicate that a variableDef refers to a state variable in the
model.

¥ Added a new tag,  isStateDeriv, to indicate that a variableDef refers to a state derivative
variable in the model.

B-1.7. Changes since version 1.6b1

Added  checkData  and associated elements. Added  description  sub-element to
reference  element.
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B-1.8. Changes since version 1.5b3

Added an uncertainty element. Emphasized MathML-2 content markup over presentation
markup. Fixed several grammatical and typographical errors and added figure 1. Added ISO
8601 (Dates and Times) reference.

B-1.9. Changes since version 1.5b2

¥ Added Bill Cleveland (NASA Ames Research Center's SimLab) and Brent York (NAVAIR's
Manned Flight Simulator) to the acknowledgments section, to thank them for their pioneering
initial trials of DAVE-ML.

¥ Added provenanceRef element and changed all parents (specifically  function,
griddedTableDef and ungriddedTableDef elements) of provenance elements to
enable them to use a  provenanceRef reference instead to eliminate duplicate provenance
elements.

¥ Realization dawned that there was little difference between griddedTables and
griddedTableDefs but that the latter was more flexible (ditto  ungriddedTables and
ungriddedTableDefs). By making the gtID and utID attributes 'implied' instead of
'required,' we can use the Def versions in both referenced-table and embedded-table
functions. Thus the original griddedTable and ungriddedTable elements have been
marked as 'deprecated.' They are still supported in this DTD for backwards compatibility but
should be avoided in future use. The easiest way to modify older DAVE-ML models would be
to rename all griddedTables as griddedTableDefs.  

B-1.10. Changes since version 1.5b

¥ Fixed typographical errors pointed out by Bill Cleveland.

¥ Added  fileVersion  element to  fileHeader  element, so each version of a particular
DAVEfunc model can be uniquely identified. Format of the version identifier is undefined.

¥ Added an email attribute to the  author element. The Extensible Name Service (xns [http://
www.xns.org]) standard does not appear to be catching on as rapidly as hoped, so a static e-
mail link will have to do for now, at least until the replacement XRI technology is more widely
adopted.

¥ Added a mandatory varID attribute to both independentVarPts and dependentVarPts
so these can be associated with an input and output signal name (variableDef),
respectively.

¥ Added an optional extraDocRef  element to the  modificationRecord element so more
than one document can be associated with each modification event. If only one document
needs to be referenced, use of the optional refID in the  modificationRecord itself will
suffice.

http://www.xns.org
http://www.xns.org
http://www.xns.org
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B-2. Introduction

This document describes the format for DAVE-ML model definition files. DAVE-ML is a proposed
standard format for the interchange of aerospace vehicle flight dynamics models. The intent
of DAVE-ML is to significantly expedite the process of re-hosting a simulation model from one
facility to another and function as an improved method to promulgate changes to a particular
model between various facilities.

DAVE-ML is based on the Extensible Markup Language (XML), a World-Wide Web Consortium
(W3C) standard. More information on XML is available here [http://www.w3.org/XML/]. 

The exchange of aerospace vehicle flight dynamics models may derive many benefits from the
application of XML in general, and DAVE-ML in particular:

¥ Provides a human-readable text description of the model

¥ Provides an unambiguous machine-readable model description, suitable for conversion into
programming language or direct import into object-oriented data structures at run-time

¥ Allows use of the same source file for computer-aided design and real-time piloted simulation

¥ Based on open, non-proprietary, standards that are language- and facility-independent

¥ Allows inclusion of statistical properties, such as confidence bounds and uncertainty ranges,
suitable for Monte Carlo or other statistical analysis of the model

¥ Complies with emerging AIAA simulation data standards

¥ Represents a self-contained, complete, archivable data package, including references to
reports, wind-tunnel tests, author contact information, and data provenance

¥ Is self-documenting and easily convertible to on-line and hard-copy documentation

A more complete discussion on the benefits and design of DAVE-ML can be found at the DAVE-
ML web site:  http://daveml.org    [http://daveml.org]

http://daveml.org
http://www.w3.org/XML/
http://www.w3.org/XML/
http://daveml.org
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B-3. Purpose

DAVE-ML is intended to encode (for exchange and long-term archive) an entire flight vehicle

dynamic simulation data package, as is traditionally done in initial delivery and updates to

engineering development, flight training, and accident investigation simulations. It is intended to

provide a programming-language-independent representation of the aerodynamic, mass/inertia,

landing gear, propulsion, and guidance, navigation and control laws for a particular vehicle.

Traditionally, flight simulation data packages are often a combination of paper documents and

data files on magnetic or optical media. This collection of information is very much vendor-

specific and is often incomplete or inconsistent. Many times, the preparing facility makes incorrect

assumptions about how the receiving facility's simulation environment is structured. As a result,

the re-hosting of the dynamic flight model by the receiving facility can take weeks or longer as

the receiving facility staff learns the contents and arrangement of the data package, the model

structure, the various data formats, and variable names/units/sign conventions. The staff then

spends additional time running check-cases (if any were included in the transmittal) and tracking

down inevitable differences in results.

There are obvious benefits to automating most of this tedious, manual process. Often, when a

pair of facilities has already exchanged one model, the transmission of another model is much

faster since the receiving facility will probably have devised some scripts and processes to

convert the data (both model and check-case data).

The purpose of DAVE-ML is to develop a common exchange format for these flight dynamic

models. The advantage gained is to enable any simulation facility or laboratory, after having

written a DAVE-ML import and/or export script, to automatically receive and/or transmit such

packages (and updates to those packages) rapidly with other DAVE-ML-compliant facilities.

To accomplish this goal, the DAVE-ML project is starting with the bulkiest part of most aircraft

simulation packages: the aerodynamics model. This initial version of DAVE-ML can be used to

transport a complete aerodynamics model, including descriptions of the aerodynamic build-up

equations and data tables, and include references to the documentation about the aerodynamics

model and check-case data. This format also lends itself to any static subsystem model (i.e.

one that contains no state vector) such as the mass and inertia model, or a weapons load-out

model, or perhaps a navigational database. The only requirement is that model outputs must be

unambiguously defined in terms of inputs, with no past history (state) information required.

DAVE-ML forms the encoding portion of the Flight Simulation Model Exchange Standard, BSR/

AIAA S-119-2010 (currently in draft form). More information is available at the S-119 web site

[AIAA10].   
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B-4. Background

The idea of a universally understood flight dynamics data package has been discussed for at

least two decades within the AIAA technical committees [Hildreth94], [Hildreth98]. There have

been proposals in the past to standardize on Fortran as well as proprietary, vendor-specified

modeling packages, including graphical ones. The National Aerospace Plane (NASP) Program,

under the guidance of Larry Schilling of NASA Dryden Flight Research Center, developed a

hybrid Web- and secure-FTP-based system for exchanging NASP subsystem models as well

as a naming convention for variables, file names, and other simulation components in the early

1990s. Some other simulation standards have subsequently been proposed by the AIAA and are

under active consideration at this writing [AIAA10].

B-4.1. Existing standards

The AIAA has published a Recommended Practice concerning sign conventions, axes systems,

and symbolic notation for flight-vehicle models [AIAA92]. 

The AIAA Modeling and Simulation Technical Committee has prepared a draft standard for

the exchange of simulation modeling data. This includes a methodology for accomplishing

the gradual standardization of simulation model components, a mechanism for standardizing

variable names within math models, and proposed Hierarchical Data Format 5 (HDF5)  as

the data format. This document is included as an Annex to the standard [AIAA01], [AIAA03],

[AIAA10]. 

B-4.2. DAVE-ML proposal

In a 2002 AIAA paper, Jackson and Hildreth proposed using XML to exchange flight dynamic

models [Jackson02]. This paper gave outlines for how such a standard could be accomplished,

and provided a business justification for pursuing such a goal.

The 2002 proposal included several key aspects from the draft standard, including allowing use

of a standard variable-name convention and data table schema and including traceability for

each data point back to a referenced document or change order.

In a subsequent paper, Jackson, Hildreth, York and Cleveland [Jackson04] reported on the

results of a demonstration using DAVE-ML to exchange two aerodynamic models between

simulation facilities, showing the feasibility of the idea.

B-4.3. Recent applications

Several successful applications of DAVE-ML have been reported. These include the adoption of

DAVE-ML by the Australian DSTO for threat models [Brian05] and the U.S. Navy for their Next

Generation Threat System [Hildreth08]. Import tools to allow the direct use of DAVE-ML models

(without recompilation) in real-time piloted simulations have been reported by NASA Langley

Research Center (LaRC)  [Hill07] and at NASA Ames Research Center  (ARC). Some interest

has been generated within NASA's Orion Project  as well [Acevedo07]. Other applications include

TSONT, a trajectory optimization tool ([Durak06]) and aircraft engine simulations ([Lin04]).

DAVE-ML format for models has also been supported by the GeneSim [http://

genesim.sourceforge.net] Project, which is providing open-source utility programs that realize a

DAVE-ML model in object-oriented source code such as C++, Java and C#.

http://genesim.sourceforge.net
http://genesim.sourceforge.net
http://genesim.sourceforge.net
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B-5. Supporting technologies

DAVE-ML relies on MathML, version 2.0, to define mathematical relationships. MathML-2 is an
XML grammar for describing mathematics as a basis for machine-to-machine communication. It
is used in DAVE-ML to describe relationships between variables and function tables and may also
be used for providing high-quality typeset documentation from the DAVE-ML source files. More
information is available at the MathML-2 home web page, found at http://www.w3.org/Math/. 

MathML-2 provides a mostly complete set of mathematical functions, including trigonometric,
exponential and switching functions. One function that is available in most programming
languages and computer-aided design tools but is missing from MathML-2 is the two-argument
arctangent function which provides a continuous angle calculation by comparing the sine
and cosine components of a 2D coordinate set. DAVE-ML provides a means of extending
MathML-2 for a predefined set of functions (currently only the atan2 function is defined). Thus,
a DAVE-ML-compliant processing tool should recognize this extension (which is accomplished
by using the MathML-2 csymbol  element). See Section B-6.2.2 [20] for a discussion and
example B-6 [25].  

http://www.w3.org/Math/
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B-6. Major elements

At present, only one major element of DAVE-ML has been defined: the function definition

element, or DAVEfunc . DAVEfunc  is used to describe static models such as aerodynamic and

inertia/mass models, where an internal state is not included. Static check-cases can also be

provided for verification of proper implementation.

Other major elements are envisioned to describe dynamic portions of the vehicle model (such

as propulsion, landing gear, control systems, etc.) and dynamic check-case (time history) data.

Ultimately DAVE-ML should be capable of describing a complete flight-dynamics model with

sufficient data to validate the proper implementation thereof.

B-6.1. The DAVEfunc major element

The DAVEfunc  element contains both data tables and equations for a particular static model. A

DAVEfunc  element is broken into six components: a file header, variable definitions, breakpoint

definitions, table definitions, function definitions and optional check-cases. This decomposition

reflects common practice in engineering development flight-simulation models in which the

aerodynamic database is usually captured in multi-dimensional, linearly interpolated function

tables. The inputs to these tables are usually state variables of the simulation (such as Mach

number or angle-of-attack). The outputs from these interpolated tables are combined to represent

forces and moments acting on the vehicle due to aerodynamics.   

It is possible, using DAVEfunc  and MathML-2 elements, to completely define an aerodynamic

model without use of function tables (by mathematical combinations of input variables, such as

a polynomial model) but this is not yet common in the American flight-simulation industry.

A fileHeader  element is included to give background and reference data for the represented

model. 

Variables, or more properly signals, are used to route inputs and calculations through the

subsystem model into outputs. Each variable is defined with a variableDef  element. Variables

can be thought of as parameters in a computer program or signal paths on a block diagram.

They can be inputs to the subsystem model, constant values, outputs from the model, and/or

the results of intermediate calculations. Variables must be defined for each input and output of

any function element as well as any input or output of the subsystem represented. MathML-2

[http://www.w3.org/Math] content markup can be used to define constant, intermediate, or output

variables as mathematical combination of constant values, function table outputs, and other

variables, but any presentation markup is not required and should be ignored by the processing

application (except as required to generate documentation). Variables also represent the current

value of a function (the dependentVariableDef  in a function  definition) so the output of

functions can be used as inputs to other variables or functions.   

Breakpoint definitions, captured in breakpointDef  elements, consist of a list of monotonically

increasing floating-point values separated by commas or white space. These sets are referenced

by "gridded" function table definitions and may be referenced by more than one function
definition. 

Function table definitions, described by griddedTableDef  and ungriddedTableDef
elements, generally contain the bulk of data points in an aerodynamics model, and typically

represent a smooth hyper-surface representing the value of some aerodynamic non-dimensional

coefficient as a function of one or more vehicle states (typically Mach number, angle-of-attack,

control surface deflection, and/or angular body rates). These function tables can be either

"gridded," meaning the function has a value at every intersection of each dimension's breakpoint,

http://www.w3.org/Math
http://www.w3.org/Math
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or "ungridded," meaning each data point has a specified coordinate location in n-space. The
same table can be reused in several functions, such as a left- and right-aileron moment
contribution.   

Function definitions (described by function elements) connect breakpoint sets and data tables
to define how an output signal (or dependent variable) should vary with one or more input
signals (or independent variables). The valid ranges of input-signal magnitudes, along with
extrapolation requirements for out-of-range inputs, can be defined. There is no limit to the number
of independent variables, or function dimensionality, of the function.  

Check-case data (described by a single checkData element) can be included to provide
information to automatically verify the proper implementation of the model by the recipient.
Multiple check-cases can (and should) be specified using multiple staticShot test-case
definitions, as well as optional internal signal values within the model to assist in debugging an
instantiation of the model by the recipient.  

Figure 1 [15] contains excerpts from an example model, showing five of the six major parts
of a DAVE-ML file.
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Figure B-1.  Excerpts from an example DAVE-ML file

A simpler version of a  function   is available in which the dependent variable breakpoint values
and dependent output values are specified directly inside the  function   body. This may be
preferred for models that do not reuse function or breakpoint data.

A third form of  function   is to give the gridded table values or ungridded table values inside
the  function   body, but refer to externally defined breakpoint sets. This allows reuse of the
breakpoint sets by other functions but keeps the table data private.

B-6.2. Schematic overview of DAVEfunc

Shown below are schematic overviews of the various elements currently available in DAVEfunc .
Each element is described in detail in Section B-8 [53] later in this document. The following
key is used to describe the elements and associated attributes. 

Key:
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    elementname : mandatory_attributes, [optional_attributes]
            mandatory_single_sub-element
            optional_single_sub-element?                     {editorial comment}
            ( choice_1_sub-element | choice_2_sub-element )
            zero_or_more_sub-elements*     
            one_or_more_sub-elements+
            (character data) implies UNICODE text information
      

The  DAVEfunc   element has six possible sub-elements:

    DAVEfunc :
        fileHeader
        variableDef +
        breakpointDef *
        griddedTableDef *
        ungriddedTableDef *
        function *
        checkData ?
      

DAVEfunc  sub-elements:

  fileHeader  This mandatory element contains information about the origin
and development of this model.

  variableDef  Each DAVEfunc  model must contain at least one signal
path (such as a constant output value). Each input, output
or internal signal used by the model must be specified in a
separate variableDef .

A signal can have only a single origin (an input block, a
calculation, or a function output) but can be used (referenced)
more than once as an input to one or more functions, signal
calculations, and/or as a model output.

In DAVE-ML 2.0, all signals are real and scalar.

The variableDef s should appear in calculation order; that
is, a variableDef  should not appear before the definitions
of variables upon which it is dependent. This is good practice
since doing so avoids a circular reference. If a variable
depends upon the output (dependentVar ) of a function
it can be assumed that dependence has been met, since
function definitions appear later in the DAVEfunc  element. 

  breakpointDef  A DAVEfunc  model can contain zero, one, or more
breakpoint set definitions. These definitions can be shared
among several gridded function tables. Breakpoint definitions
can appear in any order.

griddedTableDef  A DAVEfunc  model can contain zero, one, or more gridded
nonlinear function table definitions. Each table must be used
by multiple function  definition if desired for efficiency.
Alternatively, some or all  function s in a model can specify
their tables internally with an embedded griddedTableDef
element.    

