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# # 4670328021 : MAJOR COMPUTER ENGINEERING
KEY WORD: VIDED IMAGE PROCESSING /REAL-TIME DETECTION / SPEED DETECTION / NIGHT

NAPHATKAMON MONGYEN @ REAL-TIME VEHICLE SPEED DETECTION AT
NIGHT USING VIDEO IMAGE PROCESSING. THESIS ADVISOR: SUEBSKUL
PHIPHOBMONGKOL, 101 pp.

The purposes of this research werc o find an algorithm and to develop a
prototype program for real-time vehicle detection at night, by aiming the video camera at
the front of vehicles , The'proposed algonthii consisted of two parts which were vehicle
detection and speed measurement. The process began with the specifying of a detection
frame in the traffic lanes Then image processing was invoked to analyze primitive data.
The later stage was to identify the vehicles by locating their headlights, and by estimating
the distance between the camera and lhe detected vehicles by using cubic spline
interpolation. This algorithm was also applied to identify the same vehicle position in the
consecutive frame to estimate the travel d’rstance Finally the speed calculation process
was done by dividing the vehicle moving i;li;;[_gnce with the traveling time. The test was
performed using recorded video images from real road traffic. A speed measuring radar
was used to measure the vehicle reference speed. The sampled vehicles had the speed
between 30 and 95 kilometers per hour. From the test result, 92.1% of the detected
vehicle speed had errors awithin 0.686 kilometers per hour with the standard deviation of

0.614 kilometers per hour.

Department.....Computer Engineering.. Sludent’s SIGNature......... o s,
Field of study...Computer Engineering.. Advisor's signalure...........?ﬁ’]}j ..........................
Academic year 2006......
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2.2 v unisUszNIaNanInAaNg (Digital Image Processing)
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f f(xy)>T, usziiluqananiunasds f(x,y)<T,

Freqguency
Freguency

I

i

|

1 1 1

T Sray levels Te Tz Gray levels

(M) NITUNANTALLLLLLT LRI (@) N1FIUVANTALLNLLILNAN ST

dl A i = { o
g‘ﬂ‘l’] 2.3 NIUIANTALLNAINTA INUNINRIATEALIN

m?mﬁﬁmm\im@L%uslﬁ@gﬂugﬂLLuum@qﬁqﬁﬁuiﬁﬁmmm?ﬁ 2.1[11]
T =T[X! y! p(X, y)! f(X! y)] (2.1)

o @ o wm s o o
Wa (%, y)LLRAITEALNIIBINAN DU AR (X5 Y) LAL-P(X;Y) LEAIANLTFLTAN DY

(Local property) 71894AAINaNT 11 ANseALNRAE1899AN W INELAENT HqnAutnang

q

Awun (x, ¥) Inavialynndneaigiuaee g(x y) NARAI91N29103A UL LA NI T AL

wn f (X, Y) AeAnTauLe T AANAENnITn 2.2

1 if f(x,y)>T

g(x1y):{0 if f(x,y)ST .. (2.2)

'
o [

A " ~ o A Ao a A
AANTANHANNINL 1 ﬂ@rﬂ@ﬂqWV]Lﬂu BN UUSNAANTNNHALNINU O ARYRNINN

9 q

luNunaa
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A) NMTNIURAAIAALLSURIUAL (Edge Thresholding)

1% o

Taadaulunjudan1anNuuAA I IALLNAZN NI TN AN T ALLS UL LLT LA 82T

L Ao A L v A |
VIN’]F;IWJWN'J’m’]@;mﬂ’w\wmﬂ’mfa‘i_m’mﬂ'l’mmuﬂﬂm’]ﬁ’mmLL‘]_NLLmLﬁuﬂJﬂuwﬂi’m{]@ﬂN

v i i
ANyIn] ATTLAIFBINMUAANTIALLI 2 ANTBgAINIuAzgINd 1ANTIaLILAIENAAN TNIH AN

1
) 1

4
AN INITRNF BT LB NANY O] AULAAT

1 1 1A 1 ?/ % | ¥
’SQ’J"Z‘WJ'NWW‘LI@LLT.I\W]\?ZQ@\‘ILL@'J@&']J%L@U‘U@U

= 1 1 dl = dl | ¥ o
WAL 2 AN 7, wae 7, Tae 7, <7, WaNasannaanwidluraun il Winauue

|
a

dl 3| 1 19 4 dl
NN 1y (X, y) > 7, dureuniniuduazainqanidureuniniud Avualiqganini

I, (X, ) > 7, wazatfnduaaninidusaunanluddadnfuaauniniguiy nadnsn e

unmanenignuaes (Binary image) ‘ﬁmemwwxmum@ﬁmqlumw

2) N19AFINIUBUNTN (Edge Detection)

