RX

FIEE)F-
ik Bk

RAREEET: 2025 4 10 A

AERNZ, R TERFZOMK=MEIR OHMZRER (FHRA 7 —¥ a YA BERZEHRS) © 6 EofkzX—
RWMEIE - BRLLEDD) 2D LEHLLDDTH L. NEZ GHIBL, ZROERZEFZHMEELTWS.

1 FL®IC

FHARDOLEEFIC B 2EFY (kinematics) & 1&, ZHA L AEREORKREEZ 2FMTH 5. WKDES (A
fnfl) ZRBT2TREBHEADD, TRENDHETHWS (EBE2RBT2) 7 X — X ORI & fAEE DR
FeRDZZEVHNTHS. AT, TAOLETOHEMBL LI RT PURBRZHFERE U, FEEEIRITS, AR
EOERZIT- 1%, RENLREHEORBIIOWTENEN T X — X OR M) & AHEORGREZER S 5.

2 RJBMILKRER

200DRZ Mla, bITHLTZORITMZ O T5L, ROFEENERSINLTVS.

o NFH:
a-b=>b-a=lal|blcosb (1)

o HMHE:
axb=-bxa=|al|b|sinbc (2)

ERL, cldat bIRHRTZHMNS I (| =1) THY, 20 a & b3 FEANTa % bic
Fp-oTHELEeE (BTAHENO 222) CHERAUIEDHMTHS.
LR, ZASDEESARY F L, (T ORAEANCH D BRI 21T 5 .
LFRERERRIE ), as, a3 26T 3ELIEER A REEHT 3. ThoORENY FUEROZERil7T

o NFE:

a1~a1:a2-a2=a3-a3:1 (3)
aloagzagoa;;:ayal:() (4)
o Sifi:
a1><01=(12><a2=(13><a3=0 (5)
a; X az = as, as X as = ay, a3z X a; = az (6)

RADEDVLDZ L IIBEZICHERTE 3.



7L, la] =[a1, as, a3]T ¥ T3, TEONZ bz ik, BENZ Ml ay, az, a3 D—KERICIDRES.

A A A
T ="x101 + “T202 + “X303

Ag,
= [a1, as, a3) [ imz ] (®)

Zs3

= [a]" Az

27U, Az =2, Aag, Aa3)T THDY, Az, Az, Qa3 ERZ ML D ARCBIBZMIT VS, v idzhs
ZARTzb D HJIFERL) THY, o (KFRLD) CERRS e KERINLV. ARTHIFRLEATH AX 1o
LT X = [a]TX[a] 2XA 7T 4 v 27 2MRD, b dbMiFEL KFTRLETITVS. KX (8) ¥ ai, as, as
DHEZE L B L

x-a =%, x-as="%y x a3="; (9)

kb, DFED, HBEIXRT MLOEATERD Z720121%, MIHTI2EHERS ML oRNEERZ eIV, F72, [EE
D227 v x=la|Tz (x =11, z2, 23]T), y=[a]Ty (y=[y1, v, y3]T) LT, NELMNEIZENZ
NRXD XS W TRREING.

o NFE:
z-y=2a"y=1x1y1 + T2Y2 + T3Y3 (10)
o H}FE:
- - TaYs — T3Y2
xxy=|a] =¥y =al T3Y1 — T1Y3 (11)
T1Y2 — T2Y1
L,
0 —XI3 X9
(EX = T3 0 —X (12)
—XT2 Xr1 0
CERT .
EBIT, ROERZERT 5. .
wy = [a]” xy” [a] (13)

® (10), (11), (13) &, A—OBEENY b (z, y) TRET 258 LD 2EALH (2, y) TERRTIHAT
FAEHERS L EERLTED, Pz, aly ooy LIZEPRG. 22U, B ETHE FRENRR S
FTHD, BEIEL TRITEEHENS UL . AT B Ul R #k e R ORR 2175