A gridded function table contains dependent values, or data
points, corresponding to the value of a function at the
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intersection of one or more breakpoint sets (one for each

dimension of the table). The independent values (coordinates

or breakpoint sets) are not stored within the gridded table

definition but are referenced by the parent function. This

allows a function table to be supported by more than one

set of breakpoint values (such as left- and right-aileron

deflections). 

ungriddedTableDef  A DAVEfunc model can contain zero, one, or more ungridded

nonlinear function table definitions.  Unlike a rectangularly

gridded table, an ungridded table specifies data points as

individual sets of independent and dependent values. Each

table must be used by at least one but can be used by

multiple function  definitions if necessary for efficiency.

Alternatively, function s can retain their tables internally

with a ungriddedTable element without sharing the table

values with other functions. 

Ungridded table values are specified as a single (unsorted)

list of independent variable (input) values and associated

dependent variable (output) values. While the list is not

sorted, the order of the independent variable inputs is

important and must match the order given in the parent

function . Thus, functions that share an ungridded table

definition must have the same ordering of independent

variables.

The method of interpolating the ungridded data is not

specified. 

  function  A function  ties together breakpoint sets (for gridded-table

nonlinear functions), function values (either internally or by

reference to table definitions), and the input- and output-

variable signal definitions, as shown in Figure 1 [15].

Functions also include provenance, or background history,

of the function data such as wind tunnel test or other source

information.

  checkData  This optional element contains information allowing the

model to be automatically verified after implementation by the

receiving party.

An example of each of these sub-elements is given below. Complete descriptions of each

element in detail are found in Section B-8 [53].

B-6.2.1. The file header element

The fileHeader   element contains information about the source of the data contained within the

DAVEfunc  major element, including the author, creation date, description, reference information,

and modification history. 

    fileHeader  : [name]
        author + : name, org, [email]
            contactInfo * : [contactInfoType, contactLocation]
                {text describing contact information for author}
        creationDate  : date {in ISO 8601 YYYY-MM-DD format}
        fileVersion ? 
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            {file version identifier}
        description ?
            {textual description of model}
        reference * : refID, author, title, date, [classification, accession, href]
            description ? :
                {textual information about reference}
        modificationRecord * : modID, date, [refID]
            author + : name, org, [email]
                contactInfo * : [contactInfoType, contactLocation]
                    {text describing contact information for author}
            description ?
                {textual description of modification}
            extraDocRef * : refID
        provenance * :
                author + : name, org, [email]
                    contactInfo * : [contactInfoType, contactLocation]
                        {text describing contact information for author}
                creationDate  : date {in ISO 8601 YYYY-MM-DD format}
                documentRef * : [docID,] refID
                modificationRef * : modID
                description ?
                    {textual description of the background of the model}
        

fileHeader   sub-elements:

  author  Name, organization, optional email address and other contact

information for each author.

  creationDate  Creation date of this file. See Section B-6.5.4 [49] for the

recommended format for encoding dates.

  fileVersion  A string that indicates the version of the document. No

convention is specified for the format, but a good practice

would include an automated revision number from a version

control system.

  description  An optional but recommended text description: what does this

DAVE-ML file represent?

  reference  An optional list of one or more references with a document-

unique ID (must begin with alpha character), author, title,

date, and optional accession and URL of the reference. This

sub-element can include a description of the reference.

  modificationRecord  An optional list of one or more modifications with optional

reference IDs, as well as author information and descriptions

for each modification record. These modifications are

referred to by individual function tables and/or data points,

using the AIAA modification letter convention. If more than

one document is associated with the modification, multiple

sub-element extraDocRefs may be used in place of the

modificationRecord 's refID  attribute.

  provenance  An optional list of one or more provenance elements allows

the author to describe the source and history of the data

within this model. Since the model may be constructed

from several sources, more than one provenance may be

provided, one for each source of data. Use of a provID
attribute in the fileHeader  is unnecessary since this

provenance applies to the entire model unless otherwise

specified.
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Example B-1. An excerpt with an example of a fileHeader  element

<!--                          =================                          --> !
<!-- =========================   FILE HEADER   ========================= -->
<!--                          =================                          -->

  < fileHeader > "
    < author  name="Bruce Jackson" org="NASA Langley Research Center">
      < contactInfo  contactInfoType='address' contactLocation='professional'>
         MS 308 NASA, Hampton, VA 23681
      </contactInfo>
      < contactInfo  contactInfoType='email' contactLocation='professional'>
        Bruce.Jackson@nospam.nasa.gov
      </contactInfo>
    </author>
    < creationDate  date="2003-03-18"/> #

    < fileVersion >$Revision : 1.24 $</fileVersion> $

    < description >
     Version 2.0 aero model for HL-20 lifting body, as described in
     NASA TM-107580. This aero model was used for HL-20 approach and
     landing studies at NASA Langley Research Center during 1989-1995
     and for follow-on studies at NASA Johnson Space Center in 1994
     and NASA Ames Research Center in 2001. This DAVE-ML version was
     created in March 2003 by Bruce Jackson to demonstrate DAVE-ML.
    </description>

    < reference  refID="REF01" %
        author="Jackson, E. Bruce; Cruz, Christopher I. & and Ragsdale, W. A." 
        title="Real-Time Simulation Model of the HL-20 Lifting Body" 
        accession="NASA TM-107580"
        date="1992-07-01"
    />

    < reference  refID="REF02" 
        author="Cleveland, William B. <nospam@mail.arc.nasa.gov>" 
        title="Possible Typo in HL20_aero.xml" 
        accession="email" 
        date="2003-08-19"
    />

    < modificationRecord  modID="A" refID="REF02"> &
      < author  name="Bruce Jackson" org="NASA Langley Research Center">
        < contactInfo  contactInfoType='address' contactLocation='professional'>
           MS 308 NASA, Hampton, VA 23681
        </contactInfo>
      </author>
      < description >
        Revision 1.24: Fixed typo in CLRUD0 function description which
        gave dependent signal name as "CLRUD1." Bill Cleveland of NASA
        Ames caught this in his xml2ftp script. Also made use of 1.5b2
        fileHeader fields and changed date formats to comply with
        convention.
      </description>
    </modificationRecord>

  </fileHeader>
          

! Use of comments make models more readable by humans.

" Start of the fileHeader  element.

# Creation date of file, in ISO-8601 format. See Section B-6.5.4 [49]

$ In this example, the revision number is automatically inserted by a version control system.

% All documents referenced by notation throughout the file should be described in the

fileHeader  as reference  elements.
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! All modifications made to the contents of this file should be listed in the fileHeader
as modificationRecord  sub-elements for easy reference by later modificationRef
elements.

B-6.2.2. The variable definition element

The variableDef  element is used to define each constant, parameter, or variable used within
or generated by the defined subsystem model. It contains attributes including the variable
name (used for documentation), an internal and unique varID  identifier (used for linking
inputs, functions and outputs), the units of measure of the variable, and optional axis system,
sign convention, alias, and symbol declarations. Optional sub-elements include a written text
description and a mathematical description, in MathML-2 content markup, of the calculations
needed to derive the variable from other variables or function table outputs. Optional sub-
element isOutput , serves to indicate an intermediate calculation that should be brought out
to the rest of the simulation. Another optional sub-element, isStdAIAA , indicates the variable
name is defined in the AIAA simulation standards document. Another optional sub-element,
uncertainty , captures the statistical properties of a (normally constant) parameter. 

Other optional sub-elements are provided to identify inputs, disturbances, and simulation control
parameters, as well as the ability to identify a variable as a state or state derivative for linear
model purposes.

There must be a single  variableDef   for each and every input, output or intermediate constant
or variable within the DAVEfunc model.

    variableDef  : name, varID, units, [axisSystem, sign, alias, symbol, initialValue]
        description ? :
                {description character data}
        (
            provenanceRef  : provID
        OR
            provenance  : [provID]
                author + : name, org, [email]
                    contactInfo * : [contactInfoType, contactLocation]
                        {text describing contact information}
                creationDate  : date {in YYYY-MM-DD format}
                documentRef * : [docID,] refID
                modificationRef * : modID
                description ?
        )?
        calculation ? :
            math {defined in MathML-2 DTD}
        ( isInput  | isControl  | isDisturbance )?
        isState ?
        isStateDeriv ?
        isOutput ?
        isStdAIAA ?
        uncertainty ? : effect
            ( normalPDF  : numSigmas) | ( uniformPDF  : bounds+)

        

variableDef attributes:

 name A UNICODE name for the variable (may be the same string
as the varID ).

 varID An internal identifier that is unique within the file.

 units The units-of-measure for the signal, using the AIAA standard
units convention [AIAA10].
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 axisSystem An optional indicator of the axis system (body, inertial,
etc.) in which the signal is measured. See [AIAA10] or
Section B-6.5 [49] below for recommended practice for
nomenclature.

 sign An optional indicator of which direction is considered
positive (+RWD, +UP, etc.). See [AIAA10] or the section on
Section B-6.5 [49] below for recommended practice for
abbreviations.

 alias An optional, facility-specific variable name, perhaps used in
the equations of motion or control system model, that does
not conform to the AIAA standard for variable names. Use of
this attribute is discouraged for portability reasons.

 symbol A UNICODE Greek symbol for the signal [to be superseded
with more formal MathML or TeX element in a later release].

 initialValue An optional initial value for the parameter. This is normally
specified for constant parameters only.

variableDef  sub-elements:

  description  An optional text description of the variable.

  provenance  The optional provenance element allows the author to
describe the source and history of the data within this
variableDef . Alternatively, a  provenanceRef   reference
can be made to a previously defined provenance .

  calculation  An optional container for the MathML-2 content markup that
describes how this variable is calculated from other variables
or function table outputs. This element contains a single math
element which is defined in the MathML-2 markup language
[http://www.w3.org/Math].

A MathML-2 calculation can include both constants (using
the content numeric cn  element) and references to other
variables internal to the parent DAVEfunc  description. The
variables (which can include the output, or dependent
variable of a function  table) are identified using its varID
attribute string in the appropriate MathML content identifier
(ci ) element of the expression.

Examples of MathML expressions appear later in this
reference.

 isInput This optional element, if present, signifies that this variable is
an input to the model, such as a pilot inceptor deflection or
Mach number. Useful for linear model extraction tools. It must
not be the result of a calculation or be cited as the dependent
variable of a function.

 isControl This optional element, if present, signifies that this variable
is a simulation control parameter, such as a trim flag
or simulation time step measurement. Simulation control
parameters should have no influence on the dynamic

http://www.w3.org/Math
http://www.w3.org/Math
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behavior of the model and should be ignored by a linear
model extraction tool.

 isDisturbance This optional element, if present, signifies that this variable
represents an external disturbance input to the model; this is
useful for linear model extraction tools to partition this input
separately from the other model inputs.

 isOutput This optional element, if present, signifies that this variable
needs to be passed as an output. How this is accomplished
is up to the implementer. Unless specified by this element,
a variable is considered an output only if it is the result of
a calculation or function AND is not used elsewhere in the
DAVEfunc.

 isStdAIAA This optional element, if present, signifies that this variable is
one of the standard AIAA simulation variable names that are
defined as Annex A to [AIAA10]. Such identification should
make it easier for the importing process to connect this
variable (probably an input or output of the model) to the
appropriate variable to/from the user's simulation framework.

  isState This optional element, if present, signifies that this variable
serves as a state of the model.

  isStateDeriv This optional element, if present, signifies that this variable
serves as a state derivative of the model.

  uncertainty This optional element, if present, describes the uncertainty of
this parameter. See the section on Statistics below for more
information about this element.

Example B-2. An example of two variableDef elements defining input signals

In this example , two input variables are defined: XMACH and DBFLL. These two variables are
inputs to a table lookup function shown in example B-11 [35] below.

<!--                     ==========================                     -->

<!-- ====================   VARIABLE DEFINITIONS   ==================== -->

<!--                     ==========================                     -->

      <!-- ================== -->

      <!--  Input variables   -->

      <!-- ================== -->

  <variableDef name="mach"! varID="XMACH"" units="nd" symbol="M">

    <description>

        Mach number (dimensionless) 

    </description>

    <isInput/>#

    <isStdAIAA/>$

  </variableDef>

    .

    .

    .

  <variableDef name="dbfll" varID="DBFLL" units="deg"% sign="TED"& 

                symbol="&#x3B4;bfll"'>

    <description>

        Lower left body flap deflection, deg, positive trailing-edge-down (so deflections are

        always zero or positive).

    </description>
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    <isInput/>

  </variableDef>

          

! The name attribute is intended for humans to read, perhaps as the signal name in a wiring

diagram. Note that "machNumber" is one of the standard AIAA simulation variable names.

" The varID attribute is intended for the processing application to read. This is an internal

identifier that must be unique within this model.

# The optional isInput attribute indicates this variable should be treated as an input to the

model for model hierarchy and linear model extraction (for example).

$ The optional isStdAIAA sub-element indicates this signal is one of the predefined standard

variables that most simulation facilities define in their equations of motion code. The name

attribute should correspond to the standard AIAA parameter name from Annex A of [AIAA10]

or subsequent standards document

% The mandatory units attribute describes the units of measure of the variable. See

Section B-6.5.6 [50] below for a recommended list of units-of-measure abbreviations.

& The optional sign attribute describes the sign convention that applies to this variable.

In this case, the lower-left body-flap is positive with trailing-edge-down deflection. See

Section B-6.5.5 [50] below for a recommended list of sign abbreviations.

' The optional symbol attribute allows a UNICODE character string that might be used for

this variable in a symbols listing.

Example B-3. A simple local variable definition example

This DAVE-ML excerpt defines CLBFLLO which is the dependent variable (output) from a table

lookup function (shown later in Example 11 [35]). It is subsequently used in the calculation of

the lower-left body flap lift coefficient (shown in Example 4 [23]).

      <!-- ================== -->

      <!--  Local variables   -->

      <!-- ================== -->

<!-- PRELIMINARY BUILDUP EQUATIONS -->

<!--  LOWER LEFT BODY FLAP CONTRIBUTIONS -->

<!--    table output signal   -->

  <variableDef name="CLdbfll_0" varID="CLBFLL0" units="nd">

    <description>

        Output of CLBFLL0 function; lift force contribution of

        lower left body flap deflection due to alpha^0 (constant

        term).

    </description>

  </variableDef>

          

Since this signal is not flagged as an input, control, disturbance or output, this variable is an

intermediate signal local to this model.

Example B-4.  A more complete variableDef example with a calculation element

In this example, the local variable CLBFLL is defined as a calculated quantity, based on several

other input or local variables including the CLBFLL0 function output variable defined in the

previous example [23]. Note the description element is used to describe the equation in

Fortran-ish human-readable text. The calculation element describes this same equation in

MathML-2 content markup syntax; this portion should be used by parsing applications to create

either source code, documentation, or run-time calculation structures.

<!--    lower left body flap lift buildup -->

  <variableDef name="CLdbfll" varID="CLBFLL" units="nd">

    <description>
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        Lift contribution of lower left body flap deflection
        CLdbfll = CLdbfll_0 + alpha*(CLdbfll_1 + alpha*(CLdbfll_2 
                            + alpha*CLdbfll_3)) !
    </description>
    <calculation>  "
      <math xmlns="http://www.w3.org/1998/Math/MathML">
        <apply>  #
        <plus/>
          <ci>CLBFLL0</ci>  $
          <apply>
            <times/>
            <ci>ALP</ci>
            <apply>
              <plus/>
              <ci>CLBFLL1</ci>
              <apply>
                <times/>
                <ci>ALP</ci>
                <apply>
                  <plus/>
                  <ci>CLBFLL2</ci>
                  <apply> %
                    <times/>
                    <ci>ALP</ci>
                    <ci>CLBFLL3</ci>
                  </apply> <!--            a*c3   -->  &
                </apply> <!--        (c2 + a*c3)  -->
              </apply> <!--        a*(c2 + a*c3)  -->
            </apply> <!--    (c1 + a*(c2 + a*c3)) -->
          </apply> <!--    a*(c1 + a*(c2 + a*c3)) -->
        </apply> <!-- c0 + a*(c1 + a*(c2 + a*c3)) -->
      </math>
    </calculation>
  </variableDef>
          

! This Fortran-ish equation, located in the description  element, is provided in this example
for the benefit of human readers; it should not parsed by the processing application.

