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Abstract

Timely and accurate traffic information helps drivers choose appropriate and
less congested traffic routes and improve satisfaction. This research proposes a method
for estimating travel time over many of Bangkok's and Nonthaburi's river bridges using
cell dwell time (CDT) information from mobile phones. Linear regression and
backpropagation neural network were two techniques used. The results show that CDT
IS a promising measure for estimating travel times and that neural network shows
superior estimation over linear regression when traffic is congested with percent
absolute error between 2%-9% for neural network and 3%-34% for linear regression.
When traffic is not congested, the results of estimation from linear regression were
comparable to those from neural network.
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Controller Switching
Controller
Base
QE,M S
E tatlon -
TELEFHOME METWIRK
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Controller
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7iun Wunnava et al, 2007

walulatinietnainsdniiindensign 2 G (Cellular Phone  Network
Technologies: 2G) iflunsuannanuiusendnanatulad 3 wuu 1&ud Frequency Division
Multiple Access: FDMA wmealulagifldnansifiuansnaiulunisdnitesdoynyin waznig
dedrynrudaduneunasn (Analogue Transmission), 42w Time Division Multiple Access:
TDMA ianflugatsuannisidnfiedesdyynns wazgnavina Code Division Multiple
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P Il lannfinha way nua  wNesad, 2539



10

i 24

wamnsdasia (Handoff) sswdnaaddnaimen

SYNCHRONIZATION SIGNAL
VOICE

DATA
DATA || IN GENERAL ’ USER || CELL
ID

SIGNAL
\ \\\ | 5" | STRENGTH
|

N

b
(1

h NETWORK MUST HAND
M fy OVER THE CALL FROM

BASE STATION CTOB

s Wunnava et al, 2007
212  walladranudssaniiias (Artificial Neural Network)

ﬂﬂﬂmuﬂizmmﬁﬂmﬂumﬂﬁmﬁﬂuﬂmmﬁm&@ﬁﬂixawi FaAnaanAay
wenenuresinAngndnans azairessuupeniiameaigyaaia (Inteligent Systems)
Tnganassgluuuainnisineuusdauaesanasuyeed McCulloch uay Pitt, 1940 flu
fEBuihnsemlsramisadun4lueudde Rosenblatt, 1960 wusiia Perceptron
Convergence  Theorem  dsuanslfifiufentsgidnaesdrnauiinnanaiile
wafimlnsaunanisFang uazeuaas Minsky uaz Papert, 1969 uansldiuiisdeaninues
wefiunseu Gudunailfininermansresiameslfauaulatnanulszamiio
antiaeas lugasszwingd] 1980 - 1989 drevulszamiiaanduanlésunsuanlagnass
anemidduaes Hopfield, 1982 fiiauednesdszamitusuundleutioundu (Multilayer
Recurrent Neural Network) dnesuulszamifiuauuuifilassaafuaienmisananudn
uaz Rumehart uaz McClelland, 1986 ‘éiniauemefisunseuuuuvanadu (Multiayer
Perceptron or Multilayer Feed-forward Networks) wazdanesiinlunisFauiaasinean
wuuwwsnszanedieunau (Back propagation)
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ENIAM PR RIAN mmwumammmwmuﬂixmmmwvl,fm%ﬂu un19e1889019
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vnauLnsdauaesanasuyed (Yoyuasu Aedang, 2546)

i 25

wansesAlsyneLveataaUssa v AN eyl

vkt l}-" 3

7iun Jain et al, 1996

iadiszann (NEUron)  wiadlaseu luanasrasautlsznavllaaianias
(nucleus) siawad (Cell body) latlszamsindia (dendrite) unwilszaminasn (axon) uas
qatsansaszndnglalszantndduinuilszamaesdniioseuntagnizandnlaundd

