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SUMMAR\ We propose a method to determine accurate motion fields
and illumination conditions such as non-uniferm or non-stationary illumi-

nations. The methed extends a stabilization method using reliability indices

of optical fiow to combine with a gradient-based approach that determines

a motion field and Mumination conditions simultaneously. We applied the

proposed method to two synthetic image sequences and a standard image
sequence. The method is effective for image sequences including poorly
textured areas, edges of brightness variation, and almest dark objects.
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1. Introduction

Sequential image processing is useful in the fields of both

computer vision and physical measurement. Determining
optical ftow with high accuracy is a key to technical innova-

tioB in both fields. Eai'ly studies focused on only the calcu-

latioll cost to achieve real--time processing of instantaneous

optical fiow for robotic vision. Along with the development

of computer technology, many authors have discussed the
accuracy and performance of determined optical fiow [l]-
[6].

    For accurate determination of optical fiow, non-ideal
conditions of image sequence are serious problems. Many
approaches have been tested to determine optical flew under

non-ideal conditions suclt as non-uniform illumination [5],

[7]-[10], occlusions{1l], multiple optical fiows[12], non--

rigid motion of objects[13], and the existence of diffu-
sion[10], [14]. Tke non-ideal coBditions are obstacles for

determiRation of optical flow. However, some non-ideal
conditions are important physical parameters to be fixed.
Zhang et a}. [5] proposed a superior approach called `ex-
tended constraint equation with spatio-temporal Iocal opti-

mization (ESTO)'. ESTO deterrriines not only accurate mo-
tion field but also illumination conditions of an image se-

guence. If the illumination conditions are limited to tem-

poral non-uniform illumination, that is non-stationary Mu-

mination, `spatio-temporal optimization method assuming
discrete constance (STO-DC)' proposed by Nomura [9] can
determine more accuraÅíe motion fie}d and illumination con-

ditions. Here, we distinguish tentatively between optical
fiow and the motion field. Since ESTO aRd STO-DC deter-
mine actual motion vectors of objects in an image sequence
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of 2-dimensional plane by evaluating non-uniform or non-
stationary illumination, the determined motion vectors are

not optical fiow itse}f. Optical fiow is an apparent motion

vector field observed in the image sequence. Kere, we re-
fer to the actual motion vectors as "Motion field7' And, we

call the determined illumination conditions as "Illumination

parameter distribution7'

    On the other hand, for accurate determination of op-
tical fiow, Ohta [15] proposed a post-processing that stabi-

lizes the determined optical fiow using some reliability 2n-

dices. He suggested that the stabilization method was useful

when optical fiow was detected without kiglt-level knowl-

edge about the image object. The accuracy of the deter-
mined optical fiow was improved at poorly textured areas,
and at areas having the aperture problem in the image.

    In this paper, we propose apost-processing method that
is an extension of the Ohta's stabilization method to deter-

mine motion field and illumination parameter distribution

with ESTO. First, a motion field and an illumination pa-
rameter distribution are estimated from an image sequence
using ESTO. Second, our proposed method evaluates their
reliability indices according to the brightness distribution of

the image sequence, and modifies the motion field and the
illumination parameter distrtbution using the reliability in-

dices with a relaxation method. We applied the proposed
method to two synthetic image sequences to evaluate the
improvement in accuracy. Then a standard image sequence
was used to compare performances of several methods to
determine motion fields. We confirmed accuracy of the pro-

posed method and effectiveness of the stabilization.

2. Background

2.l Determination of rv][otion Field and IIIumination

Parameter Distribution

The gradient-based approach[l6] is one of the represenÅía-

tive approaches to determine optical flow. It is based on a

simple continuity equation of the image function f(x,y, t)

repi"esenting local gray values.

    ft=-fxuo rm f)•vo, (1)
where uo and vo are the x and y components of aR opti-
cal fiow, and ft, f,, fy are partial derivatives of the image

ftmction by t, x, aRd y, respectively. Although the relation-

ship is obtained at each point on an image, one relationship

is insuficient to determine two optical fiow components uo
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and vo. Therefore, in the }ocal optimization method, a spa-

tial [17], temporal [l8] or spatio-temporal domain [19], [20]

is selected on an image sequence, and it is assumed that ev-

ery point in the domain has the same optical fiow.