" A calculation  element always embeds a MathML-2 math  element; note the definition
of the MathML-2 namespace.

# Each apply  tag pair surrounds a math operation (in this example, a plus  operator) and the
arguments to that operation (in this case, a variable CLBFLL defined elsewhere is added
to the results of the nested apply  operation).

$ The content identifier (ci ) MathML-2 element gives the varID  of the previously defined
variables used in this equation; this variable represents the output of the CLBFLL0 function
found in Example 11 [35] that is captured in the CLBFLL0 variable defined in Example
3 [23]. The other ci  elements are not defined in this manual but are defined in the full
model.

% Inner-most apply  multiplies variables ALP and CLBFLL3.
& The comments here are useful for humans to understand how the equation is being built

up; the processing application ignores all comments.

Example B-5. Another example of an output variable based on a calculation  element

This excerpt is an example of how an output variable (CL) might be defined from previously
calculated local variables (in this case, CL0, CLBFL, etc.).

      <!-- ================== -->
      <!--  Output variables  -->
      <!-- ================== -->

  <variableDef name="CL" varID="CL" units="nd" sign="+UP" symbol="CL">
    <description>
        Coefficient of lift
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        CL = CL0 + CLBFUL + CLBFUR + CLBFLL + CLBFLR + 
                   CLWFL + CLWFR + CLRUD + CLGE + CLLG
    </description>
    <calculation>
      <math>
        <apply> !
          <plus/>
          <ci>CL0</ci>
          <ci>CLBFUL</ci>
          <ci>CLBFUR</ci>
          <ci>CLBFLL</ci> "
          <ci>CLBFLR</ci>
          <ci>CLWFL</ci>
          <ci>CLWFR</ci>
          <ci>CLRUD</ci>
          <ci>CLGE</ci>
          <ci>CLLG</ci>
        </apply>
      </math>
    </calculation>
    <isOutput/> #
  </variableDef>
          

! Here apply  simply sums the value of these variables, referenced by their varID s.

" This ci  element refers to the lower left body flag lift contribution calculated in the previous

example [23].

# The isOutput  element signifies to the processing application that this variable should be

made visible to models external to this DAVEfunc .

Example B-6. An intermediate variable with a calculation  element that uses a DAVE-ML
function extension to the default MathML-2 function set

In this excerpt, we demonstrate a means to encode a math function, atan2, that is not available

in the default MathML-2 function set. The atan2 function is used often in C, C++, Java and other

modeling languages and has been added to the DAVE-ML standard by use of the MathML-2

csymbol  element, specifically provided to allow extension of MathML-2 for cases such as this.

      <!-- ================== -->
      <!--    ATAN2 example   --> !
      <!-- ================== -->

  <variableDef name="Wind vector roll angle" varID="PHI" units="rad">
    <description>
      This encodes the equation PHI = atan2( tan(BETA), sin(ALPHA) ) where atan2
      is the two-argument arc tangent function from the ANSI C standard math
      library.
    </description>
    <calculation>
      <math>
        <apply>
          <csymbol definitionURL="http://daveml.org/function_spaces.html#atan2"
                   encoding="text">  "
            atan2
          </csymbol>
          <apply>
            <tan/>
            <ci>BETA</ci>   #
          </apply>
          <apply>
            <sin/>
            <ci>ALPHA</ci>  $
          </apply>
        </apply> 
      </math>
    </calculation>
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  </variableDef>
          

! This excerpt shows how to calculate wind roll angle, phi, from angle-of-attack and angle-of-
sideslip; it comes from the Apollo aerodynamics data book [NAA64].

" The csymbol  element is provided by MathML-2 as a means to extend the function set of
MathML-2. An extension for atan2 is the only function defined at present but others may be
added to the set in the future. Note the specific URI that uniquely identifies this function; it is
also the URL (web address) of the documentation of the interpretation of the atan2 function.

# BETA is the varID  of a previously defined variable.
$ ALPHA is the varID  of a previously defined variable.

B-6.2.3. The breakpoint set definition element

The breakpoint set definition element, breakpointDef , is used to define a list of comma- or
white space-separated values that define the coordinate values along one axis of a gridded
linear function value table. It contains a mandatory bpID  attribute, an optional name and units-
of-measure attributes, an optional text description  element, and the comma- or white space-
separated list of floating-point values in the bpVals  element. This list must be monotonically
increasing in value. 

    breakpointDef  : bpID, [name, units]
        description ? :
        bpVals  :
            {character data of comma- or white space-separated breakpoints}
        

breakpointDef  attributes:

 bpID An internal reference that is unique within the file.

 name A UNICODE name for the set (may be the same string as
bpID ).

 units The units-of-measure for the breakpoint values. See
Section B-6.5.6 [50] below.

breakpointDef  sub-elements:

  description  An optional text description of the breakpoint set.

  bpVals  A comma- or white space-separated, monotonically
increasing list of floating-point values.

Example B-7. Two breakpointDef examples in a DAVE-ML model excerpt

As an example, two breakpoint sets are defined which are used in the function  element given
below (example B-11 [35]). Breakpoint sets XMACH1_PTS and DBFL_PTS contain values for
Mach and lower body flap deflection, respectively, which are used to look up function values in
several gridded function tables. One example is given below in example B-8 [28].

<!--                          =====================                          -->
<!-- =========================   BREAKPOINT SETS   ========================= -->
<!--                          =====================                          -->

  < breakpointDef  name="mach" bpID="XMACH1_PTS" units="nd">  !

    < description >
      Mach number breakpoints for all aero data tables
    </description>
    < bpVals >
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        0.3, 0.6, 0.8, 0.9, 0.95, 1.1, 1.2, 1.6, 2.0, 2.5, 3.0, 3.5, 4.0   !
    </bpVals>
  </breakpointDef>

  < breakpointDef  name="Lower body flap" bpID="DBFL_PTS" units="deg">    "
    < description >Lower body flap deflections breakpoints for tables</description>
    < bpVals >0., 15., 30., 45., 60.</bpVals>
  </breakpointDef>

          

# This breakpointDef  element describes a Mach breakpoint set uniquely identified as
XMACH1_PTS with no associated units of measure.

! The breakpoint values are given as a comma- or white space-separated list and must be
in monotonically increasing numerical order.

" This breakpoint set defines the breakpoints for lower body flap deflection.

B-6.2.4. The gridded table definition element

The griddedTableDef  element defines a multi-dimensional table of values corresponding
with the value of an arbitrary function at each intersection of a set of specified independent
input values. The coordinates along each dimension are defined in separate breakpointDef
elements that are referenced within this element by bpRef s, one for each dimension. 

The data contained within the data table definition are a comma- or white space-separated set
of floating-point values. This list of values represents a multi-dimensional array whose size is
inferred from the length of each breakpoint vector. For example, a 2D table that is a function of an
eight-element Mach breakpoint set and a ten-element angle-of-attack breakpoint set is expected
to contain 80 (8 x 10) comma- or white space-separated values.

By convention, the  breakpointRefs   are listed in order such that the last breakpoint set varies
most rapidly in the associated data table listing. See Section B-6.5.1 [49] below.

An optional  uncertainty   element may be provided that represents the statistical variation in
the values presented. See Section B-6.4 [43] for more information about this element.

    griddedTableDef  : [name, gtID, units]
        description ?
          {description of table in character data}
        EITHER
            provenanceRef ? : provID
        OR
            provenance ? : [provID]
                author + : name, org, [email]
                    contactInfo * : [contactInfoType, contactLocation]
                        {text describing contact information}
                creationDate  : date {in YYYY-MM-DD format}
                documentRef * : [docID,] refID
                modificationRef * : modID
                description ?
        breakpointRefs  :
            bpRef + : bpID
        uncertainty ? : effect
            ( normalPDF  : numSigmas | uniformPDF )
        dataTable
            {character data of comma- or white space-separated table values}

        

griddedTableDef   attributes:

 gtID An internal reference that is unique within the file.

 name A UNICODE name for the table (may be the same string as
gtID ).
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 units The units-of-measure of the table's output signal. See
Section B-6.5.6 [50] below.

griddedTableDef  sub-elements:

  description  The optional description element allows the author to
describe the data contained within this griddedTable .

  provenance  The optional provenance element allows the author to
describe the source and history of the data within
this griddedTable . Alternatively, a  provenanceRef
reference can be made to a previously defined provenance .

  breakpointRefs  The mandatory  breakpointRefs  element contains
separate bpRef  elements, each pointing to a
separately defined breakpointDef . Thus, the independent
coordinates associated with this function table are defined
elsewhere and only a reference is given here. The order of
appearance of the bpRef s is important; see the text above.

  uncertainty  This optional element, if present, describes the uncertainty
of this parameter. See Section B-6.4 [43] for more
information about this element.

  dataTable  The numeric values of the function at the function vertices
specified by the breakpoint sets are contained within this
element, in a single comma- or white space-separated list,
representing an unraveled multi-dimensional table. Parsing
this list and storing it in the appropriate array representation
is up to the implementer. By convention, the last breakpoint
value increases most rapidly.

Example B-8.  An excerpt showing an example of a griddedTableDef element

This nonlinear function table is used by a subsequent function  in Example 11 [35] to specify
an output value based on two input values: body flap deflection and Mach number. This table
is defined outside of a function  element because this particular function table is used by two
functions: one for the left-lower body flap and one for the lower-right body flap; thus, their actual
independent (input) variable values might be different.

        <!-- ==================================== -->     !

        <!-- Lower Body Flap Tables (definitions) -->
        <!-- ==================================== -->

  <griddedTableDef name="CLBFL0" gtID="CLBFL0_table">     "

    < description >      #

        Lower body flap contribution to lift coefficient,
        polynomial constant term
    </description>
    < provenance >        $

      < author  name="Bruce Jackson" org="NASA Langley Research Center"
 email="e.b.jackson@larc.nasa.gov"/>
      < creationDate  date="2003-01-31"/>
      < documentRef  docID="REF01"/>
    </provenance>
    < breakpointRefs > %
      < bpRef  bpID="DBFL_PTS"/>
      < bpRef  bpID="XMACH1_PTS"/>
    </breakpointRefs>
    < dataTable > <!-- last breakpoint (XMACH) changes most rapidly --> &

<!-- CLBFL0 POINTS  -->
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<!-- DBFL =        0.0       -->
 0.00000E+00 , 0.00000E+00 , 0.00000E+00 , 0.00000E+00 , 0.00000E+00 ,
 0.00000E+00 , 0.00000E+00 , 0.00000E+00 , 0.00000E+00 , 0.00000E+00 ,
 0.00000E+00 , 0.00000E+00 , 0.00000E+00 ,
<!-- DBFL =       15.0       --> !

-0.86429E-02 ,-0.10256E-01 ,-0.11189E-01 ,-0.12121E-01 ,-0.13520E-01 ,
-0.86299E-02 ,-0.53679E-02 , 0.76757E-02 , 0.11300E-01 , 0.62992E-02 ,
 0.51902E-02 , 0.38813E-02 , 0.37366E-02 ,
<!-- DBFL =       30.0       -->
 0.22251E-01 , 0.26405E-01 , 0.28805E-01 , 0.31206E-01 , 0.34806E-01 ,
 0.31321E-01 , 0.28996E-01 , 0.19698E-01 , 0.18808E-01 , 0.12755E-01 ,
 0.10804E-01 , 0.98493E-02 , 0.83719E-02 ,
<!-- DBFL =       45.0       -->
   .
   . [other points in table]
   .
    </dataTable>
  </griddedTableDef>
          

" Comments are good practice for human readers
# name is used for documentation purposes; gtID  is intended for automatic wiring (autocode)

tools.
$ Descriptions make for good practice whenever possible. Here we explain the contents of

the function represented by the data points.
% provenance  is the story of the origin of the data.
& These bpRef s are in the same order as the table is wrapped (see text above) and must

be reflected in the referencing function in the same order. In this excerpt, the referencing
function must list the independentVarRefs  such that the signal that represents delta
body flap (DBFL) must precede the reference to the signal that represents Mach number
(XMACH).

' The points listed within the dataTable  element are given as if the last bpRef  varies most
rapidly. See the discussion above.

! Embedded comments are a good practice.

B-6.2.5. The ungridded table definition element

The ungriddedTableDef  element defines a set of non-orthogonal data points, along with
their independent values (coordinates), corresponding with the dependent value of an arbitrary
function. 

A 'non-orthogonal' data set, as opposed to a gridded or 'orthogonal' data set, means that the
independent values are not laid out in an orthogonal grid. This form must be used if the dependent
coordinates in any table dimension cannot be expressed by a single monotonically increasing
vector.

See the excerpts below for two instances of ungridded data.

An optional  uncertainty   element may be provided that represents the statistical variation in
the values presented. See the section on Statistics below for more information about this element.

    ungriddedTableDef  : [utID, name, units]
        description ? :
            {description character data}
        EITHER
            provenanceRef ? : provID
        OR
            provenance ? : [provID]
                author + : name, org, [email]
                    contactInfo * : [contactInfoType, contactLocation]
                        {text describing contact information}
                creationDate  : date {in YYYY-MM-DD format}
                documentRef * : [docID,] refID
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                modificationRef* : modID
                description?
        uncertainty? : effect
            (normalPDF : numSigmas) | (uniformPDF : bounds+)
        dataPoint+ :
            {coordinate/value sets as character data}
        

ungriddedTableDef   attributes:

 utID An internal reference that is unique within the file

 name An optional UNICODE name for the table (may be the same
string as utID).

 units Optional units-of-measure for the table's output signal.

ungriddedTableDef   sub-elements:

  description The optional description element allows the author to
describe the data contained within this ungriddedTable.

  provenance The optional provenance element allows the author to
describe the source and history of the data within
this ungriddedTable. Alternatively, a  provenanceRef
reference can be made to a previously defined provenance.

  uncertainty This optional element, if present, describes the uncertainty of
this parameter. See the section on Statistics below for more
information about this element.

  dataPoint One or more sets of coordinate and output numeric values
of the function at various locations within its input space.
This element includes one coordinate for each function input
variable. Parsing this information into a usable interpolative
function is up to the implementer. By convention, the
coordinates are listed in the same order that they appear in
the parent function.

Example B-9.  An excerpt showing an ungriddedTableDef  element, encoding the data
depicted in Figure 2  [31].

This 2D function table is an example provided by Dr. Peter Grant of the University of Toronto.
Such a table definition would be used in a subsequent function to describe how an output
variable would be defined based on two independent input variables. The function table does
not indicate which input and output variables are represented; this information is supplied by the
function element later so that a single function table can be reused by multiple functions.

 <ungriddedTableDef name="CLBASIC as function of flap angle and angle-of-
        attack" utID="CLBAlfaFlap_Table" units="nd">
   <description>
     CL basic as a function of flap angle and angle-of-attack. Note the alpha 
     used in this table is with respect to the wing design plane (in degrees). 
     Flap is in degrees as well.
   </description>

   <provenance>

     <author name="Peter Grant" org="UTIAS"/>  !
     <creationDate date="2006-11-01"/>
     <documentRef refID="PRG1" />
   </provenance>



DAVE-ML 2

Annex B 31

   <!--For ungridded tables you provide a list of dataPoints--> !
        <dataPoint> 1.0 -5.00  -0.44 <!-- flap, alfawdp, CLB--></dataPoint>   "
        <dataPoint> 1.0  10.00  0.95 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 1.0  12.00  1.12 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 1.0  14.00  1.26 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 1.0  15.00  1.32 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 1.0  17.00  1.41 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 5.0 -5.00  -0.55 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 5.0  0.00  -0.03 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 5.0  5.00   0.50 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 5.0  10.00  1.02 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 5.0  12.00  1.23 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 5.0  14.00  1.44 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 5.0  16.00  1.63 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 5.0  17.00  1.70 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 5.0  18.00  1.75 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint modID='A'> 10.0 -5.00 -0.40 <!-- flap, alfawdp, CLB--></dataPoint> #
        <dataPoint> 10.0 14.00  1.57 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 10.0 15.00  1.66 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 10.0 16.00  1.75 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 10.0 17.00  1.80 <!-- flap, alfawdp, CLB--></dataPoint>
        <dataPoint> 10.0 18.00  1.84 <!-- flap, alfawdp, CLB--></dataPoint>
        
</ungriddedTableDef>
          

$ Example courtesy of Dr. Peter Grant, U. Toronto

! Comments are a good idea for human readers

" For a 2D table such as this one, data points give two columns of independent breakpoint

values and a third column of function values at those breakpoints.