3 EERREHITY

EFREMEAIE by, b, by (b] = [br, b, by)T) 26T 3 HLHHER B REEHL, 2 DOMIER AR B
%®1‘Eﬂ5§f¥:b:0mf§]ﬁf\\% ﬁ(g) tlﬁﬂ‘ibl, bl, bg, b3 =8 a;, asz, as %};HL\VC;?(@J:‘B&:%E%%L%)

b1 = Ci1a1 + Cr2as + Cizas (14)
by = Ca1a;1 + Cazas + Corzas (15)
by = C31a;1 + Cs2a2 + Cz3a3 (16)
AR TE TR
b, Cii Ci2 Cis a;
by = Co1 Cap Cas as (17)
bs C31 O3z Cs3 as
LHHOFEATHIZ CB/A v BFHIZ
B = 0%/ [a (18)



Y%, 22T, CB/A % AR S B RADEEZEHATHE 72135 AREATH] (Direction Cosine Matrix (DCM))
e, X (18) &b

B4 =[] [a] " = [b][a]” (19)
TH5.
X, fﬁ(l‘l) E a @V\]*ﬁ’ﬁ::‘:éz‘:bl-al:Cll e b, ﬁ*ﬁ@:bf, i, =1, 2, 3T
Oij = bz . G,j (20)

DD ALD. 1THIEATEL &
bi-a; bi-ay by-as
CB/A = bg - Ay bQ - ag bg - as (21)
b3-ar bz-az b3-as

5. R (21) &b, BEEHITHIOFRNE A REERS vk B RTRLUERSD, THME B REEARY |
N ARTRLEBS Lo TWB Z ey h 5. X (18) kNS CB/A iy 3L
CPA [b] = [a] (22)
vib. —F, ARY BREAMNSELCAMOERE T, R (18) L EHIC
[a] = C4/P [b] (23)
pEshs. 7, KX (21) LR

a1~b1 a1~b2 al'bg
CA/B = as b1 as b2 as - bg (24)
a3-b1 a3-b2 ag-bg

BELNS. R (22), (23) 5
CB/AT" — A/B (25)

THY, Rk (21), (24) b
cpAt = B (26)

LRBIENGNDB. THIZ, K (25), (26) 5
CB/AT —oB/AT (27)

B8, FBEEHATINIERITIITH 2 Z e Banb.
Rz, K (8) LFBRICANZ bvx & BRTHAFRLIGE, Bo=[Bay, Bay, Bag)T LT
xz =" Pz (28)
rib, R(8) thbtEs L
By = [b][a)" Az = CB/A 4y (29)
Y%, DFD, FRONZ ML D ARTOEIERE BRTORDFRICELRT 2550, Fkic CB/A 2
FUEEZWES0 5.
BRI ERT. ARE az MM DI 0 2 EHET 2 ¥ B RIC—HT 256 (K1), BA2EMEI R & RHTRE
hz.

cosf sinf 0
CB/A =1 —sinf cosf 0 (30)
0 0 1
Z DFERFEZEHATINCONWT, TR LZEBERI R TR 2 2 L I3BH ICHRTZ 5.
3O LOEREERDD 25 G TH L. F0FERE CReTdL
CC/A — CC/BCB/A (31)
Cp — OC/BB, _ C/AA, _ ~C/BrB/AA,, (32)

L5 ZIRBEBITRENS.



b2

b,

a;

1 ARt BRoOBHROH.

4 BEE

FEREEH TN RSO WTAEE R TR TS, 3, AREEMELYT2 (AR, SHRE) KBRS @(ﬁﬁ?%
EFRTB. HEXRZ ML aq, as, as DEFHMDICOWTIE

Ada1 Adag Ada3
dt dt dt 0 (33)

TH5. THIRERT PP ARCEEESNTWS I ZRT. Fh—ROR A F—ZHUTH U TIEH ORI
DY LTHERT 2 L EHET 2. EEORZ Pz = [a]” Az 12owTid

At
Y75, Ky MIEHOREMSERT. R (34) 5o, AREREEL T 2HEMIIE A RTEINBERM
BTBILRERT S, —F, x=[b]" Bx L RBT A

i (34)

Adzx A4 .
(ﬂ(dth)Bz+wFBx
A4 T .
— (G " e ) P (35)

= [a)" CB/IA By 4 b By
=[BT CB/ACB/AT By 4 b7 By

Y3, 22T, CB/ACB/AT = B (HMHATHI) OWE%E RIS T2 ¢
CBIACP/AT 4 CBIACEIAT = O (36)

THE05H T
CB/ACB/AT CB/ACB/AT CB/ATTCB/AT (CB/ACVB/AT) (37)