    Zhang et a}. [5] added a term representing non-uniform

and non-stationary illuminations to tke basic constraint
equation, Eq. (1). Thus the extended basic constraint equa-

{ion was given by

f'" - fxU - f),V + fW, (2)

where u and v are x and y components of a motion field tak-

ing the influences of illumination conditions into account,

and w means an unknown illumination parameter [5].
    They applied the spatio-temporal local optimization
method and assumed u, v, and w were constant within a
spatio-temporal domain consistlng of L Å~ M (pixels) and N

(frafnes). That is, they proposed a method of deterrnining u,

v, and w by minimizing the fol}owing error functionin the
spatio-temporal domain:

EEsTo
  L-1 M-1 N-l

=
Z2Z (fxu + f,v+ f, - f.)2 ,

  l=e m=O n=O

(3)

where the partial derivatives are calculated at (x + l, y + m, t +

n), and f refers to f(x + l,y + m,t + n). They called this

method `extended constraint equation with spatio-temporal
local optimization (ESTO)'.

3. Stabilizatien Precess Using Reliability Indices

3.1 Reliability Indices of Determined Motion Field and
Illuminatlon Parameter Distribution

In this section, we define reliability indices for roughly esti-

mated motion field (tt, v) and illumination parameter distri-

bution (w). Ohta [15] proposed reliability indices for optical

fiow re}ated to image texture. An opticaraow (uo, vo) having

direction e and amplitude A can be represellted as follows.

uo

vo

= A cos e,

= A sin e.

Equation (1) is given with these representations.

ft" - f,A cos e - f,A sin e.

(4)

(5)

(6)

Ohta [l5] assumed that every point iB a spatial domain con-

sisting of L Å~ M (pixels) had the same motion vector, so an

integration of ft in the spatial domain was represented by Ft,

       L-l M-l
F, = -AÅíÅí (f, cose+ fy sin e) .

       I=O m=O

(7)

Since an opticai flow of an image was determined as the
norm of Ft, HF,]I, Ohta[15i c}arified that the greater IIFtll

was, the more easily detectable the optical flow was, under
the assumption that A was fixed. Tltus, the reliability of the

deterrnined optical flow could be evaluated by the ratio of
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Fig. 1 Relationship between a vector vEsTo and tt, v, }v.

]IFtl] to amplitude A. The ratio R was defined by

R ., llF,il.

     A
(8)

    We extend the above argument to the extended
gradient-based approach of ESTO and propose reliability
indices of motion field and i}luminatien parameter distribu-

tion. Three unknown parameters (u, v, w) on ESTO can
be represented by components of a 3-dlmeltsional vector,
vEsTo, in a rectangular coordinate system (see Fig. I). When

B is tke amplitude of vEsTo, u, v, and w are represented by

tt = Bsinecos ip,

v = B sin e sin ip,

w = Bcos e.

 (9)

(1O)

(li)

    We assume that every poiRt in the spatio-temporal do-
main consisting of L Å~ M (pixels) and Ar (frames) has the

same motion vector v(u, v) and the same parameter w. This
assumption is equiva}ent to that of gSTO. Thus we get

llF,l] =

  L-1 M-l N-1
BZÅíÅí(frCi
  l=O m=O n=O

wkere Ci = sinecosip,
Then the ratios R and R2

+ f),C2 - fC3)
,

C2 -- sinesinÅqb, aRd C3 =
are represented by

R -- [IF,II!B,

R2
 : (ili.li, lilllill "il,li., (fxci

= [ Cl C2

The sym

c3 ][

bols appearing in Eq

   L-1 M-1 N-1

a- zzzf3•
    l=O m=O n=O
   L-I M-1 N-l

C- ZZZf2,
    t=O M=O ll=O

     L-1 M-l N-1

e=- ÅíÅíZfvf•
     l=O m=e n=O

            T2

+ f, c2 - fC3)i

2Ss,z][gg]

.

(l5) are as fo}lows.

    L-1 M-1 N-l
b-ZZZf,2"
    l=O m=O n--O

   L-I M-l N-l
d"ÅíÅíÅífrfv•
    l=O mrO it=O

        L-1 M-1 N-l
  h--Z2Åí
        l=O m=O n=O

fvf•

(12)

cos e.

(l3)

(14)

(15)

(16)
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Equation (l5) is transformed into the following eqgation by

the principal axis transformation.

