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Absracc This paperwill describe the "computerized arca raffic conuol sysem" planned and
implcurcnrcd in Penang, Malaysia in cooperation with tho lapanese and the Malaysian
goiernmcnts. It will also intoduce the ArEa TrafEc Conrol system (ATC systcm) and the
plans for the improvement of intersections.

1. INTRODUCTION

In rrrponro o the rcquest madc by the Malaysian govemment o thc Japanese govcmment
rcgarrding urban traffic planning in the Johor Bahru and tre Fenang metropoliun atr€as, thc
Japan Intemational Cmperation Agency (IICA) undertmk ftasibility studies of both cities.
Tlie study of the Fenang meuopolitan area was conducted to consider long- and shqt-erm
plans for solving prcsent and possible futuo traffic p,roblems as part of the Penang
Meropolitan Area Transpot Master Plan.

2. OUTLINE OF THE PENANG METROPOLITAN AREA

I.ocatcd in thc natlrcast of Penang Island, Penang is 0re capital of Fenang Province. Penang
was developcd in thc lSth centqy by the British East India Company as a tradc base, and
grcw as a liee port. Fenang Island covers an arca of 295 squaxc kilometers and has a
po,putation of rome 500,000. Penang City (George Town) is thc largest urban arca on
Peirang Island and has a population of approximately 260,000. (See Figure l)
George Town's urban dcvclopment was planned by 0re British during the colonial era. The
cit/s-commercial disrict is located behind the port areq and residential housing is situated
on its periphery. Higher class residential areas arc located in ttre suburbs.
The mad network in thc commercial disrict has been laid in a gid pattem, while the road
nenvort in the puburbs ie radial.The roads and roadside tees in the outskirts of the city are
harnronizcd bcautifirlly, making the suburbs particularly attractive.

Vchiclc (four-wheclcd and over) ownenhip stands at 156 vehicles per 1,000 people, and
moucyclc ownomhip (trvawhcelcd) is prticularly high at 217 per 1,000 peop-le.

Trishaws-ttrcc-wheeled vehicles propelled by the driver pedaling as on a ricyclo-are also
uscd by tourists aflil inhabitants of the city; there are approximatcly 1,900 of thesc in 9eo-rge
Town.- Trishaws arc, however, declining in numbers; this is the rcsult of the authorities
dcciding not !o issu€ new Trishaw permits as part of an effort to stop these vehicles holding
up raffic.

Pcnang lost is predominant position after the end of the second world war owing o the risc
in prospcrity of Singapore. The 1970's saw an increase in unemployment and an out-flow of
thC young rirorlcing population as a result of Penang's loss of free port status. The provincial
gorrknm-nt initiatoit ihe three policies of atracting industry o the arca, promotion of
louriEm, and urban development to activate the economy and to reduce unemployment.
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3.1 Survey of Present Conditions

l:ffJ-9r.!Pr91o y thejgngg meuopoliun arca-most notably urbanization of ttrepoprrauon' ttp attractio-n of industry to.the aEl greater vehicle-ownership, and tre
improrrcment in living 

-s_undards-ha'ie rca o proutlri-s **rr 
"rE""t"r traffc consestion

9g1lryrc @uent traffic accidents. Behpecn lgZg anO 19g2, tfie fapanise-soviffient(JlqA) conducted a comprehensive study ino possible solutions to these'urban pilUfemi -

f^H{*_ry-"y' ,:loding a vehicle oD survey., was made of various aspects of raffic in
p.-fpF_,Ifp_ryIrrn_area, Butterrvorth on rhe mainland, and other aieas. Trre ,r*t
notcd the following problem ancas:

1 complex mixed traffic flow of automobiles, motorcycles, and trishaws
b. Incfficient road use
c. Traffic signals arc too small and have.poor visibility )
d- Inadcquate road sigrrs and road markrngs
c. Inadequate pede,strian facilities
f. Inadequate roads for volumc of traffic inflow from Penang Bridge (completcd 19g5)

Figures-2 and 3 on the next page show the George Town road hierarchy and the deeree of
congcstion on major roads, and rhe photogralhs on ttre followiny' p"gr-in*fl,*i
conditions.

3.2 Proposal of Penang Metropolitan Area Transport Masterplan

The following long-term and short-term plans were proposed to solve these problemr-
mese wer€ Dased on the concepts of landuse and development shown in Figures 4 and 5.