(Synapse) uamssianand 2.5 wadilszam 1 sazgniiensenumadiszamsinau

o o

Uszanns 10,000 6 ledszamidndnvinuihdsudy i nadGgndsnnannisad

'
Ade v

dszamlndipe Wednyyrulldadniudunfiue A uils tiadazgnnszfuuazds

doyoyraslimaunudszamiinean ldasadausiely (yoadu Aadina, 2546) nsFaus

% o

POUTARANDUNATUAINNTZLIUNITL 49 waznszAudynlifinalidiuasAlsenay

finerpiananaiiuies dnaeulszanifieuedeing viamesialasen (perceptron) Wunis

AaesanHUzIadTaslszan 1 vuos Nn1daNAas nEaalsza nindiAsaniw
Tkl



12

A 2.6

UAANTNENNLL T AN EINasiNadne Vidawasimn e

f(O) b—»

adilszamyinuriisausudeyatinidiainuiiaau viaGanda auns (iNput)

dngarundeaunnazgnuuszasldasuAninin (Weighted connections) annvu reudi

'
o A U o 1

ATNATINTRIBUNAUFAAINNUFUsEAUAIA Yy RN AN UEn azgnasean Tl

neavenduunulszantiiean visaiFandn iswa (OUIPUL) Auasandunmazgnnazsuli

q

fin1suldsuulacAnanai Tnafefdunsedu viaderidunisilfauulas (Activation

Function or Transfer Function) ume sz nsauamnsaunufasuunsiaeamiendindnans

o

X
AU

1if Wo+WaiXa + WoXo + -+ WoXa >0 (21)

]
O(X, Xoy- v+, %) = |
1- Lif o+ Waxe + WoXe + -+ + Wik > 0

1 %
089 X Xy, X0 ARBUNAENGTEUY WAz W W,,... W, ABAUTNR9BUNA
1112 n q al 12 n 3

v
wsiazsn wsnm 0(X, Xy, ... X, ) uiarffuaesdunalugaesuasonidadunuudoesimiin

(%
a o o o ' o

vminazilusanivuadnlusiuandunatiu aunwadale (X) Saudidysenisimunsn

o

o

L@NFNEA FandANEATYNINAT A ANYsiaeninunn aseAuinufa Nl Ndn

o

o
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£ ISP 1% e ! (e e v 1 i | 4‘ A dl U4
taeazdanIndaud wnAnasanwintugud azlfaeswmilunile wieaunils (-1) {16

dl o P2 — (;1 o all — a % 6o s 14
Waruuald g(x) = q wx = Wxx taefl X ununneeiauns azlaieiduaasiesdnalé
i=0

403
e

‘|
0 1D, CIREE =1 A
(X XD =1 e 0%y <0

Aarfunszguinen dlunesionsey Ae Warifuassda (Bipolar Function) .

'
=

wansnazasinswallu 1 fu -1 vde Werfduluwis (Binary Function) Twuamsnases
wnsmenlu 1 iu 0 wefirdmseuansnsoidunalévarasia uindduns 2 o inedfinlnseu
azifluidunss Tuﬂifﬁﬁﬁuwmmnﬂdmm wafiadnseuavifussurusndulananaiin
(Hyperplane Decision Surface) nsendaeanefimmseuazifiaadeiunismaanines
dwiin (W) Awsnzaslunissuunyssinnasdiesaaey (Taining data) elfimesiounse

uane R lERsaTuANTigan TngendungnisGaufnesisaseu (Perceptron Learning

Rule)