# The modID attribute implies this point was edited during modification 'A' of this model, as

described in the file header information.

Figure B-2.  The 2D lift function given in Example 9  [30]
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Example B-10.  An excerpt from a sample aerodynamics model giving an example of a 3D
ungriddedTableDef element, encoding the data shown in Figure 3  [33].

In this example, the dependent coordinates all vary in each dimension.

     <!--===================================-->  !
     <!--  Three-D Table Definition Example -->
     <!--===================================-->

     <ungriddedTableDef name="yawMomentCoefficientTable1" units="nd"
 utID="yawMomentCoefficientTable1">
                <!--  alpha,     beta,       delta -->    "
       <dataPoint> -1.8330592 -5.3490387 -4.7258599 -0.00350641</dataPoint>
       <dataPoint> -1.9302179 -4.9698462 0.2798654  -0.0120538</dataPoint>
       <dataPoint> -2.1213095 -5.0383145 5.2146443  -0.0207089</dataPoint>
       <dataPoint> 0.2522004  -4.9587161 -5.2312860 -0.000882368</dataPoint>
       <dataPoint> 0.3368831  -5.0797159 -0.3370540 -0.0111846</dataPoint>
       <dataPoint> 0.2987289  -4.9691198 5.2868938  -0.0208758</dataPoint>
       <dataPoint> 1.8858257  -5.2077654 -4.7313074 -0.00219842</dataPoint>
       <dataPoint> 1.8031083  -4.7072954 0.0541231  -0.0111726</dataPoint>
       <dataPoint> 1.7773659  -5.0317988 5.1507477  -0.0208074</dataPoint>
       <dataPoint> 3.8104785  -5.2982162 -4.7152852 -0.00225906</dataPoint>
       <dataPoint> 4.2631596  -5.1695257 -0.1343410 -0.0116563</dataPoint>
       <dataPoint> 4.0470946  -5.2541017 5.0686926  -0.0215506</dataPoint>
       <dataPoint> -1.8882611 0.2422452  -5.1959304 0.0113462</dataPoint>
       <dataPoint> -2.1796091 0.0542085  0.2454711  -0.000253915</dataPoint>
       <dataPoint> -2.2699103 -0.3146657 4.8638859  -0.00875431</dataPoint>
       <dataPoint> 0.0148579  0.1095599  -4.9639500 0.0105144</dataPoint>
       <dataPoint> -0.1214591 -0.0047960 0.2788827  -0.000487753</dataPoint>
       <dataPoint> 0.0610233  0.2029588  5.0831767  -0.00816086</dataPoint>
       <dataPoint> 1.7593356  -0.0149007 -5.0494446 0.0106762</dataPoint>
       <dataPoint> 1.9717048  -0.0870861 0.0763833  -0.000332616</dataPoint>
       <dataPoint> 2.0228263  -0.2962294 5.1777078  -0.0093807</dataPoint>
       <dataPoint> 4.0567507  -0.2948622 -5.1002243 0.010196</dataPoint>
       <dataPoint> 3.6534822  0.2163747  0.1369900  0.000312733</dataPoint>
       <dataPoint> 3.6848003  0.0884533  4.8214805  -0.00809437</dataPoint>
       <dataPoint> -2.3347682 5.2288720  -4.7193014 0.02453</dataPoint>
       <dataPoint> -2.3060350 4.9652745  0.2324610  0.0133447</dataPoint>
       <dataPoint> -1.8675176 5.0754646  5.1169942  0.00556052</dataPoint>
       <dataPoint> 0.0004379  5.1220145  -5.2734993 0.0250468</dataPoint>
       <dataPoint> -0.1977035 4.7462188  0.0664495  0.0124083</dataPoint>
       <dataPoint> -0.1467742 5.0470092  5.1806131  0.00475277</dataPoint>
       <dataPoint> 1.6599338  4.9352809  -5.1210532 0.0242646</dataPoint>
       <dataPoint> 2.2719825  4.8865093  0.0315210  0.0125658</dataPoint>
       <dataPoint> 2.0406858  5.3253471  5.2880688  0.00491779</dataPoint>
       <dataPoint> 4.0179983  5.0826426  -4.9597629 0.0243518</dataPoint>
       <dataPoint> 4.2863811  4.8806558  -0.2877697 0.0128886</dataPoint>
       <dataPoint> 3.9289361  5.2246849  4.9758705  0.00471241</dataPoint>
       <dataPoint> -2.2809763 9.9844584  -4.8800790 0.0386951</dataPoint>
       <dataPoint> -2.0733070 9.9204337  0.0241722  0.027546</dataPoint>
       <dataPoint> -1.7624546 9.9153493  5.1985794  0.0188357</dataPoint>
       <dataPoint> 0.2279962  9.8962508  -4.7811258 0.0375762</dataPoint>
       <dataPoint> -0.2800363 10.3004593 0.1413907  0.028144</dataPoint>
       <dataPoint> 0.0828562  9.9008011  5.2962722  0.0179398</dataPoint>
       <dataPoint> 1.8262230  10.0939436 -4.6710211 0.037712</dataPoint>
       <dataPoint> 1.7762123  10.1556398 -0.1307093 0.0278079</dataPoint>
       <dataPoint> 2.2258599  9.8009720  4.6721747  0.018244</dataPoint>
       <dataPoint> 3.7892651  9.8017197  -4.8026383 0.0368199</dataPoint>
       <dataPoint> 4.0150716  9.6815531  -0.0630955 0.0252014</dataPoint>
       <dataPoint> 4.1677953  9.8754433  5.1776223  0.0164312</dataPoint>
     </ungriddedTableDef>
          

! Example courtesy of Mr. Geoff Brian, DSTO
" Columns are labeled with an XML comment for human readers; association of each input

(alpha and beta) and the single output (delta) with the function inputs and output happens in
the context of the parent function definition(s) which links all independent (input) variables
and the dependent (output) variable to the function.
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Figure B-3. The 3D function given in the previous example

B-6.2.6. The function definition element

The function  element connects breakpoint sets (for gridded tables), independent variables,
and data tables (gridded or ungridded) to their respective output variable. 

    function  : name
        description ? :
            {text description of the function}
        EITHER
            provenanceRef ? : provID
        OR
            provenance ? : [provID]
                author + : name, org, [email]
                    contactInfo * : [contactInfoType, contactLocation]
                        {text describing contact information}
                creationDate  : date {in YYYY-MM-DD format}
                documentRef * : [docID,] refID
                modificationRef * : modID
                description ?
        EITHER 
        (
          independentVarPts + : varID, [name, units, sign, extrapolate, interpolate]
              {input values as character data}
          dependentVarPts  : varID, [name, units, sign]
              {output values as character data}
        ) 
        OR 
        (
          independentVarRef + : varID, [min, max, extrapolate, interpolate]
          dependentVarRef  : varID
          functionDefn  : [name]
              CHOICE OF
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              (
                  griddedTableRef : gtID
              OR
                  griddedTableDef : [name, gtID, units]
                    description?
                        {text description of table}
                    (provenance | provenanceRef)?   {as described earlier}
                    breakpointRefs
                        bpRef+ : bpID
                    uncertainty? : effect
                        (normalPDF : numSigmas) | (uniformPDF : bounds+)
                    dataTable
                        {gridded data table as character data}
              OR
                  ungriddedTableRef : utID
              OR
                  ungriddedTableDef : [name, utID, units]
                    description?
                        {text description of table}
                    (provenance | provenanceRef)?   {as described earlier}
                    uncertainty? : effect
                        (normalPDF : numSigmas) | (uniformPDF : bounds+)
                    dataPoint+
                        {coordinate/value sets as character data}
              )
        )
        

function   attributes:

 name A UNICODE name for the function.

function   sub-elements:

  description The optional description element allows the author to

describe the data contained within this function.

  provenance The optional provenance element allows the author to

describe the source and history of the data within this

function. Alternatively, a  provenanceRef  reference can

be made to a previously defined provenance.

  independentVarPts If the author chooses, she can express a linearly interpolated

functions by specifying the independent (breakpoint) value

sets as one or more independentVarPts which are

comma- or white space-separated, monotonically increasing

floating-point coordinate values corresponding to the

dependentVarPts. In the case of multiple dimensions,

more than one independentVarPts must be specified, one

for each dimension. The mandatory varID attribute is used

to connect each independentVarPts set with an input

variable.

An optional interpolate attribute specifies the preference

for using linear, quadratic, or cubic relaxed splines

for calculating dependent values when the independent

arguments are in between specified values. When not

specified, the expectation would be to use a linear

spline interpolation between points. The performance of

interpolation of various orders is left up to the processing

application. See Section B-6.3 [40].
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  dependentVarPts  This element goes along with the previous element to specify
a function table. Only one dependentVarPts  may be
specified. If the function is multi-dimensional, the convention
is the last breakpoint dimension changes most rapidly in this
comma- or white space-separated list of floating-point output
values. The mandatory varID  attribute is used to connect
this table's output to an output variable.

  independentVarRef  One or more of these elements refers to separately defined
variableDef s. The order of specification is important and
must match the order in which breakpoint sets are specified or
the order of coordinates in ungridded table coordinate/value
sets.

An optional interpolate  attribute specifies the preference
for using discrete, linear, quadratic, or cubic splines
for calculating dependent values when the independent
arguments are in between specified values. When not
specified, the default expectation would be a linear
spline interpolation between points. The performance of
interpolation of various orders is left up to the implementer.
See Section B-6.3 [40].

  dependentVarRef  A single dependentVarRef  must be specified to connect
the output of this function to a particular variableDef .

  functionDefn  This element identifies either a separately specified data
table definition or specifies a private table, either gridded or
ungridded.

  griddedTableRef  If not defining a simple function table, the author may
use this element to point to a separately specified
griddedTableDef  element.

  ungriddedTableRef  If not using a simple function table, the author may
use this element to point to separately specified
ungriddedTableDef  element.

Example B-11.  An excerpt giving the example of a function which refers to a previously

defined griddedTableDef

This example ties the input variables DBFLL and XMACH into output variable CLBFLLO through
a function called CLBFLO_fn , which is represented by the linear interpolation of the gridded
table previously defined by the CLBFL0_table  griddedTableDef  (see the griddedTableDef
example above).

      <!-- ============================== -->
      <!-- Lower left body flap functions -->
      <!-- ============================== -->

  < function  name="CLBFLL0">
    < description >
      Lower left body flap lookup function for lift, polynomial constant term.
    </description>
    < independentVarRef  varID="DBFLL"  min="0.0" max="60." extrapolate="neither"/> !

    < independentVarRef  varID="XMACH" min="0.3" max="4.0" extrapolate="neither"/>
    < dependentVarRef  varID="CLBFLL0"/> "
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    < functionDefn  name="CLBFL0_fn">
      < griddedTableRef  gtID="CLBFL0_table"/> !
    </functionDefn>
  </function>
          

" The independent variables must be given in the order of least-rapidly changing to most-
rapidly changing values in the previously defined function table. The processing application
needs to pay attention to the extrapolate  attribute, which specifies how to treat a variable
whose value exceeds the stated limits on input. See Section B-6.3 [40].

# The dependent variable (identified as CLBFLL0) is the output variable for this function.
CLBFLL0 must have been declared previously with a variableDef  element.

! This is a reference to the previously declared griddedTableDef .

Example B-12. A function  with an internal table

In this example, the function CLRUD0 returns, in the variable CLRUD0, the value of function
CLRUD0_fn represented by gridded CLRUD0_table . The inputs to the function are abs_rud
and XMACH which are used to normalize breakpoint sets DRUD_PTS and XMACH1_PTS
respectively. The input variables are limited between 0.0 to 15.0 and 0.3 to 4.0, respectively.

In this case, the use of the CLRUD0 string for both the function name attribute and as the varID
for the dependent (output) variable reference does not interfere (although they are confusing);
name is not in the XML namespace. The name attribute is only used for documentation (such as
a label for a box representing this function).

      <!-- ================ -->
      <!-- Rudder functions -->
      <!-- ================ -->

<!-- The rudder functions are only used once, so their table
     definitions are internal to the function definition.
--> "

  <function name="CLRUD0"> #
    <description>
        Rudder contribution to lift coefficient,
        polynomial multiplier for constant term.
    </description>
    <provenance> !
      <author name="Bruce Jackson" org="NASA Langley Research Center"
 email="e.b.jackson@larc.nasa.gov"/>
      <creationDate date="2003-01-31"/>
      <documentRef docID="REF01"/>
    </provenance>
    <independentVarRef varID="abs_rud"  min="0.0" max="15." extrapolate="neither"/>
    <independentVarRef varID="XMACH" min="0.3" max="4.0" extrapolate="neither"/>
    <dependentVarRef varID="CLRUD0"/> $

    <functionDefn name="CLRUD0_fn">
      <griddedTableDef name="CLRUD0_table"> %
        <breakpointRefs>
          <bpRef bpID="DRUD_PTS"/>
          <bpRef bpID="XMACH1_PTS"/>
        </breakpointRefs>
        <dataTable> <!-- last breakpoint changes most rapidly -->
<!-- CLRUD0  POINTS  -->
<!-- RUD =    0.0    -->
 0.00000E+00 , 0.00000E+00 , 0.00000E+00 , 0.00000E+00 , 0.00000E+00 ,
 0.00000E+00 , 0.00000E+00 , 0.00000E+00 , 0.00000E+00 , 0.00000E+00 ,
 0.00000E+00 , 0.00000E+00 , 0.00000E+00 ,
<!-- RUD =   15.0    -->
-0.13646E-01 , 0.26486E-01 , 0.16977E-01 ,-0.16891E-01 , 0.10682E-01 ,
 0.75071E-02 , 0.53891E-02 ,-0.30802E-02 ,-0.59013E-02 ,-0.95733E-02 ,
 0.00000E+00 , 0.00000E+00 , 0.00000E+00 ,
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<!-- RUD =   30.0    -->
-0.12709E-02 , 0.52971E-01 , 0.33953E-01 ,-0.33782E-01 , 0.21364E-01 ,
 0.15014E-01 , 0.10778E-01 ,-0.61604E-02 ,-0.11803E-01 ,-0.19147E-01 ,
 0.00000E+00 , 0.00000E+00 , 0.00000E+00 
        </dataTable>
      </griddedTable>
    </functionDefn>
  </function>
          

! This comment helps humans understand the reason for an embedded table.

" The name attribute is used for documentation purposes, not for internal variable linkage.

# The provenance element is required by the AIAA standard [AIAA10].

$ The varID attribute is used to link the output of this function with a previously defined

variable as given in Example 3 [23].

% This example has an embedded gridded table.

Example B-13. A simple 1D function

At the other end of the spectrum, a simple 1D nonlinear function can be defined with no reuse,

as shown below; however, multiple-dimension functions are supported by adding additional

independentVarPts definitions.

<function name="CL">

  <independentVarPts varID="alpdeg"> !
   -4.0, 0., 4.0, 8.0, 12.0, 16.0
  </independentVarPts>

  <dependentVarPts varID="cl"> "
    0.0, 0.2, 0.4, 0.8, 1.0, 1.2
  </dependentVarPts>
</function>
          

! Breakpoints in angle-of-attack are listed here.

" Values of cl are given, corresponding to the angle-of-attack breakpoints given previously.