Yis. D% D, OB/ACB/AT 3RRITHITH 5. —IIZ, 3 x 3 ZIATHI W 1zoWnT
Wi Wia Wis
W= | Wy, W W (38)
Wiz Wsa Was

ryzr, Wlh=-W &b

Wi Wa Wiy Wi Wi Wis
Wis Wa Wiy | =— | War Wiy Was (39)
Wiz Was Wass Wa1 Wiz Wss
DR DILD. L7=hoT,
[ 0 —Wa1  Wis ]
W = Waor 0 —W3s (40)
~Wizs  Ws 0



Zi“%'@_’% W32 = —ng = Wi, W13 = —W31 = Wy, W21 = —W12 = W3 Xﬁ”’bi

0 —Ww3 w2
W = w3 0 —W1 (41)
—W?2 w1 0
2%, LkhoT,
0 —ng ng
CB/AGB/AT _ Bl 0 By, | = Bwx (42)
— W2 Bwl 0

CEKRTES. 2L, Bw=[Buw, Buwy, Buws)T TH3. Zhk bR (35) 3K &k > cEHxh 3.

Aq
daD = [b]" Pw*Pr+ [b]" Pi
L . (43)
pr—y wB/A X €@ + ﬁ
dt
ZZT,
WwBA =" By (44)

Y L7 (oo BwB/A % By v RiLF2). hdH ARICHT 2 BROAEERY VL THE. 2D B%H
BT B RO FRIBEEESATIP5R (42) KXo TRDENS. £/ ARTHRIERT 25BE, Thbb,

Aw = [Ywy, Aws, Aws]T LT

WwhB/A = [a]T Aw (45)
Y EZ G (HHEORD AP/ % Ay LRl T 3)
wB/A x @ =[] Bw*Pa
_ [a]T OB/AT 0B/AGB/AT nB/AA,, (46)

_ [a]T CB/ATCB/AAx

ThHHIehb
OB/AT oB/A _ A, (47)

THHZEPVEE. WA DARICBIBROFREZ, BEEHTI» SN A7) ITk>TRkDHNS.
R KBV Ta=b (i=1,2 3) 5, BROILERY MLOBHMMSHXROED B5N 3.

5 =W X (i=1,2,3) (48)
F7z, X (42) 205, AT ORREMMEIRD & 51cRE 5.
Ci1 = BugCy — BunCsy, Crp = PuwsChay — PunChy,  Crz = BuwsCoz — BuwnCssy (49)
Co1 = BuwiCa1 — BwsCri,  Can = BuwiCag — BugCra,  Caz = BuwiCas — BusChs (50)
Cs31 = BuwaCry — BuiCay, O = BuwnCra — BuiCay, O3 = BunCis — BuiCos (51)

X B5IT, 3 DODEEREAEETH CB/A, CC/B, CC/A T 2 EENRY PR ERER wB/A] WO/B WwCA v T3
&, ROBEBRADIALD LD,
wC/A _ wC/B —|—L«JB/A (52)

wA/B = _yB/A (53)

B2 T. AR%E as BE D 0 ZEET 2 & BRIC-HT 354, K (30) XD

CB/AGBIAY — | _sinf cosf 0 fcosf —BOsind 0
0 0 1 0 0 0

- | w
= 0
L 0

cosf  sinf O] {—951110 —0cosd O]

O O
o O O



B2 —HFEERC & B RO A X — D,

] (55)

2%, LlzhioT

wB/4 = [by, by, by [

. O O

TH5.

5 [OERDFRR

HiTET % CIRIBREIRATIZ 9 DDy (TRRIL) CTRLUED, KETIREEEZ R TERMAENZR IO TE
A%, —RCHHADREZO BHEE 3 TH L. BE7RS, FEIIEEERITYITREN T 5N 525, 20150 3 5
DINEEZLLE, ZOREIRENENLITHLZL, AWVWHERTLI L, it 6 DOMREFMN1H 270 TH 5.
fil, ZOPIZARIA=RZDOEIZIDO06 6 2%25[0Wk32Lkbh, 90D FXA—ROHHIBIIRTH 5. AHi
TIREEZEITIZ 9 DX D DIBRVD ARG XA - TRETLZ2 I 2ER5.