NNIAIIAUNTBININA BN L UAUNTLAMI TR LIIALAZ A UAA W LN NS
wlaeulassfuaady (Intensity) 2BIANNBENNTIALTT @100 LTNNTATIRUITBLATN
nngannzeLreding lnanialuainsauendeyaninaenidutFiamsne (Region) 14
Tmﬂﬁl‘ﬂﬂuLﬁW‘]’mﬂ'J’mLLﬁlﬂ[ﬂ"]\‘ﬂJﬂ\‘iﬂ(J’]llL‘ﬁ&lLL&Q@’mfﬂmﬂﬁﬂiﬂﬁ/\?%ﬂﬂmﬂﬁﬂ WINANLANGFN

a & (=3

darunazifivrauladn dnauiandalAtes sauaziuliddaiay TadanEUy

b

]
o =3

KRALNAUALINNIUIATNA (Peak) TBBURUEAIAUTING (First directional derivative) Waz
=

ﬂ’]ﬁ‘ﬁ’]'ﬂ@ﬂi’m@uﬁ (Zero-crossing) m@qwﬁuﬁ'@i’ﬂﬁumm (Second directional derivative)

ARAININ [15]

(%

) AAALHUNISLINSLALIUE (Gradient Operator) [16]

AYNUSAUALING (First directional derivative) axianspsiaInnsilaeuulasnes
Warkdu £ (x, y) GafuArsedumirasqannaiamen St aeu AN LuIua LAY

:l/ P4 o '8 o d‘ 4‘ = 1 a & . '8
UL %1mmummgwuﬁ UALNUY TILTENAVLNTLAEIUR (Gradient) waziidulALAas

a I Y o dg/
bNRTND LL’&@Q1®®\‘]M

0 ...(2.3)
2 f(x,
H.(xy)| | ox )
RRITIRE
o —f(xy)
oy
Tned ai f (x, y) iun1smaauluuunuai (x)
X
0

UaY Y f(x, y) dlunsmaauluwuass (y)
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dl % :’/ a | o . d‘
TIDTNUIUALUNN 2 NANIS "’QZL‘]JM’].IH’\@?.I@\‘IL’JﬂLﬁ]‘ﬂﬁ‘(Magnltude Vector) 1A4&NN1IN

[
Yo A

2 3 gaaeuluylsmail

vt =[H2(x,y) + HE( ) ] ~(24)
wsilunedfuRansnsaszanaenldaannisldrduysal Faannafl 2.5
V| =|H, (%, y)|+|H (%, Y)| ...(2.5)
daufianisnienmasaelFainaunisi 2.6
0=1tan" {M} ..(2.6)
H.(x,y)

a) a1dadew (The Laplacian) [16]

aad

FomiunsEaniusa Aunaaseisiduaasifrealadouaeann tnaay
dunisiansannisilasuulasaesdeidu f(x, y) auiuaiszdumiassqganinaasnia
Trannsinaunisi 2.3 inuaneyinsanaie azldannns udssil

0’ 0’ 27
sz:& f(x,y)+5 f(x,Y) @7)

a a

NHAUNET e RAUTATALN eI HaNNIA3 TuBLLN191yY (Rotationally

o

517
symmetric) LAZTIAIINELATENUNILANNLANANSTIBIANNAT 197U LN N 1T Aae
Tneanugud (aeiaTasunnailanu) aag V2§ Asqanuansisaadiivaauninlunin

q

LLZ\]ﬁLﬂd‘E@\‘IMNWHUQﬂLLﬁﬁﬂﬁﬁéj’]uﬂJ@\W@Uﬁ@d”}\mdﬁ

A) N1FASIAUITALNINAILIBLELLA (Sobel Edge Detection)

Asnsmaaulagldsina1tunislaius (Sobel) uagniantanldaauaasing lu
naw anunsannlalasldutinnan (Mask) 1116 3x3 a1uau 2 ukinan vinpeulagdu
(Convolution) fun AN an x  wazuney deimsdeiazlddudan Inain1sm

¥
1aure9ingineldfantiunislauaasldan Mask Coefficient fail
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1 2 1 -1 01
0 0 O -2 0 2
-1 -2 -1 -1 0 1
() TAANIIUIUBL (N1 X) (1) 1uﬁﬂmﬁ\1LLmr;1éq (LN )

