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ABSTRACT

Motion analysis from image sequence is a procedure to upgrade the capability of
computer for detecting the object movement and object tracking. However, these detecting using
optical flow computation for creating the motion vector field can be divided into three
approaches: matching, spatio-temporal filter, and gradient-based methods. The determination of
optical flow based on gradient method have been introducing by many researchers, but most of
presented papers are used iterative method, whose difficulty is to setting the suitable parameters
and also have the uncertainty of computational time. To solving these problems, this thesis
presents non-iterative and gradient-based optical flow computation. The goal is to detect the

multiple objects motion in the scene.
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n15AIUIN Optical flow AaBN"91lsEeNA LY Adaptive Gradients §auiu
Successive Over-Relaxation

Calculation of Optical flow with Adaptive Gradients and Successive Over-Relaxation
- - &£ o £ o - e & -
nwed AAUARNONE | e Wanwlsz@Avsde' Feieal v’

Kaset Sirisantisamrid' Decha Phattanapr.svs,itchai1 Teerawat Thepmanee'

UNARED
UNANTASI A UAEN AU Optical flow #q81 Adaptive Gradients $aufiL Successive
over-relaxation (i8331nN 731 Optical flow TneAEN17984 Hom uaz Schunck axlideyadauiuiafia
antlgwinsilmisesiagiiininedeuiiuazfasnisnarlunisAuanunn Wauslalguifngn
rasuirazld Adaptive Gradients ilefndmdasyaduiuias Successive over-relaxation (134N73
AuanlidngAnazaleatu dalssans e Aimeiinauen Beudfayimidases Hom uaz Schunck

TAuamaldlunanimaans

Abstract
This paper presents the calculation of optical flow with adaptive gradients and successive
over relaxation. Because of the determining optical flow by using Horn and Schunck method, gives
the numerical artifacts, which obtained from occlusion problem of moving objects, and need
expensive cost to solve the optical flow equation. To solving the above-mentioned problem, we use
adaptive gradients to eliminate the numerical artifacts, and successive over relaxation to accelerate
calculation rapidly approaches the true unknowns. The performance of the proposed method

compared with Horn and Schunck method shown at experimental resuit.

1 MAMNIAINITUNNTIAAN  AMZIAINTTNAARAT annumAluladnszasuind s AU TaIANTTS
Department of Instrumentation Engineering, Faculty of Engineering, King Mongkut's Institute of
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Horn and Schunck method

Image plane

moving object
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Figure 1. An optical flow on the image plane related with moving object
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dE_OEds OEdy OF
de oxdt dvdt o

uwaziiadouluglvesannisdaduinlszneusonsouls u uas v azld

Eu+E,v+E =0 (2)

E ufz E, ABNTREWMINITEN 191991 dHeeuaa Tuuiauny x uazuny y AMaau u
wae v 1uAF N ARRUTRRINUNY X WASUNU Y UAT £, ABINTREWYININAII8IANITHIBILAY
atinalsfinnn anunasi (2) ldaunsoAuaumsauls uuse v 16 Hom uaz Schunck launiaue
Smoothness constraint aufaun1s Optical flow lnafiansnndiAaniFarasanwlindiAesasian

- o - . ° 2, | 'Y = ° °
Wilauii aInnM9IRNaNNTT Smoothness constraint Ml BsaN TUAaNNITA (2) N lalaunisAIuIL

Aun15h (3) WilApuEana1ateege

min [{(Eu+Eyv+E,) +a’[@—u)’+( -v)’]}d d, (3)
b '
Tned 7 uaz v iluAeduAF 999N NG IAs TULLI UM X LAZUNY y 491 O ABAN
Weighting factor #uniuinAazgnidanlvlaAasunangs
ANNTTR (3) AzmAIRaLlAREAEN199WTN Gauss-Seidal (Gauss-Seidal iterative method) 1ats

dayanmsaitiaiaaans fasaunis

u}l+| zil—" ‘“EI[E}E" +E"—‘;n +E, ]/(az + Etl' + Eyl)
Bl VO N ES [Ej” + B V& E,]/(az vE + EV‘.z)

Adaptive Gradients method

{flasanniam Optical flow A9tABN17183 Hom  was Schunck azifiatliymidayadouiiu
(Numerical artifacts) ﬁLﬁmfmm?ﬁmﬁamﬂﬁmpzwhalmla‘wiﬂwh‘u ﬂai'm’lﬁ*ﬁmu%gﬂmmﬁuﬁmmm
anuaindnlasaanisld Adaptive  Gradients danmualidous R iudAiravdelaeanysol

