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n111auutwaﬁnuwn11tﬂu11u11unauanﬂaaﬂun11=11?1 un  sesesewinedu  (headway)

#1527 (vehicle speed), n11tﬂaﬂuﬁaﬂ?71?1 (lane changlng) uar AYTIMUAYTELAN
W (vehicle classification) aninla Tagdia T suunn L4 wimnunn 13113775
nwvtﬂaauavasaaaauaaq numauuanaﬂauuqintﬁu 2 am v fa n1auanguAe  (Image
Extraction) uasnﬂvatn1wswuauan11111ﬂ1 (Analysis for Traffic Stream) dwuuvn
tﬁunuvunﬁ7nﬁqvun1u Bqaauﬂacuﬂqwnqunﬂsuaq Vieren (1991) xwanasTa1Un11a1 (binary
inage) Anmdas T indneeenaeisnt Tee i TUma s @n o duiuasusaand nan
wannw:nqiuuaavw Amei$uAT13%0 (detection line) Tt 2 1Hu madasaziaTigavn
nnnauan1q11ﬂa1 TaanTutearinerswing ufivday aaﬂutnunaquaqawuuuvLﬁum11a§uqutﬁu;
a1uan1wu1nuﬂuu1a1u s fToi i BuaTedudar i L1ianfande (arrival time) axgniiu
™ uasanﬂnuTaaTHtnﬂunnwvzanauuastnﬂuan111u9 uan111aanuﬁnwuq1wa1uunwe91uxaau
IMUAT wuqﬁtuuqs§1u1unq1u1a11ut111n aﬂadﬂuﬂawauﬂaaunacﬂawut11xaaauao1n +3
Lt Bud LuaLnnunuunn11uq13unq1uunﬂt1a1uuﬂaTn1nwu (Manual Extraction)

65



66

ammwmoa’a’u (detection rate) WI¥ 5 nwmaTuAT- (frames/sec) #niante
25 1M1 nﬁuﬁaﬁmnummmu FoaneFoemniminidionmin 081 ke u nemania
nauuammuam-mm iqaa'luumammavﬂnaanauwwmauutﬁum’ma'h '

SUMMARY

This research concentrates on traffic data collection, headway, vehicle
speed, lane changing and vehicle classif icat.ion‘by video recording using image
processing to extract these data automatically. This developed algorithm is
applicable to moving vehicles. The overall procedure is separated into two
major parts: image extraction and analysis for traffic stream. The former
employed the interframe technique modified from Vieren’s method (1991) to
obtain a binary image. The latter part is developed to extract traffic data
from the former procedure. Two detection lines are set across a lane - to
detect brightness along the lines and data from these two lines were matched
by the developed algorithm. Thanks to grouping and group matching techniques
in this part, they can reduce many-errors before finding the vehicle speed.
The result is good for speed study on expressway in Bangkok, the error of
average speed about +3 % while comparing with manual extraction.

This algorithm was implemented as nonreal time. Time required by a
personal computer to process a sequence of images was 25 times slower than
| real time. The detction rate is 6 frames per secohd by this machine, which
can cause misdetecting. However, a grouping technique and a matching
technique are proposed to reduce the error satisfactorily. |

U TN (Image Processing)

DUTMANTNN TN m‘nﬁ'\ 1 dganw Ix, y) '4'1ma1m§a"[a wandim
digitizer ietﬂumtﬂaauﬁrmrmnw thionralsbi (electrical signal) fix, y) lasi
analog to digital (A/D) converter lf}ua’naaﬂﬁy_lru (sampling)

m‘luﬁq £(x, y mﬁuﬁwman wduIuMNIIn (Digital Image processing)

Fat fuitua aumunnﬁﬂ"lm ATavABINLABT 'mm'maza1ﬁummauﬂs§uaanmamsdonmmm1
v T, VmauTd, i ucewneRiousedn, 'ldﬁy\nnumwammxm'h winaTavtlve
'naummwa 1 3 wmd?auum*nmae‘laﬂnyy'm'uan 2(x,¥) aamnmﬁypnznnuﬁ‘amau '
ﬁuﬁvnmw I’ (x,y) 'Iwmm-muaxflamamlumm\:'aa'[nm#u
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a.m‘m't'rrﬂ'lm‘lﬁ’a
o o g st
anRmuiinon  (Digitizer)