77 2.4 wihnanaessiaaiiunislaus

4) NFATIAWNVBLNINAEIFUAUT (Canny Edge Detection)

v
=

[ % % aal a o S| aa dJ dl o 4 i dld
ﬂ’?'iﬁ"]‘ﬂ’ﬂll‘ﬂ@ﬂ’)GIQﬁ]’]?.l’)ﬁLLﬁu‘LAHULﬂu@ﬂﬁﬁﬂu\iﬂﬂ’ﬁ]'ﬂu‘ﬂ@\?’ﬁﬁlQiUﬂ'\Wim'ﬂﬁq\?VlN

A

Usg@nBnn AearNNsnTaLAINNNaaTauacdnnusunaugnuaasaanuiiuaay

U

%

2 dl aa 7 ac] = :// o dl
ULNGM AEN1IMNYaLAfERsLANLLIENaLAE 4 TUAEL LL@@Q@QE?JV] 2.5

Smoothing with Gaussian filter

L 4

Gradient Calculation

v

Nonmaximum Suppression

v

Thresholding

End

3171 2.6 dumeuIDI Canny edge detection

v '
v Aa v

N199UAY Canny edge detection HuBusuaInnisdfun i Few

v
o o [ % o

(Smoothing) FneIAINIBILN LTSI (Gaussian filter) WWBRISARTUENALILNY URIANITL

[

ANUITUAIIUIA (magnitude) WaziiFnIe (orientation) 284 gradient taeldnisynayiug
v o 4 o0 o sas , . , , d o amy
UALNIN Tudannasld Nonmaximum suppression NU gradient magnitude Weann L4
20LNLNA uarludusaugaiingld double thresholding algorithm iasyynuaaiiily

y o | 5 = e X
WRULAZTIELTANADURL [17] Imﬂﬁluumumumm@u@ﬂmmmiﬂu
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® Smoothing with Gaussian filter

o

ludumeuusnaesnismaeniaedanesiiniiasfesindndtyynnsuniueendelag
14 Gaussian  filter  @4@nmsaA wInlEaNnnns ey (mask)  IWIALAN AW1ATUDY
Gaussian mask nfaunanieasinannlaadoyinsuniuldunn usdindrauan
Auluazduainlireuden Mdudaunaandasbumell dwiunsAruammnnmils

anN131E Gaussian filter LUAIANN1IN 2.8

S, j1 = Gli, j, OT* I[i,;j] ..(2.8)

e i, ] Winawidiasnisvaal
Gli, j, O] W14 Gaussian smoothing filter

o \lu Spread of the Gaussian (AILANITALLBINTT smoothing)

® Gradient Calculation

ludulisniin Smoothing image S[i, 1 824519 %, v partial derivatives P[i, j] WA

Qll, j] PNAIFU FedNnT 2.9 Uaz 2.10

S[i, j+11-S[i, jl + S[i+1, j+1] - S[i+1, ]

PO~ .(2.9)
2
S[i, i1 - SLi+1, j] + S[, j+11 - S[i+1, j+1]
Qli,jl ~ ...(2.10)
2

WA NUULIAT X, y partial derivatives  N1ANIMUAIEEATHIATFIUAINTLNNG
“ , 4
wilasgiluunann rectangular liiflu polar (rectangular-to-polar conversion) Ve 1WA

WATTIANN9U84 gradient AMNANNNTN 2.11

ML, 1= /P T+ Qli, I

01, j] = arctan(Qli, i1, P[i, 1) .(2.11)

anann1stiesiuazatnnsamiaiyn 0 eanunldilewnuArdoudsludefdu

arctan (x, y)
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® Nonmaximum Suppression

[=f

dudunisunaauiag Canny method aandafluduaeuldiusesugan

TAngagalannziuazidufiAnnanaaiu gradient fae TefaeRnaana1ninn i lfaaunung

k1l 9

W 1 Wneta A 1FuaIN1971 Nonmaximum  Suppression g A ilugueluynqn

1Y al' | . . d' 1% | a ¥
aniduamLilu local maximum points TeazfiaasAanls

® Thresholding

1 1 # 2’/ Y & dl 2 o
WHANNINAZHIUNIT smoothing Tdumnaulsnuaafinu ﬂ'WWV]vLﬁ‘ﬂW"]ENN

1
a

Wuaeunlildreunuiaselingatduilasaindnannsunowisednsnzaasing lunw
dunuliaiaananeusaiisnaazidennielunin deiuineaniymisinaisasldinig
AMUUAAN threshold AU 2 AT A8 high threshold (T1) waz low threshold (T2) taen s

dAwINNgn T1 aggnuliindu 1 eilurneganiiluaen) widndeanda T2 azgnufudlu o

]
a a '