.2.
[ ll ]T eT

el

eg

T
Ko,i o

ft2

o

8•,] eT

e,T

eg

[ii]•

   (17)

where ili, /l2, aRd il3 (.li }) il2 }i A3) are the eigenvalues

for the coeflicient matrix, and eE, e2, and e3 are unit length

eigenvectors corresponding to Ai, /l2, and A3, respectively.
Because R and R2 mean robustness against Roise, we pro-

pose the following parameters ri, r2, and r3 as reliability
indices.

    ri(rii,ri2,ri3)= VJTIei, (ls)
    r2(r2i, r22, r23) =VIIIe2, (ig)
    r3(r3i, r32, r33)= VJUe3, (2o)
where ri points to the most reliable direction in the rectan--

gular coordinate system, and r3 points to the most unreliable

direc{ion.

    (ri •Av) ri2 + (r2•Ay) r22 + (r3 •Av) r32

      -fi(g.2I + glg) - o,

    (rl •ISLY) r13 + (r2 •AV) r23 + (r3 •AV) r33

      -7(eo2.\+Oe2y\)=o

ifsing the approximation to the Laplacian [16],

    e2u o2tt
    Ox2 + ,oJy2 = iZ - ll,

    02v 62v
    6x2 + oy2 M- V-V,

    o2w o2w
    6x2 + oy2 "W-W,

Equations (26)-(28) can be written as

    a(u' - u) +d(v' - v) +e(vv' - w) +6(it - tt) = O,

d(u' - u) +b(v' - v) +h(w' - w) +P (V - v)=O,

(27)

(28)

(29)

(30)

(31)

(32)

(33)

3.2 StabillzationProcess

In this section, we propose a process for stabilizing the de-

termiRed motion fie}d and illurr}ination parameter distribu-

tion using the reliability indices, ri, r2, and r3. 0ur process

follows the conventional stabilization method [15]. The re-
laxation process described here uses the reliability indices

and modifies vEsTo estimated by ESTO. The eiTor function
E,, whicli should be minimized in an image plane V, is de-

fined as follows.

    E, (u, v, M,) =

where

Sr + 1(3S sl + )tS s27 (2l)

    Sr :f.((ri•Av)2+(r2 Av)2+(r3•Av)2)dxdy, (22)

    s,, . f. (( g/ )2 . (ge. )2 . (3/)2 . (g, )2) d.dy,

                                              (23)
    s,2 = fv (( }/ )2 +(sctV )2) dxdy, (24)

    Av =(u-u',v- v',w- w'). (25)
S, is a penalty function; S,i and S,2 are stabiliziRg func-
tions; fi and y are constants balancing three constraints; u',

y' , w' are deÅíermiRed in advance by ESTO using Eq. (3).

    UsiRg the calcuius of variation, we can determine the

unkRown parameters (tt, v, w). The Ettler-Lagrange equa-
tions for the eiror function E, yeild the following equations.

    (ri•Av) rii + (r2•Av) r2i + (r3 •Av) r3]

      -6(2ftg.g2,g).o, (26)

e(L{' - u) +h(y' - v) +c(w' - vv) +7(V{i - w) =o.

(34)

For numerical calculation, the SOR scheme results in the
following eguations.

    uk.l - gl(ilii + aU' + d (v' m yk) + e (vv' - wk)

 k+1y=

             a+rs

-
 ({; - 1) ttk,

 XilV + d (u' - uk) + bv' + h (w' - wk)

(35)

          4
                       b mF rs

          -(g-1) vk, (36)
    wk" . gYViF + e (U' - uk) + h (v' - vk') + cw'

                        c+y

          -(g-l) wk. (37)
Superscript k represents the iteration step, and g represeRts

the acceleration parameter. Practical values for g were 1.8

ln our experlments.
    This process modifies vEsTo to directions of more re-
liable neighbor vEsTos under a balance between the penalty

function, S,, and two stabilizing functions, Ssi and Ss2•

4. Experimenta}Results

4.1 Analysis of Synthetic Image Sequences
uniform or Non-stationary Illumination

under Non-

We generated two syBthetic image sequences by simulating
non-uniform and non-stationary illuminations with a trans-

iatioR of a s{atic scene (Figs.2, 3). The generated irnage
sequeRces consisted of 128 Å~ 128 (pixels) and 10 (frames)•
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Fig.2

p]•

(a) lst frame (b) 4th frame

   (c) 7th frame (d) 10th frame
A synthetic image sequence, fl , under non-uniform illumination,

(a) 1st frame

Fig.3
tlon, p2•

(b) 4th frame

   (c) 7th frarne

A synthetic image sequence, f2,

  (d) leth frame

under non-stationary illumina-

The brightness was quantified into 256 (leve}s). Tke im-
age sequences had a unlferm motion vector v = (-O.8, O.3)
(pixelslfi'ame). An image function fo(x,y, t) of the original

traBslation iinage sequence was modified by non-uniform il-
lumination pi (x, y) and Ron-stationary illuminaÅíioR p2(t).

