F18% L4 BT R¥%#h Vol.18 No 4

1996 £ 7 B JOURNAL OF ELECTRONICS July 1996

—METREEESVNTHSBNESHETEE

® # ERF
(AL EEBREEBMERRRN dLx 100044)

W OE OACETRHEEG SN THRS#EE, R fb 3D K A SR BiitiEs)
BHMEA. BN TR RRERERNAFESRA, SETRANTROEH T
HEEXWELANE, mACHEELT Horn(1987) Fl Su F A (1989) # i 9 B Ar Tl

EREAEE FUSHTHROHE - IRNSEE R, TARERESAREN.
X BN oHIR TELE ZhBEHM FRA

RES  TP391.41

i

1 5

FOEBZPHREYBNZHER—BERETENAREOERADE. MR EHBERHAE
B~ 2 A E AL B YT AN AERE P KR ENREE B 3D (LB, R/5HEE
AKX D MEFENHEZISH, BARRRGLFIIARNESI TS HAH
S HERVECHR, FEBR T EETHRRERAEX PBE, d0XEshaHER HaiM
ZEY Y EXARRFFIOEAR SR, EERITCERER R HR® WTBSR
2R EMAMNEERBR PSVD 4@ B, EX4mP MRS 4MIO %, HRA
MUY 3, Wt E N SRR K, M AAHARARIESIMRERER. LUGA
AR THLBRSHMAE R MEsI SR 8%, WMRREMMA. RXIHE. KA ML
RBAGTHELTE, PRIl R ER A EENBA, HAXHE R WAHFAE
HENEWTRAAR WARMNTHER THREEESHLEME. Hom AP
| Faugeras %A 6 B9 T B F BT MO SEH MBS S M T 8, HEBRBREAN 12
KB B ME BT K B NRRAE (B R HLFRAE 1m) B AR . A SURE T B 5 B S A7 O T 3 7
f# (UQD) EBAR - MZHSBWAER D Rt HE, ETRERMEAEH, 0 H
HERBR, RSO T HE R — o TR SR A5 R

2 MEEMENELOTHET R

RIEEFFER, MRS 2B AEEMTFE. RYERES ¢ B2 BENZRZE
t+ 6t A ESHIHN popl, i =12, N, WH WM T @ 3hH L

pi=Rpi+T+N;, i=12,-N, (M

11995-01-06 #gF|, 1945-06-28 FE R
B 863 M B R IR ¥t iR



338 BOF R ¥ ¥ W 18 ¥

R R ARKIERERE, TAHAFBHE, N EBTFHRA.

RE3x3EXHEERNE, SAHBEN 3, KTHBRNA EEFENGSE =y, BN
), EEMBER M, Carley M BTN IR, LR ANNITECRERE. HE,
BRI AE A 90° i, BABEANLEHE; EHAN 0B, REMAERITH; XX
FRIEPELERER A4 180° BY N TE : WX =R R R FF7E 47 7 43 (Singular points), Tfi #6774
RHERBERRAFLE ROo0T:

BHAI D TEH Quater=nT, )T, Hdh n H3x 1 mE. ¢ AbrE, H|nl?+¢2=1, 1
AFWMT AR, B

SIE 1 N TE Quater=(nT, )" BT RLIKI R 77 B Q A IELRE, Kb I A 3x3
—%@:Bﬁ M Sn A n Fﬂ%ﬁﬁjﬁﬁfiﬁﬁﬁﬁi, Bl n = (n,,nz,ng)T, [iii}

0 —ng Uy
Q= [ql;:Tsn Il},sn: n3 0 -—n . (2)
q -, My 4]
SERRLT
2 2 T

AT | §°T - Sp +nn O3x1

Qe = { 01 .3 In)f? +q2] -
WA ¢ - S3 +nn? = @EI+ (niPl =(n|*+¢° = 1). & QQT = L. uE e

BRI ERESE R UFEANEARSHALNTH (n". ¢ (—n" - #EH
T T 53 A8 AR -

R U X .
W e 3)

iERR" B (nT, )7 HR (3) X

R 03¢ | |m| _ n| in A[H_[ 03.,] [n] _
[01’(3 1 }{q}_QQ[Q}-{‘J‘ﬂ UL 0 }{Q}Qowl' (4)

ERBE 0T, )7 EER. B -EHFEERAN TR (3) K.
BRAERDEMETE (nl. .7 H (nl.)7 HE (3) . B A BT 5 B AT Y )
1.Qa.

