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Optimal Estimation and Theoretical Accuracy Bound
for Fitting Problems

KeNIcHI KANATANI

Geometric estimation problems that frequently appear in computer vision and robotics
applications are formulated as fitting problems in general terms, and the Cramer-Rao lower
bound on the covariance matrix of the fitting parameter is derived. Then, the maximum
likelihood estimator is proved to attain the bound in the first order if the problem belongs to
a class called exponential family, and maximum likelihood estimation is expressed in the form
of nonlinear optimization. Finally, our theory is applied to the problems of fitting a line and
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a conic to point data and reconstructing 3-D from motion images.
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ro BERSACHE, HOEITH Vi b0k
T3, BEINSWEREL, MYy RBEEOREIER
BTS2 &, G4 LY QOBRLHEREIXRD
BMbickoTRE B,

][Q]:”L% (-l'a, Qa)2

2831 2(x,, QV[xa] Qra)+
(Vix.]Q ; QVIxa])

IR RECRETH 28, [ D ZaEIICE
STHREZILFIFHETE 2, BEBLISa=y
ZRITIEZL, FEPESENMR, SEAHEREOY
T, AT7VvAIL S 3RILBITICDOWT H AR

—min (36)



Vol.36 No.8
DERVERRCEHATE 5
8. —i% 3 RITEHHEET

ZF O N EHOBEHE (P, a=1, - N2 2HED
B AZTEHEILIz X, P QEREENZNEN (T,
Tao), (Toy o) THB LT 5 (BAIIER). 3RKTAY
NV Fa, To %

ZFolf Zalf’
Fo=| Falf |, Toe=| Falf (37)
1 1

LEETD, L BENTNOL AT OBEERTDH
2 (BALITER), B2OWATOMERELIOAI AT
AR HERRPHBELTENLMNBREDS T
2. {h, R} #BB/X5 A—F LIER, Xo, To ZHBHT
LN T, IS T, To kb ORERER L ALY
i, 3RTEBEFIIRO LD BYTRIOREL Ak
,&64),5),15),27),28).
[fIRE4] EHEOEOMENI CHEARER

|Zo b, RTH=0 (38)
BT LS CEB AT A—F (B R BT — 5 x4
xh a=1, ., N »oHER X,

K38 DELIZRZ VVDORATZERETHS, A
BYDI 731 TH, BB A —5 {h, R} DR
BHER (b R BN LTS, B LAY —LD
TR 72012 |hl=1 L EHT 2. B EE
RR™ » HEFFTH 205, Zhidd 5 [EExR I (3
i s V) OE D DEDHEES AQ DEETH 5, h
WEERPEAOHETIE P.=1—-hh" L, H#E
& (A R) OXSEATIRERD & 5 CEKT 5.

V[R]=E[(P.(h— R))(Ps(h—h))T]
V[R]=E[(AQ)* U]
VIh, Bl= VIR, h]™=E[(P.{(h—h)(AQI)T]
(39)
Za, o DIEBSTHE D, 2RENEDEITI Vi,

Vie l b2 35, BERNIVEREL, MR
BMEOBRPERMMGCEMT 2L, EE1IIDIIX
W SFDOTRBROESEZ5NS, 2P L3X
7 PV a=(a;) & 3 KTTITH A=(Ay) E DR a
XA % () BEN I 0 cmarAy DT EEET S
(e BITFTqa»TbrnA47onrchy, (k) B
(123) OD{%IEWO) Ex1, FEFIOELE -1, 20O
BHWCOERED),

< [] [ERB
VIR, k] VIR]
Yo Weaea, 251 Weaab,

Zﬂm&ﬂ'zgwwmﬁ (40)

>

LT ORIREO BT & FEE OEERIR S 1871

.= TaX RT, 41)
5 (xa, Rxa)h (h, Rf(’x)-i"a (42)
W.=1/((hX Rx:, V]x](hX RZ?)

+(AX oy RVIXIRT(RX Za)
+(V[xJ(RXR) ; (RXR)V[x2])) (43)
4 L0 {h R} OBLHEERIROTAMEI &
S2TKRE 3,

Jlh, R]=

72720, Wo B3R (43) T Xo, Toa B FNFN Lo, X6 KB
EHAZ IO TH D, = (44) I EELRETH
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