Long-term plans:

l. Inroduction of one-way traffic systems on the major roads in ttre city center
2. Outcr ring highway plan

Short-term plans:

1. Arca Traffic Conuol sysrcm plan (ATC system)
2.'Intcf,section improvem-ent olan
3. Parking reguhfron and corirol plan
4. Bus netwmk rcorganization plan

Figurc 6 shows the proposed road network in penang.

The Conrputerized Area Tralfic Cqrtol Systsm in paung, Malaysia

3. PENANG METROPOLITAN AREA TRANSPORT MASTERPLAN
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Figure 2 Road HierarchY

Figure 3 Degree of Congestion on Major Roads



The Computerized Area Trafiic Control Systenr in Paung, Malaysia
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Ianrluse and Dcvclqmcnt Plan fa Fcnang MetroPolitan Arca
(PtoIiNd by JICA Tcam, 1980)

Figure 4 Landuse and Development Plan
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Figurc 6 Proposcd Road Nctwort in Pcnang
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4. INTRODUCTION OF THE ATC SYSTEM, AND TRAFFIC CONTROL
CENTER

4.1 Realization of Short-term Plans

long-tcrm disparch of expcrts was rcquested for the realization of the short-erm plans. Two
JICA experts were disparched acco,rdingly from l98l o 1984; thc auttra of tttis papcr was
disparchcd to Penang bctwecn 1985 to 1988 o continue thcir work.

These experts preparcd implementation plans for the inroduaion of fte ATC system,
intersection improvement, and the installation of taffic signal devices.

It was decided by the Fenang City Council to inroduce the ATC system in Georgc Town in
1985, after completion of Penang Bridge and the KOIdTAR urban redcvelopment projcct
(pharc one). Ttris was the second such project in Malaysia the system had previously becn
inroduced in the capital, Kuala Lumpur.

In 1984, following this dccision, ttrc ldalaysian government requested fic lapancsc
government o provide the computcr control equipment nocessary for the system, dctaild
plans of thc system, and plans fc thc fuCIre.

4.2 Donation of Equipment by JICA

Bascd on the request madc by the Malaysiansg-v.e11.*_I919f,,*9toj9;,1".ryIgF:
its conribution for fiscal 1985. Following further

also decided o formularc plans for ATC system
control. The Penang projcct was called thc "Penang

Conuol Cenrer computcr system as

developmcnt investigations, JICA
cxpansion and comp,rehensive traffic
ATChoject."

Thc computer systcm and terminal equipment were supplicd in Maxch 1986. Tttc toal valuc
of thc cohputei system was M$800,000 (Y60,m0,000 at 1986 cxchangc rarcs).

oTraffic signal conroller
Central processing unit (CPU), MODEM, uaffic condition display map, closed circuit
TV (CCTV), typewritcr, transformcr, sigrd conrol software, ctc

o C-cntally conrolled signal equipment ard dercaor unis
Microcomputer, LSI conrollcr, vehicle detecor units Qoop coil type), etc

5. ATC CENTER INSTALLATION, INTERSECTION IMPR,OVEMENT

5.1 ATC Center Installation Work

Thc traffic signals and closed circuit telwision cameras arc controUcd frun tlrc ATC Ccntcr.

5.1.1 ATC Center System

Acco,rding o the original plan, 37 intersections werc to bc covcrcd by thc.ATC-systcm.
A dcrris:ation in govemment finances, however, meant that fuds wcre insuffrcient to mcct
thc ost of thc inifil plan. A five-year, ttuec-stage plan was therefory a@cd instca4. wi0t
only 16 intcrsections-being covenod by stage ! (Figurcs 7 and 8). Of this nqmq cllstin-g
sigials werc rcplaccd by new controllers at 12 interscctions, and new scts of ralfic sigtals
werc installed at thc rcmaining 4.

shows thc ATC C-cntcr system dcsign, and Figrnc l0 shows thc ATC CcnrcrFigurc 9
layout.