(1) W ny =05y, M q =21 Wl R=1.0Q, ==l Q:Q. = I,. NHLH Q= QI W%
ny = 0341, ¢z = 1.

(2) ¥ ny # 03x1, WM Qi nl. )" = [l g M SL, -na=04.0 WA ne =kn,(k #0),
A (3) KA k= £1. f1dt g2 = £q1, n2 = tny. iiF 4

SER 1 ARYBESE R AL LR UQD). 1l UQD AT R Y AL SR R R
i1



M R A% —#ET e fa b a0l 4 KiE st ik 339

SI3 2 BArP LI Quater=(nT, )T = (n1,n2,n3,9)7 WERKI R N

@#+nd—n2—-nZ 2(nin; —gns) 2(n1n3 + qn2)
R=| 2(mny+gqn3) ¢ +ni-ni-ni 2(nynz—gqm) |. (5)
2(nyns — qng) 2(ngng +qn3)  ¢* +n3 —n —n?
iEREM 1 (3) X\ R = (¢f + Sn)? + nnT = (2¢® — I)I + 2naT + 2¢Sn. ilE &

S T FE RS LA RRBERH MR (r,0), LIRS (a,b,0)T X BL6I RO HRIERE
ik, RWFXE:

0 B [a,b,c]T

"=rsmi’} R e ok (6)
(/] 1

1=y " fiteirte

ML (6) KT RARAIME: ¢=08, (a,b,0)7 FEFHE; n=00, W r FHE.

3 AT EMNNREKXRTHNRELERMG TS

MTRMMUTHRE - METR AR REER R E, SO0 50 R 8 B i 5 A 0 STl
G HERAEEEMNE L. Hornl?! 1 Faugeras!® 53 HI4R t T 2= F 8 4 U 70 3 1 BE 45 56 05

ot BEEs, TR AR AR K ) B AL O SR T R B B /NRR AE (R X B B A AE 1) B (R
HLQr PO T ), FEBLOUA R SOIR (6] T EE . BEERKM R, T A (1) AMREFHH
B/, BP

N
minJ; = Y _ [Ip} — Rp: — T||%. (7)

i=1

FWMP=,p/N, P =2,Pi/N,ai=p; — D, ¢, =p, -7, W (7) XL A
N
minJ, = ) _ |lg} — Rail/®. (8)
=1
MREBIE TAHTXRER, B
T =7 - Rp. ©)
n 24T X B

P:[qlaq2a"'qN]7 P’:[QSaq’Z’q;V]a M:PPITa
S=M+M",  B=|PIP+|P|? ~=tr(M),

w = (mag — ma3, m13 — M31, M2y — Mmy2) 7. (10)



340 BOF M ¥ ¥ H 18 %

BE m; & METE, tc AEERS. 23— P CHRER

_[B~-~ wT
="y ' (+mI-s]’

W2 (8) R FBAT4L4 © 0 B, B

minJ3 = QTHQ, (11)

Btk R i BEANR— DR EER Q. KB QTHQ. &/, BIXNNT H & /F
i A8 B9 AL 4 AIE [ B

KMBFFE B E— SO LR, MERAEET UQD ff (8) XLy — &M J/h
“FREAE, hitERH - ERRENERE PROT:

# (3) ARRA (8) AT

N
minJy = Y 1Q7(¢/,0)", -Q(aT, 0)"|I%. (12)
=1

A ERIMLKER, B

N
minJs = Y _(llqvi — Su;nll? + |lvin|?), ‘13)
i=1
R =gl —qi, Su; 2 wi WNERFBHERE, T w =g+ X (13) LR\ HETHE W
T
(1) ¢ #0, W (13) Kkh

N
minJs = > (v = Su,n/qll? + o7 n/qll?), (14)

i=1

(14) AFEM T A EN T BEAKKRE

A-njqg=0b, (15)

Hp A=Y ,(STS, +vl), b=3,5Tv,. —BHH n/q, MAIBHRAEARSH ».q(|n|*+
¢® =1), R EE 1 A E— L B A] X B Mk — B e ¥ AE B
(2)g=0, M (13) HAkA

N
minJs = ) _(||Su,nll* + o] nl?), (16)

=1

KB [n)? =1. R# (16) XFEMH T T HEANKR:

A-n=03,,|n|*=1 (17)



4 % B W% —FETRESERRA NS RIS K 341

F CFAT) SLARREREBOCH T M RIRRK 2 81, BARYEREZSHIESRET
BRELWMEH, W () BT EBPEEPLRAABERRNRL, BLATETLURE
JEFe B = (n1,n2,n3)T F I 2z & ng # 0, BIGEHKR S z-y PHMI. B A=[4,4,,45},
A (17) AL A

[A1 A,) [:;;:z] = —A;. (18)

KHi n1/ng, na/ns, IATRBHENELARAK n @& (In]? = 1), ATEEMFEZERLZ
5, BCMERCH S —ABIAT. SEF (15) KA (18) AMayme— AT HES

V = [’Ul,vzv---,‘vN]:Pl_P, U = [uy,uz, -, un] =P'+P,}
(19)

U,=(sT,sT ...,sT ], X =1U,,V], a=t(UUT),

w1 Pugr’

MA=XXT=UUI+VVT =al ~UUT+VVT. Bk, EHEFREMR, BN ETCE (nT,q)T
St BB RERE JERE Y R, IR A 5| 2 ol 4

3, g#0;

2 +1;
rank(R—I):{ ’ 7
1, ¢=0

rank(R+I)={ 0 = +1;

WMU=(R+IP,V+(R-I)P.

(1) 24 ¢ # 0 BFidie (15) MM : HEH

S| 3 rank(U) > 2 < rank(U,) = 3.

R UUT ¥IEE, M REMREE N >0,1 XM =a W rank(U) > 2 &
rank(UUT) > 2 & A, < a & rank(U,UT) = 3 & rank(U,) = 3. ik &

B 2 # rank(P) > 2, W (15) X 415 2 ME— i B 35 76 FE %

iEBA 4 ¢ # U B rank(U) = rank(P), T rank(A) = rank|[U,, V] > rank(U,). {R$#E5|3# 3,
rank(P) > 2, I rank(A) — rauk(U,) = 3. XHREBEIME 1) n/g B, BABHAR |nf? =1
AR B BN B4 IR B SRR T, RPS EIME— O RER R iiE ¥

(2) 24 ¢=0 BYitig (18) KA -

ERE3 N>2 6 (18) Xl F2IME— K FES B

iFRE rank(A) = rank[U,, V] > rank(U,) > 2, B4 ¥4 rank(A) = 2 i, (17) K@ [B
BIBA T KM e, BULPER AP RMEHMBITT; T2 rank(4) = 3 B,
W H (18) RATB B ny/ns, na/ny BB X LRHE—R, HAKX n|? =1 BAH
B 4 B8 i BE R, B Y ME — ) i AR N33