P1(X,Y) . x+y

P2(t)
    127 + l27
= O.l exp(O.2t).

,
(38)

(39)

The image sequence uRder non-uRiforry} illumiRation fi (x,

y, t) and the irr}age sequence under noR-stationary illumina-

tion f2(x,y, t) were represented by the following equations.

fi (X,Y, t) = fO(X,Y,t)Pl(X,Y), (40)
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f2(X,Y, t) = fO(X,Y, t)P2(t). (41)

Since the theoretical illumination parameter distribetion yv

is expressed as

           VPI                 6p216t

    w=v• + , (42)           Pl P2
the correct illumination parameter distributions of fi aRd f2

are described as w = (-O.8 + O.3)1(x + .y) and w = O.2,
respectively [5].

    We applied three methods to the syRthetic image
sequences: ESTO, ESTO with the Ohta's stabilization
method, and ESTO with the proposed method. The Ohta's
stabilization method wasn't designed for ESTO. Howevei-,
if we assume that the illumination parameter distribution de--

termined by ESTO is con'ect, we can use the following equa--

tion instead of Eq. (8),

    R,. 1[Ft+Zk,Tbii,ee--ei (fW)ll. (43)

The Ohta's stabilization meÅíhod caR be applied to any result

of ESTO using the Eq. (43). Of course, the Ohta's stabi-
Iization me{hod canRot stabilize the illuminaÅíion parameter

distribution determined by ESTO.

    We used spatial and temporal domains of LÅ~M = 3 Å~ 3
(pixeis) and N = 8 (frames) for each method. In the Ohta's

stabilization method, we used a = 100e, and 50 iterations.

In the proposed stabilization method, we used 6 = iOOO,
7 : 50000, and 50 iterations.

    The determined motion fields and il}umination param-
eter distributions of image sequences A (non-uRiform illu-
mination), and f2 (non-stationary illumination) are shown in

Figs. 4, 5, 6, 7. The results of origiRal ESTO sltowed miss--

detections of the motion fields at poorly textured areas, and

at the edges of some objects (see Figs.4(a), 6(a)). These
also showed large errors of the illumination pai'ameter dis-

tribution at almost dark objects, and at edges of some ob-
jects (see Figs. 5 (a), 7 (a)). These errors of the motion fields

and Åíhe il}umination parameter distributions were observed

at similar areas in two image sequences, fi and f2, regard-

less of difference of the illumination conditions. The results

indicated that the lmage pattern and brightness of these im-

age sequences were the cause of these errors. Tke results of

the Ohta's stabilization method showed better motion fields

(see Figs.4(b), 6(b)). However, the determined Mumina-
tion parameter distributions were the same as the results of

ESTO (see Figs.5(a) (b), 7(a) (b)). On the otker hand,
the proposed method led to betÅíer motion fields and il}u-
mination parameter distributions (see Figs. 4 (c), 5 (c), 6 (c),

7 (c)). SiRce we used the reliability indices estimated from

the image pattem and brightness of these image sequeRces,
the miss-detections at Ron-reliable areas were easier modi-
fied than motion fields at reiiable areas.

    Now we try to verify the accuracy of these methods
quantitatively. For an index of error measurement, we used
angular measure of error proposed by Barron et al. [1]. They

evaluated tke error between the correct velociÅíy vc = (uc, vc)
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Fig. 4 Motion fields determined by: (a) ESTO, (b) ESTO with the Ohta's
stabilization method, and (c) ESTO with the proposed stabilization method

from the image sequence under non-uniform illumination (Fig. 2). (d) The-

oretical motien field.

             (c) (d)
Fig. 6 MotioR fields determined by: (a) ESTO, (b) ESTO with the Ohta's
stabilizatien method, (c) ESTO with the proposed stabilization raethod
frem the image sequence under non-stationary illurnination (Fig.3). (d)

Theoretical motion field.
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Fig.5 IIIumination parameter distiibutions determined by: (a) ESTO,
(b) ESTO with the Ohta's stabilization method, and (c) ESTO with the
proposed stabilization method from the image sequence under non-uniform

illumination (Fig.2). (d) Theoretical illumination parameter distribution,

w = (-O.8 ÅÄ O.3)1(x + y).

