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3-D Reconstruction from Two Uncalibrated Views
and Its Reliability Evaluation

KENICHI KANATANIT and HITOSHI MISHIMA

We optimally reconstruct 3-D structure from point correspondences over two images taken
by cameras with unknown focal lengths and evaluate the reliability of the computed shape.
First, we optimally compute the fundamental matrix from corresponding feature points. Next,
we decompose it into the focal lengths and the motion parameters. Then, we optimally cor-
rect the observed feature points so that they satisfy the epipolar equation exactly. Finally,
we compute the 3-D positions and evaluate their covariance matrices. We confirm the effec-
tiveness of our method by simulation and real-image experiments and observe the effect of
the gauges (normalizations for removing indeterminacy) on the uncertainty description.
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Fig.1 Root-mean-square error of fundamental matrix

computation. <: least squares. @: renormalization.
O: renormalization and optimal correction. The
dotted lines indicate the theoretical lower bound.

000000000000000000000000
0000000D00000000000000000
0 100000000000¢00000000000
0000000%I0000MMe00O0D0OOOO
000000000000000000000000
0000000000000000O00000000
ooo'®o
0000000000000C00000000O0O0
000000000000000000 30000
000000000000000000000000
FOoFY ooooooooooooooooo F
000000000000000000000000
000000000000000000000000
Oooooo'o®oooooooo00onnonogn
F® o FO oooooooooo 3000000
000 FOOOOOOO 300000000000
000000000 30000000000000
010000M0O000000000000000O0
00000000000000000000

4. O0O0OO0OOO0OO0O

000000 02 0O00ODO0OO0OOOOOO
OO0O000O000o0o0o0ooooooooaoa Vo[:l:][l
Vo[a:']DDDDDDDDDDDDDDDDDDDDD
goodooooboOobooobooooobooooon
DIG)D

goo0oo0ooOoooooooooooooooa
000000xz02 00000000000 OCOOO
oo0O0oooooo

Volz] = Volz'] = diag(1,1,0) (3)
ooag diag(-~-)|]|]|][||]l] --.00000o0ooa
OO00000O00000O0bO000oO0oo0o0o0oooo



Vol. 42 No. SIG 6(CVIM 2)

00ooo0oo0o0ooon

0000 FOOOOOOOOOOOO 02’ O
0000000000 00000000000 (2)0
000000000 z02' 00 (2)0000000
0000000000 00000000000 g

G=w— %%[m}F:ﬁ
P 752‘;:2:;%[5]1«“% ()

E(x,2') = (z,Fx')
V(z,x') = (z', F Volz|Fz')
+ (z, FVp[a'|F 'z) (5)

0(4)0 E(&,2)=00000000000 o« 20
' —4' 000000000000000000 20
000000000 1000000000000

000 #04' 0000000000000000
000000000000000000000000
000000000000000000000000
00o0o0o0oo09g
(Vo[z]Fa')(Volz] Fx')

V(x,x')
Volz'|F ") (Vo] F ")
V(z,x')

Vol[z] = Vo] —

Vol@'] = Vla'] — <

(6)
000 02’ 0000000000000 000O0OO0
000 204’ 00000000000000000
00000000 ooooooot™g
(Volz)Fa')(Vo[x'|F ") " @)
V(z,z')

0 (4000000 Hartley-Sturm 0000070
000000000000 600000000000
0000000000000 00000000000
000D000000000000 Torr0%Y0000
oooo

000000000000 00000000DO00
00000 3000000000000000000
0000000000 DO00000O00ODO0O0O0nO
oo9oogm

Vold, &) = —

5. 0J0OOoooo

0000 FOOOOOODOOOODOOOOO det F
=00000007000000FOODOOOO
00000 t000o000ooooooooooooo
{t, R}0 500000000000000000O0
goobooboooo20000000000000
goooboo

goooooooo 200000 30b000DOO0O0O0OOoOoon 3

00 2000000000000000 2000
00000000 fO0f 000000000000
000000000000000000000000
000000000000000000000000
00000000000D0000000000000
00000000000 1000000000000
00000 90° 0000000000000000
000000000000000000000000
0oooooooo

0000000000000000O0O0 FOOOO
00 fO0f00000000000000O00O00O
000O0000000000000002:9:12:20:20
0000000 BougnouxdO¥00000D00OO"
ooooooo

_ fO r fO
=AU (®)

. _ | Fk|*~(k, FF ' Fk)|e’'xk|*/(k, Fk)
le' x kl2| F " k|| — (k, Fk)?