Jorrral of thc Easrcrn Asia socicty fr Transportation Strdics, vol. I , No.2, Atttunn, l99J
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Figurc 7 Traffic Light Installation in George Town

Figurc 8 Signd Locations in Stage I of the ATC System
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Wall Map

Area Traffic
Control Center

Main Computer Control Room

Photographs Penang ATC Center

Jounpl of tlre Eastem Asia Sociay for Transporlation studies, vol.l , No.2, Autumn, 1995



ccTv
Ccnt..l
Con.
troUcr
Y@ltq

The Computerized Area TraIIic Control Systern in Penang, Malaysia 635

Figurc 9 Stage I System Design

Figurc l0 Cenral Conuol Rmm Iayoutin Stage I
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5.1.2 Closed Circuit Television System (CCTV)

The CCTV system consists of two cameras, npo monitors and a control desk. The CCTV

.r-".t-rr" installed at (A) level 64, KOMTAR tower and @) intersection as shown in

Figure 8.

The forn photographs on the following page show the Penang ATC C-enter.

5.2 Intersection Improvement Works

Imorovement work was canied out based on 16 intersection plans,of which l0 were

mdfinea by author. The following are the contents of the improvement work:

o Installation oftraffic signals and contollers

o Installation of vehicle detectors

o Improvement of traffic flow and geometric design

o Improvement in road markings and signs

Figures 11 and 12 illustrate representative intersections which have been improved.

The construction periods for ATC system installation work and improvement work were as

follows:

o ATC system central equipment installation 4 months

o ATC system terminal equipment installation 6 months

o Related intenection improvement (16 intersections) 18 months

Test operations began in April 1987, after .improvement work had !pn_ complqtg{.
Follou,ing the four rionths required forre-qdjusting-the compurcr software, the Penang ATC
Center was officialty opened in August 1988.

The Munircipal Council of Penang Island.paid for the installation of ttre cenral and terminal

equipmeng and the work on intersection improvemenl

Jolrrul of thc Eastcrn Alii socicty fc Trursportatiur stdict, vol.l, No.2, Autunn, 1995
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6. EVALUATION OF PENANG ATC PROJECT

6.1. Traffic Survey

The relevant uaffic suweys conducted with a "before and after study" to evaluae the ATC
System were:

(1) Traffic oount survey at intcrsections
(2) Travel timc suney on main routes

Thcsc suneys werp used as a basis for comparisons for the 'before and after study." This
scction discusses thc raffic corditions befor6 and after the opcration of ttp ATC systcm in
1987. It is described under the following items:

(l)Trafficvolume
(2) Traffic composition
(3) Travel time
(a)Dclay time

6.1.1 Traffic Volume

Tablc l. shows ttrc moning and evening peaks as well as the l2-hour uafEc volumes (in
tcrms ofPCU) obtained from thc "before and after study". On thc wholc, therc is an increase
of 2.8% in thc l2-hour trafftc volumc for the intenections covered undei thc ATC Sysrcm.

Table I Traffic Volume 'Before' and'After' lnstallation
Intcrsection Traffic Volumc

No. Namc tscforc/
'Aft r'

fnstelletion

Morning
Peak

(8am-9m)

Evcning
- Peat
1(5*-6r^)

12 Hour

(?am-7om)

Total
Beforc
AftGr

Diffcre,ncc
Dffcrcnce

PCt
PCU
PCT.I

%

46301
48r40

1839
4.0

6t220
63678
2458

4.0

62t954
639602

17648
,R

6.1.2 Traffic Composition

Table 2 illusrates thc raffrc composition of l2-hour vehicle traffrc volumes obtained ftorn
thc "before and aftcr study." On ttre wholc, the taf6c composition docs not .exhibit
sigrificant changes

Table 2 TrafEc Composition of l2-hour Vehicle Traffrc Volumc
'Beforc' and 'After Installation

Intcrscction
No. Nanr

Bcfore'l
'Aftrr'

Instrllation
Motor-
cvcle

Crr.
Taxi. Van
& Pict-up

Modium

Lsry &,
Mini Brr

Hoavy

Loiny e.
Brr

Othcrc Totel

Total Beforc
Aft r

Diffamc

48.7
50.3

l6

40.6
39. l
-1.6

t.7
1.7
0.1

1.6
1.6
0.1

7.4
7.4

-or

100
100

6.1.3 Travel Time

Onc of !t"-*"y! to evaluatc the ATC System is by comparing rhe travel time along ccmain
touEs obtained fqnr the "befq€ and after study." Gerrcraily, tE mcning peak travci tfurr is
rcduccd by l5%, aftemoon peak by 12% andLvening peal by as mucf;s 22vo. Thas, trc

Journal of tlre Eastcrn Asia Socicg fr Trmspor.tation Strdies, Vol.l, No.2, Autumn, 1995
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traycltirncalmgallthcroutcsconsidcredisreducedbyabout 16%. Figure 13 illustrates the
dificrcnce in'tcfqe and afor study" travel time for morning, afternoon and evcning peaks
as wcll as for all peak periods.