ﬁ"nxﬁt’&uﬁyy'u 1.\8‘\‘11"1586]‘?\15 1Y Perscnal Isage Analysis System (PIAS, ‘{u
LA B555) ‘ﬂnﬂ‘mmﬁph ammnmn%m;au"“'[amu Tasii analog-to-digital (A/D)
converter iihéia1aan (sampling) dugyn uaamaammtﬂummmumﬂmnuusm

s Tnaiendi 18 i NTSC #iiaTiAa i Famaen s 38 frames/sec  wdIaAWAETE
naLAISLAUITIY 526 (i uaaeﬂanamwﬂngmﬂawuﬂ’\mwtﬁmﬂﬂuﬁmtﬁm‘itanmun
8 v 255 Fuilfiom 512 x 512 3@ (pixels)

#A2WIUUNINW (Image Processes)

ARTUWNIINY 'lm*n’ﬁ'mﬁﬂﬂaaummm 32 Bit ‘N PC9801 (NEC company) imniam
AMAMT 1% -ega.bvt.e uamaam'w'aﬁ‘m-m (B.ﬂt disk) 5 megabyte duilaami3a
28 Mhz maummummmaanuw‘bﬂ%hunwﬁmﬂ'gﬂ PIAS tihiiadanas

#udavna (Display device)
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AWFAAWR L tRAE NANLAAIHaNINEe INTheld AMMWILTINARE 18R 1M3E 7
ATt e iuTn dwniTanung lffaen (frame) e 6 A
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m-:uanplmu (Image Extraction)

¥
4 . v
aauwdvmﬁnuaemmmﬁ \NausnToidiAaoun  (moving vehicle)  manatmamRy
| (backg'round) mmaammwnwnmwnm vieren [1] ﬂm#ﬂﬂunﬁ‘l 2

[V o ] ¥ X ' - B -4 b fond
TR INTRN W TR %ﬁ’aww;ﬁmnmmq 2 Taameam‘lmfmmn-m
(mnerging) wia naTuan (divergmg) nm‘mauau mﬂsTlhumuwnmmmtmmnqu
<4
mammum’muwxﬁu

» ] 8 - 1
Fampussaiatai 6 tuasy Suns L

%mwme (Differencing Step; D (P,C))

ﬁmmﬁwaﬁmwﬁﬂmma‘l’itwwmm Taminquifeil (¢, current frame) aiaaTl
fnimani1 (p, previous frame) Taazmmm é‘szimm‘m 1



(1]
[ e-P] = (c-p) OR (p-c) (1)
ar Tinonis lupilaiii waepinmatineg lunmwiGeaiu Tasizieaimamds

%amuiiiunaun (Edge Enhancement ; G [D(p,c)], G(c))
"M

g 4
mauuwmuutznmmznaunauum'nnnmaumm (difference image) uasnfhm'mﬂ'-n
ip (current image) Toa'ld smple marks, Wx uar Wy (2] m‘nﬁ% 3 unu'luﬁumm 2

|ofix,v)] ~/(<fx(n1,n2)")3~+ (£,(n,my))%) ‘ 2 (2)

-

Tan ]vf X,y) | wEhy AR A o W (XY, RN TURDUN T L IIBUNTY
(a discrete approximation of nondirectional edge detector)

f,(n,n,) = f(n,ny) * Wx

f.'.(nlynz) f(nl,nz) * Wy

Emaum':g_u (Multiplication; M(c))

te

aau-ss'dqnnaquummm wa‘liﬂammznammmnmz’lunwﬁ'nuu (current 1ma¢e) L
mvmmunawﬂmmwummnu nwm;mmwﬁw AND 'lums:m‘mmﬂm aﬂﬁum'm 3

M(C) - G[DIP,C)] * G(C) u _ (3)
g\maum-xma\: (Filter)

'?mauuxtﬁaaaﬁ'mﬂénﬂaau (random noise) ‘Uiiasavlasl¥ mask wo £33 é’qgﬂ?‘l 4
%mnuéim\n (Thresholding).

