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Simultaneous Estimation of 3D Position and Motion
in Dynamic Scene Using Unsynchronized Stereo Image Sequence

Akihito Seki and Masatoshi Okutomi

Graduate School of Science and Engineering,
Tokyo Institute of Technology

Abstract In this paper, we propose a simultaneous estimation method of structure and motion in dynamic
scenes. Usual methods for getting structure and motion using stereo cameras need two kinds of operations:
stereo correspondence and tracking. Therefore, we had to separately get correspondence between stereo images
and sequential images. Our first contribution is the method of corresponding all stereo images and sequential
images at once. On the other hand, most of stereo correspondence algorithms are limited under synchro-
nized status. In the stereo rig by using unsynchronized cameras, the structure can’t be obtained by stereo
correspondence and triangulation because of unknown time offset between cameras. Then, our second contri-
bution is the method of estimating structure, motion, and time offset simultaneously by using unsynchronized
stereo cameras. This is done by taking advantage of the first contribution scheme. Finally, we present some
experimental results.
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for (iter=0 to iter max or convergence condition)
if iter is 0
Set initial value to M.
end if.
for (k=0 to max image)
for (i=0 to max point)

Warp image T; x; and get I ; ; using m.
Calculate g, ki Jrk,is €rr ki in €q.(40) (k # 0).
Calculate gi.x,i, J1,k,, €irk,i in €q.(33)
end for loop.
end for loop.
Calculate A and b in eq.(21).
Calculate AM using eq.(20).
Update M < M + AM in eq.(22).
end for loop.
3D MOTION, DEPTH for each point and TIME
OFFSET parameters are given.

Warp image I, ; and get I,z ; using m; (k # 0).
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NCE3.

o K <
v 0 25, ~ 0 5%
x+u,$=07g: 0 £ 21% (30
00 1 0 0 1
[ ——
+D
T,
¥ = [z,31]"
o = —(k+)‘)(me:r +'U'0Tmz)-fTsm
B = —(k+X)(afTmy + v0Tm:)
5 = +wmmz
= 'me + AT, Tz
K [(k+,\)(T + AT,) + Al 31)

+€ (k + N e

+( me + u0Tm: ) AN + €'d
n = ‘%Kk + A (afAT, + vAT,)

+(afTmy + v0Tmz ) AN + €8

TREIN3.
T, RN ERE DT Dz BV, BIEE
g ~ (1+ DR EEZXD. TTT, %id x DR

FHEL, LI SROBANRY MVTHS. T p(x")Hc
DWTHEExDEAVT IRDTAIT—EZETZ L,
il,k (x”) —Lox) =~ ngJZk Am + e k. (32)
ZZT,
8r = Vil,k (x)
T _ ax'!
Jl,k - 3Am (33)
Am = [AT,,, ATy, ATy, AZ,ANT
ek = Lx(x)—To(x)
TH3. T, Jacobian ZERT 51751
H 1
ox o6d Ox (34)

5Am  OAm od
LERTES. diE, 175D EFS ISR b
WTH5. HUDBEL,

ax"
ad

-2y - T
—zy -y (35)

z y 1 0 0 0
0 0 0 z y 1 -y -y

TH 3 [11). BADEEE, X (30) D DICHETSH
N% AmTRERES TR LTELNS. FhiR (35)

%3 (34) IWRAT B T & T Jabobian MEBA,

Jn 0
%" 1 0 oo
T
Jix = %Am | Y (36)
v Ja Ja2
Js1 52

iil,k(x) I ZERE (x+ug) TYTH TV T UTER
Ut ERTHS.

LB, CTT,
ju= (k+i\ , a2 = (k+‘>\)af
ja=— @ +(k+)\)77'mz , a2 = _8 +(k+/\)1/7'mz
o1 = ,f’l“m,-(;k 10)Trm = + & Tm=+(k+A)

— _afTmy— (14 20} mz +ﬁ7‘mz+(k+)‘)w m

Js2
u =-7—L k+A)(x—uu + -—g(k+)\){a + (k+ A) Tz}
v = ;‘—(k + )y = v0) + 7z (k+ A8 + (b + N Tms}

TH%5.

B [B—75A X5 OERRED Jacobian

DEH

K () Dup lcD0TE, {F8AD u, LRERKCE
B%I BT P TES. BIEHNIC, Jacobianid

_kf 0
7 kaf
L 0 T
rk SAm’ ’)’“ I v
o k2T, _ B tkyTme
77 72
(37)
kB, TTT,
Am' = [ATmma ATmya ATmza AZ]T
Iy = Z—kTp,
o' = —k(fThe +uoTz)
ﬂ” = _k(amey+v0T ,z) (38)
¥ = 14 Kl kTmz
l
W= gk(z —u) + grk(@” + kTm.2)
ln-
Vo= gok(y —vo) + zg k(8" + kTn.y)
TERIND. £k, AR
La(x") - Lo(x) ~ gl JT Am’ + e (39)
Z T,
g, = Viix)
T = 2w (40)
Erpk = Ir,k x)_Ir,O(x)
TH5.
10 000
Am'=T"Am, 17|01 000 (41)
00100
g 0010

o7, KU ZHVTR (39) D Am’ ZBFET 5 &
g T Am +epn i =gl ITTTAm + € (42)

PREND.
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