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Coordinate Transformation Algorithm by the Eulerinan

Angles Representation

By Yoshiaki Ougami

Abstract

In this paper, it is generally described how to express the attitude of an aero-space
vehicle by the Eulerian angles for computer simulation, and the algorithm is introduced.
By this algorithm, the coordinate transformation matrix is calculable if any three values
of the Eulerian angles and their rotation order are given, and also the relations between
the time derivatives of Eulerian angles and the body angular velocity can be generally

obtained.

Furthermore, this paper discusses the method of avoiding Eulerian angle singularity.
In the appendices of this paper, three flow charts of the computer program, based

on this algorithm, are shown.
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i) BRAD £7/10 OHEAR TR EDFREAVE

1/‘*

i) i) OB ALZVIEY, Yz LAV
Ll T D, COBERE, YROX TR 2R
FTIO>BBEFEY IO LS,

YHREIREVT, Bi, Bu 14 70 BRET SR

Ts=Ty (&(Cu)) (22a)
B1 71

s{&}:s{n (22b)
Bs T3

L hi#EpND, PN BRI LT RAfTibLSBE
E, XOWDPE L TE, HEFESLLERDOT
TR E £ DPECOVTIHRRG,

(2a) ~ (2e) % (20a), (21a) RERALT, (22a)K
rERBREIHESE,

cu:  cBicBs—sPisBesBa=cl1cTa—ST1CT28Ts
Ciz: Sﬁ16ﬂ3+Cﬁlsﬁ25,83=Srlcra—FCTlCTzSTs

Cis: —cB35Bs=5TsSTs
Ca1: —sBicBe=—cT1sTs—ST1CT2CTs
Ce2: cBicBe=—sT15Ts+cTicT2cTs
Ces: sBe=sT:CTs

cat: - CP1SBs+sP1sBecPs=5T157s
Css: —Sﬂl$ﬁ3+(:}913‘82€ﬂ8=071872

Css: cBcBs=cis

(23)
LIRB*,

* /10 W LABHBEYRE S - XY T,
BNROY I aVv—Y 2 YVRBWTHRERIKR
Ui rEbh 3,

*k cﬁ1=cosﬂ1, sﬁ1=sinﬁ1 éﬁ%?%o

1) BRH-THR
B, B, Bs IV }éx, Bz; }és DIELENDWRE, Ti, T2, Ts
%l(): ?.’1) 7;27 7”3 %*béo (zs)ﬁﬁ>a)

cos Tg=ca3=cos B3-cos B3

c —cos Bz+sin
tan 7’3:"—@:—*——”‘?2 Bs
C2s sin ‘Bg
tan7 _Cu_ cosfBy sin B3+ sin B; sin B; cos B3
'~ ¢sz2  —sin Bisin Bs+cos Bi sin Bz cos By
(24)
Zhib,
T3=Cos a3

Tant(cis/cas)+ 7 (€25<0, €15>0) (25b)

Tan™? (Cia/Czs) (Czs>0)
- {
Tan 1 (c1sfces)— 1 (€23<0, €13<0)

Tan ' (catfcs2)+ 7 (€32<0, €31>0) (25¢)

Tan™1(cs1/Css) (€32>0)
r,_{
Tant(cs1fcss)—m {(€52<0, €31<0)

727 L, Cousty, Tan ' WHE=ARKOXEEZED
4. ((25b), (25c)%43, FORTRAN IV ic ki) 54
%A 5B% DATAN 2 (x, y) CTitRIN5)

F1, T2, 78 SRk BRDIT, Sp BLT S, 2rh*t
$1(20b) 35 X LX (21b) R S E T hiE,

(—cPasBs cBs O
Sp=| sps O 1,
Cﬁzcﬁs 8[93 0
4 _ sfs 0 cBs
C,Bg C.SZ
Si'=| ¢fs O  sBs |,
Sﬁzsﬁs 1 _ SﬁgCBs
Cﬁz Cﬁz
STesTs c’s O
S;=|srscls —sts 0},
cTs 0 1
( sTs cls
sTs sTs
Sil= cTs —57s 0
_ cTssTs _ CcTacTs 1
\ Srg STg

