Chapter 5

5.6  Road Maintenance -

5.6.1 Introduction
The purpose of maintenance and repair operations are to sustain the roads and
associated facilities as initially constructed or as later improved, so that traffic
safety, smooth traffic flow and comfort will be achieved on the expressways and
highways. ' '
The maintenance works can be classified as follows:-

1) Inspection

Inspections are 'performed to repair road and maintain them in such condition
that no hinderance to traffic will occur.

2) . Road Cleaning

Road clea'nfing involves re'movihg dirt and trash from the road surface and
various facilities as to keep the surface clean and avoid traffic obstruction,

3) Vegetation Control
Vegetation control consists of cultivating new growth, maintaining full-grown
vegetation and renewing old and falling vegetation so. that grass, plants and
trees can fulfill their intended purposes of providing mental refreshment for
drivers, creation of scenic beauty and conservation of environment,

4) Repairs

'Repairs include repair of pavement, earth works, traffic control facility,
bridge, tunnel, etc.

5) Maintenance of Road Fixtures; Fittings and Equipment

“This item includes the daily inspection, maintenance and repair of buildings,
machinery and electrical equipment as well as communication facilities.

Specifically for the establishment of a traffic control and management system

master plan, only inspection and traffic control for road maintenance will be dealt
with in this section,
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5.6.2 ~Patrolling, Inspection and Repofts

Daily patrollmg along the expressway and highway isa bas:c but essenhal activity
for maintenance work. This is to detect or identify those defects that may post a
danger or serious inconvenience to users such as traffic-accidents, sp:llage of bulk
- hazardous liquid material, major structural collapses, sink holes or ma_;or earth

slips. As such, inspection must be carried out to correctly understand, estimate and
evaluate road conditions and utilization patterns.

The three categories of road inspections that will be performed fo repair roads and
maintain them in such condition that no hindrance to ordinary traffic or others will
occur are daily inspection, periodic inspection and extra inspections,

1) Daily Inspections

“In principle, road patrol is performed once a day to conduct regular inspection
of road conditions and to grasp utilization patterns.

2)' Periodic Insp_ection’s

Periodic inspection on foot is conducted on the nearest possible approaches to
all structures including signs and road surface once or twice a year.

3)- Extra Inspections

Extra inspections are performed when needed, such as during the rainy season,
before and after the typhoon season and after concentrated heavy rains.

- The findings obtained from the inspections must be réecorded on an adequate
format. The maintenance programme will be established based on-the inspection
reports, Figure 5.6.1 depicts the inspection work flow in terms of the coordination
amongst inspection, study, repair and monitoring.
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5.6.3

In 1988, Malaysxan nghway Authonty has prepared a Mamtenance Manual for
Expressway and Highway. Nonetheless, the f ollowing matters are recommended
to make the manual more pracncal and effi ment

iy to xdentnf Y. the mspectmn 1tem and its frequency;

ii) to establish the inspection record formats and their analysis method For this
. purpose, road inventory ‘data is very useful; : :

iii) orgamzanon set-up for the inspection works; -

iv) preparation of inspection manual.

Traf'fic'Controi for_ Road Maiﬁ'fehance

Certam road mamtenance actwmes require the. closure of part of the expressway

and thus create disturbances to the traffic flow; To minimize the possibility of
accidents, traffic congestion and inconvenience to road users, road maintenance

-plan‘ning and approiariaie tr’affic control are essen_tial.

The objectwes of road mamtenance pianmng 18 to minimize dxsturbances to traf fic
flow such as the use of collective repair work method and finding suitable txme
perlod for repanrs or maintenance like mght time and hohdays While obj jBCtIVB of
traffic control for road maintenance is to provide information and warning to on-
coming vehicles about maintenance work being carried out ahead, the common
road mamtenance work requmng systematlc traffic control and regulation are:-

i) Overlay of pavement and pavement repairs

ii) Lane marking.

iii) Road cleamng and vegetation comroi

iv) Traffic safety facilities maintenance (eg guardrall 51gnboard cleaning, etc.)

.v) Painting of bndges

vi) - Erection and cleaning of noise bamer
vii)} Others (like transmission cable work, etc.)

Similar to traffic regulation measures undertaken when accident occurs, traffic
regulation measures undertaken for road maintenance may take the followmg
form:-

i) Closure of road shoulders

ii) Closure of one lane

iii) Closure of one carnageway and diversion of traf flc into the other carriageway
to function as a two directional roadway :

iv) Temporary reduction of speed limit - -
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Chapter 8

Figure 5.6.2 illustrates an example of a traffic control and regulation on an
expressway requiring the closure of one lane for road maintenance work,

The above-mentioned Mainténance Manual prepared by MHA should include the
traffic regulation measures undertaken for road maintenance,
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5.7.1

Chapter 5

Traffic Safety

Sc‘opejof- Traffic Safet‘y

. I‘he traffic sat‘ety proposals cover mamly two basic: functions, i.e. accident

preventxon and mmxmxzatson of damages to toad users and properties.
The three fgctors governing the occurrence of traffic accidents are:-
i) Traffic and road environment

il) Road users

iif) Vehicles

Countermeasures against traffic accident must comprise measures both to prevent
the occurrence of accident itself and to minimize the injuries of road users.

The component of traffic safety is shown in Figure 5.7.1. Basically, safety
measures for accident prevention is illustrated in Nos.1 to 5 and minimizing

' damage by accidents is depicted in No.6 in the figure.

'A'ccid'ont analysis (No.7) is not directly related to these two functions but it 1s
closely related to proposal of appropriate traffic safety plans and measures in the
future.

The basic promotion of traffic safety can be conducted through 3E methods, that
is Engmeermg, Enforcement and Education. However another E, that of
Environment has been added to this approach due to the recent increase in the
awareness of the role of environment on human behaviour. Engineering is
responsible for highway design, construction, etc. as well as design of vehicle from
the safety viewpoint. Enforcement is vital in ensuring smooth traffic flow and
comply of traffic regulations. Education is useful in instilling consciousness,
attitude, skills and knowledge of traffic safety.

The introduction of such a comprehensive approach can be expected to prevent

“accident and thereby enhance traffic safety.

