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SOMYING PHANWILALI : 3D ENVIRONMENT RECONSTRUCTION
USING ARTIFICIAL NEURAL NETWORK BASED DEPTH MAPS AND
OPTICAL FLOW. THESIS ADVISOR : ASSOC. PROF. ARTHIT
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3D ENVIRONMENT RECONSTRUCTION/HOPFIELD NEURAL

NETWORK/STEREO VISION/STEREO CORRESPONDENCE/OPTICAL FLOW

3D environment reconstruction using stereo camera is one of the most crucial
part in mobile robot development. The recent technology of computer vision has
played an important role for robot vision system. Stereo vision system provides the
ability to calculate a distance between an object in front of two cameras mounted in
parallel which is essentially not required any other sensor. Stereo correspondence
problem has then become one of the most challengeable tasks in stereo vision
system. In order to calculate this distance, a corresponding portion of interesting
object in each image has to be detected and matched. This work presents a hybrid
approach of using two-dimensional Hopfield network to perform a stereo
correspondence calculation from optical flow features in stereo images. The optical
flow features from both left and right image are considered as the input for the
network which has an advantage of a capability to detect object motion. Using such
optical flow and a 2D network with ability to learn and recognize patterns, optical
flow feature in each image can be matched efficiently.  The proposed system

demonstrates desirable results which can be mainly and effectively used in 3D



reconstruction at accuracy rate of object between stereo cameras distance about 90

percent both indoor and outdoor.
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4 I 1 4 1

nenesnlsyaevldiilu 2 aiu Ao 93aAlseRPUANEING (illumination component : i(x, ) )
14 { a
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2.3.3 mimaguéhm%'mmaﬁsa ( The Harris Corner Detector )
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I(x+dx,y+dyt+dt) =1(x,y,t) +§—idx +§—;dy +%dt +-- (25)
wlan

VI(x,y,t) +1; =0 (2.6)

A v o 2
auUNIIN 2.6 11@91}3JFNﬂﬂ1iLl,ﬂ’d3Jﬂ1§ ’é)‘lgﬂiﬂJmEJmf]‘i (Horn B.K.P and Schunck B.G.,

= _ __ dx dy o 0 9, = = '
1981) MnauMs 2.5 lag v = [v, v, ] = [ ) 1ae VI = [5.,57] i58naumsh 2.6 N

optical flow constraint equation (Barron J.L. and Thacker N.A., 1990) Tunisiorsan
9 Aa (3 2 A Y o dy
TEUUTUNTTUATINY 2 G]'JLL’IJ':T 1 AUNIT BIWLUINNNITUOANY
ad d v d
2.4.1.1 I5U99993UaY¥IN Horn and Schunck
Horn and Schunck (1993) 18520i3eu lvvesanuaindy (gradient) 910
= =2 g ~ Y o A
qun1s N 2.5 Gﬁﬂ!ﬂulfﬂ@iﬁ]ﬁ]\i AITNITULIIVUIIN (global smoothness) L"U'lﬂ‘]JNf]uhl"UeUfNﬂ'li

< i A 1 ~
UszaunnuE) v, v,0) = (u,v) Lﬁawmimmmﬁ’awqmm

Jp (VLv + 1) + 22([IVull3 + Vv]|3)dx 2.7)
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{ < <3 1 1
TagRvu1a  (magnitude) v A WumsuaadlimiudwaninomenvesnnuIuGey
D) o q ¥ o o aA o
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1 ANwAsvewaIaIN Anwanngdnimveaiaglunin lundeunlawas
A ~ [ ) 4 Y, a @ [}
waouinnlsuaemsy amsunwnsdaina (LK amnsam Idlumnd) diuvueanumn
AnueveInaa linlasumlasvaz idugnaaaunnmlsuasmlsy
2 g a 4 . 4 2 o o :
2) ANWINTIVALE W5 “Mmisiaden lvaian” masndeu Inivesnuiringuewnay
U { ] 4 1 a a oA 1 a 4
dauvesnmdeunasllededng enawulyl lugalfiaezvuedeinmssuasmud
g‘/ 3 = A o o d o A 2 o ] 9
Tuvaziuwsuiisanefagdunusnuanavesmsnaeu i lugUningeaiag lu'ld
naow ez lsunueannmlsuaemlsy
A a o ] =] ~ [l Y o I dy Aa o
3) ANuTenAanes e liivesuia anedlndifesnuluniniluvesiuiiing
= [ A P~ =" o @ Y A 1Y
@y Imsnaeu Iimlounu uazmelidigalndifRssnuuunuiszuuvesnn
INITATVDY Lucas & Kanade (1981) ldiuausisnislumsman
y 1 o % 4 Q' Q Q .
minmngauvesaiMaiaestiosga (LS) vouloulumwizduduaunila (ocal first-
A A a 1 = g 1 A o o @ 1
order) YO@UN1IN 2.5 NN INAININZANFUTUMAINVOUDTIaDId MY v Tuua