B-6.2.7. The checkData element

The checkData element contains one or more input/output vector pairs (and optionally a

dump of internal values) for the encoded model to assist in verification and debugging of the

implementation. 

    checkData
      staticShot+ : name, [refID]
            description?
                {text description of the static test case}
                    (provenance | provenanceRef)?   {as defined previously}
            checkInputs
                signal+
                    signalName
                    signalUnits
                    signalValue
            internalValues?
                signal+
                    varID 
                    signalValue
            checkOutputs
                signal+
                    signalName
                    signalUnits
                    signalValue
                    tol
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checkData sub-elements:

 staticShot One or more check-case data sets, each of
which contain mandatory sub-elements checkInputs
and checkOutputs  vectors (with required match
tolerances), and optional provenance , provenanceRef ,
description  and internalValues  sub-elements.

Example B-14. Check-case data set excerpt

A DAVE-ML file excerpt specifying a check-case data set example for a simple model

  <checkData>
    <staticShot name="Nominal" refID="NOTE1"> !
      <description>An example static check of a simple DAVE-ML model</description>
      <checkInputs>  "
        <signal>  #
          <signalName>trueAirspeed</signalName>
          <signalUnits>f_s</signalUnits>
          <signalValue> 300.000</signalValue>
        </signal>
        <signal> 
          <signalName>angleOfAttack</signalName>
          <signalUnits>deg</signalUnits>
          <signalValue>   5.000</signalValue>
        </signal>
         .
         .       (similar input signals omitted)
         .
        <signal>
          <signalName>delta elevator</signalName> 
          <signalUnits>deg</signalUnits>
          <signalValue>   0.000</signalValue>
        </signal>
      </checkInputs>
      <checkOutputs> $
        <signal>  %
          <signalName>CX</signalName>
          <signalUnits>nd</signalUnits>
          <signalValue>-0.00400000000000</signalValue>
          <tol>0.000001</tol>
        </signal>
         .
         .       (similar output signals omitted)
         .
      </checkOutputs>
    </staticShot>
    <staticShot name="Positive pitch rate"> &
      <checkInputs> 
         .
         .       (similar input and output signal information omitted)
         .
      </checkOutputs>
    </staticShot>
    <staticShot name="Positive elevator">
      <checkInputs> 
         .
         .       (similar input and output signal information omitted)
         .
      </checkOutputs>
    </staticShot>
  </checkData>
          

! This first check-case refers to a note given in the file header; this is useful to document the
source of the check-case values.
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! The checkInputs  element defines the input variable values, by variable name, as well as
units (so they can be verified).

" Multiple signal  elements are usually given; taken together, these scalar signals s
represent the check-case input "vector."

# The checkOutputs  element defines output variable values that should result from the
specified input values.

$ Note the included tolerance value, indicating the absolute value tolerance within which the
output values must match the check-case data values.

% Multiple check-cases may be specified; this one differs from the previous check-case due
to an increase in the pitching-rate input.

Example B-15. A second checkData example with internal values

This example shows another check-case; this one includes intermediate values as an aide to
debugging a new implementation.

  <checkData>
    <( provenance | provenanceRef )?>
    <staticShot name="Skewed inputs">
      <description>
        Another example static check; this one includes all the internal, intermediate
 calculations
        to assist in debugging the implementation.
      </description>
      <checkInputs> 
        <signal> 
          <signalName>trueAirspeed</signalName>
          <signalUnits>f_s</signalUnits>\
          <signalValue> 300.000</signalValue>
        </signal>
        <signal>
          <signalName>angleOfAttack</signalName>
          <signalUnits>deg</signalUnits>
          <signalValue>  16.200</signalValue>
        </signal>
         .
         .       (similar input values omitted)
         .
        <signal>
          <signalName>bodyPositionOfCmWrtMrc</signalName>
          <signalUnits>fracMAC</signalUnits>
          <signalValue>   0.123</signalValue>
        </signal>
      </checkInputs>
      <internalValues> &

        <signal>
          <varID>vt</varID>
          <signalValue>300.0</signalValue>
        </signal>
        <signal>
          <varID>alpha</varID>
          <signalValue>16.2</signalValue>
        </signal>
         .
         .       (similar internal values omitted)
         .
      </internalValues>
      <checkOutputs>
        <signal>
          <signalName>aeroBodyForceCoefficient_X</signalName>
          <signalValue> 0.04794994533333</signalValue>
          <signalUnits>nd</signalUnits>
          <tol>0.000001</tol>
        </signal>
        <signal>
          <signalName>aeroBodyForceCoefficient_Z</signalName>
          <signalValue>-0.72934852554344</signalValue>
          <signalUnits>nd</signalUnits>
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          <tol>0.000001</tol>
        </signal>
        <signal>
          <signalName>aeroBodyMomentCoefficient_Pitch</signalName>
          <signalValue>-0.10638585796503</signalValue>
          <signalUnits>nd</signalUnits>
          <tol>0.000001</tol>
        </signal>
      </checkOutputs>
    </staticShot>
  </checkData>
            
          

! The internalValues  element, if present, usually is a list of all model-defined internal
variable values. This is normally not required for a model exchange, but such information
is very useful to aide in debugging the implementation by the recipient.

B-6.3. Function interpolation/extrapolation

It is possible to specify the method of interpolation to be used for nonlinear function tables by
use of the interpolate  attribute of the  independentVarPts  and  independentVarRef
elements. This attribute, combined with the extrapolate  flag, provides several different ways
of realizing the intermediate values of the function when not at one of the specified intersections
of independent values.  

Possible values for the interpolate  attribute are:

discrete Output uses value associated with nearest breakpoint

floor Output uses value associated with next (numerically higher)
breakpoint

ceiling Output uses value associated with last (numerically lower)
breakpoint

linear  (default) Output is linearly interpolated between breakpoints

quadraticSpline Output follows a quadratic spline fit through values
associated with two nearby breakpoints

cubicSpline Output follows a cubic spline fit through values associated
with three nearby breakpoints

Possible values for the extrapolate  attribute are:

neither  (default) Output is held constant at value associated with closest end
of breakpoints if the input value is outside the limits of the
associated breakpoint set

min Output follows extrapolated values of function if the input is
below the minimum breakpoint value

max Output follows extrapolated values of function if the input is
above maximum breakpoint value

both Output follows extrapolated values of function if the input is
outside the limits of the associated breakpoint set
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Implementation of the specific interpolation algorithm is left up to the implementer. One reference
is the Wikipedia entry on interpolation [wiki01].

The following implementation notes are suggested:

¥ An infinite set of quadratic interpolations are possible; it is suggested to use the one that
minimizes either the deviation from a linear interpolation or the slope error at any edge.

¥ For cubic interpolation, the natural cubic spline (which has a second derivative of zero at each
end) is recommended when the extrapolate  attribute is none . When the extrapolate
attribute is both , a clamped cubic spline that matches the extrapolated slope of the last two
data points is suggested.

¥ For the discrete interpolation values (discrete , ceiling , or floor ), the value of the
extrapolate  attribute is meaningless.

For discrete interpolation,

¥ discrete  implies the change between output values occurs midway between independent
breakpoint values, as shown in the top plot of Figure 4 [42].

¥ ceiling  means the output takes on the value of the next-higher dependent variable
breakpoint as soon as each independent breakpoint value is passed (assuming the input value
is increasing) as shown in the middle plot of Figure 4 [42].

¥ floor  means the output retains the value of the last dependent variable breakpoint until the
next independent breakpoint value is reached (assuming the input value is increasing) as
shown in the bottom plot of Figure 4 [42].

The default value for interpolate  is linear . The default value for extrapolate  is neither .

Figures 4 [42] and 5 [43] below give nine different examples for a 1D table whose
independent values are [1, 3, 4, 6, 7.5] with dependent values of [2, 6, 5, 7, 1.5].
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Figure B-4.  Example of the three discrete enumeration values of interpolate attribute
of the independentVarPts and independentVarRef elements for a 1D function table.
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Figure B-5.  Examples of the three higher-order interpolation methods showing the effect

of the interpolate  attribute of the independentVarPts  and independentVarRef
elements for a 1D function table.

B-6.4. Statistical information encoding

Statistical measures of variation of certain parameters and functions can be embedded in a
DAVE-ML model in several ways. This information is captured in an  uncertainty element,
which can be referenced by variableDef, griddedTableDef and ungriddedTableDef
elements. For maximum modeling flexibility, it is possible to add uncertainty to the independent
value arguments to a function or calculation, to the output of a function itself, as well as to any
output signal. Applying uncertainty at more than one location in a calculation change is probably
not a good practice, however.  

Details on providing the random values for uncertainties is left to the implementer.

Uncertainty in the value of a parameter or function is given in one of two ways, depending on
the appropriate probability distribution function (PDF): as a Gaussian or normal distribution (bell
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curve) or as a uniform (evenly spread) distribution. One of these distributions is selected by
including either a  normalPDF   or a  uniformPDF   element within the  uncertainty   element.

Linear correlation between the randomness of two or more variables or functions can be
specified. Although the correlation between parameters does not have a dependency direction
(i.e., the statistical uncertainty of one parameter is specified in terms of the other parameter,
therefore the calculation order does not matter), correlation is customarily specified as a
dependency of one random variable on the value of another random variable.  correlatesWith
identifies variables or functions whose uncertainty 'depends' on the current value of this variable
or parameter; the  correlation   sub-element specifies the correlation coefficient and identifies
the (previously calculated) random variable or function on which the correlation depends.

These correlation sub-elements only apply to normal (Gaussian) probability distribution functions.

Each of these distribution description elements contain additional information, as described
below.

    uncertainty  : effect=['additive'|'multiplicative'|'percentage'|'absolute']
      EITHER
        normalPDF  : numSigmas=['1'|'2'|'3']
            bounds  { scalar value representing the one, two or three sigma bound }: 
            ( correlatesWith * : varID |
             correlation * : varID, corrCoef )
      OR
        uniformPDF
            bounds  { one or two scalar values for abs. or min/max bounds }
      

uncertainty   attributes:

 effect Indicates, by choice of four enumerated values, how the
uncertainty is modeled: as an additive, multiplicative, or
percentage variation from the nominal value, or a specific
number (absolute).

uncertainty   sub-elements:

 normalPDF If present, the uncertainty in the parameter value has a
probability distribution that is Gaussian (bell-shaped). A
single parameter representing the additive (± some value),
percentage (± some %) of variation from the nominal value
in terms of 1, 2, 3, or more standard deviations (sigmas) is
specified. Note: multiplicative and absolute bounds do not
make much sense.

 uniformPDF If present, the uncertainty in the parameter or function value
has a uniform likelihood of taking on any value between
symmetric or asymmetric boundaries, which are specified
in terms of additive (either ±x or +x/-y), multiplicative,
percentage, or absolute variations. If absolute, the specified
range of values must bracket the nominal value. For this
element, the  bounds   sub-element may contain one or
two values, in which case the boundaries are symmetric or
asymmetric.

Example B-16. A variable with absolute uncertainty bounds

This example shows how to specify that a constant parameter can take on a specified range of
values with uniform probability distribution. The nominal value of the minimum drag coefficient is
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specified to be 0.005, but when performing parametric variations, it is allowed to take on values
between 0.001 and 0.01.

<DAVEfunc>
    <fileHeader>
      .
      .
      .
    </fileHeader>
    <variableDef name="CD zero" varID="CDo" units="nd" initialValue="0.005">     !

        <description>
            Minimum coefficient of drag with an 
            asymmetric uniform uncertainty band
        </description>
        <isOutput/>
        <uncertainty effect="absolute">    "

            <uniformPDF>
                <bounds>0.001</bounds>
                <bounds>0.010</bounds>
            </uniformPDF>
        </uncertainty>
    </variableDef>
 </DAVEfunc>
        

! We declare the parameter CDo as having a nominal value of 0.005.
" When parametric variations are applied, the value of CDo can vary uniformly between 0.001

and 0.010.

Example B-17. 10% uncertainty applied to output variable with a uniform distribution

This example shows how to specify that a variable has a 10% uniformly distributed uncertainty
band. In this example, the output variable comes from a nonlinear 1D function and the uncertainty
is applied to the output of the table.

<DAVEfunc>
    <fileHeader>
       .
       .
       .
    </fileHeader>
    <variableDef name="angleOfAttack" varID="Alpha_deg" units="deg">
        <isStdAIAA/>
    </variableDef>
    <variableDef name="Cm_u" varID="Cm_u" units="nd">
        <description>
            Coefficient of pitching moment with 10 percent 
            symmetric uniform uncertainty band
        </description>
        <isOutput/>
        <uncertainty effect="percentage">    !

            <uniformPDF>
                <bounds>10.0</bounds>
            </uniformPDF>
        </uncertainty>
    </variableDef>
    <breakpointDef bpID="ALP">
        <bpVals>0, 5, 10, 15, 20, 25, 30, 35</bpVals>
    </breakpointDef>
    <function name="Nominal Cm">
        <description>
            Nominal pitching moment values prior to application 
            of uncertainty
        </description>
        <independentVarRef varID="Alpha_deg"/>
        <dependentVarRef varID="Cm_u"/>
        <functionDefn>   "
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            <griddedTableDef>
                <breakpointRefs>
                    <bpRef bpID="ALP"/>
                </breakpointRefs>
                <dataTable>
5.2, 4.3, 3.1, 1.8, 0.3, 0.1, 0.0, -0.1
                </dataTable>
            </griddedTableDef>
        </functionDefn>
    </function>
</DAVEfunc>
        

! We declare the output variable Cm_u as having the uncertainty of ±10% uniform distribution.

" This function gives the nominal values of Cm_u as a 1D function of angle-of-attack (alpha).

Example B-18. Asymmetric additive uncertainty applied to output variable with uniform
distribution

This example shows how to specify that a variable has an asymmetric, uniformly distributed,

additive uncertainty band. In this example, the output variable comes from a nonlinear 1D function

and the uncertainty is applied to the output of the table.

<DAVEfunc>
    <fileHeader>
      .
      .
      .
    </fileHeader>
    <variableDef name="angleOfAttack" varID="Alpha_deg" units="deg">
        <isStdAIAA/>
    </variableDef>
    <variableDef name="Cm_u" varID="Cm_u" units="nd">
        <description>
            Coefficient of pitching moment with an 
            asymmetric uniform uncertainty band
        </description>
        <isOutput/>
        <uncertainty effect="additive">  !
            <uniformPDF>
                <bounds>-0.50</bounds>
                <bounds>0.00</bounds>
            </uniformPDF>
        </uncertainty>
    </variableDef>
    <breakpointDef bpID="ALP">
        <bpVals>0, 5, 10, 15, 20, 25, 30, 35</bpVals>
    </breakpointDef>
    <function name="Nominal Cm">
        <description>
            Nominal pitching moment values prior to application 
            of uncertainty
        </description>
        <independentVarRef varID="Alpha_deg"/>
        <dependentVarRef varID="Cm_u"/>   "
        <functionDefn>
            <griddedTableDef>
                <breakpointRefs>
                    <bpRef bpID="ALP"/>
                </breakpointRefs>
                <dataTable>
5.2, 4.3, 3.1, 1.8, 0.3, 0.1, 0.0, -0.1
                </dataTable>
            </griddedTableDef>
        </functionDefn>
    </function>
</DAVEfunc>
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! We declare the output variable Cm_u varies by as much as #0.5 to +0.0 about the nominal
value. This delta value is in the same units as the nominal value (i.e. it is not a multiplier
or percentage but an additive delta to the nominal value which comes from the 1D Cm_u
function table description).

" This function gives the nominal values of Cm_u as a 1D function of angle-of-attack (alpha).

Example B-19. A 1D point-by-point, Gaussian distribution function

In this example, a Gaussian (normal) distribution function is applied to each point in a 1D function
table, with the 3-sigma value expressed as a multiplier of the nominal value.