.-: Y 4 ' ! -l . . . -

sl WaaULv11avTa  (shadows) WardvutRnuusauNiiatuy (artifacts) 2ansannu

Ta o’ 1 z ) Q'n . - ar A 'l 4
an TN muaaITUA WU (threshold value) /@188 lugunam 4

255 Sif f(x,y) 2 40
f'(x,y) = (4)
0 7if fix,y) < 40

{

\38 Threshold value = 49
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wadwiarTing unwegr  Taaraunavinas thidnafiwiase hdan
%uaauu1lq1 (Binary Operator)
a————————

¥ 4 i W . .
nunauutuatauﬁnﬁanﬂaqunau1n1utnu WatTmamemlasia Wid A e
Hum1973Y (detection line) asnntnu1"1uwudanvﬁu11Luau11ﬂu1uuu1un111unuaauaaiu

& X . .
nﬂ13ta1ﬁsa§a§anq1a1111 (Analysis for Traffic Stream)
) e & iy a ..h'
fayan1737R MIATIN Thaafiu 4 Urzian S

(N TJEarTEwInveu (headway)

(1) @a1wdan (vehicle speed)

(A IMmWInNAMEEIT13T (lane changing) uae
(W) nrAuundTELmTn (vehicle classification)

uaT IR Buudennuuuane e funtaa¥y Wiihi e luntadedudtiTod i Suasaimda
B FwonuaTmmannindudainiiaii fua1iiiu ﬁ1Tﬂ1un1uazﬁﬁnﬂ1ﬁuﬁnt1aw€uﬂﬁq
(arrival time) naq1nuaazau ua1nwn11aﬁu1mn11vazvzu11oau ac1ﬂn 5 UdeNN1TATIIY
searrewineiiTan o 5a i

[ et 1 uv . o o o
Taaunanquvnna1unzvxn11qnuﬂu (short ~ headway) 3rNAI7mi T1ma9TaTIAN InR 1 Agfiu
03 -~ N 3 .
aﬂnﬂuuasﬂuauu q3151§1zaz1zu1woﬁu (headway) tﬁutnmﬁqunﬂvuuo1naanxﬁunau 1
(grouping) ToTdlTEAETEWINeduTRA o HBania i nam aznnﬂa151unautauvnu

waﬂawnqanauwnnuwux5un1aaaunnaaeuav winTiuenanTn (group mstching) Tewing
himTraTiedas Bmndmonnw (frames) adTuﬁaqnaauqm nau1nn4aaqnennauanu )
i IR ee 1981 (travel time) n1numasﬂu1uuaasnauu1u1zw710tﬁun111aunqaaetﬁu
uavuﬁiﬂuﬂ11uaunﬂo1za11qtﬁunqﬂaq (fixed distance) asﬁ1u11nnﬂﬂ1ﬁut111nuaasqu1mnq

numau1u1ﬂﬁ 6

MTIAMUYaNIT137 (lane changing) wivithi 2 Ysriim A3 NATunIn (immerging) uaw
Y - L ~' o LN ] 8 4 [) .
ausn (diverging) 3t BmudaviratdunmsmoaEan S mundesaihu
[ 3 . = 4 ar 1e2
arnfmAae iy aviiziwmThieeeinn e

nTIuuNlTE LM m‘la“[aa'lﬁwum'mmua\nn lﬁut mm ﬁ\l‘ﬂf(i\ T Tu'mn-mm'r-nuun
e ;:m-m’-wuanmmwnam‘lﬂ‘mnmﬂﬂmmw (3 'mmm
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fsruartainie

NY7UTL91 (shading)

Tununaunﬁ1uan1unﬂw uanTazztﬁu1un11aﬁ d1ua11naslﬁu§n11 Todoiie Al
nauaaaganﬁqtanmatuaenutﬁunau nwuwnaan111uanxuaqnumﬁunauzaaanﬂ11tn1ﬂsu
nauaTunumaunaqauna1w;ﬁu1nuﬁnn1wwuqnu FatwmsinsnaiuroTaEan

<0 4 . . .
TONAR L UBNNU (continuous vehicles)
nsmnnuuaqnaqnaaqtaaquaz1nnﬂ1uaﬁad1u1zazn annn azuaq&uu1nnuquUQ1nau

v
T uuaaun11uan1ﬂn1uaz1uﬂﬁuﬂ1nuan1n1ﬁtﬁu1nﬂua=nu 1uaqa1n NANTANIATT

199 TOLAREHUAD Luaqmu ﬁ\&ﬂﬂﬂlﬂﬂ')

1susivuiﬁoﬁuﬁu (short headway)
ﬁwu1un11daau1an1wuan11a11%1unn 16 awW nwu1n1zas1zu1ﬁ¢auuaan11 6 M
1nﬂunaauaqaﬂaﬁzTunna11ﬂﬂu iknatﬁunauauaﬂaauwue

akuﬁﬂnav1n (VEhlcle height)
4
xuauunaaqxaaqazuaoxuu1nu11nguunqaaeﬁaaa1ﬂa1 Feilwarn i e ra it -Hau