5-61



ﬂ

mocw.uu,._. mEiET

_‘m._u\:._n JeulwLaY Jog ucosm.;o._a:; TI_

DLijel) BALIDR42T 30 mucmemuLQEm

uo..,pcou\oucmv 1ng

-

_1|2u>u.hou.ox mo xuﬂ.mm ay: mcr_suum 1

aoueusl
-UiBy pue UOL30adSUl F1JLUDA JOIOW

dr2fng o1f{v4 | Ho mequﬁe..u LS ey

49040 D133241 4O IUSAYSEIGRISI
L G OM .

ﬂmuEqu. m.o ucmcm.»og_uﬁ

L aaoses

p—

Losya
aa...knwumm wm.“m.;n ucu_upuu« mocowu

-UBARId . JO4 SBINSEAY 4O co.muo.Eo._m

uety |
aa..pu.EEﬁ( 23ALIQ 340 ucm&ms.o._&__

-

- - 7 :
UoL1eInNP3 JSALI( JO JUSWIAOIdH ] ﬂu_

" [9sn s1128 3295 s10w04d 03 sUELeduR) [

: sat
-31AL29Y A3i2119nd 4O LotlepLiosUO)

veLzesnps >uo
-wmm SLj3Rd) BuOY-2;17 30 Uoijowodd

_

1043
~UOT D131BJ1 BAL3S934T 30 UCLIOWOIY

E-TIEY S
1984 \.uummm DlIIBIE 3O JUIISACIGY]

_peoy 30 JuatRAssdu]

3191U3A 40 v,"mucmpmy.\ .

muommm EXEITCTE mo oucmcwucﬁx .T
. Q 02

_ r-L

T

- 7N,

ButAlJg sies

L

saydioutag
»ummmm PSR e_oSmEEmmw,o

Noz

7 IAOILAUT PEOY 10 IUSWIA0IN] T
& [R8~.]

1

sLsA1eUy UapLoDY
T LTeN

Azmssaldxa wo Azages Dispedl .

souwxm 22LAJSS
1@3LpoN " AausBuawg pug . uotledadn

NISIY. AJUSBIAWI 10 JUMBAOJY]
] 9°oN

. W2ISAS FILALSS
ﬂmuﬁoz >ucam.¥=m $0 ° JuswsAcIcky]

w1548
aNosay Aocuabiawg  Jo  JuaneAcJsdnl

5262



Chapter 5

572 Level of Traffic Safety

In enhancing traffic safety on expressway and hlghway, steps should be taken to
introduce the components as deplcted in Figure 5.7.1 mdmdually and collectively.

Social and ecanomic factors hoWever are unlikely to permit easy application of
every traffic safoty measure s:multaneously As such, the selection of plans and
its priority become very xmportant tasks for road safety planners. Generally, the
selection of improvement plans and its priority are determined by several steps
based on the adopted definition of traffic safety level. At the early stages, basic
and fundamental level of traffic safety measures can be introduced as the minimum
level,

In determining the minimum level, the preiniée of B=f (P.E), where B = Behavior

(Trafﬁc behavior); f = Function; P = Person (Driver and pedestrian) and E =

Environment (Road eanvironment), is very helpful as it prioritizes the human

activities and road environment. Accordingly, the level of traffic safety is
. established as follows.

The first level involves safety measures from the human viewpoint, i.e.
psychological and physiological abilities of ordinary drivers. At this level, road
environment are important aspects in establishing environmental improvement
" plans for traffic safety. '

Accidents on expressway and highway usually occur when the man-machine system
broke down In case of dnvers ‘who are unfamiliar with safe driving due to lack
of saf ety knowledge and improper attitude, corrective safety measures are required.
This takes the form of safety education which is not only needed for drivers but
also for other road users like pedestrians.

The second level of traffic safety is established on the premise of relief measures
for traffic accident. The relief measures are related to several items such as
" driving licence system, vehicle maintenance system, insurance system, etc. These

systems are closely related to the occurrence of accidents when the man-machine

system broke down. '

The final level of traffic safety is established on the premise of total safety
whereby it is able to rectify both human errors or mechanical troubles.
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573

Based on these three level o'f traffic safety, the first level is recommended to be the
first step traffic safety measures for expressway and highway in Malaysia.
Accordingly, the recommended traffic safety measures are:-

1) Improvement Plan of Safe Road Envzronment _
2) D;ssemmatlon of Informatxon on Traf fic Safety and Safe Dnvmg

In addition, it is proposed that the:-
3) Estabhshment of Accxdent Analys1s and Reportmg System

be carned out even though 1t is not d;rectly related to human behawor on
expressway and’ highway bui nonetheless 1t 1 closely related 10 trafflc safety
actnvmes durmg accndents

Improvement Pians_ for Traffic Safety
1) Improvement Plan of "Saf.e Rbad Environment

On the irﬁp_rovement plan of safe road environ}nent,_ the following major items
are proposed:

) linprt)vem'ent of Traf’fiej_Safety Fac_ii_iﬁés__

i) To repair guard faeihues and to avmd any unlawful mvaders

i1} To install efficient warning signs for the sectxon of sharp
‘curvature or steep vertical slopes,

iii) To lmprove ‘sharp taper markmg which warns dnvers about
_reduction of soft shoulders on approach to bridges,

iv) To provxde streamer (wmd socks) at sections whére cross wind
OCCUTS, :

(b) Improvement of Road Desigo
i) - Tosmoother sharp entry and ex1t ramps to mterchanges or rest

areas, _
ii) To pave the soft shouIder for motOrcycle
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Chapter 5

" (c) Introduction of Minimum Speed Limit

Table 5.7.1 shows the existing and proposed speed limits for North-
South Expressway and toll highways. A minimum speed limit of
50 kph is proposed for the motorways. The introdu_ction'of this
minimum speed limit is however.not timely at this moment as a
large ‘number of vehicles on the expressway are observed to have
unsatisfactory conditions. When the level of vehicle conditions
especially that of heavy vehicles can be upgraded and controlled
with more stringent vehicle inspection in the near future, the
minimum speed limit should then be introduced to enhance traffic
~ safety. '

Table 5.7.1 : Existing Expressway and Proposed Speed Limit on
North-South Expressway and Toll Highways

Type of Vehicle ’ Existing Proposed Speed Limit
: Speed Limit © o {km/nd
tkm/h) R L nnR L LR R L LT PRI PP
High Louw

NORTH-SOUTH EXPRESSWAY

- Bukit-Keyu Hitam-Jitra 90 70 -
Jitra-Girun 110 110 50
Changkat Jering-Ipoh 110/80%, &5%*  110/80%, 65%% 50
Kuala Lumpur-Seremban 110 90 50
Seremban-Air Keroh 110 110 50

............................................................................