W = W+ Dwi

Dwi—~ a(t- 0)x (2.3

o

Tne a PedmansBeud durnasiigaiaauan t duwednat vsnsreanasiinlnson
uay 0 Whuensfnmaaanasimlnsaw

wefimdnsaulianansndedunaieiduld feofumaniiFond fefduuenids
uladlg (Linearly Non-separable Function) endi #aridu XOR (Exclusive-Or) ailu
fasninreunefiadnsen doufaiduiiventdidondn Hafdunanidaduls (Linearly
Separable Function) (yeyiadn Aasna, 2546) Fudugneaudszamiusuuunanodu
(Multilayer Perceptron or Multilayer Neural Network) gneenuuvusniiieudilomn
sanana (Rumelhart waz McClelland, 1986) dnasuilszamiisuuumanadudszneudae
wefinsaunasinefisdnseu wndensetulunansgluuy dnruznisdanseaziiy
wwntlenlddinentih (Feedforward) uazeslugtassiu (Layer) seanefisdmsen Tnaduisy
Hoyadndand duauns (Input Layer) duiivnnisszanananeludaninduge (Hidden

6 o/

1 v v v H ¥
Layer) dsanadnanaduld dugaiineAeduilinadnsiuaiaen Gundrduendne (Output
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Layer) snesuilszamidieuuuuvaneduiitesidluanuide Aetenulsraniionile
faneanuunsnszanedeunau (Backpropagation) (Rumelhart uaz McClelland, 1986) uas
Suntngaulszamianuniidn Tenulssamifaasouunsnszanedeundumanadu
(Multilayer Backpropagation Neural Network) pansiansnsaiiasitifisdusniiae arsnsn
a¥reufianasinaulauuylsidudaduld (Nonlinear Decision Surface) 7iutiauansnetna
FRndniuanisadulauuuidadu (Linearly Decision Surface) danesfiuunsnszana
faunduldngniaFeufuunlmide nguadi (Delta Rule) Geidemnsaiiniedauiazgidng

szununanadanldiadanatntieaiga Inalduannisinaauasnumaaudu (Gradient

a

Descent) ngwasinazwnmesiminilfidianainressnedwaeuteaigalagnisin

o o a & o :// KX v 173 oo v d‘ o ¥ a T A
ayiusnIAtinAans aeiuasdeldfeidunssfunaunsamayiugly ani Warfduida
«&u (Linear  Function) viseWsrfdudinuead (Sigmoid  Function) nnsvnausiusnig
poaANaRSazA UL A RaNaNn Seazlfiiluacnduresiedudaiuliofianann

Bauunusag NE(W)

~_ . @fE qE TEU
NEW) =&\ ooi o, 24
W) Ewa Tw: " Twa B (24)
anaun1s 23 w- w+Dw lagfl Dw=-hTE Laz E:é_(td— 0.) 2
Tw w o

Tne h AednsnisBeud iWusipidaaauon D ilwgmaesdaetinaen by iluiensdne

Whwsngassineds d uay Oy iflwenswanesinasulszamifion azlédn

w- w+hd (- o) (2.5)
1
s(y)= 11e (2-6)

v
annng 2.6 usnsiarfiunsssudinuess 14 ludrasudssamisnuuumanedu
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i 2.7

LAANAIIAEI N NENULLLWANET

Input Layer  Hidden Layer  Output Layer
1 2

dupauN1sFeuiIeeulsza e FuannIsiuuaA1tasinuinesing

du antiunuiniugadayaseu (Training Data) #azseu (Epoch) GuannAuanimuadng

Aleannnisldanaanu TngAuaLAa s rilantneinset AMWILATNATINDMNUINTND

1 1
oA

¥ ¥ ¥ XK ! o rdl o v ¥ dl 6o ¥ ¥ o a o oAl
TRHALUN LL@’M\T@\?N@@WﬁV]ﬂ’]‘HQm‘lmL"I.I’ﬂﬂ‘i’lﬁ\‘iﬂﬁuﬂﬁ\tﬁ]u OIATNATUITE HARAMNHRIANWDN

|
=

Fasns TiLFuAdasiudnlimanzan indnaunsyisasuauReulanisvga a1i vnau
AsUAUIUNNIRIdgegannnvuals (Max Epochs) wiennsGeuiguin Gevunefianis
e lainauansialludo