azgan 1 lagiasanmaiosNgaveaunisi 2.10

YecaW2()[VI.v + I,]? (2.10)

v

{ 4 1 . ! 2 an Y =
Taoh we Ao WIRFUNTIA (windows function) H935M1suATyMIveIaNMIh 2.10 Tae »

v
[

A = = dy
ABYANLIAT + AU

A'Wav =AW (2.11)
A=[Vi(x,),... Vi(x)] (2.12)
W = diag[W(x,),.... W(x,)] (2.13)

=-[I(x]),...I(x)]" (2.14)

v=[AWA]'A Wb (2.15)
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= 13 o . A a J
VOIAUNT A4, W,4 m"lmﬂumﬂww (nonsingular) NUNNTAFVUIA 2 x 2

LW R ZW2)LI,(x)

T 2 —
AWA= s w2 ne  SWEEE

(2.16)
2.4.2 Region - Based Matching
ast a A a = = Y o
'Jﬁﬂ'lﬁWFﬂ'lﬁﬂ!'l"lJ?J‘]_ILGUG]Iﬂﬂﬂ'ﬂ?ﬂlﬁu@uﬂl@ﬂﬂiﬂﬂ!ﬂuq 9 ‘;]Nhlﬂunﬁu@IQH
Glazer F.,Reynolds G., and Anandan P., (1983), Anandan (1989), Burt P. J., Yen C., and Xu X.,
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(1983), Little J.J., Bultho H. H., and Poggio T. A., (1988), Little J. J. and Verri A., (1989) 1w
a 3 AN Yo A A A 1 Aaa
N1IDHUIYAITULII v Vlulﬂ‘ﬂ"lﬂ']ﬁm@u d =[ dx, dy_] LW'E’TWfl]'lim']ﬁ']ﬂuﬁﬂ'lgﬁuﬂﬂﬂijﬂﬂ]ﬂﬂ
A ' o ) A A A ° A A
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[ o @ ] a o o Y4
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. A a 1 Y d' . a o as d‘
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YDIHAAI (Sum — Squared Difference : SSD) Fadigiuvuaumsi (2.17)

n

SSDy 5(x,d) = Z Z W ND[L(x+ (0)) — L(x+d + @, j))]2 (2.17)

j=—ni=-n

SSD1,(x,d) = W(x) * [I;(x) — I, (x + d)]? (2.18)
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1 o 4 kS 4 < 1 o
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2.5.4.1 MSUFUVVNNTOU (Supervised learning)

) Y w9 a9 v oA
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Usznoulidae N frseussamnsaldnudeyaunuduna p NTauia N uaaziinsouszgn
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v 1 : % A 0 a d
2.6.3 msdSuanihmindszamveansevigaenilan
A N @ v . A 9 Yo a =
WNITUBUNAAINTTAY §f (stimulus) NiloulRAUNITOUAIN j FuTUNaTIN
o a o A A 1 A 19 1w A . 1 501 o v dy
nndnavesiitsoudsumeluasevieh lulydan ; lwwmimiindszam 7, asil
— VN

Sj = di=1,i=j Yilij (2.20)

[

4 a o A . S dy
PIANAVBIUITOUAIN 7 ISUATPNU

1,Sj >0
yi = { (2.21)