AnuANagisrnanaA threshold Migaed nasuliinilugn 0 vise 1 duauagfunniianagsey

kT £

a

v a t:ll 1 7 a dl 3| 1 1 % o
AN MWﬂW‘LI"J’]‘WﬂLT@VI@%?@U‘H’N‘H@Q‘WT]LSHZW]L‘]JH"II@U (A1 =>T1) HANNINNIT T2 LAY az1liu

ANNEAsINaNR IR AT 1 LazDaluanITnriie lunInIa U9

2.2.2 nsuszuranan g (Color Image Processing)

o al

ANssrinanNanInaIneia 1 Nies s U ARIALNIRIA LN TNANUDILASE FLULRN |

TUNIIANW T2UUNTHATAURTAIANNUEY LAZsLULAN M 11N1222NA N IANINNIY
q

o

Wil duFuenudseilldseuud RGB (Red Green Blue) lun13ussunanan namird

921UA RGB AN dniunasldauiuaanwaeunames wazidluszuudniie

AMNNNTNANRUBIUAINUTENAUAILUNRANANIAILES 3 A ABALAY (Red) ALTE17 (Green) LAy

11{1(Blue) TErAdIuA NN e LA LA AZAR AN AR LB R IMAINANN THANALLAD

Aniluadusing - AsEandn "BuLLuan” (additative colors) AtgLN 2.6

917 2.6 s¥ULAWLILILAN (additative colors system)
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LLuuﬁmfa\iﬁﬁmmmLmuimﬂ%ﬁgﬂqﬂmﬁﬁmmm 1 e fagf 2.6 Tnefid RGB
Tunia 3 aa931gnunAr TnausdadazenatTutdag [0, 1] Tnef 0 uansienauiinuas 1
LAATIAMNATNS NNA TFaNULLSIaes RGB  aztlsznandansyunun wd RGB 3
sstnunIIELB AT AR FEERIN1 26519 NANARILUANNAZH 8 AEINHE

AUPRITTUILNINS 3 AgazyinlARARFNLUABN N

EOLOL
Bioc | L Ty

Magen f—— ¥ = — Wi

. 00,10y
Black  # } = -3
Gecen

Lagy -
Red Vel

2119 2.7 RGB cube

a

2.2.3 nswilasAndszienagzuLasg o [16]

nsulasrnd ludautlazedunananisutlaannend RGB uszuudsne

1) n15wUAIMNWE RGBITIUNAINSZALIA

P = . % ] o o sl - dl a o
H29RNNNTUIENIANANTNAABUTNENENN AetibasHannazilasn nadunn
o 1 dtﬂl ] al o |
FLALNINBWNITUIZNIANANIN THAAANNENENNLeNdaUL s naurasdnudquilsenas
YA NLAIRBNANNAY BarddULlsnataIANN L LA TN LT udIuLa A9 AT AL
INERININALAALNIN Tead N I udasn 1 ndduninss s nlgdulsun Tumad YiQ

a

FIHAN Y HIUATLAANAM NN ANUQLIARNNENANTT 2,12

Y =0.212671R +0.715160G + 0.072169B L 212)
2) n15wUaININA RGBLIlW HSV

1
—{(R—G)+(R— B)}
Hue H =cos™ 2 ...(2.13)

{(R-G)*+(R-B)(G-B)}
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Saturation S-1

B : ..(2.14)
RiGiB B(mln(R+G+ B))

Value ...(2.15)

3) n1swidasnIwad RGBIlu CMY

Y o

o ] al d”
ANNITDAIUILLFRZA LA 9T

C = 255-R
M = 255-G ...(2.16)
N 2085

2.2.4 msn,%"au«gm‘tma%‘ Run — length smearing [16]

unisdanqaniduaatsesdsng liiuilawaaiuunau Iaaldmaiia Rundength

smearing TUUHINBULAZWINAY TIN1990 Run-length smearing Tuunauewiu nlélag
@ o N » o o @ =
aunurqanInueniiludg (HAdut ) lunmaindrelilasnaunseianuqaniugung
BNAANINNTIUEIRIAZATUIUNIAIIZEEUNNIZNTNNGANIN 2 AT BAszezringly
wwrnaniAdeand A IALLN azBnERAs19lus el withsvezineTuluua e
! 1A 1 <Y 1Y a @ v a ] i’/ ¥ o i’/ ] dydl