_|F"k|>~(k, FF" Fk)|lexk|?*/(k, Fk)
V= e x kI Fk|? — (k, Fk)?

)
000 ede 00000 F'OFOOOD 000D
000000000000000 100200000
0Oo0o0O0o00o0Y000 k=(0,0,1)T 00000

6. DOOoooOO

0000 f0f 0000 #04' 00000000
ooo
T « diag (é,@J) x,
ff
&' — diag (%,%,1) '
oooo (I)DDDDDDDDD foOODO fo’D
0000000000000 0O0 £0¢2' 00000
O000000000000000b0oo0oO0ooO0ooo
OO0O0000O0O0o0ooO0o0oO0oOooOooooooooo
OO000O0O00o0oO0Oo0oboOooOooooo

(10)

2 2
Vo[fc]%%vo[f&], Vold'] — L0 vpla]

- le
f3
fr

Vol@, 2] — = Vol@, @]

(11)

7. 000DO0O0OOOO0OO0

0000 fOf 00000000D0O00O0O00O0
0oOl2)2).28



4 goooooooooooobooooooboOoobOOoOoboOoooo

FE = diag (1,1,%) Fdiag (1,17 %) (12)
0000000 oOooo {¢,Ry 00000000

0910

(1) EE 000000000000000000
0¢t0000

(2) ODOO0OO0O -txFEOOOOODOOOOD

—txE=VAU' (13)

(3) 0000 ROODODDOOOO

R = Vdiag(1,1,det VU U " (14)

0000 (2)0txED t0 E0O0O0O0OOOO
00000000000000 (13)0 VoU oo
0000000AOCOOOOOOOOOOOOOOO
oooooo

0000 (1)0 t00000000000000
000000000 &a, &, a=1,...,NODOODO
0D000D000O000oOoOoo®tog

N

> |t &a, E2L| >0 (15)

a=1
000 |a,b,c] 00000 e0bdc0000O000
oooo

8. OOOooOOO

01002000000000000000000
00000000000000000000000 ZO
Z'00000 200000000000 10000
0000000000 ROODOOODOOOOOOO0
000 £ 00100000000000000 Ra'
00000000000000000000 2
Zé =t+ Z'R3’ (16)
000 R& 00000000000 Z 000000
000 200000000000 ZOOODOOOO
00oooooooo®iog

Z=({txRz',n), Z =@txxz,n) (17)
O00000000ooon
z x R%'
n=—-—-_"" 18
|z x R&'||2 (18)

0000000000000 (15000 Z02Z 00
00000000000Z,Z >0000 Z,2Z <0
00000000000000000000000 F
000000000000000000000000
0000000 E0DO0O0OOOOOO0000OO
000000000000000000000000

June 2001

02 000000000000
Fig.2 The camera positions and the depths.
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Fig.3 Simulated images of a 3-D scene.

(a)
04 (2000000000000000000M (b)00D0D
oooo
Fig.4 (a) Reconstructed shape (solid lines) and the true
shape (broken lines). (b) The standard regions of
the grid points.
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Fig.5 Real images of an indoor scene.
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Fig.6 Reconstructed points and their standard regions
(stereogram).
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Fig.7 Standard regions of the vertices. (a) Normalization
of the centroid and the size. (b) Normalization of
the three vertices.
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Table 1 Reliability of the ratio of edge lengths and the
angle.
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Fig.8 Real images of a car.
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Fig.9 3-D reconstruction of the car.
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