O,Sj <0

d' 1 A ] a 2= [y 1 g [y = a = a
Wosnnlunagsey inseveganlaalnsdsuanihvinlseamiesiinsewned N5

o/ 9z landsnuvestinsey j ife
1
Ej = =2 Xii=j Tijyiyj (2.22)
_ 1
=Yj (— S Liixj Tij)’i) (2.23)

e ldiasou j mamafasuutlasann y¢ ldsi i ye” sahldinamsu/asunlag

Y
YOINAINUAL AE; Aall

AE; = AE!®Y — AEP' (2.24)

MR 2.23 0214
1 1
AE = ypev (— S Liix] Tij}’i) - )’fld (_EZi,i;tj Tij}’i) (2.25)

= ()’jnew - )’jpld) (— %Zi,i;tj Tijyi) (2.26)
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1
= Ay; (— S iizj Tij}’i) (2.27)
—>Ay;s; (2.29)

NNTUMITNAY 1T UUINUIN T AeUL 99U INEI91U AE; ¥03

A o

fhsousft /1805 3 nsdidail
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2. hilrseuddn j Fudunaoiue 7 vazasuaame Uil 02 1dn
=1 (2.29)

i =0 (2.30)
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I 4 o & S 1 . 1
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AE <0 (2.31)
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y' =0 (2.32)

i =1 (2.33)

? &
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0 lihilu 7 die 5 > 0 Asuuwagu Ays, aTANNINNHTONIAD 0 Beazagy) 18

AE <0 (2.34)
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Abatract— Stercd cor 5 dlem B one of e wmost
mmtm\ﬂnqmwd\wd-ﬂ
wach stereo vikon systom & the shility (o calculate & distance
between sa object in front of two camerss mounied in parsiled. Tn
order to calculste this dstance, & corrcsponding portion of
interesting object in cach image has 10 be detected and msiched.
This work preseats a Mybrid spprosch of wing two-dimensional
Hoplickd setwork 1o perform & stereo corvespondence ealeslaton
from optical Now festures in seres images. The optical Mow
fespmres from Doth deft and right dmage are considered s the
input for e network which has sn sdvastsge of a capability o
detect object motion. Using such opticel Bow sad & 2D sctwork
with shility 10 leam sod recogaize pacierns, optical Now festure
in each image can be matched efficiently. The propased system
demonstrsdes desivable resules which can be mainly and
effectivedy used in 3D reconstrection.

correspondence, optical flow

L INTRODUCTION

Computer vision becomss one of 6 most challangs and
important part of automsatic Stareo vistom system has
= advannge of abdnty to calculate distncs betwosn desired
axd the s%reo camaras. This caz be considered a5 a
istmco sensor without amy comtact with objects of intarest.
Typically, Sere are two mam perts involved with 23 dstance
calcalaton: map and 3D reconstracten. Thewe are
proposed for starse comrespondemce and

image comnumication apphications. It is assumed that both ledt
-drwdnﬂho‘hmlnﬂwmapmncobd
using block- or objectbased metods A dynamic

algerithm is used to estimate 2 dispanity feld
m:nwmppurmdhadm-

decisicns made @m mdmidmal sterso algomthm: Using this

txonony, the sxisting stereo methods and present sxparimets
& differemt
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O TWO-DIMENSIONAL HOPRELD NETWORK
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whare Ty represents $e waight of the commection betweea my
and n, seuroms.
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@

T“= T,«
Taa=0
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Lyapcunov saargy function of 2D Hopfald network s gven in
(3) wiee Vy and Vy are the st of meurcn o and 4,
M.Mhiuumdmmdm
neuron. Each of every newson of the netwark can caly be cther
ativoor mactne (D or 1) s,

(AE RS N N
b;Z Zgzr.ﬂm - ZZI..V. [6)

Mutukﬁm[ll]w&nhahb

mah&omﬂbﬁmpnmndhqml

Right image
sequences -
mumber of optical flow
positioa in left casen
Optical Flow
Left unage
SOPRNCE IR
2 maunber of optical flow
positxom in bt comwers
Optical Flow

Fipee2, Size pond dcriatios dogg

2D Hopfichd Nuerom Network
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solation is ackioved when the metwork state doos not change
dicating the Jowest lovel of its aergy.