<DAVEfunc>
    <fileHeader>
       .
       .
       .
    </fileHeader>
    <variableDef name="angleOfAttack" varID="Alpha_deg" units="deg">
        <isStdAIAA/>
    </variableDef>
    <variableDef name="Cm_u" varID="Cm_u" units="nd">
        <description>
            Coefficient of pitching moment with 10 percent 
            symmetric uniform uncertainty band
        </description>
        <isOutput/>
    </variableDef>
    <breakpointDef bpID="ALP">
        <bpVals>0, 5, 10, 15, 20, 25, 30, 35</bpVals>
    </breakpointDef>
  <function name="Uncertain Cm">
    <independentVarRef varID="Alpha_deg"/>
    <dependentVarRef varID="Cm_u"/>
    <functionDefn>
      <griddedTableDef>
        <breakpointRefs>
          <bpRef bpID="ALP"/>
        </breakpointRefs>
        <uncertainty effect="multiplicative">  !
          <normalPDF numSigmas="3">  "
            <bounds>
              <dataTable>  #
                0.10, 0.08, 0.06, 0.05, 0.05, 0.06, 0.07, 0.12
              </dataTable>
            </bounds>
          </normalPDF>
        </uncertainty>
        <dataTable>   $
          5.2, 4.3, 3.1, 1.8, 0.3, 0.1, 0.0, -0.1
        </dataTable>
      </griddedTableDef>
    </functionDefn>
  </function>
</DAVEfunc>
        

! This declares the statistical uncertainty bounds of the Cm_u dependent variable will be
expressed as a multiplication of the nominal value.

" This declares that the probability distribution is a normal distribution and the bounds
represent 3-sigma (99.7%) confidence bounds.

# This table lists three-sigma bounds of each point of the Cm_u function as a table. The
table must have the same dimensions and independent variable arguments as the nominal
function; it is in effect an overlay to the nominal function table, but the values represent the
bounds as multiples of the nominal function value.
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! This table defines the nominal values of the function; these values will be used if the
random variable associated with the uncertainty of this function is zero or undefined by the
application.

Example B-20. Two nonlinear functions with correlated uncertainty

In this example, uncertainty in pitching-moment coefficient varies in direct correlation with lift
coefficient uncertainty.

<DAVEfunc>
    <fileHeader> . . . </fileHeader>
    <variableDef name="angleOfAttack" varID="Alpha_deg" units="deg">
        <isStdAIAA/>
    </variableDef>
    <variableDef name="CL_u" varID="CL_u" units="nd">
        <description> Coefficient of lift with a symmetric Gaussian uncertainty 
            of 20%; correlates with Cm uncertainty. </description>
        <uncertainty effect="multiplicative">    "
            <normalPDF numSigmas="3">
                <bounds>0.20</bounds>
                <correlatesWith varID="Cm_u"/>   #
            </normalPDF>
        </uncertainty>
    </variableDef>
    <variableDef name="Cm_u" varID="Cm_u" units="nd">
        <description> Coefficient of pitching moment with a symmetric Gaussian uncertainty
            distribution of 30%; correlates directly with lift uncertainty. </description>
        <isOutput/>
        <uncertainty effect="percentage">        $
            <normalPDF numSigmas="3">
                <bounds>30</bounds>
                <correlation varID="CL_u" corrCoef="1.0"/>  !
            </normalPDF>
        </uncertainty>
    </variableDef>
    <breakpointDef bpID="ALP">
        <bpVals>0, 5, 10, 15, 20, 25, 30, 35</bpVals>
    </breakpointDef>
    <function name="Nominal CL">
        <description> Nominal lift coefficient values prior to uncertainty </description>
        <independentVarRef varID="Alpha_deg"/>
        <dependentVarRef varID="CL_u"/>
        <functionDefn>
            <griddedTableDef>
                <breakpointRefs><bpRef bpID="ALP"/></breakpointRefs>
                <dataTable> 0.0, 0.1, 0.2, 0.3, 0.4, 0.45, 0.5, 0.45 </dataTable>
            </griddedTableDef>
        </functionDefn>
    </function>
    <function name="Nominal Cm">
        <description> Nominal pitching moment values prior to uncertainty </description>
        <independentVarRef varID="Alpha_deg"/>
        <dependentVarRef varID="Cm_u"/>
        <functionDefn>
            <griddedTableDef>
                <breakpointRefs><bpRef bpID="ALP"/></breakpointRefs>
                <dataTable> 5.2, 4.3, 3.1, 1.8, 0.3, 0.1, 0.0, -0.1 </dataTable>
            </griddedTableDef>
        </functionDefn>
    </function>
</DAVEfunc>
        

" Lift coefficient has a nominal value that varies with angle-of-attack according to a nonlinear
1D table (given in the "Nominal CL" table defined in this example). When performing
parametric variations, CL_u can take on a multiplicative variation of up to 20% (3-sigma)
with a Gaussian distribution.
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! This element indicates that the variation of lift coefficient correlates directly with the variation
in pitching moment coefficient.

" Pitching-moment coefficient has a nominal value that varies as a function of angle-of-attack,
according to a nonlinear 1D table (given in the "Nominal Cm" table defined in this example).
When performing parametric variations, Cm_u can take on a 30% variation (3-sigma) with
a Gaussian distribution.

# This element indicates that the variation of pitching moment correlates directly with the
variation in lift coefficient.

B-6.5. Additional DAVE-ML conventions

To facilitate the interpretation of DAVE-ML packages, the following conventions are proposed.
Failure to follow any of these conventions should be noted prominently in the data files and any
cover documentation.

B-6.5.1. Ordering of points

In listing data points in multi-dimensional table definitions, the sequence should be such that
the last dimension changes most rapidly. In other words, a table that is a function of f(a,b,c)
should list the value for f(1,1,1), then f(1,1,2), etc. This may be different than, say, a Fortran
DATA, Matlab¨ script or C++ initialization statement; the responsibility for mapping the data in
the correct sequence in the model realization is left up to the implementer. 

Figure 6 [49] below shows how a 3D table is represented as an unraveled list of points.

Figure B-6. An unraveled list compared to the original 3D table

B-6.5.2. Locus of action of moments

It is recommended that all force and moments be considered to act around a defined reference
point, given in aircraft coordinates. It is further recommended that all subsystem models
(aerodynamic, propulsive, alighting gear) provide total forces and moments about this reference
point and leave the transfer of moments to the center of mass to the equations of motion. 

B-6.5.3. Decomposition of flight dynamics subsystems

It is recommended that a vehicle's flight dynamics reactions be modeled, at least at the highest
level, as aerodynamic, propulsive, and landing/arresting/launch gear models. This is common
practice in most aircraft simulation environments familiar to the authors. 

B-6.5.4. Date format in DAVE-ML

The recommended way of representing dates in DAVE-ML documentation, especially date
attributes and creation date elements, is numerically in the order YYYY-MM-DD. Thus, July 15,
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2003 is given as 2003-07-15. This formatting convention conforms to the ISO-8601 standard for

representing dates. [ISO8601] 

B-6.5.5. Common sign convention notation

A convention for indicating positive sign conventions for measurements is included in Annex

A of the draft AIAA Flight Dynamics Model Exchange Standard [AIAA10]. These acronyms, if

applicable, should be used whenever possible to enhance communications. 

B-6.5.6. Units-of-measure abbreviation

Each variable definition includes a mandatory units attribute. This attribute gives the units-of-

measure for the signal represented by the variable and either 'nd' (for non-dimensional) or blank

if the signal is a dimensionless quantity or flag. In addition, the use of 'fract' to indicate a fraction

(0-1) or 'pct' to indicate a percentage (0-100 or more) is encouraged.

Informally, this attribute can take on any reasonable abbreviation for a set of units that might be

understandable by the intended audience, in either set of units (English or ISO). For greater re-

usability, it is recommended that the set of measurements listed in the AIAA Flight Dynamics
Model Exchange Standard [AIAA10] (of which this document is a part) be used. The Standard

recommends how to encode powers of units (f_s2 for ft/sec^2, for example). 

B-6.5.7. Internal identifiers

Identifiers are used throughout DAVE-ML to connect signals, functions, modification records and

reference documents with each other, e.g., utID, gtID, bpID, refID, etc. These identifiers are

character strings that must comply with the XML specification for Names [W3C-XML]. They must

start with a character or underbar, may not start with "xml" or "XML," and may not contain colons,

among other restrictions. In addition, the identifiers must be unique within a single DAVE-ML file.

See the XML [W3C-XML] [125] for more information regarding valid XML Names. 

B-6.5.8. DAVE-ML Namespace

The XML standard allows for namespace domains, in which element names belong to either

the empty (null) namespace or to a namespace that belongs to a particular XML grammar.

Namespaces are identified by a uniform resource identifier (URI) that is fashioned, similar to a

URL, in order that uniqueness is guaranteed.

The DAVE-ML namespace should be defined in the top-level element as follows:

          <DAVEfunc xmlns="http://daveml.org/2010/DAVEML">

   

This will allow DAVE-ML models to be embedded in other XML documents without confusion.

Note that this general URI is not a URL; HTTP queries at that address may not lead to any useful

information.  

The reference element can include two elements that belong to the World-Wide Web

Consortium (W3C)'s XLINK protocol [W3C-XLINK]; they are defined with an xlink: prefix which

actually refers to the namespace uniquely defined with the http://www.w3c.org/1999/

xlink URI. If external links to documents will be included in a DAVE-ML document, the top-

level element (currently reference) must include a namespace declaration (which looks like,

but technically is not, an attribute):

          <reference xmlns:xlink="http://www.w3.org/1999/xlink">
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Similarly, the MathML-2 elements are normally defined in a MathML namespace, so any

calculation defined using MathML-2 notation should be conducted inside the MathML

namespace:

          <math xmlns="http://www.w3.org/1998/Math/MathML">
   

B-6.6. Planned major elements

Additional major elements may be defined to support the goal of rapid exchange of simulation

models, including

• Support for vector and matrix variables and math operations.

• Subsystem models, to support hierarchical decomposition and problem abstraction.

• State variables, both discrete and continuous, to support dynamic models.

• Dynamic (time-history) data file format, to allow for validation check-cases for dynamic models
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B-7. Further information

Further information, background, and the latest DTD and example models of some aircraft data
packages can be found at the DAVE-ML web site: http://daveml.org

http://daveml.org
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B-8. Element references and descriptions

This section lists the XML tags, or elements, that make up the DAVE-ML grammar. They are listed

alphabetically in two sub-sections; the first is a short description of each element; the second

sub-section gives details on the element, attributes, and sub-elements.

B-8.1. Alphabetical list of elements

address  Street address or other contact information of an author

[Deprecated.]

author  Gives name and contact information for originating party of

the associated data

bounds  Describes limits or standard deviations of statistical

uncertainties

bpRef  Reference to a breakpoint definition

bpVals  String of white space- or comma-separated values of

breakpoints

breakpointDef  Defines breakpoint sets to be used in model

breakpointRefs  A list of breakpoint reference (bpRefs)

calculation  Used to delimit a MathML v2 calculation

checkData  Gives verification data for encoded model

checkInputs  Lists input values for check case

checkOutputs  Lists output values for check case

confidenceBound  Defines the confidence in a function [Deprecated]

contactInfo  Provides multiple contact information associated with an

author or agency

correlatesWith  Identifies other functions or variables whose uncertainty

correlates with our random value

correlation  Indicates the linear correlation of this function's or variable's

randomness with a previously computed random variable

creationDate  Gives date of creation of entity

dataPoint  Defines each point of an ungridded table

dataTable  Lists the values of a table of function or uncertainty data

DAVEfunc  Root level element

dependentVarPts  Defines output breakpoint values

dependentVarRef  Identifies the signal to be associated with the output of a

function
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description Verbal description of an entity

documentRef Reference to an external document

extraDocRef Allows multiple documents to be associated with a single
modification event

fileCreationDate Gives date of creation of entity [Deprecated]

fileHeader States source and purpose of file

fileVersion Indicates the version of the document

function Defines a function by combining independent variables,
breakpoints, and tables

functionCreationDate Date of creation of a function table [Deprecated]

functionDefn Defines a function by associating a table with other
information

griddedTable Definition of a gridded table; associates breakpoint data with
table data [Deprecated]

griddedTableDef Defines an orthogonally gridded table of data points

griddedTableRef Reference to a gridded table definition

independentVarPts Simple definition of independent breakpoints

independentVarRef References a predefined signal as an input to a function

internalValues A dump of internal model values for debugging check-cases

isControl Flag to identify a model control parameter

isDisturbance Flag to identify a model disturbance input

isInput Flag to identify a model input variable

isOutput Flag to identify non-obvious output signals from model

isState Flag to identify a state variable within a dynamic model

isStateDeriv Flag to identify a state derivative within a dynamic model

isStdAIAA Flag to identify standard AIAA simulation variable

modificationRecord To associate a reference single letter with a modification
event

modificationRef Reference to associated modification information

normalPDF Defines a normal (Gaussian) probability density function

provenance Describes origin or history of the associated information

provenanceRef References a previously defined data provenance description
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reference  Describes an external document

signal  Documents an internal DAVE-ML signal (value, units, etc.)

signalID  Gives the internal identifier of a varDef [Deprecated]

signalName  Gives the external name of an input or output signal

signalUnits  Gives the unit-of-measure of an input or output variable

signalValue  Gives the value of a check-case signal/variable

staticShot  Used to check the validity of the model once instantiated by
the receiving facility or tool.

tol  Specifies the tolerance of value matching for model
verification

uncertainty  Describes statistical uncertainty bounds and any correlations
for a parameter or function table.

ungriddedTable  Definition of an ungridded set of function data [Deprecated]

ungriddedTableDef  Defines a table of data, each with independent coordinates

ungriddedTableRef  Reference to an ungridded table

uniformPDF  Defines a uniform (constant) probability density function

variableDef  Defines signals used in DAVE-ML model

variableRef  Reference to a variable definition

varID  Gives the internal identifier of a varDef

B-8.2. Element descriptions

This section lists each element in detail, giving the name, content model, attributes, possible
parent elements, allowable children elements, and any future plans for the element (such as
deprecation).
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address

address Ñ  Street address or other contact information of an author [Deprecated.]

Content model

address : 

     (#PCDATA)

Attributes

NONE

Possible parents

author

Allowable children

NONE

Future plans for this element

This element has been subsumed by the contactInfo element below.
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author

author — Gives name and contact information for originating party of the associated data

Content model

author :  name,  org,  [xns],  [email]
     ( address * | contactInfo *)

Attributes

name The name of the author or last modifier of the associated element's data.

org The author's organization.

xns (optional) (deprecated) The eXtensible Name Service identifier for the author.

email (optional) (deprecated) The e-mail address for the primary author.

Description

author includes alternate means of identifying author using XNS or normal e-mail/address. The
address sub-element is to be replaced with the more complete contactInfo sub-element.

Possible parents

fileHeader
modificationRecord
provenance

Allowable children

  address
  contactInfo

Future plans for this element

Both the xns and email attributes are deprecated and will be removed. XNS was a proposed
Internet technology (eXtensible Name Service) to reduce spam that didn't catch on. It is replaced
with the 'iname' sub-element as a single means to identify an individual or corporation in lieu of
typical (and quickly dated) e-mail, phone, or address information. The address element itself is
deprecated and should be replaced with the contactInfo element
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bounds

bounds — Describes limits or standard deviations of statistical uncertainties

Content model

bounds : 
     (#PCDATA | dataTable | variableDef | variableRef)*

Attributes

NONE

Description

This element contains some description of the statistical limits to the values the citing parameter
element might take on. This can be in the form of a scalar value, a private dataTable, or a
variableRef. In the more common instance, this element will either be a scalar constant value
or a simple table whose dimensions must match the parent nominal function table and whose
independent variables are identical to the nominal table. It is also possible that this limit be
determined by an independent variable, either previously defined or defined in-line with this
element. It does not make sense to have a dataTable cited if this bounds element is associated
with anything other than an identically shaped function table.

Possible parents

normalPDF
uniformPDF

Allowable children

  dataTable
  variableDef
  variableRef
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bpRef

bpRef Ñ  Reference to a breakpoint definition

Content model

bpRef :  bpID
     EMPTY

Attributes

bpID The internal identifier for a breakpoint set definition.

Description

The bpRef element provides references to a previously-defined breakpoint set so breakpoints
can be defined separately from, and reused by, several data tables.