Ny o o '

dneaulszamneniden lunatadiu a1f Arugnaeslunismiunasiaetngg
. g Jo o dne g 4 o doos
wuluinazgendndsou venaniiduuuildasliasuudadddunniledeyanldinonu

'
1 o Al Y

Andnfag uadnsnsiaanisarnnsneglugluasasaiiasisennlisaiilefils uaznis

a

v o

ANUATUUIEAANS NIz IH T uasanen N9 Bauiudn daudedninaesinaauilszam
a @A o ¥ = v A @A 1 ’; o dlddl = v d’l
Wienfine dnldnaiulunisGaud vdefnenismariiuinfiangalunisGaud wenaini
nsBauiresinaulszamminendafasiuussdnnsmiimasanuansn 819 §R9ng
e (Leaning  Rate) AnTuwwsin (Momentum)  wazanuauseundesnisldidnasi
UszamiieniFaud (Epoch) GenisidandinnsmfmefsineqmaniilfivanzifuGasiann
sasansiinaasgn (Trial & Emor) wazngildannisGauiaesdraemlszamiion dla

anninazag lugtlaaanguiamin (Weights)
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A3 2.1

FANBINNANTUNTNITAIEAUNAL

Algorithm: Backpropagation(training-examples, N, N, oy Mhicen)

Each training example is a pair <x,t > where x is the input vector, t is the target
output vector, n is the learning rate. nin, nout, nhidden are the number of network
inputs, units in the hidden layer, output units, respectively. The input from unit | into unit
and the weight from unit | to unit  are denoted xji and wji.
1. Initialize all network weights to small random numbers
2. UNTIL the termination condition is met DO
2.1. FOREACH < x,t > in training-examples DO
[*Propagate input forward through the network?/
- Input the instance x to the network, compute the output ou of every unit u.
[*Propagate errors backward through the network?/
- For each hidden unit h, calculate its error term d ,
di = 0«1 - o) (tx - 0k)
- For each hidden unit h, calculate its error term d
d=0(l- 0) § Wk

Kl outputs

- For each network weight w; : wi ~ w +Dw, Where Dw, =hd x

a A

P Yoy Aadsna, 2546

daanindrAyresineulszamianuuuvaned fine ndneulszam
a al o z// ] a 1 = o k7% o £ = %
Weaniauaududeuuniinll dreeuariiandudeangiuazazinlinnsgeuiuiu
wananilfaanaiiatioywinisdiwdule (Overfitting Problem) (Mitchell, 1997: 108-111)
Wudneurdenulszamiaadildainnisldiaacnsaau (Training  Examples) &ean
prngneiaslunsinumenage uiiiletitnsausenaaldldiusaednmaaay (Testing
Examples) nauléarpanugnsesan nanadnilanileine dreulszamiauilfiiunig
= Y v o 1 a | 1 o Y o ¥ dl 1 U va
Fruiteyaaindoatnaaaunnin uiliauisoinllldiudeyanlaimanuniieulds

Ann1auilslunisudilyunine nnsldfledrsaauinldine ldaaudnaudszaminas
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(Validation Examples) itemsaagansansiianainszudnansldsetinsaan (Training
Examples) aewutngau Aanmsiaziinllgidenlanisugaaew (Stopping Criteria) tnadans
leAAananneesfaetinemsaaaey (Validation Examples) Gulrnaanansiiifisduannen
Emwmmﬁ@ﬂ@mﬁ@wﬁﬂﬁ Al ANI748UBTNLNTY D amﬁwwziﬁfﬁmqm@uﬁm%

nsaau (Training Epoch) uazenfiawananissauiimanzan

i 28
uapaANAAnassdautessetinedau (Training Examples) uazsiaatinsmmagau (Validation
Examples)

Validation Error

S
w,
Training Error

v

muﬁﬁﬂﬁﬁﬂLmu@miﬂizﬂﬂﬁﬂhmmﬂixmwLﬁﬂmm‘uLLWﬁ?’ﬂﬁ?xmﬂé’@unﬁuumﬂ
4u (Multilayer Backpropagation Neural Network) wtensuszannudniaanlunisinumi