51 #45—[OlxEh ElERA

FEEDOEERIED 2 —@E D DEFLTERHATEZ 22244 77— (Euler) OEHE WS, %7, ZOEMHEIAT
%. AR>S B RAQEEEHATH CB/A ST 2 — MR FET 2 L E L, ZOMEEsl (F 4 5 — [zl
EIER) OHAIARIANY MLk e, HEEAZERLCDOAMZIEL LTI LTS, O E e DT ARYL BRT
Zbeinkd, e=la)]’ de=b" BertT2L de=Be=eThH%. —N,

e=la]" e=[b]" CP/e (56)

TH27D
CB/Ae =e (57)

DI DAL, K (57) 1k CB/A BEAMHE 1L ICMIET 2EERZ bl e BET2 I 2EKRLTWVWS. LEN-T,
CB/ANEAME 1 AT 22w, CB/ADREGEEZ N 35y, BaERiE

’OBNV—AEIZO (58)
TH5B. CBAPIxIEATHNTH e 2FAT 2L, X (58) I XXD &5 IR 2.
—(A—]J{Az—-OmCBﬂq—l)A—%l}::O (59)

K (59) &b CB/A 3P ICEEME 1 2HT 220905, MECED A4 5 —oFEHREI:.
eBXUO L CB/ADMBERDZ. M2 E2BRL, BMENCKRDEILET 2. £7F, ARCEESAERY
M t, AR%Z eADIC O ZIEEEIE2 L THESNS BRICHEESNERY MLy 2EZ2 5. =721, [HiE



Hildz by lE—HLTVEb0LT 2. COLE ARICEIT2 ¢ OMAE BRSBTS y ORAEELVWOT, =
nE Bl

[a]" » (60)
b« (61)

T

Yy

LRE D, T, [ e HANCOWT, TS E MY EXTF //, BERTEZ FMIEXFE L TRITILIKT 5.

T=x/)+T) (62)
Y=y +ysL (63)

ZODrE, BRMEMEFRD S
y, =cosfx, +sinfe x ¢ (65)

B D o, 3 (62), (63), (64), (65) kDb

y=x, +cosfx, +sinfe x x|

=, +cosf (x —x;) +sinfe x (x —x )

= (cosOE +sinfe*) x + (1 — cosb) x (66)
= {cosF + (1 — cosf) ee + sinfe” } x
= RP/ g

g eN%. RP/A = cosOE + (1 —cost) ee? + sinfe* FEELA 774 v 7 eMZN 3. 7L, E =
[a]"Ela] = [b]TEb] (Hix4 754 v2), e =[a)TeX[a] = [b]TeX[b] UMEXA 7T 4 v2) TH3. &DT
# (66) A TERT 2 L ARO LS 12k 3.

B]" 2 = [a]" {cosOE + (1 — cosf) ee” +sinfe* } z (67)
K (67) IZEED 2 IZDWVWTHED DD T
B]" = [a]” {cosOE + (1 — cos) ee” + sinhe* } (68)
v725. & (18), (68) XHh XRIHHNZ.
CBAA:[M[MT::(MHHT)T::aEGE%-ﬂ—wms@eér—smﬂeX (69)

22T, (eeD)T =eel, ¥ = —eX THZZ L EHAVE.
KT, WiZeBXUO% CBAZRHOTRTZLEEx25. R (69) L Tirkr s
trCB/4 =1+ 2cos 6 (70)

ERAY PSRN

1
cosf = (trC’B/A — 1) =3 (C11+Ca +C33 — 1) (71)

N |

HEENZ. 5K (69) £D, e=[er, e, e3]T LT

U39 — Coag
013 — 031 = —2sin 96 (72)
Co1 — Ch2
IThbb, 04£nr (nI3BE) Dr X
1 Ca3 — C3 ]
= — C31 — Chs (73)
2sin 6 Cliy — Coy




Y775, 0=nr DL EF e IF—RBICIIEL SRV, HPERMEEERTHS. LEickD eBXU 0 2 CB/A Dl
fRARD BTz
CB/A ZHDTC0) e £T L, R (69) BARD LS ITRHFRENS.

cosf + e (1 — cos ) e3sind + ejeq (1 —cosd) —egsind + ejez (1 — cosb)
C®(0) = | —ezsind + erea (1 — cosb) cosf + €3 (1 — cosf) e1sinf + esez (1 — cos6) (74)
easinf +ejez (1 —cosf)  —epsinf + eges (1 — cos ) cosf + €% (1 — cos0)

CeO) "t =cCe(-0) =0T ThsZ BRIV, I »Mhor &, R (74) 1IZRD XS ITAMUTE 3.