* . OTHER TOLL HIGHWAYS

- Senai Highway 90, 70, 30 90, 70, 50 -
Penang Bridge a0 - 80 -
Kuala Lumpur-Karak Highway . 80/40%* 80/40%*% -

Note: * - Mountainous Section
** - Tunnel

The d_etai_lé of the improvement items for safe road environment inclusive
of its implementation priority for expressway and highway are shown in
Table 5.7.2. In addition, a detailed safety improvement plan of Karak
‘Highway is shown in Appendix A.
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2} Accxdent Anaiys:s and Reportmg System

Accident analysw and reportmg system is recommended as part of the safety:
proposals as it is essential for research into causes of accident which then
enables the proposal of appropriate actions or plans, The 1mprovement 1tems

" which should be 1mplemented 1mmed1ateiy are illustrated in Table 5.7.3.

Table 5.7.3: Improvement Items for Accident Analy'sis and Reporting System

i Accident_ﬁhalysis,and lmprovement Items
-and Reporting $ystem

"_iPreparation'of Actident Preparation of Highuay Accident investigatibn
Analysis and Report1ng Sheet

3)

System

Establishment of Accident Reporting System

set-up of Accident Analysis Team

A sample of the nghway Accldent Invest:gatlon Sheet can be found in the,
Operanon Manuat

Dissemination of Iefermation onT raffic Safety and Safe Driving

- From the Viewﬁeiﬁt‘df road users, the dissemination of inf ormation on traf fic
. safety and safe’ dnvmg are. recommended as the second component of the'

safety preposals 1t is divided into two aspects of traffic Safety campaign and

E 1mprevement ‘of safe driving on expressway and highway.

‘a) Traffic' S'a__fet'y Campaign

- For tr'afffic' safety campaign, the following items are proposed:
i), Public relation activities of MHA,

iy - Publicity of "Expressway’ to road users,

1il) Preparation of expressway map,

iv) Traffic safety campaxgn on expressway drlvmg

An example of the safety campaign is ill_ustrated in the Operation Manual,
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Improvement of Safe Driving

On the improvement of safe driving, the following items are:
recommended:

‘i) Guide book on safe driving,

ii}  Introduction of safety guidance,

. iii) . Holding of traffic safety symposium,

iv})  Other related activities by MHA.
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6.0

6.1

6.2

6.2.1

" PRELIMINARY ENGINEERING DESIGN

Introduction

This chapter presents the pre]i;ninar'y engineering design for the traffic control
and management system. The design is based on the premises of the master plan
discussed in the previous chapter, which includes tasks and responsibilities of
regional and mainténance offlces, traffic management level, location of control
centers, system £ unct1ons and configuration, and installation standards for roadside
eqmpment k : : : ' '

The fmal step of prelimmary englneermg des1gn mvolves the preparatlon of

- drawings for the installation of various roadside equipment and communication

cable, and communication network. In this chapter, however, specification and
installation standard of each of the equipment are described in detail. Each section
covers one equipment or sub-system. A total of 13 equipment and sub-system are
presented in Section 6.2 through 6.14.  The preliminary engineering design
requirements elaborated here thus will provide the basis for the detailed desi'gn at

the next stage.

Emergency Telephone

‘Intr_'o.du'ctien '

Emergency telephone'is a comimunication tool for the road users who need to
contact the road management body for assistance in case of accident, car trouble
or running out of fuel on the expressway and highway where no other means of
communication is available. Emergency telephone system must be designed with

the ollowing requirements taken into account:

* Handhng and operation of emergency telephone by the user must be simple
" -and straightforward

# . The’ system must be capable of automatncally identif ymg the calling telephone

) w1th0ut asking the caller.

“- % Communication between the callmg telephone and receiver must be clear even

" ‘under the great traffic noise.

¥ The system is capablé of automatncally recordmg communication between the

caller and the operafor on a tape with a time stamp.

o The system is capable of transferrmg ‘a call from the receiving desk to the

mamtenance offxce toll plaza etc. when necessary



6.2.2

6.2.3

6.2.4

Presently, emergency telephone system is mstalled on the North South Expressway
between the Seremban - Ayer Kéroh. section. New system proposed here is
designed to be compatible with the existing system. The roadside telephones are
retained in the new system, while the existing emergency telephone receiving desk
at toll plaza will be replaced along with the new central equipment at the control
center to be established at Ayer Keroh.. .

System Conf ignratio_n '

Emergency telephione system consists of roadside telephones along the expressways

" ‘and highways, emergency telephone central controller, and emergency telephone

receiving desk at the control center, Monitoring eqmpment is provided to the
maintenance off ice to momtor the call from within its jurisdiction and, to receive
a call when it is not attended to, by the operator in the control center due to

'_multrple calls or malfunctron of the equipment at the control center..

Type of rf'I"elephone.Set .

Basically, there are two types of emergency telephone set, one wrth a burlt -in

' speaker, a mterophone and one or more push buttons to initiate a call, and another

type with a handset same as the one provided to the ordmary teIephone set. In the
latter case, call is initiated automatrcelly by lifting up the handset from the cradle.
Functionally these two types are the same. The former type is already in use in
Malaysia and is recommended to be used for the rest of the expressways and
highways.

lnstallation_Standard' '
i3] Instailation Interval

Emergency telephone is mstalled ata certam mterval along the expressway or
highway. For systems in other countries, the installation interval ranges from
200 meters in tunnel, 800 meters to 2 km along open air sections. If the
interval is longer, the number of telephones requrred to. cover a section of
the expressway is oberusly fewer thus reducmg the total cost of the
emergency telephone system., ‘Drivers who need to use the telephone, however
will have to walk longer distances to reach the’ nearest telephone. On the other
hand a shorter mterval requires more telephone sets and thus h;gher total cost.