NINNIIANTANLIN Alddeainsindadnalusse zinin udainaudunenduilzasliau
PUATIANIN N3N Run-length smearing lwiaRssiufingufeaiunismn Run-length
smearing THUWIWEY WANFNIAUUAINENAUNBINAAN NI WAT1IAINULIANIDINTNUAL
a 1 ] QI o dl ¥ o . % o ¥
WarsounAszazdnsluuuafe nannasannlana - Run-length  smearing udaazninlils

a a dl | o -d' 1 o | d” a o 1 o
mmmm’m‘wLﬂmmqm@umnumummmm LL@@QWQ@HW\?@QE‘U 2.8

(1) NTWWAINT Run-length smearing

(N) NNEURLTU
(T<5)

31/7 2.8 uAMIN9911 Run-length smearing
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225 niginilnadiulssnauidanmany (Connected Component
Labeling) [16]

nsaniedaudsznaundansany Wunisfaiealdiuusasdiulszneufideusa
Aulunndansaigausesinenieffedydneainasde Wiiuuwdazdiulsznauinli
axsn M unasanuandng lunawldlaesinnisinnundl Wiuwnmanninga lunng
N S oo = A a o P o A D @ e X A o
{@119 (HAdu 1) Aanenegfatuardanpaaiwnauandniuiagdumneaiu uang

Faatiedegt 2.9 Tneddeyatididuninananniien o udnuwasian 1 iudane a9
dl o

1 ¥
azfinnig “Batle douniduenlaeludupenisasl4aa (Queue) lunisiiuqanagfniu
v v
Tiunausail

1. ERdusanasaunuglanlunsaznngatvamnaandandu 1 wdoin

punssrasinmatull iy luAanfaudunsaagaudnfnnigasaudne 8 AAn1a (8-

a

Neighbor) vasinuasiuiande 1 anviveld dalandu 1 Winaumdainigasaudng

fanus 1A luAq

v
o v

=< 1 a = 1 d} o dl Yo A o ' o
2. mx‘iﬂ’ﬂuﬂ’]ﬂﬂﬂ‘ﬂ@:ﬁﬁqL‘W’ﬂﬂ’]ﬁumﬂ’]ﬂﬁ]’ﬂlﬂﬂUWﬂLsﬁﬂium’]LLMu\?uuWﬁ"ﬂNﬂU

¥y A

N 1 Aaa ¥ a a i’/ a | a A ' 4
R9IREALANINNNNIIATaLe 8 NiAnerasinatiuiandy 1 anvidald dlAnde 1 14

PaiAnemasaudilufuly A

¥
a

3. manmuathedeazfugnaiianianszuaunisduisallGesaundnAadng

v XK QI = d’d 1 1 i’/ dl
uA9ABFNNTZUUNNIINALTANN AR 1 WK TR 1

|
el o

(@) AnnaanIsRnTnadaulsTne N TN A

(n) nNEUaly

717 2.9 nadinthedautlszneuiiaessianii
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23  1aungl (Entropy) [17]

o

reuinsdl L‘flumﬁ‘kﬁz%’m%umﬁmmafl,ﬂ?iﬂwmmmmLﬁuLmemﬁmsm%qam U
Ima‘lum:‘m@qqﬁuﬁmqmﬂﬁlugﬂmwﬁlqﬁmﬂmﬁﬂmmﬂ"] o mmiﬂf’lﬁwqwﬁﬁuﬁm
{Aeau Entropy 984 Shannon ludl 1948 Imﬂﬁuﬁﬂmiﬁ@ﬂwslugﬂmwﬁlﬁmiLﬂ?ﬂlﬂuLLﬂm
pudngaAety  asin A s asuulasdieuingg  Inemninnnlauulasen
AudLg Rt LN [ Aguan 0 (@) 111255 (@119) azdenaliia entropy AN

g9 witdunislaeuudasAiponudiuasagnsresidudesyl gy wWaawain 0 @a0)

] 1
o 1 1 aAa o

{10 @araudnennat)) aziiia entropy 1HAIA1 nasAIMANBUINIT azATualAaIN

aunnsdasie ol
H(xK) = - [ p(xk) log p(xk) .. (217)

e p(xk) unnsnanuaspondnaziiluaesA AN k

H(xk)  lusalnunssuasidaig

24  nmsudszanauanludasnaidulag [18]

AsnsusennniAnlugag (Interpolation) AflanldlneinldAe n1stszanauanludng

= i

Anasanu (Cubic Spline) wanzidanndinistlszannidnineldlsrdunmunn (Polynomial
function)  ANdege  BeleridunvuINiIAYgaTiuasiinaanszane lain luszudnsdasdaya