Howcv6, this comparison of thc "beforc and aftcr study" uavel time is basod on different
data, i.c. difrerent traffic volume. It must bc noed that 0re after study traffic volume is
highcr than thu of the bcfsc sMy. Thus, if thc same level of trafEc volumc is uscd for ttrc
aftcr study, then thc travel timc will be shorrr than it was surucyed.

Table Travcl Time ard Travel Speed 'Befqe' and 'Aftcr' Installation
Routc

Pc* P.rlld Distrrc
(tm)

TnvclTimc Travcl Soccd

'I.fo. Ntrp 'Bcforc'
rctrll rlian

'Aftct'
fnctrll rtian Differcncc

lsccord) %

'Bcfore' 'Aftcr
Installation

(kn/h) &mA)
Diffanmr

(sccond) (sccond) (km/h)

SI,'B-Tf,TTAL Morning
Aftcrnoon
Evminl

27.93
27.93
27.93

4117.7

4558.1
5080.3

352r.4
40232
3974.9

-5963 -r4.5
-5v.9 -tr.1

-1085.5 -21.5

24.4
22.t
19.9

28.6
25.0
25.3

4.t
2.9
5.1

TITAL 83.79 13736.r l1519.5 -2216.6 -16.1 22.O 26.2 1.2

. The time perids fo the srwcy arc:
Morning 7:00 to l0:0 am
Noon l2:00to2:0pm
Evening 5:00 to 8:00pm

Moming Pcalc Aftemoon Pcak Evening Pealc AII Peak

PEAK PERIOD ! 'Bcfore'Installation

@ 'Xrcr'Installation

Figure 13 Difference in 'Before' and 'After' Installation Travel Time

6.1.4 Delay Time

Of the 16 intcrscctions that wer€ controlled by the ATC System, eight exhibiled reductions in
delay timc. Cfable 4.) Ttre main reasons for the reductions were: the establishment of dght
tunring lancs, building of pedestrian crcssings and improvements gained from the
inroduction of trafric lights, such as a changes in road priority and channelization.

Atinrcrscctions wherc thc dclay irrreased, it is thought ttnt the rcplacement of roundabouts
with tnffic lights limitod thc raffic flon, of thc priority rmds.
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Table 4 Delay Time'Before' anc After' Installation
Intersection Delav Time (Houn)

Comments
No. Name

'BefqeT
'After'

Inctelletion
Morning Peak,

f)m
Evening Peak,

Dm

Toaal

Average
per

Intersection

B€fqe
After

Differtrre

Befqe
After

Di.ffcrcoce

1182.4
7U.3

-398.1
-33.7%

78.8
52.3

-26.5
-33.7%

2315.8
t741.2
-574.6
-u.8%

t54.4
l16.l
-38.3
-u.8%

6.2 Economic Benefit from the Introduction of the ATC System

This chaptcr deals wittr the appraisal of the ATC system commissioned on April 1987 in
terrns of economic benefit.

Benefit is derived from the imp,rovement in traffic conditions. Generally one of thc bcnefits
considered is the difference in delay times measured by ttre analysis of ihe "before and after
study" d{q. Th" delay time can be converted to benefit in m6netary value using the rwo
aspects of time value and fuel consumption.

6.2.1 Procedure for Benefit Estimate

The procedure for benefit estimate is:
(1) Conversion from peak hor:r delay times to annual delay time
(2) Monetary conversion from annual delay time
(3) Benefit estimate for the ATC system

The following shows the methods and assumptions for each procedure.