(Absolutely residual numbers) 18981N159 (2)
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Ex(i,j,r) :%IE(J—IJHJ) - E(1+l,;+l,r) + E(r—],_;—l.r) - E(m,_H,:) + 2E(i—l__},l) - 2E(r+1,;,f)J
Eiin= B 10 = oy + B o) = B yorn) + 2B 1) - ZE(f.,m.:)]

de E(, j.r) Aeauduresusslunwiiins (G, 7) s ¢

(6)

anmsfisdeans i ldAImauees Optical flow QNABNNINTIAA (T1ASHINIUIANNTRALTTE
: L o - o
usazqan i lldamiuaslldadsandeyan wlumsud ¢ Taelisaanay £ unlldaiuas

b wnulldhands ganwlafilddaundalaaauysnitasiga bidazludvwihuardrmdsacgniaen du

=4

AR
if Rb(r,_i’,r) < RI('}JJ) 7
then EJ(I,JJ) —~ E':"{I,J,t) B
else then Ef(a,,'.-') . Elf(l,JJ} (9)
Tneiin

N 1
E‘rf{,J,;) = —Ig[4E(r,jJ+I) _4E(l,j,l‘) =+ E(f+l,j+1.r+l) - E(t+|,_,'+l‘f) +2E(i,j+l,l+])

“2E( ) * 2E G )~ 2E (i ) F2E( ) —2E( o)

1+t
+2E(:—l,,ﬂ,{+l} _ZE(i-l,jJ) a2 E(hl,ﬁl,ﬁ]) _E(f*],jfl,f) * E{l—i.,‘+l,l+l)
- E(i—l,jﬂ,r) + E{i+1,j—l,!+l) & E(HIJ—I,!)] (10)
1
b
En’ (L741) 71 E[4E{r’,j‘l) -4E(i,j,.l-!] +E(r’+l,_[+l,r) = E(_Hl,jﬂ,l—l) + 2E(l’,‘,l'+l,l}

72E(r,_;+l,r—l) +2E(r+l‘_;‘r) _ZE{HIJ,Fl) +2E(1,j*|,f) _2E(r,171,171)
T2E(0. 0 2B 0 +E(l—|,_}—|,l) A 2N B 8.4
T E(;—l,ﬁl,r—l) B Ay= E(t’+l,j—|,l—l)}

A8 E, ) AsgnidenminRaulaluannii (7) wazazgnibh i lunsduanseudaly
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1 AMINIIMARELNITAINMA Optical flow AaedsnisRtdueFauieuiudsnirees Hom
uaz Schunck IasldnwszAu@inImuim 80*60 9ANIN SMIUEINNIN uazMUA IR IUA WAL

indeuniafiaza e witlugn 45 a1 dauanalugili 2.

a) b) c)

Figure 2. Inputimage a) frame1 b) frame 2 c) frame 3

N17AANS Optical flow ’éa'mgﬂ'ﬁl 2. AIEREN19989 Hom Wa% Schunck ua=A5199 Adaptive
Gradients ua% Relaxation ﬁé'qmﬂﬁwﬁ'uﬂm'lugﬂmmmmﬂﬂs‘mﬂﬂﬁﬂuﬁ dlariwun Weighting factor (QL)
RAWiNTL 3 Wiy fauansgiil 3a uaz 3b ATuRasy SN 3a axnudnidagadauiuiiinainnis
Tmfsmuiudruounan uszl 3b dayadaunulégnindanalildreuannisineuiinzesinggnias

FALRUNINAIN

a) Hom and Schunck method with (=3 , N=284 iterative
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b) Adaptive gradients and Successive over — retaxation with Ol=3 [ TW=1.5 N=150 iterative

Figure 3. Comparision of the original Horn and Schunck method and our proposed method

nmaaadluFasaruiFiaeinislrsinans imlaneassFaumauniy 4 35A2 759849 Hom
uae Schunck 35984 Horn WAY relaxation 35484 Adaptive Gradients was25189 Adaptive Gradients A1l
Relaxation souagsiae Inen1sufeumeuAnafunauaAuianaInTadynT] AN TS UIUTa L8
N1TIUENTAUN 16, 32, 64 UaT 128 Aanamalumns1an 1. Teazwud1i51ed Adaptive Gradients il