Fig.7

(d)

rv./se.- i

o O.2

w
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Illumination parameter distt'ibutions determined by : (a)

(b) ESTO with stabilization (c) ESTO with the
posed stabilization method from the image sequence under non-stationary
illumination (Fig.3). (d) Theoretical illumination parameter distribution,

w = O.200.

ESTO,
  pro-

aRd the determined v. = (u, v) as the angle between the unit

vectors (v3. and v3,) in 3-dimensional space. The definitioRs
of the vectors are as follows.

V3c iii

1

V3e E!i

ttz+vg+l
1

(uc, vc, l),

u2+v2+l
(tt, v, I).

(44)

(45)



2226

Table 1 Comparison of angular errors Ep and illumination pararne-
ter distribution errot-s Ei,• determined from two image sequences under

non-uniform illumination, fi (Fig.2), and non-stationary illumination. f,-

(Fig. 3).

 Image
sequence

Method
Ep

Error
E,v

fi

     ESTO
    Esrro ÅÄ
 Ohta's stabilization

    Eslro ÅÄ
proposed stabilization

3.06

1.70

l.88

1.56

1.56

Oa66

f'-

     ESTO
    ESTO +
 Ohta's stabilization

    ESTO +
proposed stabilization

624

2.28

2.48

O.106

O.I06

o.e77

They defined the angular ei:ror Ep betweeR the correct vector

v3, and tke determined v3, by

              N.,wwlN.vwwl
    Ep :N.iNÅr, II,li.o il.lll.o arccos{v3c(x,y)•v3,(x,y)}, (46)

where N. and Ny (pixels) were the sizes of the image se-
quence, but a}1 points that caRnot be evaluated were removed

from this calcu.Iation.

    The error of the determined illumination parameter dis-

tribution w,(x,y) was evaluated by the fo}lowing equation:

    Ew " .,i., "Åí.,i "IS. lww,i l"'C(Xi,Y,l(-.,lllgfX' Y)l, (47)

where w,(x, y) was a correct illumination parameter distri--

bution.

    These errors are summarized in Table l, which shows
the quantitative superiority of the proposed fnethod for de--

termination of motion fields and illumination parameter dis-

trlbL}tions. The accuracies of motion fields determined by

use of the Ohta's method and the proposed oite were almost

the same. The proposed method cannot always determine
better motion fields thaR that of the Ohta's method. We
thlnk this reason as follows. Since two image sequences
in this experiment had a uniform motion field, stabilizing

methods have to modify the motion field more smoothly
to get better results. Meanwhile, there were many errors
in these il}umination pa,rameter distributions determined by

gSTO. Modification of these distribtuions with the pro-
posed method increased tke value of the penalty functioB S i•

(see Eq. (22)). In the Ohta's method, Åíhere is not tlte func-

tion for modification of the distributions. Therefore, the pro-

posed method could not modify the motion fields smoother
than the Ohta's method, because the constants, ev andfi, bal-

aRcing the penalty functions and the stabilizing functions

were used the same value in these methods.

4.2 AnalysisofaStandardImageSequence

ln this section, we consider a famous Yosemite sequence

IEICETRANS.INF. & SYS:r,, VOLÅí87-D, NO,9 SEPTEMBER 2004

}:' tr.•ntV..,g'

g:•1;W'..,,t"},.y'

(a) lst frame

(c) 9th frame

      Fig. 8

.
sces

t.wwss

(b) 5th frame

as'pmves.

           (d) 13th frame

The Yosemite sequence.

va.' .•',"'

obÅíained from the ftp serve}", ftp.csd.uwo.ca, because tke

Yosemite sequence is commonly used for testing the perfor--

mance of many methods [l], [5], [9]. We focus our atteRtion

only on accuracies of determined motion fields.