A. Conversion from Peak Hour Detay Times to Annual Delay Time

For calculation of annual delay time, two processes were used:
. converting from morning and evening peak hour delay times o daily delay time.
. converting frorn daily delay time to annual delay time.

l) Daily Delay Time

Thc daily-delay-timeis defined as the total delay time resulting from ravel made by vehicles
from 8:00 to 18:00 hour. This can be calculited by knowing the one hour deliy time in
marinS pcalq evening peak and off-peak. Furthcrmore, a relationship bcnrecn peat trour
and off-peak hour delay time can bc obtained from the obscrved data at various intirscctions,
tlntis:

Do = 0.75 (Drn + De)Z

Where Do : off-peak hourdelay time
Dn : morning pcak hourdelay time
D : eveningpeakhourdelay time

Gktlations pcrformed at other intersections also produoed similar rpsults.

Jound of the Eastern_Asia Society for Transportatiol Studi6, Vol. l, No.2, Autumn, 1995
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Thc daily delay time can also be calculated by using only data of the morning and evening
pcak hourdelay times, ttrat is:

Dd=Dm+8Do+De
= 4@m + De)

wherc Dd: daily delay time (8:00 to 18:00)

2) Annual Delay Time

Thc number of effective days in a year is taken as two hundred and fifry days (250) having
subtraced all the Saturdays, Sundays and holidays from the total number of days in a year.

B. Monetary Conversion from Annual Delay Time

The transport cost due to delay time can be measured using the time value for vehicle.user
and thc cost of fuel consumption when vehicle is idling. The time values for car user and
motacycle user are M$4.57 and M$1.28 per vehicle hour respectivcly*. Based on the
cunpositionratioof cartomotocycle,theweighrcdtimecostinthe Study Area is estimated
as M$3.80 per PCU hour. Fuel cost is estimated. The fuel consumption when idling is
assumed to be 0.6litretr**. Since the cost of gasoline in Penang Island is It{$0.93 per litre,
the frrcl cost for onc PCU vehicle is M$0.57 per hr.

C. Benefit Estimate for the ATC System

The benefit derived frun computcrization of signalized intersections can be measured by the
difference in transport cost due o delay time.
tSotce: Klang Valley Transportation Study 1986
ttSource: Association of Tralfic Conrol Frility, Japan

6.2.2 Estimated Profit

Table 5 pres€nts the rcsults estimated for both "before and after study" acco,rding to tlre
above mentioned procedure, and it also shows the difference benvecn both studies.

A. Estimated Difference in Delay Time

The annual delay time for the fiftecn (15) interseaions arc cornputcd for "before and afrt''
traffic conditions. The differene in delay time arp then estimated and presented in Table 5.
As tlp results indicate, ttrc ATC System could be expected to redrrce annual delay time by
apprroximuely nine hundred and seventy thousand (970,000) hours or a reduction of 28%
fi6m the annual delay time of 3.5 millioi hours before the inroduction of ATC System. The
diffe,rpnce of the mean annual delay time per interscction is sixty-frve thousand (65,000)
hours.

B. Benefit Estimate for the ATC System

Thc benefit dcrived by computcrization of signalized intcrscctions can bc measurpd by ttre
differcncc in transportcost due to dclay time. From thc estimatc, thc ATC system could be
expocted o gain annual benefit of approximarcly (M:$4.3 million) or to save 28% of frrc,

annual transport cost (M$15.3 million bcfqc thc opcration of thc ATC System). Tlme valrrc
saving is M$3.7 million and fwl saving is M$0.6 million.

JornalofthcEasternAsiaScictyforTransportatiotSttrdics,Vol.l,No.2,Autturut, l99i



Table 5 Annual Delay Time and Annual Transport Cost 'Before' and 'Aftetr' Installation

6.3 Conclusions of Penang ATC Project Evaluation

Traffic surveys "beforc" and "after" the installation revealed the following benefits: (Sec
Figure 14)

oRcduction of uavel times on majorroutes by approximately l6Vo

oReduction of delay times at intersections by approximately 28Vo

oAnnual benefit of approximately M$4.3 million

The otal cost of the Penang ATC system was M$3.2 million (Y210 million). Of this
amount, M$23 million (fI50million) was borne by ttre Municipal Council of Penang Island
and M$800,000 (Y60 million) was conributed by JICA. The investment cost was thcrefore
recovered in nine months. Since benefits from the reduction in tafhc accidents arc non-
quantifiable, they are not included. If such data was considered, it is tikely ttrat ttre benefits
derived frrom the ATC system would be even greater.