. ol g - P v al - - P e Y
Relaxation AZHANAAUNA TINANAANAIALREAgA TUIALR 128 MmunaANdluasszuauanae

5 £ ' = v oo | e
ﬂ’]?’]u‘lﬂL‘ﬂﬁdﬂ’\'ﬁ\ﬂm?’]ﬂ’l’nﬁﬂu‘]

No. of Iteration 16 32 64 128

Horn and Schunck method 0.09229 | 0.04453 | 0.02233 | 0.01131

Horn and Relaxation method 0.09173 | 0.04549 | 0.02175 | 0.00983

Adaptive Gradients method 0.094 0.04646 | 0.02327 | 0.01149

Adaptive & Relaxation method | 0.0986 0.04765 0.0216 | 0.00955

Table 1. No. of iteration and error relation
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i lddnauenisAiuans Optical flow AlAAmasnignieswazsamfandddaes Hom uas
Schunck Aan15l4 Adaptive Gradients $9uriu Successive over-relaxation Aaugndlilunanimaaas

atil3iRIuAT weighting factor (1) uazAWITHWweT (@) Wusaulsideudeniuuizaniunin 39
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Non-iterative and Gaussian filter based Optical Flow Calculation
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M3 optical flow A835udn dnexlszauilywimsimuan weighting factor Mimazaw
saza lumsilszurawna lumiveu Yusgiuanududouveanin Tuunanuiitauensdiiu optical
flow VuugMesITMs limdwazdnsoumdiFou MnsoumaiFounmuisoiimuaianalaee
convolution AUMWALLUINRBITas v I a@un1s optical flow constraint (OFC) ausavidneylaniy
Fmdwreaiosiiga uazdnseumdiBoudioiiadyaissununineInnInsei gradient eI

v = b o " o as s = A Al :: o
suavisuBnAI8 N15RIUIN optical flow AunwdunsizHIazn M Taoffouieuiinsminaue

@ At : b4
mAsmsuuusaal 13 lunanisnaass
Abstract

Calculate optical flow using iterative method have some problem into selecting of suitable
weighting factor and the computational time are uncertain depend on the complexity of image. In this
paper presents the calculation of optical flow base on non-iterative and Gaussian filter. The
orientation-selective Gaussian filter is convolute with original image sequence. Consequent, the
optical flow constraint (OFC) can solve by least square method and Gaussian filter also help for
reduce noise that occurred after performing gradient between frame. The calculation of optical flow
with syntheses image and real image by comparing the purpose method and iterative method had

show on the experimental result.

1 MAIImnITuMIiany anzdmnisumaas donfumalulatwszseunduhnammsaanseia
Department of Instrumemtation Engineering, Faculty of Engineering, King Mongkut s Institute of
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ATATIVHINITINADUNYDIINAG mumsﬂsxmawamwuuﬁuimﬂum Gradient (Gradient based)

D=

A Y

dhiFEms lidudeu fdimmsTseinouhifevihinaue msfmaw optical flow vuRugsanan
Horn taz Schunck (1981) Tinauaitnism optical flow a1nauMs optical flow constraint (OFC)
39ufy smoothness constraint dufluptsminamesanui lundaznuanauuuuiug (terative
method)  Sun tazamz (2000) 1dinaueiinisandeyadimiuiiiatuszn s udentsy uaild
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ad I ny ¥ ) [ = ° v 3 o :
Amsudaumsunnusidiorudu adialsAawmsdom optical flow Ae35msiug sxiiflymilu

P
=2 ]

Foamssivuan  weighting factor Mnwzauuaz 19a1 lunmsdszurana limiveu Juediuniy

FUFDUYDININ

dy 9 oy et L
Tuunanuibiumsiueusnsfiuan optical flow #2035ms luiinisauan (Non-iterative) iay
A o P o 4 A qw 4 & v o '
VUNUFTUYDIAINT BUMETOU Natiine ina lumsiszuranai 1y tazaan nugaoin lumsdivuan

. . =t o = Y = Y o 9w
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voammasanuEa [v] 18 desnlioavilsaumsaeadauls dseumsn 1.
Ex-u+Ey-v+Et=0 (1