(Travel time) Toeendedesyaantnsdminaewui
213 msimszianuannamdadu (Linear Regression Analysis)

WunsAnenfiespauduiussendnesiouls 2 fa Aflaonuduiuselugthadu

= o o = o X
TIATNNTD LL@mmﬂmwuﬂugﬂ@mmmLéﬁumu

Y=aX+B (2.7)



18

Tned Y Aasiauilsana (Dependent Variable)

X Aesuilsdas (Independent Variable)

a Aaruduseadunss dufludfiuancdednaninidsuudaces Y il X
wasuudadll 1 wise wazazien @ dnduszdninnunnnes (Regression Coefficient)

b Aedausnuny Y vizaredn Y e X ilugud (faen andadiiya, 2549)
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|

idinan Tignaesnaluszas 50 - 300 was (Yim, 2003) nsvinlasetineinsdniinaeuiidin

wdszgndldlunisdnsaaaninasnas azifaadasiunisszysaunde (Location
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Determination) nsiavuafiumisasunuaudl (Map Matching) uaznnsszydiasaann
asas (Traffic Information) (Smith et al, 2003) a1 AruSaeAETesEN N TUZ LAY

%
A

4 - dy s d 4 . R
wie nanlunaiuneainaauiialilis@nqanils v1a4 Gedayamanilaztnlignisianson
1094 1 3N9Mazsinduladanldidunisudzell sRdeniunnnende insdnwiindand
| =~ A o o a ! | =
uedesilelunisdsmagninnisaas andiunisudaiy 2 wwanie  uuannewsn Ae
Handset-Based  andalnsdniindeunuazqinsnliasuldud qunsnl GPS  (Global
Positioning System Device) vse giinsnltaenindryrynns GPS (Assisted-GPS) wdinundas
win uwavgiuuu Network-Based — @vendadeyaanndmyymiundednsszndng
Tnsdnsiiaaeun (Mobile Station) fusanilgaw ( BS : Base Station e BTS : Base
Transceiver Station ) uazinalulatisdudwiufamuinsdniindeun SagnRnsslinaniu
wazdednyoyinsnasaniiignu (Cell Tower) uuanne Network-Based aziszundinndauuanis
Handset-Based  iwsnelddasldqunsaliainla uavgldaruinsdAnsiindaunlasas
Funlasusaginsalinsdwiiias wanannil deinlidauouresinsdniiadauniungy
An081991u0uNN daa1TnaauuIn1aline ATNLNLEI199N199 YA LULNT 89
Insdnsfindaundeudrenindiuuanie Handset-Based ffiaanuusdudnlunisseysiumia
g9 iavanldginsnliasu e ansafinsasdyrynuanaiian (GPS Device)  manw
wugingesanang inliiiaaldanageanllson inszsesinnsdeatsnaulunduun
szndnamsdniiiafeuiuazaniiignu iveundestuniaiiasuudacld ve 2 wwaneas
neadesiuiFesnuiludoudareglduinng (Rose, 2004) manzfldiiznisazlingudn
o o a ] dl o < d’/ V6 ¥ Aa =® yaa 1A ¥ V6 ¥ a
AnasgniaaNeg taafulszidui §lWusnisacldasnasldidanadeyadldusnig
(Anonymization) wesnnaansiudausaresdldnsdninaaun
o 1 o/ '8 dl dl 1 QI % d‘ o £