It must be noted however that cable and its mstallatron cost is almost the -
same regardless of the interval as the cable must be installed along all siretches
of the expressway or highway where emergency telephones are to be installed,
and the difference in cost of center equipment is marginal.
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Chapter 6

The existing émé'rgency telephone system between Seremban and Ayer Keroh

: adopts an_interval of 2 km. This is regarded as too long as it takes fifteen
_minutes for a potential caller to reach the nearest telephone which js 1 km

o away in the worst case. An interval of 1 km is recommended in the proposed

2}

system,

Guide sxgns showmg the dnrect:on of the nearest telephone must be installed
at mtermedxate locatnons An illuminated s;gn ‘at each teIephone location is
des:rable for easy 1dent1f’1cauon at night. . However, the illuminated 31gn
reqmres power which is not easily available at most of the locations along the
routes under study so that reflective sheet on the telephone housing is
recommended as an alternative.

Installation Location

Two telephones must be 1nstalled at the same locatlon on opposnte direction

to prevent drivers from trying to Cross the expressway.

The foilowin_g_ locations however must be avoided for installing the emergency
telephone:

* Wi_thi_ﬁf 100 meter upstream and 50 meter downstream of a sign except
overhang type sign,

*  Within 100 meter of an over-bridge section,

The installation standards are shown in Table 6.2.1.

Table 6.2.1: Installation Standards for Emergency Telephone

Freeway Installation interval Installatijon Location

*1

Motorway/Expressuay 1 km interval At the same location on both sides

in opposite direction

- : L

Karak Highuay 1 km interval on one side 2

Hote: *i- Only applic_able 1o .certain séctions of expressway where access to
external enviroenment is not available.

*2e 1t is sufficient as Karak Highway is a two-lane highway.

No emergency telephone is inst'al'léc_i' on Senai Highway and Federal Highway
as the access to the outside of the road is easy along these routes.
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6.2.5

6.2.6

-Telephone Cil‘cuit Conf iguration

A vanety of c:rcmt conf 1gurat10n are’in use rom the simplest COIIllSCtiO]l method
- of one circuit per telephone to the mulnpie party line confi lguratzon in which a

group of 8 to 20 telephones share one or two common circuits.” In the party line

“system, 1dent1fmat10r_l of the calling telephone at the receiving console must be

made possible. Considering' the low frequency of use, the multiple party
confxguratlon with a maximum of eight telephones per circuit is recommended.
Addxtmnal circuit will be provnded to each telephone for direct connection to the
maintenance office. For this purpose, the madssde teiephone is equipped with a
key sthch through which the circuit can be sw:tched to the mamtenance office.

Operation

When a road user mmates a call by pressing the’ ‘push-button ‘switch on the
telephone panel, an mdxcator on the graphlc panel will flicker, chime sounds and

'schemanc dlagram of the calling teiephone location " is dlsplayed on the CRT

terminal to notify the operator of the. call. " By pressing appropriate key,
conversation is possmle between the caller at roadside and the operatar in the

“control ¢enter, Tape recorder is provided to the system for the automatic

recording.

" At the console, capablhty 13 prowded to enable the transferring of calls to other

offices such as maintenance office or to]l plaza f' or direct commumcanon
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6.3.1

Chapter 6

¥Yehicle Detector

Introduction

Vehicle detector is used to detect automatica}ly the up-to-date traffic information

" such as volume, speed and congestion degree on the expressway and highway.

632

6.3.3

Detector data are then processed coliectively in a manner that traffic management
officials can continuously monitor the traffic situation for prompt reaction in
administering the necessary first aid countermeasures. :

System Conf iguraiion

Vehicle detector system consists of vehicle detectors installed along the expressways
and highways, detector data processor at the maintenance office and central
computer system at the traffic control center.

Type of Vehicle Detector

There are two'type-s of vehicle detectors being used widely, that is loop and sonic
detectors. ‘

1) - Loop Detector -

The loop detector is currently the most widely used means of vehicle detection
because of its accuracy and flexibility. As such, it is recommended to be used
on the Malaysian expressways and highways,

Thie loop detector generates an electro-magnetic field when a current is passed
through a loop of wire. The iron component of vehicles will interrupt the
‘magnetic field and this. interference is detected by the electronics component
of the detector. : _ ' :

The loop detector is capable of a broad range of vehicle detection. Loops
can be desig_ned to sense the presence of vehicles in addition to detecting the
passage of a vehicle. Lane occupancy, speed, and volume can be determined
from loop detector output signals. For measurement of accurate speed, two

- loops are placed at a certain fixed longitudinal distance, and the speed of an
individual vehicle is calculated using detection time difference and the
distance between the two loops.
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Classification of ' vehicles into two types, large and small by vehicle length, is
also possible by two loop installation, in which a vehicle is regarded as large _
if both loops detect a vehicle srmultaneously :

This two-loops system is recommended for use on the Malaysnan expressway
and hnghways to obtam niore accurate speed data and vehicle classification.

However, for mstallation of loop detectors, caution has to be pa1d agamst any
_possibility of the loop coil wire (whrch are installed under the pavement) being
' damaged ar broken and influence of any nearby iron structure at the Iocation.

2) Sonic Detector

The sonic detector transmxts pnlse beams of ultrasomc energy thruugh a
transducer towards the roadway. These beams are then reflected back, by the
presence of a vehicle, to the t_ransducer whr_ch_ converts them to slectrical

energy.

The sonic detectors are available with two methods of sensing head installation:

* Overhead type.
* Side fire type

The detection accuiracy of overhead type detector is’ higher than that of srde '
fire type. :

Unlike the loop detector, sonic detector can be applied at location with poor
pavement condition or influence of iron structure.