[ % i// =2 173 oo o o o dl = 1 ¥ = J [ o 1
m\mu@ﬂmﬁjﬁmmuwumummrm mum?mm’]ﬂumwmﬂamm']Lﬂumﬂixmmm

nstlszinnndulAnsuiilunisaiegaresannisindasaunusazannisldlunng

o [ %

dszannuanszudndiayaaesdayanesfiniu figyn 2.10

U

fX) fX3)
fiX1)
f(>9>/ )
&« f1X) 2XX) fANX)
X
fX4)
X
X0 X1 X2 X3 X4

gﬂﬁ 2.10 N13UgzNuAN g 9Na9aN [18]
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Tnanann139in 1 sail

f(x) =ax, +bx,+cx+d, , x , Sx<x .. (2.18)

Tned £ uileiduindeanundezunniriszndng x,, 09 oo wintiu

a, b, ¢, uaz d, iluArAsteaznfdedaniinunsine dasielld
LA e G, R
i JAsiaust 109 n

n

x, Wludayadanuau n+1 A1 TaaEuann x,, x,, ..., X

Tun1suAAidulAsaz AN AN a, b, ¢ taz d, Adiulnadrresisidunqnse

el asliAiaiuase
fx) = f(x) .. (2.19)
f(x) = f(x) ... (2.20)

)

FeazinliiiaRaulafuauan 277 Reuls deiduusnazirudndays x, uay
P
7

Waridun n azeuAdayadon n Euiv
flx) = f(x) . (221)
f(x) = f(x) . (2.22)

o

li! o v a dl = o dl o 6 o/ o d! 6 ‘ﬂl 1
TeaznliifiaReaulaandiuau 2 Geuls aywussusuuilaasisidunqasaniely
a7 AzsiRedAini
d

d
RO =i ()
dx dx ... (2.23)

o

= o gy a o oo = o o o x ,
Sﬁwmﬂw,ﬂmauvlm@ﬂmmu n-1 Lﬂﬂiﬂ“ﬂ wwuﬁ@umumwmﬁm UNIPRD

nmelule ALAAINANYINAY

d
—EGx)=—f (x)
dx dx .. (2.24)
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]
co A

dl o Y a dl a o dl 1 o o o
Sﬁ\‘]%wﬂw,ﬂml,\muh@ﬂmmu n-1 N‘ﬂuvhl ﬂwmfauwuﬁﬂumumwmﬁanmumm

q

Uanaisaasilanlugue

2 d2
; fl(XO):Tfn(X"):O
d x d x ... (2.25)

dl ] v a zﬂl = o zﬂl
sﬁ\‘m:wﬂmﬂm@ﬂm@ﬂmmu n-1 L\‘i’ﬂu‘l‘ﬂ

ANERAMUA 5 Tad19FUN IHEINITDAFNANNTINUI 4n ANNT TIAINITDUA

dldJ a o

FLULANNNTAINANN AU ATAINTINAUIY 4 0 AN L6

25 ANL59 (Velocity)

° @ o P B = o = < vy
ﬂqﬁ‘ﬂ’]u‘)m%’]ﬁ')’]ﬁdLi%ﬁl@\i')ﬁlfﬂﬂ’] MAABUNIINGAUUL T LIAN T, 1ﬂﬁlﬂﬂﬂ’ﬂﬂ‘1ﬂu\11®

FLALNNWINAL S MW 1aN L, WAAIANZUT 2,11 AvtiuANnesdng (V )azauansle

Q7N
Uk = S/ (t2 - t1) ... (2.26)
F I CCETy -
e e e
ty P
@D - «@h
44
|- S |

31 2.11 wapsnIsafauNTading arnwan t, ludsoan t,

2.6 mmﬁmwmqumuansfi

Parallax (W191wanNd) Aa Lﬂuﬂmﬂgmmi@mwﬁwmmﬂﬁuLﬂﬁ@wﬁmmmﬂum

'
o A

noegnueslaefdunsanatuiiaasaiund vsaluniseaeuaIniizesdngiiasann

o

. d
gAunmnaaulng
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ANRANAIANIIMANT uANEANAIANIiAAINYNNBITRINARY 317 2.12. 18

v
o L8 a o/

AAYNAARIULTINNgIRINIEALNUAY  wdoneaneasdssneuws nwidanglu

a

Sy}

4
NAAN

©

1
o a =

ndastiutznaiiiusnuimaniuiznamegnainndaddlminiy X + P Gaszasi
uyadaziluiesrey X il 228N eaniniunn P ilussasniinaina Lt aAnaIanIg
uand TAITeIENINIAAAINANNNANAIANIIILANTUALANNINTL LHBANLUUSIDITDIUE