AN TMALIRABN (env1ronment)

WAIINKMERAN  RNMINUAEABE 1 Ui dnfrodwimaeuiaFandn et Widh
48R nuaaun11uan1u1ua1u11nunn1aaan11d1u1uucﬁu1nu1anuu Tﬂ1un1un W
S umneRnmaras sl

) ,
\lavamnmihaiie (current image) hasarsauniaiemnadTimnm  seiunnsedin
4
Yorevious inage> BavTBLIN AT R avuunﬂ1a11aau1nasn11aznuﬂavnnnwaQtaaaun |
4(moving vehicle) tnﬂuu

A famavietaviaiiota & uaqwut11awﬂa 25 FuM dia 38 AW uasi AN lunTusna
ﬁﬂas1aunﬁ1nwvﬁuutsuwm 5 S mdnaan IRty dﬁnﬁsnn1uua18auﬂa ma 6
i Feiwalasarefivainuaet Soausutn i Ta¥u A ieonie (arrival tine)
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(Interframe technique) agia W@ HARTINITRTIIRU 5 Awaaun 1snﬁ1un11a1111u
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(IAWAVATR + 8.2 UM TIRERWANTENRENI M TEAE TN uasA2uL FaTousasiuTas
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(Amur2937137

7 ’ - ) i
i nmmmﬂanauuasn'lﬂm‘lumaumﬂ 3 R‘I'IWBBNR ﬂ’m‘rmmzaa'ﬁaﬁm'\a‘lé'aawmn
-~ X 4 <
m'N'i']ﬂ'lﬂ INAUALWLIY AL ‘I') { aazm'mmut MT???M\!“B\INM‘]G +31 UEI'I ¢ %\&R t muu

o‘ l'l -1 o\laid e 1 e /JT
i - MTIUUIELAMTE MATIRML dwnTam B el Tearsendneimn i amian W runTedn
yrsauann 16971 Sutnsuaeduin Tuvun1uasq1uunu1u1nn1n13a fwand i Ini uiaTnT
¥
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Ba 1 fusluwe

Cn e , ¥ . , .
() nImAMRTIITARER AT IEIENITIREnAwAAMEY (background differencing
. - A .
technique) umIEn 1IN WL las (interframe technique)

- [ ] . L3
(1 ATAWM XA (threshold value) uaacqanaqnﬁu 1unumaun11uann1u wmnIIn
wia  threshold value nﬁtﬂuannaanqnww 131Mn1wn11a1 (binary image) Wia
L3UNIT

(R mTldnw’  (color image)  TwnitiiaTemuminatl¥nweTTuen | (monochrome
image) a13taatlaviutanewata luiusaun 1 uannm 18 ‘

(¥ naTvan fuaturewine fuataunisdas e et edamaetsaaiatiavae 18
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I(x,y)
I’(x,y)
f(x,¥)
gix,y)

P
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D(p,cC)

Gley

t Mo

" HEAD (K,L,M)

HEAD (K,L,I,d)
' SPEED (L,I,J)

it
.

ﬁmmwmnwwtéuﬁuﬁaudﬂunuvun11n1¢1ﬂn1w MA@ (X, Y)
ﬁuywmnwuwaeuwunu1un11nﬁ01ﬂnﬂu M 39 (x,y)
ﬁmrummanmm\mw'mﬂmyfmw 1(x, y)
Fnnadia L A TR UYWAY
Awnaumtin (Previous image)
mwﬂ':nw (Current image)

nﬁuuaaeuaauTﬂuﬁuu1mvsu11qnwunauwuﬂ uaznwuﬂaauu

nn1nuunau1una¢nwwﬂﬂquu

nwunxnannnn1zuvun11n11nﬁﬂaa1 G [D(p,c)] uae G(c)
TeprIewineeu (headway) PaNIn M n11wauTaulﬁuu11ﬂwu K «wdey
tauTh L

1zas1su11qaunaq1n J nau 1 a111%u1namﬁua11aau K anuﬂadtau1n L
amL§aTe J nau 1 1zu1wot§um11qaunqaac g mgneiauTn L
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