6.3.4 Instaliation Location

Vehicle detector is mainly installed at all through 1anes at representatwe leeanon

- between interchangés for the. sect:onal traffic -volume and speed. In addition,
detectors are installed ‘to ceﬂect access and egress traffic volume at major
interchanges. For the former purpose, loop is installed at about 500 meters
upstream of off ~ramp taper end, while loop at on- and off-ramp is placed at such
p]ace where less m-eguiar runmng is expected ' :

For other purposes hke congestmn detecuon, deteewrs are placed -at. mtervals of
500 meters, in the congestzon prone area to detect the congestmn or queue Iength
“Table 6.3.1 summarizes the mstattatmn standards of veh:c}e detector at each
management level, s R T S
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Table 6.3.1: Installation Standards of Vehicle Detector

1) Motorway

" Location ' ~Mainline on & Off-ramp
Level -
Leve_l 1 1 location between major cities c .
Level 2 "1 location between 1Ts ¥ajor 1Cs
Level 3 Recurrent congestion area -
2) Expressway
V Location Mainline On & Off-ramp
Level .
Level 1 : 1 location between major cities -
Level 2 - 1 location between major I€s -
Levet 3. . V oo Recurrent congestion area -
k3] Kara'i( Highway
Location - Héinline . 0n & Off-ramp
Level . . .
Level 2 1 location between toll-éate -
ard tunnel
Level 3 : Recurrent congastion area -

Note: The main functions of vehicle detectors in each level are as follows:

Levels 1 and 2 - to detéct traffic voluve and speed
Level 3 - to detect traffic congestion

6.3.5 Operation

‘Detection data of ach vehicle passing over the loop sensor are transmitted in real-
time -mode from the detector unit at site to the detector data processor in the
maintenance office. The data are processed into such five-minute traffic data as
traffic volume of small and large vehicles, average speed, and occupancy rate.

e These processed ‘data are then sent fo the control center for monitoring and
zecordmg In the maintenance office, traffic data are displayed on the monitor
panel and printed on the typewriter, if necessary. In the control center, data are
displayed on the graphic panel or on the CRT to help the operators in the center
to grasp the traffic conditions, and stored on the magnetic tape for future analysis.
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6.3.6 Specifications

1) Loop Sensor

a
b
<.
d

Standard Size: 1.5 meter (longitudinal) x 2.0 meter (lateral).

"Number of turns: 3 turns or more.
Burying depth: ~ 60.- 100 mm below road surface.

Separation: Two loop coils wili be placed 5.5 m (standard) apart.

2) Detector Unit

3)

L L

ge =

Number of loops: 6 loops maximum.

Speed: 1-160Km/h, -

Resolution: © 2.3 meter (longitudinal).

Inductance range: 50 - 300 micro- henry.

Compensation:  Automatic compensatmn against inductance variation
R within +/- 10 %,

Presence time:  More than 5 min. for the inductance change of 2 %.
Interface with detector data processor:

‘Data: Detection signal of each vehicle and maif unct1on

- of detector unit.”

Transmission method;:  FS-TDM,

Number of channels: 18 channels/line.

Detector Data Processor . -

Unit time: - 5 minutes or 1 hour,
Processed data:” - =~ o -
* Accumulated small car volume for unit time,
* Accumulated large car volume for unit time.
* Accumulated.total volume for unit time,
* Average occupancy raie for unit time.
* Average speed for unit time.
Compensation for power interruption
The processor shall be capable of holdmg the data correctly for 30 minutes
in case of power mterruptlon and resummg normal operation upon
restorauon of power :
Classification of vehicles : ' '

- Small < L=6m+/- 0 5 m < Large where L vehlcle length
Calendar and clock: Compensated for more than 3 hours,



Chapter 6

. Interface with transmission system

Following data for each direction shall be output to the transmission
system: .

* S.minute volume of large car: BCD 3 digits..

* 5-minute volume of small car: BCD 3 digits.

*5_minute occupancy rate: BCD 2 digits.

* 5-minute average speed: BCD 3 digits.
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6.4

6.4.1

6.4.2

643

Weather Observatory Equipment

- Introduction

Weather observatory SeNnsors wﬂl be instalied. at ‘the weather observatron statmn
along the expressway and highway to monitor the weather conditions wrth the
purpose of preventing - vehicle accidents. due to the worsening of climatic
conditions. Of the various sensors available, sensors. for rainfall and winds which
have great influence on the Malaysran expressway and highway are recommended
and described here.

System Configuration

Weather observatory system: consists of a rain gavge and an anemometer at the
outdoor observation station and weather observatory panel with a dot recorder at
the maintenance office. Functionally, weather data are sent from the observatory
station or panel to the control center for further processing, monitoring and -
recording.

Type of Equipment
1) * Rainfall Sensors

The sensor contains a water faucet measuring 200 mm in diameter and a turn-
over liquid system to measure the quantity of pregipitatioﬁ. When the liquid
measure turns over once with a rainfall of 0.5 mm to 2 mm, one electrical
pulse is generated. From the number of pulses, the quantity of precipitation
can be found. Normally, through use of the rainfall sensor, the following data -
are computed to monitor rainfall:

*precipitation for 10 minutes

*precipitation for 1 hour

*precipitation for 3 hours

*cumulative precipitation

*effective precipitation (during a given time) -

2) Anemometér
Several kinds of anemomnieter are available but the propeller type anemometer
is commonly used for the expressway and hlghway dpphcatrons For

meteorological observation, anemometer is usually placed at a height where
the wind is nof affected by buildings nearby, For measuring the influence of
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wind on movmg vehicles at spots along the expressway and hlghway and for
providing wind information to drivers, the anemometer is pos:tmned at the
height two to three meters above ‘the ground. An AC synchronous generator

- or self- synchronous generator is used for the detection of wind direction,
while a magnetic type alternatmg current generator is used for the detection
of wind velocity. The output of both generators isin AC voltage and they are
input to the averaging c:rcu:t to be converted into ten minute average.
Averages are of the form of DC voltage which is then changed into digital
signal by a AD converter for data transmission.

‘Range of nieas__t‘;fement is usuaily 0 to 60 meters per second ant_i 0 to 540
- degrees for velocity and direction respectively. The wind resistance of the
‘meter itself is necessary to be more than 70 meters per second.