1 639 —629
7630 1 619
620 —619 1

Ce(0) ~ (75)

T/, EEREINZ bV e DRFRENIC X > TEL LR WIGE, 2oy BiiEER 2 R, e = [1, 0, 07,
e=100,1, 0|7, e=10, 0, 1]7 2§ 2 e BEERY MUIHET 2 BEE LS Y 2 D, BEEHRITIEZ 22 h
C1(0), Cy(0), C5(0) b5 3

1 0 0 cos) 0 —sinf cosf) sinf O
Ci(0)=| 0 cosf sinf |, Cy(0)= 0 1 0 , C3(0)=1| —sinf cosh 0 (76)
0 —sinf cosf sinf 0 cos@ 0 0 1

D, IROIERMECARERITKRDOENS.

52 #FA>—[(Elisk e EERAICL D ARERR
I 4 5 —AlfEiEs L O ARG L AREOMFRERD 5. 3, R (57) LABIC CA/Be = e D IID. ThEh
By % & ‘
CABe + CA/Be = ¢ (77)
¥72%. R (1) 2E,S CB/A 2, R (42) EE T
ByXe+é=CB/A¢ (78)

Tiabb,
eXBw:(E—CB/A>é (79)

PELNE. T, & (42) kb CB/AT 2B
OB/AT _ oB/AT B % (80)
%, X)L Ttrze b, K (70) bERBITIUIRKLD KL S12725.
—20sinf = tr (CB/ATBwX) (81)

F7z, —BICHFMTE] S e RZMRATH W LT, tr(SW) =tr(WS)=0TH5Zt, BLXU—RITRI bl y
LT, tr(zXy*) = 22Ty WO IO ¥ (BAHICHEAREE) ZHVIUZ, KX (69) 226X G603,

tr (CB/ATBWX) = —sin ftr (eXBwX)
= —2sinfeTBuw
X (81), (82) KW XX BoN 2. '
0 =elBuw (83)

K (83) 1Z wB/A D e HIIPATRAH 0 TH B RBEKLTVWS. LEdioT, wB/A 0e FABREMS % w?/!
WA =" Bw,) v¥aL

By=fe+PBuw, (84)



v7%. &T, R (79) EHDT
By, = (E - CB/A) é (85)

rHEREL. R (84) DS X BT L, eXeX =eel — E (BHBIHHAEE), e"Bw) =0 THB I HNT
By, =X (E—CB/A)é (6)
7%, KX (69) (84), (86) Kb XA»HEEN 3.
Bw=0e—e* {(1-cosh) E—(1+cosh)ee’ +sinfe*}eé
= fe — (1 —cosh) eXé —sinfe*eXé
= fe + sinfé — (1 — cos ) eXé (87)

619 + él sinf — (egég — 63é2) (]. — COS 9)
= | el + éosinf — (esé; —e1é3) (1 — cosb)
e3f + é3sinf — (e1éa — eaé1) (1 — cos )

2T, efée=0THs MV, K (87) 3RS, HMPEEROERZEé=027R25DT

By = e (88)
Tabb,
wB/A = fe (89)
vis. R(8T) ITE,S X BT B L
e*Pw={sinfe* — (1 —cosh) e e*} ¢ (90)

B, I, W (85) IEDS (1 —cosh)e” —sinfeXeX BT, eXeXeX = —eX THBZ 2 dFERTIUI

{(1—cosf)e* —sinfe*e”} e*Pw = {(1 —cos)e* —sinfe*e*} {sinfe” — (1 —cosh)eXe*}é (1)
=2(1—cosf)e*é
v75. R (91) ERD & 5 EHENS.
ée= % <eX — cot Zexex) By (92)

R (83), (87), (92) HA A4 5 —[EliEHE & N £ fAREOBIFETH 5.