Possible parents

breakpointRefs

Allowable children

NONE
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bpVals

bpVals — String of white space- or comma-separated values of breakpoints

Content model

bpVals : 

     (#PCDATA)

Attributes

NONE

Description

bpVals is a set of breakpoints (i.e., a set of independent variable values associated with one

dimension of a gridded table of data). An example would be the Mach or angle-of-attack values

that define the coordinates of each data point in a 2D coefficient value table.

Possible parents

breakpointDef

Allowable children

NONE
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breakpointDef

breakpointDef Ñ  Defines breakpoint sets to be used in model

Content model

breakpointDef :  [name],  bpID,  [units]
     description ?
     bpVals

Attributes

name (optional) The name of the breakpoint set.

bpID The internal identifier for the breakpoint set.

units (optional) The units of measure for the breakpoint set.

Description

A breakpointDef lists gridded table breakpoints. Since these are separate from function data they
may be reused.

Possible parents

DAVEfunc

Allowable children

  description
  bpVals
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breakpointRefs

breakpointRefs Ñ  A list of breakpoint reference (bpRefs)

Content model

breakpointRefs : 
     bpRef +

Attributes

NONE

Description

The breakpointRefs elements tie the independent variable names for the function to specific
breakpoint values defined earlier.

Possible parents

griddedTableDef
griddedTable

Allowable children

  bpRef
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calculation

calculation — Used to delimit a MathML v2 calculation

Content model

calculation : 

     math [12]

Attributes

NONE

Description

The calculation element is MathML 2 content markup describing how the signal is calculated.

The calculation may include both constants and variables; other variables are included by using

their varID string in a MathML content identifier (ci) element.

Possible parents

variableDef

Allowable children

  math  [12]
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checkData

checkData — Gives verification data for encoded model

Content model

checkData : 
     ( provenance  | provenanceRef )?
     staticShot +

Attributes

NONE

Description

This top-level element is the place-holder for verification data of various forms for the encoded
model. It will include static check cases, trim shots, and dynamic check case information. The
provenance sub-element is now deprecated and has been moved to individual staticShots; it is
allowed here for backwards compatibility.

Possible parents

DAVEfunc

Allowable children

  provenance
  provenanceRef
  staticShot
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checkInputs

checkInputs Ñ  Lists input values for check case

Content model

checkInputs : 
     signal +

Attributes

NONE

Description

Specifies the contents of the input vector for the given check case.

Possible parents

staticShot

Allowable children

  signal
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checkOutputs

checkOutputs Ñ  Lists output values for check case

Content model

checkOutputs : 
     signal +

Attributes

NONE

Description

Specifies the contents of the output vector for the given check case.

Possible parents

staticShot

Allowable children

  signal
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confidenceBound

confidenceBound — Defines the confidence in a function [Deprecated]

Content model

confidenceBound :  value
     EMPTY

Attributes

value Percent confidence (like 95%) in the function.

Description

The confidenceBound element is used to declare the confidence interval associated with the

data table. This is a place-holder and will be removed in a future version of DAVE-ML.

Possible parents

griddedTable
ungriddedTable

Allowable children

NONE

Future plans for this element

Deprecated. Used only in deprecated [un]griddedTable elements. Use uncertainty element

instead.
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contactInfo

contactInfo — Provides multiple contact information associated with an author or agency

Content model

contactInfo :  [contactInfoType],  [contactLocation]
     (#PCDATA)

Attributes

contactInfoType (optional) Indicates type of information being conveyed (enumerated).

• address

• phone

• fax

• email

• iname

• web

contactLocation (optional) Indicates which location is identified. Default is professional

(enumerated).

• professional

• personal

• mobile

Description

Used to provide contact information about an author. Use contactInfoType to differentiate what

information is being conveyed and contactLocation to denote location of the address.

Possible parents

author

Allowable children

NONE
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correlatesWith

correlatesWith Ñ  Identifies other functions or variables whose uncertainty correlates with our

random value

Content model

correlatesWith :  varID

     EMPTY

Attributes

varID Identifies the variable or function output that will depend on this function's or

variable's randomness.

Description

When present, this element indicates the parent function or variable is correlated with the

referenced other function or variable in a linear sense. This alerts the application that the random

number used to calculate this function's or variable's immediate value will be used to calculate

another function's or variable's value.

Possible parents

normalPDF

Allowable children

NONE
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correlation

correlation Ñ  Indicates the linear correlation of this function's or variable's randomness with a
previously computed random variable

Content model

correlation :  varID,  corrCoef
     EMPTY

Attributes

varID Identifies the variable or function output that helps determine the value of this
random variable or function.

corrCoef Indicates the amount of correlation between this variable and the referenced
variable. The value should be between #1 and +1; 0 indicates no correlation, +1
indicates perfect correlation and #1 indicates inverse (negative) correlation.

Description

When present, this element indicates the parent function or variable is correlated with the
referenced other function or variable in a linear sense and gives the correlation coefficient for
determining this function's random value based upon the correlating function(s)'s random value.

Possible parents

normalPDF

Allowable children

NONE
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creationDate

creationDate Ñ  Gives date of creation of entity

Content model

creationDate :  date

     EMPTY

Attributes

date The date of creation of the entity, in ISO 8601 (YYYY-MM-DD) format.

Description

creationDate is simply a string with a date in it. We follow ISO 8601 and use dates like
"2004-01-02" to refer to January 2, 2004.

Possible parents

fileHeader

provenance

Allowable children

NONE
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dataPoint

dataPoint — Defines each point of an ungridded table

Content model

dataPoint :  [modID]

     (#PCDATA)

Attributes

modID (optional) The internal identifier for a modification record.

Description

The dataPoint element is used by ungridded tables to list the values of independent variables that
are associated with each value of dependent variable. For example: <dataPoint> 0.1, -4.0, 0.2
<!- Mach, alpha, CL -> </dataPoint> <dataPoint> 0.1, 0.0, 0.6 <!- Mach, alpha CL -> </dataPoint>
Each data point may have associated with it a modification tag to document the genesis of that
particular point. No requirement on ordering of independent variables is implied. Since this is an
ungridded table, the interpreting application is required to handle what may be unsorted data.

Possible parents

ungriddedTableDef

ungriddedTable

Allowable children

NONE
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dataTable

dataTable Ñ  Lists the values of a table of function or uncertainty data

Content model

dataTable : 

     (#PCDATA)

Attributes

NONE

Description

The dataTable element is used by gridded tables where the indep. variable values are implied
by breakpoint sets. Thus, the data embedded between the dataTable element tags is expected
to be sorted ASCII values of the gridded table, wherein the last independent variable listed in
the function header varies most rapidly. The table data point values are specified as comma- or
white space-separated values in conventional floating-point notation (0.93638E-06) in a single
long sequence as if the table had been unraveled with the last-specified dimension changing
most rapidly. Line breaks are to be ignored. Comments may be embedded in the table to promote
[human] readability, with appropriate escaping characters. A dataTable element can also be used
in an uncertainty element to provide duplicate uncertainty bound values.

Possible parents

griddedTableDef

griddedTable

bounds

Allowable children

NONE
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DAVEfunc

DAVEfunc — Root level element

Content model

DAVEfunc :  xmlns

     fileHeader

     variableDef+

     breakpointDef*

     griddedTableDef*

     ungriddedTableDef*

     function*

     checkData?

Attributes

xmlns This attribute specifies that the default namespace for un-prefixed elements is this
DTD. 

Description

Root element is DAVEfunc, composed of a file header element followed by one or more variable
definitions and zero or more breakpoint definitions, gridded or ungridded table definitions, and
function elements.

Possible parents

NONE - ROOT ELEMENT

Allowable children

  fileHeader
  variableDef
  breakpointDef
  griddedTableDef
  ungriddedTableDef
  function
  checkData
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dependentVarPts

dependentVarPts — Defines output breakpoint values

Content model

dependentVarPts :  varID,  [name],  [units],  [sign]
     (#PCDATA)

Attributes

varID The internal identifier of the output signal this table should drive.

name (optional) The name of the function's dependent variable output signal.

units (optional) The units of measure for the dependent variable.

sign (optional) The sign convention for the dependent variable.

Description

A dependentVarPts element is a simple comma- or white space-delimited list of function values
and contains a mandatory varID as well as optional name, units, and sign convention attributes.
Data points are arranged as single vector with last-specified breakpoint values changing most
frequently. Note that the number of dependent values must equal the product of the number of
independent values for this simple, gridded, realization. This element is used for simple functions
that do not share breakpoint or table values with other functions.

Possible parents

function

Allowable children

NONE
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dependentVarRef

dependentVarRef — Identifies the signal to be associated with the output of a function

Content model

dependentVarRef :  varID

     EMPTY

Attributes

varID The internal identifier for the output signal.

Description

A dependentVarRef ties the output of a function to a signal name defined previously in a variable

definition.

Possible parents

function

Allowable children

NONE
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description

description Ñ  Verbal description of an entity

Content model

description : 
     (#PCDATA)

Attributes

NONE

Description

The description element is a textual description of an entity. The full UNICODE character set is

supported by XML but may not be available in all processing applications.

Possible parents

fileHeader
variableDef
breakpointDef
griddedTableDef
ungriddedTableDef
function
reference
modificationRecord
provenance
staticShot

Allowable children

NONE
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documentRef

documentRef Ñ  Reference to an external document

Content model

documentRef :  [docID],  refID
     EMPTY

Attributes

docID (optional) (deprecated) The internal identifier of a reference definition element.

refID The internal identifier of a reference definition element.

Possible parents

provenance

Allowable children

NONE

Future plans for this element

The 'docID' attribute is deprecated; it has been renamed 'refID' to match its use in the 'reference'
element. This attribute will be removed in a future version of DAVE-ML.
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extraDocRef

extraDocRef Ñ  Allows multiple documents to be associated with a single modification event

Content model

extraDocRef :  refID
     EMPTY

Attributes

refID The internal identifier of a reference definition element.

Description

A single modification event may have more than one documented reference. This element can
be used in place of the refID attribute in a modificationRecord to record more than one refIDs,
pointing to the referenced document.

Possible parents

modificationRecord

Allowable children

NONE
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fileCreationDate

fileCreationDate — Gives date of creation of entity [Deprecated]

Content model

fileCreationDate :  date
     EMPTY

Attributes

date The date of the file, in ISO 8601 (YYYY-MM-DD) format.

Description

fileCreationDate is simply a string with a date in it. We follow ISO 8601 and use dates like

"2004-01-02" to refer to January 2, 2004. Its use is now deprecated in favor of the simpler

creationDate.

Possible parents

fileHeader

Allowable children

NONE

Future plans for this element

The fileCreationDate and functionCreationDate have been replaced with a new creationDate

multipurpose element.
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fileHeader

fileHeader Ñ  States source and purpose of file

Content model

fileHeader :  [name]
     author +
     ( creationDate  | fileCreationDate )
     fileVersion ?
     description ?
     reference *
     modificationRecord *
     provenance *

Attributes

name (optional) The name of the file.

Description

The header element requires at least one author and a creation date; optional content includes
version indicator, description, references, and modification records.

Possible parents

DAVEfunc

Allowable children

  author
  creationDate
  fileCreationDate
  fileVersion
  description
  reference
  modificationRecord
  provenance
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fileVersion

fileVersion Ñ  Indicates the version of the document

Content model

fileVersion : 

     (#PCDATA)

Attributes

NONE

Description

This is a string describing, in some arbitrary text, the version identifier for this function description.

Possible parents

fileHeader

Allowable children

NONE
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function

function Ñ  Defines a function by combining independent variables, breakpoints, and tables

Content model

function :  name
     description ?
     ( provenance  | provenanceRef )?
     (
          independentVarPts +
          dependentVarPts
     )
     OR
     (
          independentVarRef +
          dependentVarRef
          functionDefn
     )

Attributes

name The name of this function.

Description

Each function has optional description, optional provenance, and either a simple input/output
table values or references to more complete (possible multiple) input, output, and function data
elements.

Possible parents

DAVEfunc

Allowable children

  description
  provenance
  provenanceRef
  independentVarPts
  dependentVarPts
  independentVarRef
  dependentVarRef
  functionDefn
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functionCreationDate

functionCreationDate — Date of creation of a function table [Deprecated]

Content model

functionCreationDate :  date

     EMPTY

Attributes

date The creation date of the function, in ISO 8601 (YYYY-MM-DD) format.

Description

functionCreationDate is simply a string with a date in it. We follow ISO 8601 and use dates
like "2004-01-02" to refer to January 2, 2004. Its use is now deprecated in favor of the simpler
creationDate.

Possible parents

provenance

Allowable children

NONE

Future plans for this element

The fileCreationDate and functionCreationDate have been replaced with a new creationDate
multipurpose element.
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functionDefn

functionDefn Ñ  Defines a function by associating a table with other information

Content model

functionDefn :  [name]
     ( griddedTableRef  | griddedTableDef  | griddedTable  | ungriddedTableRef  | ungriddedTableDef
 | ungriddedTable )

Attributes

name (optional) The name of this function definition.

Description

A functionDefn defines how function is represented in one of two possible ways: gridded (implies
breakpoints) or ungridded (with explicit independent values for each point).

Possible parents

function

Allowable children

  griddedTableRef
  griddedTableDef
  griddedTable
  ungriddedTableRef
  ungriddedTableDef
  ungriddedTable
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griddedTable

griddedTable Ñ  Definition of a gridded table; associates breakpoint data with table data
[Deprecated]

Content model

griddedTable :  [name]
     breakpointRefs
     confidenceBound ?
     dataTable

Attributes

name (optional) The name of the gridded table being defined.

Possible parents

functionDefn

Allowable children

  breakpointRefs
  confidenceBound
  dataTable

Future plans for this element

Deprecated. Use griddedTableDef instead.
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griddedTableDef

griddedTableDef Ñ  Defines an orthogonally gridded table of data points

Content model

griddedTableDef :  [name],  [gtID],  [units]
     description ?
     ( provenance  | provenanceRef )?
     breakpointRefs
     uncertainty ?
     dataTable

Attributes

name (optional) The name of the gridded table.

gtID (optional) An internal identifier for the table. Required if table is to be reused by
another function or is defined outside of a function. 

units (optional) Units of measure for the table values.

Description

A griddedTableDef contains points arranged in an orthogonal (but multi-dimensional) array,
where the independent variables are defined by separate breakpoint vectors. This table definition
may be specified separately from the actual function declaration; if so, it requires a gtID identifier
attribute so that it may be used by multiple functions.

Possible parents

DAVEfunc
functionDefn

Allowable children

  description
  provenance
  provenanceRef
  breakpointRefs
  uncertainty
  dataTable
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griddedTableRef

griddedTableRef Ñ  Reference to a gridded table definition

Content model

griddedTableRef :  gtID
     EMPTY

Attributes

gtID The internal identifier of a gridded table definition.

Possible parents

functionDefn

Allowable children

NONE
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independentVarPts

independentVarPts Ñ  Simple definition of independent breakpoints

Content model

independentVarPts :  varID,  [name],  [units],  [sign],  [extrapolate],  [interpolate]
     (#PCDATA)

Attributes

varID The internal identifier of the input signal corresponding to this independent

variable.

name (optional) The name of the function's independent variable input signal.

units (optional) The units of measure for the independent variable.

sign (optional) The sign convention for the independent variable.

extrapolate (optional) Extrapolation flags for IV out-of-bounds (default is neither)

(enumerated).

• neither

• min

• max

• both

interpolate (optional) Interpolation flags for independent variable (default is linear)

(enumerated).

• discrete

• floor

• ceiling

• linear

• quadraticSpline

• cubicSpline

Description

An independentVarPts element is a simple white space- or comma-separated list of breakpoints

and contains a mandatory varID identifier as well as optional name, units, and sign convention

attributes. An optional extrapolate attribute describes how to extrapolate the output value when

the input value exceeds specified values (default is 'neither,' meaning the value of the table is

held constant at the nearest defined value). An optional interpolate attribute indicates how to
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perform the interpolation within the table (supporting discrete, linear, cubic or quadratic splines).