6.4.4 Instsllation Location

Weather observatory equipment are installed at the location where heavy ‘rain or
strong cross wind are frequent which may endanger traffic safety.

For Malaysian expressways and highways, rainfall sensors are recommended to be
instalied at locations where annual maximum ramf‘all exceeds 3000 mm or daily.
i maxxmum ramfall exceeds 200 mm.

Based'on thés’e’ conditions, ra}nf all's':ensor's together with anemometer are required
at nearby areas of the following interchanges along the North-South Expressways.

" Alor Setar Interchange -
Gurun Interchange
Butterworth Interchange
Taiping Interchange

- Ipoh Utara Interchange

" Gopeng Intérchange
Bidor Interchange
Tanjung Malim Interchange
Kéjah‘g Interchange
Ayer Keroh

_Avyer ‘Hitam Interchange
: Kula: Intercha_nge :

R R B RN N kR

Because of 1ts locatlon ina mountamous regnon where Iandsl:de are prone to oceur,
rainfall sensor is required to be installed at one representative location on Karak
Highway even though the rainfall does not exceed the above-mentioned values,



Couriesy of Tokyo Road Engineering Co.Ltd, Japan

Weather QObservatory Station

- Courlesy of Toekyo Roa-c_i Eng_ineering C‘o_.L't_d. Japan

Propeller-type Anemometer -



6.4.5 Specifications

1) Rain Gauge

=

Type: .

Faucet diameter:
Turn-over rainfall;
Output:

2} Anemomeier

a.
b.

_3)_ Weather Observatory Panel -

a.
b.
c.

Measurement range:

Generator:

.Qutput;

Averaging',tim_e:
Accuracy.

Recorder:
Input:
Alarm: B

Chapter 6

Turn-over liguid measurement type.

200 mm.

0.5 mm/turn-over. . )
No-voltage contract output pulse of
approximately 0.1 second width,

540 degrees, 0 - 60 m/sec.

AC synchronous generator or seif-synchronous
generator (wind direction).

Magnet type AC generator (wind velociiy).
DC 0-3 V for 540 degrees.

DC 0-3 V for 0-60 m/sec.

10 minutes. . - _ . :

Less than +/- 5 degree for 540 degrees.

Less than +/- 5 % for 2-60 m/sec.

Dot recorder,

DC current or voltage input.
Alarm shall be output when measured data
exceeds the preset threshold.



6.3

6.5.1

6.5.2

T R %

. Closed Circuit Television System

Introduction

Although visual data provided by the closed circuit television (CCTV) system do
not produce ‘any’ quantitative data, they contain numerous unquantifiable
information and the system enables operators to mvestxgate traffic conditions in
greater detaﬂs at the center ' :

CCTYV system in 2 traffic control ‘and management system is used mainly for the
following applications:

Traffic flow mon_itering

Disaster prevention in tunnel

Weather observation’ ‘

Others '

CCTV system i one of the m{‘ormatmn collection tools and ‘used to conf;rm the

occurrence of congestmn and other incidents in con junctlon with the quantitative
data obtained by detectors. It provides visual information, which is more intuitive

-and comprehensive than fxgures and has proved to be an essential component in

the traffic survelllance system. -

As one of the 'disaste'r preve'ntion facilities, "CCT'V system' in' turinel provides
information on site situation and facilitates the effective execution of adequate
countermeasures shou}d an mcldent occur in tunnel.

In connection V\J'vi't}_x'we;lther 'observa_to:y equipme_nt, CCTYV system is also used to
evaluate the data sent from these equipment and to formulate the countermeasures.
It is also installed at toll gate to monitor the toll gate operation.

These four applications are not mutually exclusive and in many cases a camera is
installed for muitiple purposes. :

System Conf iguration

CCTYV system consists of camera and camera controller at the site, slave remote
control unit at the maintenance of’f:ce and master remote control unit, operator
console and monitor TVs at the control center. Transmission system with dedicated
cable is required exclusively for connecting the site with the control center. Video

~ signal taken by a camera is transmitted to the maintenance office and then to the .

confrol center over the optical fiber cable.
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Courtesy of Tokyb Rouad Engineering Co.Ltd, Japan

CCTYV Camera

Streamer
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6.5.3

From the control center, command sxgnals such as power ON/OFF pan tilt, zoom,
telescope, etc. are sent to ‘the camera controller. Video tape recorder with a time
signal generator wm be included in the central eqmpment for recording and re-
playing the image data. :

The camera in the tunnel is eontrolled from the tunnel control room while
momtormg 1s poss;ble at the mamtenance office and the control center,

_Instél[at_ioh Location

CCTV eaméras '_are installe_d" at the" :fol'lovkrieg 'st'rate'gic"lo'cations :

* "Sectxon or locat:on where recurrent congestlon 1s frequent or expected to

~occur. ‘For the nionitoring of traf fic flow, in parncular congestion, section of
expressway or mterchange in the vicinity of large city is a ¢andidate, where
f conge_stwn is frequent during peak hours or on specific days.

*  In tunnel where emergency exit, ventilation system, or sprinkler system is
 installed.

¥ Sectlon or !ocat;on where incident or accident is prone to occur due to heavy
weaving traffic, poor geometric design, requent adverse weather condxtnon '
efc.

* - Other places hke toll plaza where momtormg of expressway eperatxon is
requu‘ed '

Based on the above ment:oned consnderatlons a f ew locations have been identified

on the study routes which require installation of CCTV Table 6.5.1 presents the
installation of CCTV camera on the study routes :
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Table 6.5.1: Installation Location of CCTV Camera

Freeway Route _ o eV
Location Mo,
Motorway K-S Expressway Between Kuala Kangsar IC and 1
(at Stages 2 _ : Jelapang IC
ard 3) . . . At Kuala Lumpur Utara Toll Plaza 1
) At Sungei Besi Toll Plaza 1
Between Sungéi Besi Interchange 2
and Seremban Interchange

New Klang Valley Expressway Between Subang Airport Interchange 2
o L ~ and Bukit Lanjan Interchange
Penang Bridge S

Total 9
EXpressway H-S Expressway - D
(at Stage 3) Federal Highway Subang Airport Interchange 3

© {(Subang Airport-gBerkeley

Roundabout )

Senai Highway Johar Causeway 1

Total 2
"Highway © Karak Highway : -~ Kilopost 30 o 2
{at. Stage 2) . : : - Western Toll Plaza 1 -

Total 3

6.5.4 Specifications

| 1) Camera B

a. Image taking device: ... 2/3 or 1/2 inch CCD
b. Minimum brightness of object: 5 lux.
- ¢. Horizontal resolution: -~ More than 350 at the center.
2) Lens

Zoom lens with auto iris function shall be used. Focal distance will be
determined according to the conditions of each installation location.