53 F145—£A

AR D, BIADENE (K3) 1330087 A — X TRBTE 3. HLBEA A REREY L, HLEES B %
EWE (K EERL T2, ARDS B RAOEEEEL 3 OOl L Bl ER TR TE 5. AREH
WY UC, 1 HOREEZE e ME D 0 0, i (A Fbr o A BZALH, 2 6 HOREELNE 6o 8E D 0 0, [
(A" Fird> A" FAZEHD, 3 6B OERZESE eg WD 0 05 [l (A" Zird BRALH) Y35, A%, A" %
ZoWT, BE~RY MEZRER [@)T = [a), ab, )], [@"]T = [a?, af, al] £F 3. TOL EXRRDWY Lo

[a'] = /" [a] (93)
[a//] _ CA”/A' [a/} _ CA"/A'CA’/A [a} (94)
[b] = CB/A" (@) = B/ A A A A a) = CP/A ] (95)

X (95) o B/AC kv 5. LIk, 3o0[Elisl e; (i =1, 2, 3) 2 ZREWMKEEEER AR, A R, A 2

WSERZ LT3, 0FD, er=a]" e, ex=[a|" ey, e3=[a"])" e3 LETF. T2 BEELHATINIR (T4)
DEFRZHVTRAD L5 1ITRE 3.

CAA = (0y), CAN == (0,), CBA =% () (96)

CB/A = % (05) C°2 (B2) C* (6,) (97)



FREEIER (52), (89) & D

wB/A = 9161 + 9262 + 9363 (98)
= él [a]T er + 92 [a']T es + ég [a”]T €3

rRINB. LED-T, wB/A=[b]" Buw=[a" 4w tRHFTRT B L X, Bu, 4w iEZhZhRAD L5127k 3.

B =01 [b][a]” e1 + 62 [b] [a/]" €2 + 65 [b] [a"]" €3
= 0,0 (63) C° (A7) C°* (01) e1 + 020 (B3) O (B2) en + 63C (63) e3 (99)
= 0,C° (03) C° (03) ey + 02C° (03) eg + Oses

4w =0 [a][a]" e1 + 02 [a] [a']" €2 + 03 [a] [a"]" es

2

= Gre1 + 0,0 (61)" eq + 65C° (01)" C° (0)" es (100)

el, e, e3s L LTEFNEFN AR, A %R, A" ZOEEXRZ bLOWTIhEZ LI ERZWN. DL E ZTHhAZFN
AZRDifl, AR jil, A" RO kil G, j, k=1, 2, 3) &R T2, TEOEEEERRT 3D # 4,
J Ak TRINZRLRWV. Lehos THORVH X i-j-k (i, j, kPR TERZGE) £/2di-j-i GA4, i=k
DOEE) O 2 EICEIN, Thrh 6@, 12 @Y OBUOAHPEET S. ZhoofeAt 45 —A (BEuler
angle) LIS, Fiffio A4 A4 7 —[EHREREELA L 1R R 2 Z e IERESALV. A4 7—AxHV5E, C(6,),
Ce2(0y), C(03) Fzheh, R (76) DEFREHNT C;(01), C;(02), Cr(b3) (£721% Ci(63)) 12, e1, ea, e3lZ
BNCIGUT L, 0, 0)F 721 [0, 1, 0]F 7% [0, 0, 1]7 EEHZzTEZ 3.

REMBHIE LT, FHEOZRARBFCISHVLNS 321 445 -/ (K3) 2FX 3. =101, 0 =0,
p=052 L, Thzha—fA (yaw angle, es #il@ D), ¥ Ff (pitch angle, e; BFEID), @ —f (roll angle,
el WE D) LIER. AFRD S B HRADEEZEELTII