1 k%4 49{ v
@giﬂ@@ﬂﬂﬁmﬂammmumfm

-

A
\ 4
A
A 4

X P

917 2.2 ArHRANA NI AN T

2.7 A0RR1SUNI5A8[19]

anpvunede - Aan1sndsensiumumNdeya  nsdauedeya 1Az

doya waznsfianmnadeya  lunisiansondeyales SenldAmeadnlunisesune

o

' v i// 4 aa ell o dla,ljd [ % d”
@m@llll[ﬁlﬁﬂﬂ”] UDNUBH AU ANANE NN L Ui Agl

2.7.1. msinuudluntrg@aunans (Measures of Central Tendency)

[ % L ¥ A = as Qatﬂl ' tﬂl A o '
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1. TAYATLAUUINNIAT) (Nominal scale)
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2.7.2 n'l'i"i'mn’l'insmqil‘llfax‘i‘ﬂ'ﬂga (Measure of Dispersion)
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S
CV = =X 100%
X ’ ..(2.31)
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2.7.3 nsannasldady (Linear Regression)
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2

e(a,b)= Y [y -(a+bx)] .(2.35)
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2. Simple Linear Regression
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of the Variance of the Regression Line and The Standard Error of Estimate for a

Regression Line)
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i linsuAIuiasaaesol uar B Asduietlszann 6% asinnsndssinuandudse@ns

Magaasamafnlszinnd a Way b satiusinlszunniiigldaa S° Hanulng

ZN (Y —a —bx)’
g? =z ‘ ...(2.43)
N-2

snenislfunlasusiouls wienalaw 2 Tilugl

s Zé(ZW—W ~5't—5,)') (249

ANLHENILUNIAS§IUTBINIeLlazanne (SD) HAni

SDZ\/L(Z:(YI—VNf—bz(x —QN)Z) ...(2.45)

4. mduilssA@nanissnaula (Coefficient of determination)
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AINANNNT (2.46)
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1. AGD Systems - Traffic Information and Measurement Equipment
2. Applied Traffic - Traffic Monitoring Systems

3. ASIM Technologies Ltd - Detectors for Road Traffic Data Acquisition and

Intersection Control Applications

4. Banner Engineering - Industrial Sensors for Vehicle Detection, Overheight

Detection, Parking Control and Toll Booth Applications
5. Citilog - Advanced Video Surveillance Systems

6. Counters & Accessories - Traffic Data Collection Products, Services and

Software

7. DataCollect Traffic Systems.- Vehicle Detection Technology and Traffic

Management Systems

8. Diamond Consulting Services - Idris® Automatic Vehicle Detection and

Classification Software

9. EIS Electronic Integrated Systems - Sensor-Based Electronic Systems for

Traffic Management

10. Eurotech - Passenger Counting Solutions


http://www.roadtraffic-technology.com/contractors/detection/agd/
http://www.roadtraffic-technology.com/contractors/detection/applied-traffic/
http://www.roadtraffic-technology.com/contractors/detection/asim/
http://www.roadtraffic-technology.com/contractors/detection/asim/
http://www.roadtraffic-technology.com/contractors/detection/banner-engineering/
http://www.roadtraffic-technology.com/contractors/detection/banner-engineering/
http://www.roadtraffic-technology.com/contractors/detection/citilog/
http://www.roadtraffic-technology.com/contractors/detection/counters/
http://www.roadtraffic-technology.com/contractors/detection/counters/
http://www.roadtraffic-technology.com/contractors/detection/datacollect2/
http://www.roadtraffic-technology.com/contractors/detection/datacollect2/
http://www.roadtraffic-technology.com/contractors/detection/diamond/
http://www.roadtraffic-technology.com/contractors/detection/diamond/
http://www.roadtraffic-technology.com/contractors/detection/eis/
http://www.roadtraffic-technology.com/contractors/detection/eis/
http://www.roadtraffic-technology.com/contractors/detection/eurotech3/
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11. Image Sensing Systems - Autoscope Video Vehicle Detection

12. JAMAR Technologies - Traffic Data Collection Equipment, Software and
Supplies

13. MDL - Eye Safe Laser Measurement Systems

14. Measurement Specialties - Traffic Sensors for Data Collection and Car

Parking Sensor Systems
15. Noptel - Laser Distance Sensors for Traffic Control

16. Nu-Metrics - Roadway Traffic Monitoring, Vehicle Detection and Distance

Measuring Equipment

17. OSI LaserScan - Laser Detection Sensors and Vehicle Detection Systems

for Toll and Traffic Management

18. Peek Traffic - Intersection Control, Vehicle Detection and Automated Red

Light Enforcement Systems
19. Sensor Line - Fiber Optic Traffic Sensors for Axle Detection
20. Sky High Technology - High-Level Video Traffic Surveys
21. SmarTek Systems - Highway Traffic Detection Products