n3szydIuniaesmsAniiaaeunszud19qaiEusu uazannaula vnlinsu
2829119 1A TUNITAUNIG BATAINNIDATUIUNIAIAIINIEIR AR TR BN MU T
:’/ z Aﬂl k2 o = o g ! o 1 o & dl dl e 9/dI Y ¥
etlileansudayadnruzinasiuilanngusietsinsdniindeuiae 14 14 dung
o o oa y an d A d a4 y as
By fanunsnldadfedszunuaninnisanaslunui wiaduniaiaulals 3an1slu
nsszyRumieiinaneds a1 Tunsdl Handset-Based 1#nnsszyuiiinann GPS daunsiil
Network-Based 1435n1stiudusiumia 3 & (Trilateration) Tneendaszsiumnuiduans
doyoyruananiiigluiinadnfifes uansdieglf 2.9 nsiinaunisdeste (Handoff)

sevdnaradaesdldnsdwiiaaand (Kummala, 2002) Asnnsiiazldmnunsans
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nanilipdeui lnaszannannidnuifanisdssie (Cell Handoff Zone) uassnumis
fnlUfResumitluiBnniinanisdeiensadaly (Next Cell Handoff Zone) wanssiegii
2.10 deyainumiaria 2 aainlmsuszazmng wazanlunnaunig uenanigeiiznis
szyfnus flendanmudnenizaesnasgwlunisdears GSM (Global System for Mobile
Communication) #3anmuludevas Timing Advance : TA uapsiegudl 211 Tasedne
nsdnylindeufiagsamuszazmassudnsInsdnyiiuandigu (Applied Generics, 2004)
@mﬁnwmzﬁaﬂdﬁq@:v‘iﬂﬁﬁumuma‘ﬁmfrtmﬁmmﬂwmim‘ﬁwﬁm'ﬁ@uﬁ@mmmﬂu
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i 29

uansnstiudusinumda 3 s (Trilateration) Tneendeanfigmuundngifes

Thres iowers
Call Phone is
2i point B

7iun Wunnava et al, 2007
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it 210

wanensszyswiisiaeRnaunsdeteszinaniigin (Cell Handoff Zone)

CELL HANDOVER AREA

i 211

wanemsszyswiisiaeedanndneos Timing Advance aewinsgiu GSM

7iun Rose, 2002

Uszrdundaiuitinuunalusvidaazinaqdasdiuizaaaditutg1uTany

gnéas  (Accuracy) wazmananindaia (Reliabilty)  wesdaya wazenudsadaning

L)

o

afiunislaglduuonisaes Network-Based Gwinazdaanuianainsasdasgags ¢11ddan
druunilianisdanaasmanisaluazianisdnen (Simulation  Studies) waznisveaaau

neawnn (Field Test) Tudauassnisdnaasmmnisaiuazsinnisdngn anfiunisludneme
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Tasannsawnalun) a7 INREST (Ygnace, et.al,2000) snwiiunnslae French Transportation
Research dszmarfaida TnenisanassaninassnisasasiieiiaznagauA1nmududn
s dvyd e o o oo A dd o o
1asdayainlfilaauaused wresnadniiinaeunieguueunivuzilasuulagly dnns
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o c o ! a dgf o dl a 1 | &/o/ IS
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al 1 ) 1 o & dll d‘ ¥ k% o
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(Cayford and Johnson, 2003) Twasiddaiansninsiautls 3 fa Aaausdudnlunistiivun
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dl ! o dy dl 1A a v A o a a o
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U PRV “o . <
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a a o dg/ 1 v v dl 1
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dviuemideianiunistaanimaseuniaauna (Field Operation Tests) endi

CAPITAL (Cellular Applied to ITS Tracking and Location) (Larsen, 1996) anifiunnsine
ANFINHRIEUTWNNUIENUNIATTUAZIONTULR3TI0TIAU A T UszinAanigeisdni 14
wanlunieaiuneiedn 27 nenuudunieiiienszndnely uasiduniluignefadis s
NANITNARBINLIN ANANN LN TN IMLARLALNAZ AT UNINAT UL DA ULA LA
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wHUEN7E199 5-25 wme a1mnsnunldEnnsunAANEa@At TUN12ANUIIANAIINIEY
4 e e d A e e X . Ly . .
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waluginwinfiang
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disead (Yim & Clayford, 2006) innsmaseunipauninaifudeyasiumieaingingnd