BAKM R B, A (15) 01 (18) A H, REHHREG R AN (8) X, MELHBR
N — A A K R



342 B F B % % 7 18 %

4 EULRER

BBIBEE= R T E ST (-2,-2,2) §1(2,2,4) ZEIB R 3D BEHLAEE {p:}, i=1,2,---10,
Re¥s 3 n BUA (0,0,0), TibERE M 6 FEELE [0°,180°], PB M BN = BHH 1~3 Z AKX
¥, BIE () RATBEZ3HE0 3D S {pl}, =12, 10. IHRRREHWEN: HEXP
ORLF e, HEMIOR ARG LAHRRNES; BASRSKERSPFOT « M, TR
RPEFPATF oy FHE. FHHE =1, BEKHE B=5.3D 5% o)} KENBRRBELLE
LIRS 2D S&EX (PP}, 1 =1,2,---10. REXMIIHMAHTRE, BEHRELEH
REZAMNBFERRBILEIHEHNEE D LK.

SCR (9] 3R th B9 BE T Carley EEIRHSHMITEES AT EA MU, ERHR
VP RP IR R A T 45 AT LB, {5l 20dB B 50dB ARk, X 40 IREERLGI R 93y
FAAEHE, HEAOATTRELE L AE2 B1ATBRENRERSE, o7 =|T- Tl
B2 AR AR E M (AL 1°),d0 = |0 - 6ol P AR KT SR+ 4 8ol
AR A HERIF % HREETHNESENE BRI THETE, LRk
HAm AT HZEATF 90° 0f), EEERR UM (9] HEFEREEREER EAFRA (LF 2
Vi) AR Z AL

ca A O 3~ 00 W

j
l
l
|

TR E RiRE JT
EE iR dR

| I . 0 ~ .
25 30 35 40 45 50 20 25 30 35 40 45 50
SNR(dB) SNR(dB)

Bl FgRiflitREe B2 peH At RE

5 # K&

AXHE TR MTH S ® (UQD) g BA R EFERSHNEME b HIX,
THICR [5.6] MAKBERE; BB TREERENACHNIBRRAFETRS |
BB RR T (0B AR, BRBLM. MMM E) (U, SUP s Lk A —
SHABHILES R



4 W OW%E: R T REHER R AT B i T B 343

2 ¥ X o

[1] Sabata B, Aggarwal J K, CVGIP: Image Understanding, 1991, 54(3): 309-324.
(2] ArunK, et al. IEEE Trans. on PAMI,1987, PAMI-9(5): 698-700
[3) Horn B, et al. J. Opt. Soc. Am. (A), 1988, 5(7): 1127-1135.

[4] Su R J, et al. Matrix decomposition and optimal estimation of rigid -body displacement,Proc. of the
Int. Symp. MTNS-89, Netherlands: 1989, 513-520.

[5) Horn B, J. Opt. Soc. Am. (A), 1987, 4(4): 629-642.

[6] Faugeras O D, et al. Motion and structure from motion from point and line matches, Proc. of IEEE
Int. Conf. on Computer Vision. England: 1987, 25-34.

7 #& 8 3-DAYMMERANARETEN 3D 2 ERMARKE: MLiex]. L EA® Lx:
1992, 9.

8] #w v, DIXAR. (1AECE#. 1992)18(4): 441-447.

AN ALGORITHM OF MOTION ESTIMATION BASED ON UNIT QUATERNION
DECOMPOSITION OF THE ROTATION MATRIX

Huang Yu Yuan Baozong

(Institute of Information Science, Northern Jiaotong University, Betjing 100044)

Abstract Based on the unit quaternion decomposition of rotation matrix, this paper puts for-
ward an algorithm to estimate motion parameters from the space position vectors of 3D feature
points. Rotation matrix’s representation with the unit quaternion has no singular points, so the
unit quaternion-based estimation method is of wmore practical importance, and the algorithm in
this paper does not need iteration computation compared to those unit quaternion-based method
proposed by Horn(1987) and Su, et al.(1989). Solution’s uniqueness analysis of the algorithm and
simulation experiment results are also presented, it can be seen that performance of the proposed
method is satisfactory.

Key words Unit quaternion decomposition, Space position vectors, Estimation of motion pa-
rameters, Singular points
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