6.6

6.6.1

6.6.2

_ 3}  Universal Head

a. Pan: More than +/-"170 degf'ees.
b. Tilt + 15 degree or more.
' - 60 degree or more.

4) Camera Controller
a. Vndeo transmxtter PFM lM (Pulse Frequency
- Modulation method: - Modulation - Intensity Modulation).

Wave length: ~~ 1.3 micro- -meter

b. . Control signal receiver T
, Transm:ssxon system: Time division cyclic transmission.

Modulation method: Frequency Shifting.
‘Transmission rate: ~ 1200 bits/s

Changeeb]e Message gign System

In't'mduc'tion

- Changéable message s:gns are visual communication facilities whxch are mstalled

at strategic points on the expressway and highway to give the drivers such
information as congestion, occurrence of accident, road condition and detour
recommendation. The information (message) displayed at‘the terminal is set -
automatically by a computer or by manual operators. '

System Conf iguration

Changeable message sign system consists of changeable rnessage s:gnboard and 1ts -
controller installed on the expressway, highway and access road, slave remote
controller at the maintenance office or tunnel control reom and master remote
controller and operator console at the control center

' Changeable message sngn at the tunnel entrance ‘is mamly controlled from the

tunnel control room. it is-also controlled from the-control center when necessary
Monitoring is possible at the maintenance office.

- 6-18
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“6.6.3 Type of Slgnboard

The sngnboard that is being widely used is categonzed into two types scroll type
and matrix type.

)

_2).

Scroll Type

" The vnewmg face of the scroll s1gn is formed by a continuous belt of flexible

cloth or plasnc matenal containing a number of message The belt is stretched
between two storage drums that aré rolled until the desired message is
displayed to the appropriate viewing position.. If desired, a blank space may

" be left on the belt so that no message is visible when the belt is rotated to

that position. In many casées the message belt is made of translucent material
permitting back illumination.

Scroll sign may be applicable at entrance toll booth and displays traffic, road
and environmental conditions on the expressway and the ramp-closure,

Matrix Type

" This type of sign is applicable for large size sign on the mainline or access road
because iis viewing face is formed by a matrix arrangement.

This type of sign can be sub_#divided into three types depending on the matrix
elemerit, that is' Lamp (Light Bulb) Matrix, LED (Light Emitting Diode)

- Matrix, and Electro-magnetic Element Matrix,

a)  Lamp (Light Bulb) Matrix

" The viewing face of the lamp matrix display is formed by an array of
incandescent bulbs for each message line. The array can either be a

_ continuous field of‘ bulbs or a fixed number of matrix modules.
Typically, the number of message lines vanes from one to four.

By mdependemly controlhng on or off state of each bulb, ARY MESSALEes
_or graphic symbols can be displayed. Messages can be displayed statically
or fiashed on and off, Messages change almost mstantaneously when a

' new message is seIected

Because of the use of‘ incandescent bulbs, thls type has enough visibility
under the bright dayhght
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b) I.LED (nght Emitting Diode) Matrix -

»

This type of sign is identical to the lamp matr;x type except LED matrrx
is used in place of incandescent bulb. There are variations of LED layout.
One type of srgnboard has a matrix of LED arranged four -columns by
four rows, which replaces one mcandescent bulb. LEDs of two different
colors, red and yellow, are used so that messages and symbols can be
displayed in red, vellow or orange color.

_ Another t);pe' is made up of LEDs of the same cotour and one LED

replaces one bulb. Thus, the sizes. of the srgnboard is much smaller than

" the lamp mamx type and only su1table for the toll booth,

Because of high densrty of LEDs, the former type of srgn can d:splay
minute image than lamp matrix type ‘Use of LED also provide ionger life
and lower _power consumptron compared with iamp matrix type.
Equ1pment cost, however is stightly higher than lamp matrix of the same
size and the display is not as bright as the l'tmp matrix type.

-Electro~magnetic Elem'ent Matrix’

Drsk matrix signs are srm:lar to the lamp matrlx with, the excephon that
eIectro -magnetic elements rather ‘than lamps are used o forim the legend

letters. The elements are made of plastrc and take the. form of disk,

sphere 0r cube A portron of the element is ‘permanently magnenzed
One side or face of .the element is fIat black to match the sign face
background Other sxdes ‘which are used to form message letters are
colored usually m greemsh yellow if disk .or sphere is used, and red,
white, and blue 1f the element is cube. Messages are displayed by electro-
magnetically fhppmg appropriate elements from one side to the other.

 This type of sign consumes power onIy when the dlsplay is changed and

no power is consumed to mamtam the dlsplay

However vrsrblhty may be mf erior to that of lamp mamx because this
type makes use of the reflectron of lﬂCidEl’lt light. Moreover during
nighttime, lrght is necessary o

Out of these three types descrrbed above lamp matnx type is recommended

for the changeable message sign on mamlme access road and- upstream of

tunnel because of its lower cost and good legrbrlrty "For the changeable

 message sign at booth, where width is-limited and srgnboard is seen by the

'dnvers at short drstance LED type 1s recommended
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6.6.4 Maessage to be Displayed
The length of the message is limited physically by the size of display surface so
that message must be short, concise yet comprehensible to road users. Besides,
‘messages will be displayed in Malaysian Language only for the same reason

although other languages are commonly used on information facility in this
country.