Taoh Ex,Ey naz Et fie Gradient vosnnuduvoanas £ luuuuny x, yuaz toames

= = o o w t=l. b4
AN [v] danuirlusaunu x uazy iy u uaz v awddy nazenidouldugives

:% ’ E_y:--a£ , Ef:f?é
oX ay ot
dx _d_y

u=— ; v
at

Ex

& oo -
FIBmsvIamesanwsilas Hom uaz Schunck MldTasmsudauns minimize error

function aun15A 2.
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Tauh D iumsduiinauulamuvesszuumw o, ,u,,v, uaz v, iilu spatial gradient vo3
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) ¥
dalsznou u nag v ludisma x uaz y §m31 @ 111 weighting factor ideamvua limangay daiu

- v
msﬁmammmmﬁa umtaz v ludanyaizuan (Iterative method) HARIAIAUNITN (3)

n+l == —n —n 2 2 2
v =g ~ENE B +E V' EMa® ¢ 5, +£;)
n+l —n —n =n 2 2 2
v =7 = E (ET" + EV" +E e +E," +E ')
o ar a’ = 9 = a 9 ;
dmsulunnanuil seennsanld ofFC Tuaumsi (1) AuaumsluszumFudu  (Linear
4 ada W 4 " A o &
system) fHonsaudaums 1dde3smasaeaioshiga (Least square method) nattiaaninaumsn 1. 1
Tuaunsamisieoulasioisnissisuar animstel¥aanssamaiFou Nausasimuananalaum
5 o A a d A o 5 o ¥ ¥ A T A @ o =
M5 convolution fIAWAG BABIBINY (image sequence) Ml lan G vaderiiaatuoulv nil
U3 OFC MIAUSIIURAMINDIFINTD AMFIF U 111AD
Eu+Ev+E, =0 =L .m (4)
1318 M = $IUIURANINYIAINTOUNTFOU

i gecsl oy d 4 Y a Yo A
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o 79 scale space
¢ Wuirmaveminadinses
¢ 1ilum coordinate angle
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EN b} c. d!

Figure 1. Gaussian mask a) 0 9371 b) 45831 c) 90 83f1 d) 135 83N
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9 " o = 9 == " 1 & z - b d‘ *
1% scale space ao3f1 Taovanns N1 19 scale space fmlanmitain #nsenldnnaunmshn 6. 1
M1 scale space lan v error YioonMezi@ena u tiaz v 910 scale space AN

T o o o a | [
TumsmismameinnuFnin [v]=-A4"'H Wosanhnngauean wadunuy vinwun |A| 1l

»
@ @ & g

' 1w o 3 = ' i '
At Indnseminu 0 vevi Inaeilu singular matrix i1 19 liaunsaiieemin [v] 18 dniudesuiy

¥ o

NapaiinisasavaeunganImlateildwaiiiu singular matrix #9uA1 Det_threshold na1fe 519
] ¥ : o ' o v v &

dumiaiu | Al < Det_threshold 53U M3smIAIANLEY u iz v A20f1 normal vector ¥4 normal
vector NYANMMINIZAYITWININRAN 1A9INM3 convolution AIvAINTDAMETou luirmiaaee Swaves

. a o 1 4 o " o ar o
M3 convolution AudansoumHFuulaliainiiqe sxiwwaveanis convolution voadInsoaTy I

»
A15M1 normal vector YeIgANTNIUA AN



73

_E!

normal vector = ———
JEx #E; (8)

§=tn" (E,.E.)

0 w 3 [V o 3 ° 3
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calculation

calculation
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END

Figure 2. 1tea3 flow chart M3sA19% Optical flow A835M1sNINaUD
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Figure 3. Syntheses images frame 1” and frame 2™
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Figure 4. Vector field result.
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Frame 1 AT Frame 2

Figure 5. Syntheses images frame 1* and frame 2™
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6b) Purposed method with o, = 4.5, 0,=3.12, p =1, @ave= -22.354 and Time = 9 sec

Figure 6. Vector field result.
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8a) Horn and Schunck 's algorithm with @ = 30, 1500 interaive, & ave = 110.68, Time = 98 sec
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8b) Horn and Schunck ‘s algorithm with & =30, 5% error, & ave=107.86, 852 iterative, Time = 56 sec
8c) Purposed method with o, =6, 0, =3.5, p =4, @ ave = 115.68 and Time = 9 sec

Figure 7. Vector field result
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