N N
Zz'r,v,,ﬂ,,l—.o @

"l ™

e o

In@#)- s of ssurcn # is changed when sum of
()usg).mﬂ and its I, changss. If the summation &
Seater than zaro, seuroa ik $en changes its state o zaro. Ifthe
sexmoation is less San zero, newren & Sen changes its st o
1. ¥ e snumeation i3 oqual 2ero, the state of aeurca & then
momans unchanged For starso problam, cach
feature position uses coargy vake from (7) = wich the lowsest
or wmchamged enargy indicates the possible moatching of the
vaﬂumbo&hml"m[ll].&ang—Cg 5y
=Sywhars 5, ~ 1 Fr=/md by« 1 k=1 Copeis greninthe
whare X =[W AdFW AD[] with . =1 and

V,=0if

V,=1if

20 chang i ©)

8=10[11].
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Maching Result

wng 2D Hoplicld natwerk s opticad flow fetire.
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II  STERED CORSESPONDENCE CALCULATION Usavg 2D
HOPAELD NETWORK AND OPTICAL FLOW

.aﬂﬂwh@mbhlmﬁmm

-Eanade method i wied to coxpus

opualﬁow[lﬂ Tzs object of intarest, bexcs, nust be moving

Fgeel esemple of hpicdd optice flow

Fig. BMumqhdqptalopodﬁowwM
dlctyh many optcal flow occmmnces withim each
mumka&ﬁwhuﬂntkhhabhmm

optical flow is filtared suinble
% o b of eptid. s e

W)
et

Fipre 4. Computdion of ADed 0d

The zaxt step 3 to calculas the weight of the nstwork by
4D axd Ad of ADisa
md every optcal fow ‘M%
betwosn k and J while Ad i a difforonce of a distnce
mm!udkdadmo(pmiﬁujndlu
can be sean in Fig4. This scn clexly shows that &
maxhing optical flow positicn yields a very small vaiue. The
results are used m (7) with W, = 0.6 and W; = 0.4 whars W,
and W, are constants called measure fom [11).
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IV. EXPesaMENTAL RESULTS AND DIsCUsSions

Table 1 displrys the ovenall performance of the stereo
computaion 223 ths errer Srom 6 stereo mage

comespoadance

acoqublnwxﬂ:h of 7.33. This mainly at
arror occurs

&opxdﬁo:mpomm“wydoubmho&

within $e mage bance very difficult to match

The average mor

TAHLE] EXAVPLE OF OPTICAL FLOW FRATURS MATCHING AND TSR
R
Nussber of spaeal
fNaw pauticn Namber Error
Example 7 e of muaich Coerect e
_NLTE Camara
1 13 12 3 3 e
2 I8 5 ? 7 Q
3 30 a5 15 13 i3
4 &K %7 15 12 7
s 2 113 & = 0
& L) 85 4l s 4
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Fig. § and 7 damcosta® example results of skmo
comespondsace compunton usng images fom skreo camen
having distancs of 5 and 10 ax betwsen camaras, respectively.

Fg=eé FEuenple rasks of optaal fow e makclong fom seron
cxraeme with S-om datarce betwoss both canes.

Py 7 Busmple revaka of aptcal fow fesie makchong Sum vice
s cunas with W-cre dotesce botwoan both cemos.

Fy=ef Eusmple rasks of aptcal fow festize maicheng fum sioeo

el

W—

Fgee9 Fuemple revals of optcal Sow festire makchong Sum sicren
mdoar

Carsere x=tip M

Fig. 8 and 9 present ofher example resalts of optical fiow
au:fm from indoor streo camena system The
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matching msults rely boavily om the optical fiow calculaton.
mmhmd’lhmpmbonudbm‘m

detadls of cptical fow whick can be deploysd for a 3D
mconstruction effectvely.

parameters in the futars work.
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