23

Fane Wlunan 44 dalus uadldwudinisdszannsumibsiauusduenluseay 60 wns

3 & o o o ] dl a a dl o ] dl
uian 66 wefidusd weAumisaseunIMuEIgnRnaIN arlANdELURAINAUKLNT

Y a SJdI [ % c ' 1 o 1 o val ] o
wiazeesgninsdniiaguinnd 200 wms nasdszunaisiumidaninlén uslunnsinuue
Aunisree U Muziauiutasnus vinlalda ssiunisuAiausaeatuazAIan
luntsiAunie Adldarnnsouenlsd s1uiddeaglanvglidrdasaesnisldinsdwi (Cal
Length) fendasifulicluszazniefiannazlhiaruisndszuimuaiunisnaanaunian

o ~ y
AR wazan lunamunisls
Virtanen, 2002 vinnns@nenlugtuuu Network-Based iduidaariulnaende
¥ ! o 1 2/6) 9/ o 3 4‘ Qi T~ -~ o sil’ o
doyaannqusinad e ldinsdAniiadauiuueunivuziias 5 wafifusd wanainildy
wudnaninenAgluuusine inasentsldinsdniiimaeunlunisdnmasaninnisasas
o ! ] o ¥ QI dgf dl o val

LAZAINNANIINARBIEINLI A NLHUE 1 TesdayaavinTuNEun AR e 13T dau
4. d o - o 2 .
densaiudundudesuazsvaenalaalszinn 10 Alaiuns Taunnsdednuaungs
et lianasliilasarnindaunaanlianidunisiniun visellentangmnenuninue
152N

'
' = ' o o 1

A1N9N139EFNe] Inandednsuidedinuaiuesng 817 Feanisngusinei

| |
o A

. . o S R .
foyainuauninneduaunilaiieNazarnisntszunnpninaadesineld uanainiidy
¥ Vo ! A 1 26 ¥ a dl | o o o dl dl
Faelffumruantiaarnuuaeuentug liusnsmendedysyrouinsdnsiindeud
(Carrier) lunnsifiudeys TnaRnsszuuiedanisszunanadayaumnfiandoy oy

(Cell  Tower) uazanasasldginsniiata anii ginsafinsasdymyruaiaiian (GPS

Ul

Device) iadnalilidayaiinanuusiudn uazgniesuinty usatnalsfinmumadnuuaiudi

v o D@ A oo A ' =< X o A ]
ﬂ@ﬁﬂﬂﬂ#ﬂ@ﬁﬂﬁﬂllNLﬂuVIuWW@I@ mmwm:ﬂmfammﬁﬂu NLLHQVI’W\?VILLWﬂW’W\?iﬂ@"]ﬂ 2

'
I 1

wuansinanatiednes Ae Handset-Based uwaz Network-Based naneda gniwer
srenwart uazaniz, 2550 lauanslddudaiadAyresnisiiaiedngFanaduivauen
anmnzasnas lagnnsinnimeassuuauulungemnaiiues dsmuansdisasnllfine 1l

nsldngusoataaesinsdniiadaunauiunindsiuaslidesedagliusningense

&

Foyryrou lllfendedeyaanginsninsaadudtynyinles (Sensor) Idwesudnisiudeya

al

| '
A a

nandszanandynnaestsdnsiiaaani (Cell Dwell Time: CDT) Weanunmuzipdani
Tdfaaddnld A1maidanaiafazdudunilalud nnsmaaesldinTeslealiaaua

Tnsdnsiiaaeun Aldszuudfi@nag Symbian Geiasslusunsudmiudadn COT el



24

netuinddle wazifudiainguneal GPS ilefiudunnnugnéiasaasdayadas nmmaaas
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