OB = €1 (9) C2(0) Cs (v)
[ 1 0 0 cosf 0 —siné cosy siny 0
=] 0 cos¢p sing 0 1 0 —siny cosy 0
| 0 —sing cos¢ sinf 0 cos@ 0 0 1 (101)
[ cos 0 cos cos @ siny —sinf
= | sin¢gsinfcosy —cospsiny  singsinfsiny + cospcosyy  sin ¢ cos
| singsingy + cos¢gsinfcosy  —singcosth +cos@sinfsiny  cosdcosb
ThHY, AEENT LD B RSB 27513 (99) &b
1 0 0 cosf 0 —siné 0
By=4| 0 cos¢p sing 0 1 0 0
0 —sing cos¢ sinf 0 cos6 1
|1 0 0 0 |1
+6| 0 cos¢ sing 1 {+6| 0 (102)
0 —sing cos¢ 0 0
10 sin ¢
=1 0 cos¢ cosfsing 0
0 —sing cosfcos¢ ¥
v75. X (102) ZHc &, 9=[¢, 0, y]T LT
sin ¢ sin 6 cos ¢ sin 6
1 - — B
. cos 0 cos @ w1
=10 cos ¢ —sin¢ By (103)
0 sin ¢ Cos ¢ Bg
cos 6 cosf

7%, 0=r/2+nt (n 3 BFRESRTHZZhs

10

YA



as

B3 321445 —MIZ K2 HEEEEHD A X =,

5.4 DA—BRFY (FAA45—=INFX—4)

AFRD S B RZANDPEFEEBICE T 24 4 F —[0izill e B X EEEA 0 ITHLT, §ERDLDICERT .
~_ | 9
q_[Q]

q1
q=1 q2
q3
Qo =cCOS—, @1 =e;sin—, @o = eysin—, q3:egsin§

2 2 2

VAYSAOR
BHE+a+a=1

(104)

(105)

(106)

(107)

MDD, g% 7 +—&X=74 > (quaternion) F721&A A 7 —,8F X —& (Euler parameter) & FER, 8T X —XD
BiZ428 UETH 20, K (107) PHHEZMAL 22O THHEIZ3 TH S, A4 7—ALBRORERLAPEFEELRY
TEHHETH B, cosh =2cos?(0/2) — 1 =2¢3 — 1, sinf = 2qpsin(0/2), ee” = qq” /sin*(0/2) = qq” /(1 - ¢),

eX =q*/sin(0/2) THBLICHEETHE, R (69) B 5

cB/A = (2q5 —1) E+ 2qq" — 2¢oq*™

q% +qi —q3 - Q§ 2(q192 + qog3) 2(q193 — 90g2)
=| 2(qe—qe) G-G+6 -G 2(00+90q)
2(q1g3 +qoq2)  2(q2q3 — qoq1) @ — 6 — G+ G

F72, R (108) DHOBIF L LTRRAMD 125

V14 C11+Co +Cs3

q0 B)
o= sgn (Caz — C32) V14 C1p — Cag — Csg
2
_sgn(C3 — C13) V1 —Ch1 + Cy — Css
G2 = B
g5 = sgn (C12 — C91) V1 — Ci1 — Ca + Csg
2

AR (87) X DHEIT 2 L XA & 5 ICRE B,

Bur =2(—q1do + qod1 + q3d2 — ¢243)
By = 2(~q2d0 — q3d1 + qodz + q143)
Bus = 2(—qado + g2d1 — q1d2 + qods)
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(108)

(109)
(110)
(111)

(112)

(113)
(114)
(115)



ERAN S5

5. R (117 WL Z 2
(117) BT 2T, RO L D122 + — X =+ > ORRIMADELN S

Q-
Il

6 HHDIC

MR RBTIEE, MEIOU THEYZD DZFERT 2. I

Bw?[

vi5. R (107) OREMI b EDTE LD S L

BW1

BW2
BW3

0

qo
41
Go
q3

—q1
—q2
—q3

=2

DO =

DO =

qo
—qs3
q2

—q1
—q2
—q3

q0

—q1
q0
q3

—q2

—q1
q0
q3

—q2

g3
q0
—q1

qo0
—q3

qz

q1

—q2
—qs3
q0
q1
—q2
—qs3
q0
q1

—q2
q1
q0

qs

qo0
—q1

q2

—q3
q2
—q1
qo
—qs3
q2
—q1
qo

|

—q2
q1
q0
q3

q0
q1
q2
q3

w1

T W W
EE
| I

(116)

(117)

(118)

KB E) e
BENHP/NZINZ 230 o TWBIGEIR,

ERNC R LT v,
A4 T —fHEHVS Z 53
AWz Zed20hs, BRATHMAKE L RIS H 2HETIE, FEA%
HETIE, FEAZMH

W3 =R =F VDR TH S
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