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We describe an algorithm for decomposing a fundamental matrix computed from point correspon-
dences over two images into the focal lengths of the two images and the camera motion parameters in
a closed-form expression in the fundamental matrix. Our algorithm is based on the decomposability
condition of the essential matrix expressed in terms of its scalar invariants. We give a complete analysis
for degenerate camera configurations. We also describe an algorithm for computing a single focal length
in the degenerate case and analyze the indeterminacy condition. Finially, we recapitulate Bougnoux’s
formula, which describes the focal lengths using the epipoles, in our theoretical framework.
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{18% A: Bougnoux OAR

B 5NERMTH FIcR LT FT, F OEAfE0
DHAFEERZ MveZThZhe, € 75, 2hb
FZhZh, $1. E2HHROIEBSLETAI K
NTHD (3,23, Thbb, elFHEIARATNE R
E2HRASTDL Y AFODOBEANBEEIET Y MV T
HY., FE2HATPOEREELIAASOL VX
HFOOBNEERIETRZ MV THD, ThEITRD
£OITRES,

18]

(19]

(20]

(21]

1, %)t, e’ ~ diag(1,1, ch?
SR 2 F—HoUMMUL OUOEBETHLZ &
%%?otﬁémwé&%%ﬁﬂF#Eﬁ@t#ﬁ
EENTRD LD ITET B,

e ~ diag(1, YRt (49)

fl
" fo

fo

F ~ e x diag(1,1, 7

) Rdiag(1,1, =)



F ~ diag(1, J{ )Rdiag(1,1, fc‘,’) xe'  (50)
22U, 478 T & X7 M lulliLTT x wl
T(u x T)T KT 5, LRD600E R 2WET 5

Z &Ik o TkD Kruppa DFBRRIESN S,

2
1,1,f—0)xe

Fdiag(1,1, 1o ONF 7

fl2

~ e x diag(

FTdiag(1,1, ;02) ~ e x diag(1, 1, JJ:,OQ)

X (16) DEDICEE z, y EEHKT D LRD LI IR
5,

x e (51)

F(I+ykk F" ~ex (I+zkk') xe
F'(I+zkk")F

Zhr k2G5,

~e' x(I+ykk") xe' (52)

FF" +y(Fk)(Fk)" ~P.+z(exk)(exk)” (53)

FF+o(Fk)F'k)" ~Po +y(e' xk)(e'xk)T

(54)

7=ZL
P.=I-ee', Po=TI—-¢€e" (55)
LEHZLZ, ZhbldThThe, e ICHEEREND

HHEATHITH 5. 2 (53), (54) PILOENS k &
F5 e, EOREEDSHEES W TR X 5 1ck 5,

FF'k+y(k,Fk)Fk = cP .k
F'Fk+z(k,FE)F 'k =Pk (56)

ZZile, IFRMOLBHIERMTH S, R (56) DI 2
NE k LONBEELDERDEDITRD,

IFE|* + (k, Fk)*z = c'|le' x k[|*  (57)

R (56) DIEE2RE F'k LONFEEZ LD LRDEDIC
5,

(k, FF'Fk) + (k, Fk)||F "k||>z = ¢ (k, Fk) (58)
R (57), (58) & 2 IZDOW TR LIRD £ H T2 5,

_ ||Fk|*—(k, FF 'Fk)|le' < k|*/(k, Fk)

59
lle’ < k|2 F k||~ (k, Fk)>2 9

FIRRIC L TR (56) 0% 1 X 6IRDfiR%E /R 2,
_ IETKIP —(k, FEFR) e xkIP/(k, FE) o

llex k||| FE|* - (k, Fk)?

3Z ISR [3, 4, 5, 14, 15, 19] DB LIZR 2 548, FEMIC
FEITH 5,

Z O f, f KO LD IREND,

Jo fo
Vit T+y

Z NIFIBIE R 5 Ty 508 Bougnoux [1] 5 A 728
RNEFMTH 5,

{14 B: HEFTREREORER

BERITHNE DR = )VIZRETH LN 6, ||E|| =
1efEL T—MMtEr bRy, EXZ09H0E
FOED 9IRTTNT A —F ZH R D%k hbhe T
% 8 WICHAIEKTE S® Lo—ETh 5, HRTTHESME
(13) 13fig E 3 R° ol |[EE"||? = 1 23K S8
T ECHD L EBRT S, RE TOXbY %
FRL=DICE = FE + AE e B THEOHTER
|EET||? = 1ICRRALTFA 5 —RBIL., BRI %
T 5 LIRD K DT D,

f= f=

(61)

1 = |(E+AE)(E+AE)"|?
= |EE"|>*+(EE"; EAE"+(EE",AEE")
= 1+2(EE'E; AE) (62)

I LATH A = (4;5), B = (By;) oWHi% (A; B)
BOWC2AEE'E;AE) = 0C®H Y., Lkh- Tl
|EET|? = 1 of EicBi3 5 IS S EE'E
ThHDHZeWbirs, ZhICR (29) ORHERAT
BLRDEDICRD,

EEE = txI)RR"(txI)"(txI)R
= (txI)(txI)"(txI)R
(P I-tt") (xR

= [tIPE+t((txt) R

= [t E (63)
K S D BB AEMS T EZObDTH
5. ZhiFHiE |EET]? = 1 &3kE S8 & T8
LT3 (EBREEEHEALTHWD) 2L 2EKT
b, WE EMN2.52A—% f f THESHhD 2KT
SRR S ThIE 29 x—=% f f Off
B L T oBEBRES LS. K (15) 2L
VAL IV

B, W |EET|? = 1 &5 S8 13 & bic 8K
TERRETH LN B, Tho D 9RTERTOREDY
I fRICIE TR TSR L 2513 T CTH HH EEo
TIEREWTINASZE) D7e® 6 IKTTERkk L 2 B, fRIZZ
D 6 IRTTEREE L det E = 0 DEFHRT 5 8 IRTTH R
LD EICH Y. ZOMRE S RITCERIETH 5,
L7228 TEARTINIS BlELZ b b, 2 N EER,T
YR & HAART NVICIESL L =3t o B HEIC
MNIEd 2.