Although the author of this paper was able to predict that the traffic control system would
lead o certain improvements in traffic problems from his own experience, the benefits
gained in Penang far exceeded his predictions. The implications of this arc that dramatic
results can be achieved if measures to deal with raffic problems, such as traffic conrol
sysEms, are implemented at an early stage when raffic volume is low; the damage tb society
caused by such traffic problems can thereforp be prevented The positive effects of the
Penang ATC system also confirmed the of ttre timing of raffrc control plan
implementation in improving raffic problems.

Toshihiko OYAIvIATSU

Travel Time

Delay Time

Installation Cos

Annual B€nefit
Estimated in 19&7

M$3.1 million

M$4.3 million

Figue 14 Comparison of "Before" and "After" Installation of Stage I of the ATC System
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7. EXPANSION OF THE PENANG ATC SYSTEM AND FEASIBILITY
STUDY

A survry Eam was dispatchcd ftrom July 19E6 !o November 1987 by IICA. Thc purpose of
this dcreloprncnt strrdy was b draw up comprchcnsivc traffic oontrol plans for thc Pcnang
Statc, and m considcr thc feasibility of expanding thc computcrizcd ATC syscm @cnang
ATC Ccnar) as part ofthcsc plans.

Thc final rcport madc thc following projcct proposals:
1. Plan forcxpansion of Pcnutg ATC Ccntcr (Scc Figure 15)
2. PIan fa cxrnsion of Wcld Quay Road (highway)
3. Plan fcconstruction of a ncw bus tcrminal in ccntral Geage Town
4. Plan fr consurrtion of off-stleet multistory car parts
5. Plan fq bus rcncwal

Thc Municipsl Coturil of Pcnang Island has strongly rcquested that a survcy bc condwted
ino bus transport in thc area Thc possibility of srch al survoy nccds to bc considercd-

Figurc 15 Ovenicw of Fcnang StaaTraffic Crntrol Systcm @uturo Stagc)
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t. PENANG URBAN TRANSPORTATION SYMPOSIUM

The Penang Urban Transportation Symposium was held jointly by the Municipal C-ouncil of
Penang Island and IICA, and was chaired by the present author. Announcements were made
and discussions were trcld regarding the progcss of the Penang ATC project and thc
economic efrects of Stage I of ttre project. Ttre results of the survey of plans for extcnding
thc trafEc contnol system were also announced by the IICA study tcam.

9. CONCLUSION

Technical cmp€ration in Penang traffic control planning has been continuing ever sincc thc
IICA survey tearn was first disparched in 1979. Progress is also being made on Stages II
and trI of ttrc project and on the expansion of the control area, as was mentioned in thc
survey report.

Traffic signals, cenrally controlled at the Penang Traffic C-ontnol Center, have succeeded in
dramatically improving uafric flow on the island, thus avoiding the problem of excess Eaffrc
inflow after the completion of large-scale urban development projects such as Penang Bridge
and the KOMTAR complex. Japanese traflic control technology and raffic engineering havc
been highly acclaimed by the Municipal Council of Penang Island for contributing to thesc
improvements.

Although the running of the traffic contnol centcr has been handed over to the Municipal
Council of Penang Island, which administers the local traffic, management of ttre centcr for
the time bcing and future plans for expansion of the system rcqute continued backup from
JICA.

The present authorrpvisitedPenang last year, and can confirm that tlp Penang ATC Ccnter
is functioning smoothly and that there have been no major brcakdowns.

The yearly increases in raffic volume accompanying Malaysia s rocent economic
development are, however, causing traffic congestion to deteriorate in areas. not covered by
the ATC Center. Although there are many issucs which need o be addressed-including
economic and government policy problems, and obtaining the consensus of o,rdinary
citizens-the author of this paper hopes that progress will be made owards the fulfillment of
Sages tr and Itr of this project and that as much support as is needed wil be provided
within ttre framework of the friendship that exists benveen ttre Municipal Council of Penang
Island and the City of Yokohama-

Ttrcrc arp also a variety of issucs that need o be considercd in thc area of technological
cmpcration. JICA is, howevcr, working toward solving these and O p,romoting
technological cmperation not only in traffic engineering and urban raffic planning, but in all
thc areas in which the Malaysian government rcguese help. It is o be hoped that urban
planning will conribute to the devclopment of even closcr ties bctrveen Japan and Malaysia.
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