There are three different discrete options: 'discrete' means nearest-neighbor, with an exact mid-

point value being rounded in the positive direction; 'ceiling' means the function takes on the value

associated with the next (numerically) higher independent breakpoint as soon as the original

value is exceeded; and 'floor' means the function holds the value associated with each breakpoint

until the next (numerically) higher breakpoint value is reached by the independent argument. The

default interpolation attribute value is 'linear.' This element is used for simple functions that do

not share breakpoint or table values with other functions.

Possible parents

function

Allowable children

NONE
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independentVarRef

independentVarRef — References a predefined signal as an input to a function

Content model

independentVarRef :  varID,  [min],  [max],  [extrapolate],  [interpolate]

     EMPTY

Attributes

varID The internal identifier for the input signal.

min (optional) The allowable lower limit for the input signal.

max (optional) The allowable upper limit for the input signal.

extrapolate (optional) Extrapolation flags for IV out-of-bounds (default is neither)
(enumerated).

¥ neither

¥ min

¥ max

¥ both

interpolate (optional) Interpolation flags for independent variable (default is linear)
(enumerated).

¥ discrete

¥ floor

¥ ceiling

¥ linear

¥ quadraticSpline

¥ cubicSpline

Description

An independentVarRef more fully describes the input mapping of the function by pointing to
a separate breakpoint definition element. An optional extrapolate attribute describes how to
extrapolate the output value when the input value exceeds specified values (default is 'neither,'
meaning the value of the table is held constant at the nearest defined value). An optional
interpolate attribute indicates how to perform the interpolation within the table (supporting
discrete, linear, cubic or quadratic splines). There are three different discrete options: 'discrete'
means nearest-neighbor, with an exact mid-point value being rounded in the positive direction;
'floor' means the function takes on the value associated with the next (numerically) higher
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independent breakpoint as soon as original value is exceeded; and 'ceiling' means the function
holds the value associated with each breakpoint until the next (numerically) higher breakpoint
value is reached by the independent argument. The default interpolation attribute value is 'linear.'
This element allows reuse of common breakpoint values for many tables but with possible
differences in interpolation or extrapolation for each use.

Possible parents

function

Allowable children

NONE
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internalValues

internalValues Ñ  A dump of internal model values for debugging check-cases

Content model

internalValues : 
     signal +

Attributes

NONE

Description

Provides a set of all internal variable values to assist in debugging recalcitrant implementations
of DAVE-ML import tools.

Possible parents

staticShot

Allowable children

  signal
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isControl

isControl — Flag to identify a model control parameter

Content model

isControl : 
     EMPTY

Attributes

NONE

Description

The presence of an isControl element indicates that this signal is a simulation control parameter
used to vary the operation of the model, e.g. the time step size. Such parameters should be
ignored when performing linear model extraction (for example) and should not significantly modify
the dynamic behavior of the model.

Possible parents

variableDef

Allowable children

NONE
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isDisturbance

isDisturbance Ñ  Flag to identify a model disturbance input

Content model

isDisturbance : 
     EMPTY

Attributes

NONE

Description

The presence of an isDisturbance element indicates that this signal is an external disturbance

input to the model and can be ignored when performing linear model extraction (for example).

Such parameters should not significantly modify the nominal dynamic behavior of the model.

Possible parents

variableDef

Allowable children

NONE
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isInput

isInput — Flag to identify a model input variable

Content model

isInput : 

     EMPTY

Attributes

NONE

Description

The presence of an isInput element indicates that this variable is an input signal to the model.

Possible parents

variableDef

Allowable children

NONE
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isOutput

isOutput Ñ  Flag to identify non-obvious output signals from model

Content model

isOutput : 
     EMPTY

Attributes

NONE

Description

The presence of the isOutput element indicates that this variable should be forced to be an

output, even if it is used internally as an input elsewhere. Otherwise, the processing program

may assume a signal defined with a calculation and used subsequently in the model is only an

internal signal.

Possible parents

variableDef

Allowable children

NONE
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isState

isState — Flag to identify a state variable within a dynamic model

Content model

isState : 
     EMPTY

Attributes

NONE

Description

The presence of an isState element indicates that this variable is one of possibly multiple state
variables in a dynamic model; this tells the processing entity that this is the output of an integrator
(for continuous models) or a discretely updated state (for discrete models).

Possible parents

variableDef

Allowable children

NONE
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isStateDeriv

isStateDeriv Ñ  Flag to identify a state derivative within a dynamic model

Content model

isStateDeriv : 
     EMPTY

Attributes

NONE

Description

The presence of an isStateDeriv element indicates that this variable is one of possibly several
state derivative variables in a dynamic model; this tells the processing entity that this is the output
of an integrator (for continuous models only).

Possible parents

variableDef

Allowable children

NONE
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isStdAIAA

isStdAIAA Ñ  Flag to identify standard AIAA simulation variable

Content model

isStdAIAA : 
     EMPTY

Attributes

NONE

Description

The presence of an isStdAIAA element indicates that this variable is one of the standard AIAA

variable names which should be recognizable exterior to this module (e.g. AngleOfAttack_deg).

This flag should assist importing tools in determining when an input or output should match a

facility-provided signal name without requiring further information.

Possible parents

variableDef

Allowable children

NONE
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modificationRecord

modificationRecord — To associate a reference single letter with a modification event

Content model

modificationRecord :  modID,  date,  [refID]
     author +
     description ?
     extraDocRef *

Attributes

modID A single letter used to identify all modified data associated with this modification
record. 

date The date of the modification, in ISO 8601 (YYYY-MM-DD) format.

refID (optional) A reference to a predefined document that describes the reason for this
modification.

Description

A modificationRecord associates a single letter (such as modification "A") with modification
author(s), address, and any optional external reference documents, in keeping with the AIAA
draft standard.

Possible parents

fileHeader

Allowable children

  author
  description
  extraDocRef
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modificationRef

modificationRef Ñ  Reference to associated modification information

Content model

modificationRef :  modID
     EMPTY

Attributes

modID The internal identifier of a modification definition.

Possible parents

provenance

Allowable children

NONE
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normalPDF

normalPDF — Defines a normal (Gaussian) probability density function

Content model

normalPDF :  numSigmas
     bounds
     correlatesWith *
     correlation *

Attributes

numSigmas Indicates how many standard deviations is represented by the uncertainty
values given later. Integer value > 0.

Description

In a normally distributed random variable, a symmetrical distribution of given standard deviation
is assumed about the nominal value (which is given elsewhere in the parent element). The
correlatesWith sub-element references other functions or variables that have a linear correlation
to the current parameter or function. The correlation sub-element specifies the correlation
coefficient and references the other function or variable whose random value helps determine
the value of this parameter.

Possible parents

uncertainty

Allowable children

  bounds
  correlatesWith
  correlation
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provenance

provenance — Describes origin or history of the associated information

Content model

provenance :  [provID]
     author +
     ( creationDate  | functionCreationDate )
     documentRef *
     modificationRef *
     description ?

Attributes

provID (optional) This attribute allows the provenance information defined here to be cited
elsewhere. 

Description

The provenance element describes the history or source of the model data and includes author,
date, and zero or more references to documents and modification records.

Possible parents

fileHeader
variableDef
griddedTableDef
ungriddedTableDef
function
checkData
staticShot

Allowable children

  author
  creationDate
  functionCreationDate
  documentRef
  modificationRef
  description
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provenanceRef

provenanceRef Ñ  References a previously defined data provenance description

Content model

provenanceRef :  provID

     EMPTY

Attributes

provID The internal identifier for a previously defined provenance.

Description

When the provenance of a set of several data is identical, the first provenance element should
be given a provID and referenced by later provenanceRef elements.

Possible parents

variableDef

griddedTableDef

ungriddedTableDef

function

checkData

staticShot

Allowable children

NONE
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reference

reference — Describes an external document

Content model

reference :  xmlns:xlink,  xlink:type,  refID,  author,  title,  [classification], 
 [accession],  date,  [xlink:href]
     description ?

Attributes

xmlns:xlink The value of this attribute must be "http://www.w3.org/1999/xlink". If
omitted, it should be provided by the parser since it is specified in the
DTD.

xlink:type The value of this attribute must be "simple". If omitted, it should be
provided by the parser since it is specified in the DTD.

refID An internal identifier for this reference definition.

author The name of the author of the reference.

title The title of the referenced document.

classification (optional) The security classification of the document.

accession (optional) The accession number (ISBN or organization report number)
of the document.

date The date of the document, in ISO 8601 (YYYY-MM-DD) format.

xlink:href (optional) A URL to an on-line copy of the referenced document.

Description

This element gives identifying (citation) information to an external, possibly on-line, reference
document, including a user-specified author, title, classification, accession number, date and
URL.

Possible parents

fileHeader

Allowable children

  description
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signal

signal Ñ  Documents an internal DAVE-ML signal (value, units, etc.)

Content model

signal : 
     (
          signalName
          signalUnits
     )
     OR
     (
          ( varID  | signalID )
     )
     signalValue
     tol ?

Attributes

NONE

Description

This element is used to document the name, ID, value, tolerance, and units of measure for check-

cases. When used with checkInputs or checkOutputs, the signalName sub-element must be

present (since check cases are viewed from "outside" the model); when used in an internalValues

element, the varID sub-element should be used to identify the signal by its model-unique internal

reference. When used in a checkOutputs vector, the tol element must be present. Tolerance

is specified as a maximum absolute difference between the expected and actual value. The

signalID sub-element is now deprecated in favor of the more consistent varID.

Possible parents

checkInputs
internalValues
checkOutputs

Allowable children

  signalName
  signalUnits
  varID
  signalID
  signalValue
  tol
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signalID

signalID Ñ  Gives the internal identifier of a varDef [Deprecated]

Content model

signalID : 
     (#PCDATA)

Attributes

NONE

Description

Used to specify the input or output varID. Now deprecated; reuse of varID is best practice.

Possible parents

signal

Allowable children

NONE

Future plans for this element

The signalID element has been deprecated with 2.0 in favor of the more consistent varID element

and will be unsupported in a future release of this specification.
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signalName

signalName Ñ  Gives the external name of an input or output signal

Content model

signalName : 
     (#PCDATA)

Attributes

NONE

Description

Used inside a checkCase element to specify the input or output variable name

Possible parents

signal

Allowable children

NONE
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signalUnits

signalUnits Ñ  Gives the unit-of-measure of an input or output variable

Content model

signalUnits : 
     (#PCDATA)

Attributes

NONE

Description

Used inside a checkCase element to specify the units-of-measure for an input or output variable,

for verification of proper implementation of a model.

Possible parents

signal

Allowable children

NONE
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signalValue

signalValue Ñ  Gives the value of a check-case signal/variable

Content model

signalValue : 
     (#PCDATA)

Attributes

NONE

Description

Used to give the current value of an internal signal or input/output variable, for verification of
proper implementation of a model.

Possible parents

signal

Allowable children

NONE



DAVE-ML 2

Annex B 112

staticShot

staticShot Ñ  Used to check the validity of the model once instantiated by the receiving facility

or tool.

Content model

staticShot :  name,  [refID]
     description ?
     ( provenance  | provenanceRef )?
     checkInputs
     internalValues ?
     checkOutputs

Attributes

name

refID (optional) Points to a reference given in the file header.

Description

Contains a description of the inputs and outputs, and possibly internal values, of a DAVE-ML

model in a particular instant of time.

Possible parents

checkData

Allowable children

  description
  provenance
  provenanceRef
  checkInputs
  internalValues
  checkOutputs
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tol

tol — Specifies the tolerance of value matching for model verification

Content model

tol : 
     (#PCDATA)

Attributes

NONE

Description

This element specifies the allowable tolerance of error in an output value such that the model
can be considered verified. It is assumed all uncertainty is removed in performing the model
calculations. Tolerance is specified as a maximum absolute difference between the expected
and actual value.

Possible parents

signal

Allowable children

NONE
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uncertainty

uncertainty Ñ  Describes statistical uncertainty bounds and any correlations for a parameter or
function table.

Content model

uncertainty :  effect
     (normalPDF | uniformPDF)

Attributes

effect Indicates how uncertainty bounds are interpreted. (enumerated).

¥ additive

¥ multiplicative

¥ percentage

¥ absolute

Description

The uncertainty element is used in function and parameter definitions to describe statistical
variance in the possible value of that function or parameter value. Only Gaussian (normal) or
uniform distributions of continuous random variable distribution functions are supported.

Possible parents

variableDef
griddedTableDef
ungriddedTableDef

Allowable children

  normalPDF
  uniformPDF
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ungriddedTable

ungriddedTable — Definition of an ungridded set of function data [Deprecated]

Content model

ungriddedTable :  [name]
     confidenceBound ?
     dataPoint +

Attributes

name (optional) The name of the ungridded table being defined.

Possible parents

functionDefn

Allowable children

  confidenceBound
  dataPoint

Future plans for this element

Deprecated. Use ungriddedTableDef instead.
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ungriddedTableDef

ungriddedTableDef — Defines a table of data, each with independent coordinates

Content model

ungriddedTableDef :  [name],  [utID],  [units]
     description ?
     ( provenance  | provenanceRef )?
     uncertainty ?
     dataPoint +

Attributes

name (optional) The name of the ungridded table.

utID (optional) An internal identifier for the table. Required if table is to be reused by
another function or is defined outside of a function. 

units (optional) The units of measure for the table values.

Description

An ungriddedTableDef contains points that are not in an orthogonal grid pattern; thus, the
independent variable coordinates are specified for each dependent variable value. This table
definition may be specified separately from the actual function declaration; if so, it requires an
internal utID identifier attribute so that it may be used by multiple functions.

Possible parents

DAVEfunc
functionDefn

Allowable children

  description
  provenance
  provenanceRef
  uncertainty
  dataPoint
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ungriddedTableRef

ungriddedTableRef — Reference to an ungridded table

Content model

ungriddedTableRef :  utID
     EMPTY

Attributes

utID The internal identifier of a ungridded table definition.

Possible parents

functionDefn

Allowable children

NONE
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uniformPDF

uniformPDF Ñ  Defines a uniform (constant) probability density function

Content model

uniformPDF : 
     bounds +

Attributes

NONE

Description

In a uniformly distributed random variable, the value of the parameter has equal likelihood of

assuming any value within the (possibly asymmetric, implied by specifying two) bounds, which

must bracket the nominal value (which is given elsewhere in the parent element).

Possible parents

uncertainty

Allowable children

  bounds
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variableDef

variableDef Ñ  Defines signals used in DAVE-ML model

Content model

variableDef :  name,  varID,  units,  [axisSystem],  [sign],  [alias],  [symbol], 
 [initialValue]
     description ?
     ( provenance  | provenanceRef )?
     calculation ?
     ( isInput  | isControl  | isDisturbance )?
     isState ?
     isStateDeriv ?
     isOutput ?
     isStdAIAA ?
     uncertainty ?

Attributes

name The name of the signal being defined.

varID An internal identifier for the signal.

units The units of the signal.

axisSystem (optional) The axis in which the signal is measured.

sign (optional) The sign convention for the signal, if any.

alias (optional) Possible alias name (facility specific) for the signal.

symbol (optional) UNICODE symbol for the signal.

initialValue (optional) An initial and possibly constant numeric value for the signal.

Description

variableDef elements provide wiring information (i.e., they identify the input and output signals
used by these function blocks). They also provide MathML content markup to indicate any
calculation required to arrive at the value of the variable, using other variables as inputs. The
variable definition can include statistical information regarding the uncertainty of the values which
it might take on, when measured after any calculation is performed. Information about the reason
for inclusion or change to this element can be included in an optional provenance sub-element.

Possible parents

DAVEfunc
bounds

Allowable children

  description
  provenance
  provenanceRef
  calculation
  isInput
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  isControl
  isDisturbance
  isState
  isStateDeriv
  isOutput
  isStdAIAA
  uncertainty
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variableRef

variableRef Ñ  Reference to a variable definition

Content model

variableRef :  varID
     EMPTY

Attributes

varID The internal identifier of a previous variable definition.

Possible parents

bounds

Allowable children

NONE
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varID

varID — Gives the internal identifier of a varDef

Content model

varID : 

     (#PCDATA)

Attributes

NONE

Description

Used to specify the input or output varID. Replaces earlier signalID element.

Possible parents

signal

Allowable children

NONE
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