Lics, ¥, 22)R% i €2VWTHTE,

13 I
{7.‘2 ]:: Sr-lsp [Bz
. Bs

7s
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—sTacBz5Bs+cV3sB: sTscBs cls
sTs s72 sTs
S71Ss= — (cTscB25Bs+ 5735 B3) cTscBs —sT3
szSfaCﬁzSﬁs—CTzCr‘sSﬂz+STaCﬁzCﬁ3 —chsTscﬂs—sﬁssTg ctacls
sT2 §73 T s,
@)X oEEE AV, KD XS wfgibahs, Tan 1 (—cafc22) (€22 >0)
1 sTscPs s Br={Tan ' (—cufcn)+ T (cu<0, cu>0) (28¢)
sT2 573 Tan™(—carfez)— 7 (€2:<0, €21<0)
S,_IS;;: 0 cTscPs —S7s 7L, Sin’"l, Tan™t iiiﬁiﬁﬁﬁ!&@jzﬁ%%ﬁb?o
sBs eTaeTs KIZ, (22D)R# fu oW THEE, S S, LA
S%Ty STz ?h‘f’
L7 5, B 1
.y, s ST . T B: =S83S:| 12
71=PB1+ B: > :;fs +Bs :‘:T: (26a) 53] s
5/2= Bzcrscﬁs —ﬁssrs (26b) 1 — sﬁscra _C_ﬂ_s_
. : 5‘88 . Tl 3 CB3 Cﬁz
3= —PBe ST, —B8s = (26¢) S518,={0 cBacTs $Bs
YR TH, ()RTELLNS Ti(i=1, 2,3) % 5B _sPichs
EOEERS LT, KOBTRDTS: sTachs P
BasBacBat BucBusB e
. _ P2SpeChs 3CP2SP3 .
7= sTs (262") Br=in— oSBT 7B (29a)
fsfa— husBcBach - e
Fa= Ll i) 5327’22 Lo il - C2T3 (26b%) B2= 72CBscTs +735f8s (29b)
o . 5 . _SBs . sBichs
1=+ lgz'si‘gls_fzjga;‘[issﬁz (26¢") Bs " oty cBs (29¢)
2
o ) 50V, CNRELTOETEMH LT
(23)5’&@;%55{%%%}5@:?‘“&1) ﬁﬁ%‘ié<ﬁfﬁf® . 7}2Cr26r3_7'435725r3
5, MEDERIE, HEEFLOBMIHRED (1 Br= cB (29a)
LHRAIENERTHB) &S HAofthie, HEES ; 72573+ F3Sr2Cr2CY's
. o _ ﬂa=¥“‘—T—-—'(—czﬁs) (29b")
DBRELMCH S, Thbb, SHEEFE, C°re
1

(26a) ~ (26¢) “T¥L; 72, 73, 715 T2, T8, T1
(26a") ~ (26¢") TIE; 7s T2 73 ¥3 71, T

2) TH-B%
7L, 72, 18 DEEHIO L X,
23)Hp 5,

sin B2=cCa3=sIn72c0s 73

ﬂlt ﬁir ﬂs %*&bén

—C13 —sinTssin’g
tan 83= =
C33 COos Tz
tan 1= —C21__ cosTysinTs+sinT cosTscos?s
! Caz —sinTysin?s+cosTycosTzcosTs

27)

Zhix o,

B2=Sin"1cas (28a)

Tant(—crsfcss) (€35 >0)
B3s={ Tant(—cCisfcss)+m (€33<0, ¢13>0) (28b)
Tant(—c1sfecss)—nm (c33<0, €15<0)

Bi=((s*rs+ctrac?rs)ir+asyasyscra+iscys) Y.
2

(29¢’)
(29a~c) R & (29a"~c) L DRI, B %—7 R TH
it R OBRE D 5,

. » & H &

FA T —BT X BEEERCT BT LY

R ae—RACRL, 17 —-HoEE, BHRERX
U X DE#ELFRZAEC L, Zhick - T, 8K
EFELICA A7 ~ACET LR~ ) oy 7 ANBEHE
TE, A1 7 -AORMBGREIBK#HTIbIO
AEEYREHESTE< MY o 7 A ECES LS
Rlic, ZZTEWETATY XARENT, HEH
Tu/ 7 ARERL, AV VEEEY I -2 v
- TS5 ATHVEEER, co7TATY XA0EY
nt+HEE IR,
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81 F47-AOLYFOHE

22WTCTHRARI 12HEOF A 7 ~ADEVE L, BRABPRCTF LRERNEAI M T AR ED LS EHIGT S
ﬁ’%ﬁ A-1 ‘Cﬁi‘j_o

XAl #1145 - fFo8H
£1K&T2D £1KHYD
o(1)a(2)a(3) &gm*’r S RA o()e(2Qo3) | ZAMA47 [ R K
- -5
1 2 1 3 1 3 sin g2 =0 2 3 1 3 1 2 cos ¢pa=0
1 2 3 3 1 2 cos ¢ =0 2 3 2 3 1 3 sin ¢3=0
1 3 1 3 2 3 sin g2 =0 3 1 2 3 1 2 cos ¢2=0
- . ]sﬁaﬁ
1 3 2 3 2 1 cos ¢2=0 3 1 3 3 1 3 sin g2=0
2 1 2 3 2 3 sin ¢2=0 3 2 1 3 2 1 cos g =0
2 1 3 3 2 3 |cos¢ge=0 3 2 3 3 2 3 sin ¢ =0
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AT CHPNHERTATY RADT7 e —~F v — P2 E A-1 5D A-3ETIARLG,

Compute
6(1),0(2),0(3)

o

3
(bjx) = (;{:'g“ ark)

3
(bji) = (Etzu Cii)

As=TX or

X=T Xs

Eq. (7)

-

Compute
o(i)+1,0()+2
by Eg. (3)

Compute
T.w($) (=Ch)
by Eq. (8)

Exit

Fig. A-1 Flow chart of the algorithm in §3.1 and §3.2
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Compute
ofi)+ j
(i1,;j=1,2,3)

|

Compute Cjy
independent on ¢,
by Eq. (8a)

Compute C}i

dependent on $,
by Egs. (8b,b" ,c)

)

Compute bji
by
Eqgs. (14a,b,c¢)

Is

g-t NO

required
?

Compute
IS |
by Egs. (17a,b)

Compute
S-!

Fig. A-2 Flow chart of the algorithm in §4.1 and §4.2
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YES

NO

! ! mn=313 YES
?
NO
Write
Error
Message
I mn=2313 I mn=312
Compute Compute
7.0, 7s B, B, B
by Eq. (25) by Eq. (27)
Compute Compute
5’1, ;Zv iS ﬂla 191' ﬁJ
by Eq(26) by Eq. (28)
Write Write
message message
Exit

Fig. A-3 Flow chart of the algorithm in §6
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