    Figure 8 shows snapsltots of the Yosemite sequence.
The image sequence had a resolution of 316 Å~ 252 (pixels)

and 15 (frames). The brightness was quantified into 256
(Ievels). In the scene, the cloud regi'on had a uniform motion

vector with a speed of 2 (pixelslfi"ame) and had a temporal il-

}uraina{ion change. Tke }andscape moved against the depth

direction. The maximum value of the speed component of
the }andscape motion was about 5 (pixeislframe) at the bot-

Åíom left of the image. It was diMcult for the gradient-based

approach to determine a Iarge motion vector (more {han sev-

eral pixels per frame) without multi--resolution techBiques,

and we have Åío pay attention to area under non-uniform i}-

lumination. The cloud region of the Yosemite sequence was
trimmed 58 lines from the upper line of the image.

    Three methods: ESTO, ESTO with the Oltta's stabi--
lization metkod, and ESTO with {he proposed method, were
used to evaluate motien fields of the Yosemite sequence,
and the cloud region of the Yosemite sequence. The size
of the spatial domain L Å~ M was 7 Å~ 7 (pixels) and that of

the temporal domain N was 13 (frames) in the loca} opti-
mization of ESTO. In the Ohta's stabi}ization method, we
used ev = 1000, and 50 iterations. In the proposed stabi-

lization metkod, we used 6 = 1000, 7 = 50000, and 50
iteratlons. Tke determined motion fieids and illumination
parameter distributions of Åíhe Yosemite seqgeRce are shown

in Figs. 9, }O.

    The error comparisons are surnmarized iR Table 2, and

Table 3. Tab}e 3 picked up an error comparison of mo;ion
field determined only from the c}oud region of the Yosemite

sequence. The proposed metltod and the Ohta's stabilization
method were effective in decreasing errors of the determiRed

motioR fields. The accuracies of the both methods were



OSA and MIIKE: ACCURATE DETSRMINATION OF MOTION AND ILLUMINATION
22. 27

-  2pixels!frame

                       'll,i.k{3'ti"-'-tL-'-N"-;-t-Xi--"+iEircJ-.ti--'Spt.-..ttL;.

Il/,:-,'2'{--"i";:E"tllewl-X"'.'t--i-l--.l\.;•-iLr:',"'-i';-"'i.t.-'.'.k'ev•g.:.;--l/•

/ -w.-.'r+-+-+--------44---------"-----Xl- //. - --------ii----J--------)tSS-L-l. -tth-t-.si-.-.f----J--i-----4-4jiJ}istE--- lt
l' X'".";"IFII-::;:-'+:t:;:;:;;;=:::::1;;;;tt ', ::::: l

I l-l•H--;;-.:;if;JZJ:;;;::;:;;::::;I::1:=: l
i -.lt"•g A.X.X:::Z;:;;;;:;::;;l::l;:= ,,
il/l!l)f-ti/ilil'/11if/l•/;.//l•iiillii/i,l/i/ll/l/l•illi,llilili•1111•li,11ii;'

Table2 ComparisonofangularerrorsE
sequence (Fig. 8).

p determined from the Yosemite

Method Error Ep

     ESTO
    ESTO +
 Ohta's stabilization

    ESTO +
proposed stabilization

8.15

6.90

6.90

--  2pixelsfframe

(a) Table 3 Comparison of angular errors Ep
gion of the Yosemite sequence.
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Fig.9

almost the same for the \osemite sequence and the cloud
region of the Yosemite sequence. The proposed method
showed the best accuracy for the Yosemite sequence [1], [5].

Tlte proposed method stabilizes no{ only motion fields but
also illumination parameter distributions.

5. Cenclusion

--•
 2 pixels/frame

(c)
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I
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1

stabilization

from the Yosemite sequence (Fig. 8). (d) Theoretical metion field.

                 (d)

Motion fields determined by: (a) ESTO, (b) ESTO with the Ohta's

  method, (c) ES[lrO with the proposed stabilizatioR methed

            (a) (b)
                        ..mp..it,tv ' :tl

              -o.1 o e.1
                        w
Fig.le Il}umination parameter distributions determined by: (a) ESTO
with the Ohta's stabilizatien method, (b) ESTO with the proposed stabi-
lization method from the the Yoseinite sequence (Fig, 8).

We proposed a post-processing method that can simultane-
ously stabilize a motioR field and aR illumination parameter

distribution. The first candidates of the motion field and the

distribution are ditermined by ESTO. The distribution indi-

cates illumination conditions in image sequences, e.g. non-

uniform illumination and non-stationary illumination. The

proposed method succeeded in simultaneous evaluation of
accurate motion fields and illumination parameter distribu-

tions, especial}y at poorly textured areas, at edges ofobjects,

and at almost black objects in images.
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