22. TDC Systems - Traffic Data Collection, Vehicle Counter Classifying,

Weigh-In-Motion-and. Vehicle Weight Enforcement Systems

23. TEC Traffic Systems - Vehicle Detection Technology and Traffic

Management Systems

24. Traficon - Video Detection Solutions for Traffic Data Acquisition,

Automatic Incident Detection and Presence Detection

25. Vehicle Information Processing - Automatic Vehicle, People, Cycle and

Equestrian Counters

26. Weiss-Electronic - Traffic Sensors and Electronic Traffic Control Systems


http://www.roadtraffic-technology.com/contractors/detection/image/
http://www.roadtraffic-technology.com/contractors/detection/jamar/
http://www.roadtraffic-technology.com/contractors/detection/jamar/
http://www.roadtraffic-technology.com/contractors/detection/mdl/
http://www.roadtraffic-technology.com/contractors/detection/measurement/
http://www.roadtraffic-technology.com/contractors/detection/measurement/
http://www.roadtraffic-technology.com/contractors/detection/noptel/
http://www.roadtraffic-technology.com/contractors/detection/quixote_nu_metrics/
http://www.roadtraffic-technology.com/contractors/detection/quixote_nu_metrics/
http://www.roadtraffic-technology.com/contractors/detection/osi/
http://www.roadtraffic-technology.com/contractors/detection/osi/
http://www.roadtraffic-technology.com/contractors/detection/quixote_peek_traffic/
http://www.roadtraffic-technology.com/contractors/detection/quixote_peek_traffic/
http://www.roadtraffic-technology.com/contractors/detection/sensor_line/
http://www.roadtraffic-technology.com/contractors/detection/sky-high/
http://www.roadtraffic-technology.com/contractors/detection/smartek-systems/
http://www.roadtraffic-technology.com/contractors/detection/tdc/
http://www.roadtraffic-technology.com/contractors/detection/tdc/
http://www.roadtraffic-technology.com/contractors/detection/tec/
http://www.roadtraffic-technology.com/contractors/detection/tec/
http://www.roadtraffic-technology.com/contractors/detection/traficon/
http://www.roadtraffic-technology.com/contractors/detection/traficon/
http://www.roadtraffic-technology.com/contractors/detection/vehicle-info/
http://www.roadtraffic-technology.com/contractors/detection/vehicle-info/
http://www.roadtraffic-technology.com/contractors/detection/weiss2/
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187U Panasonic NV-GS200 mini-DV Camcorder PAL
ANMANLIR

® Number of Image Sensors: 3

® |mage Sensor Size (Inches): 1/6

® Optical Zoom: 10x

® Digital Zoom: 500x

® Aperture: F1.8 (Wide)/F2.8 (Tele)

® Focal Length: 2.45-24.5mm

® | ens Filter Diameter: 37mm

o Minimum lllumination: 1 lux

® | CD Monitor Screen Size: 2.5 inches

® Stereo Zoom Microphone

® Digital Image Stabiliser Type

® |nbuilt Flash

® Microphone Input: Stereo Mini Jack

® S-video, AV and DV Input/Output
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® CPU Pentium 4 2.66 G
® RAM 1 GHz
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%ﬂ%‘u Billionton IEEE 1394 to PCI Adapter

® [ully Supports Provisions of IEEE 1394 -1995

® standard for high-performance

® Support Hot Swap.

® Provides three 1394a fully-compliant cable ports at 100/200/400 Megabits
per Second (Mbits/s)

® (Can plug 63 Devices.

® Support Plug and Play specification

® Provide PCI Bus Master function for supporting DMA operations

Specification

® Compliant with PCI specification 2.2

® 100/200/ 400 Mbps operation

®  |sochroous /-Asynchronous Packet Transmission

®  Automatic configuration to single-port, two-port and three-port

applications
® (Cable Power Source
® Fully compliant with Open HCI requirements

® Support IEEE-1394a with OHCI three port
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Mechanical :

® PCB Size: 119.91x71.4x1.6(mm)

® | imit High:17.5mm

® |EEE1394 cable Connector(6-pin)x3.
Certification :

® [FCC15 (CLASS B), CE (CLASS B), VCCI (CLASS 2)
Environmental:

® (Operating Ranges: Temperature: 0 ~557 C
Power Consumption :

® Operation Power : 0.67W/5V

® (Operation Current:130.4mA~133,9mA/3.3V

® Standby Current :111.1mA~124.1Ma/3.3V
Drivers support: WINDOWS 98, ME, 2000, XP.

4. danfwas

® Borland Delphi 7 Enterprise

® \Windows XP Professional
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