1) Phrase
In .gener'al, ‘& message consists of the combination of words and phrases
describing location, cause and consequence as shown below within the
limitation on the total number of letters set by the physical size of the
signboard. As mentioned before, actual message will be in the Malaysian
Language {see Operation Manual for the full range of messages
recommended).
a. . Location
_ Namé of }oc_atibn such as:

* Interchange XXXX

* Next interchange

* Interchange XXXX - Interchange XXXX

# XX Km ahead -
b. Suppl'emental phraée to location

Phrase to specify more in detail the location concerned such as:

* On-ramp * Off-ramp
* Near * Beyond

¢. Cause of incident
‘Cause of incident such as:

* Accident . * Construction work
* Heavy rain * Cross wind
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d. ‘Result of incident
Result of incident such as:

¥ Congestion- '* Section closed
* Lane closed - o

- . Instruction
Instruction or suggestion to drivers such as:

* Exit here ¥ TJse right lane
* Reduce speed

2) Length of Message

In general, longer message can convey more detailed information and message
composition can be more flexible. As the size of the signboard becomes larger,
however, longer fime is required for road users to recogniz_e and understand
the message, which is not desirable for safety reason, Moreover the cost of
the signboard and its controller will be higher, The size of signboard or the
maximum length of a message must be, therefore, determined to be one that
is long enough to express necessary information yet comprehensive to the
road users. ' T '

A review of the interchénge',names and other words and phrases in the
Malaysian Language to describe causes and consequences shows that the
average and maximum length of phrases in each category is 9 and 15 letters,

respectively. It must be rioted, however, that iwo location names are used in’

a message if the section between two interchanges is to be specified. Based
on these findings, the maximum length'of'message_: a signboard can display
is set at about 50 letters, including blanks between words.
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3) Size of Lettering

It is required that the message on the changeable message sign must be legible
from a distance of at least 150 meters upstream of the sign for drivers to
understand the displayed message and safely take action if necessary. To
meet this requirement, a letter must be about at least 22,5 c¢m in height.
Considering that the messages in Malaysian Language require relatively more
letters than English, the size of a letter is set as 35 em high by 25 cm wide,
A letter of this size can be expressed by dot matrix of five horizontal dots by

~ seven vertical dots at 50 mm interval in both directions. Proportional spacing
of Ietters would be introduced so that the number of dots necessary to display
some letters like "T" could be reduced.

4) Sighbqar’d Display Window Layout

'_B_ased',op the discussion on the maximum number of letters and the size of a
letter above, physical length of a message is calculated as more than 10 meters
, iong assuming dot intervals of 50 mm. This required length is too long to put
_in one Tow. Messages are, therefore, to be shown in two rows instead, each
' 'havmg 25 letters. The same window layout but smaller dot interval will be
adopted for the changeable message sign at toll booth to maintain design
consistency even though it uses LED as the display element.

6.6.5 InStaﬂaﬁon Type

The following three types of installation are usually used on the expressway and
highway: '

- * " Overhead type mounted on a gantry structure.

E Overhang type attached to the arms stretched honzontally over the roadway
. from a roadside pole.

¥ _ Pedestal type mounted on a pedestal placed at the roadmde

'Because the sxgnboards are rather wxde the overhead type mounted on a gantry
structure wﬂl be used for all changeable message signs except signs at toll booth,
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6.6.6 Installation Location

Changoable message signs are installed at the following locations:

L

2)

3)

" On maintine of expressways and hrghways !

At tonnel. entrance
On access road leading to expressways and hlghways

At toll booth

CMS on Mainline -

The mstallatron locatxon of CMS on mainline is further classxﬁed into two
types.

a) Upstream of off -ramp

Changeable message sign is installed at approxirmately 200 meters upstream

of the end of decelerating lane of an off-ramp. ‘The sign displays road

and traffi¢ mf ormation on the downstream section and eénables drivers to

decide either to proceed on the expressway and’ highway or to divert to

the access road. If the downstream soctzon is closed, the sign notifies the
- drivers of the closure and requires them- to exit at the interchange.

b) Intermediate Location

The sign is intended to inform drivers of the road, traffic or weather -
condition ahead and urge them to drive accordingly. This type of sign is
not used in the proposed system.

Tunnel Entrance -

The s'ign is provided to’ tunnel of 150 metér or longer'in :length "“The sign

“shows the ‘abnormal condition in the tunnel ‘and roquests caref’ ul dr:vmg or

prohnblts the vehicles from entermg into the tunnel “The sign i§ placed about
300 meters upstream of the tunnei entrance for the road with design speed of
80 km/h or higher and at 150 meters upstream for road of 60 km/h and lower.
The sign may be used to drsplay the general road and traff;c rnformatmn of
the sections downstream of the sign locatron

CMS on Access Road
The purpose of the sign is to infdrm the possible users of the expressway and
highway of the road and traffic condition on the expressway and hrghway in

advance and assist them in selecting the route
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4) CMS at Toll Booth
The sign at toll booth is intended to inform the drivers of the road, traffic and .
. weather condition on the expressway and highway. One sign is provided to

~ every two booths.

This type of sign is ret:om_mended as simple and basic means of information
dissemination on Malaysian expressways and highways.

Table 6.6.1 summarizes the installation standards of changeable message sign at
each management level. ' .
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Courtesy of Tokyo Road Engineering Co.Ltd, Japan

An Example of a Gantry Maunted Qverhead Type Mainline Changeable Message Sign
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An Example of an Overhanged Type Tunnel Changeable Message Sign
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Couriesy of Tokyo Road Engineering Co.Ltd, Japan

An Example of an Access Road Changeable Message Sign
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Courlesy of Tokye Road Engincering Co.Lid, Japan

An Example of A Toll Gate Changeable Message Sign
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Table 6.6.1: Installation Standards of Changeable Message Sign

H Motofﬁaf)

Location | - . Mainlipe = “Access - Toll Booth
, B e b S Roed | '
o Upstream of = | ~Upstream of T
Level . Off-ramp” Tuel _
Level 1 l:'ci:l'o'éatéd in | Tumnet entrance {Entrance toll booth
Co | major cities - B : {1 sign/2 l_:vqo_ths)
Level 2 | Major iCs.
Level 3 [ Major ]

access road _

2) Ex_br‘easuay_

Location *“Mainline Access Toll Baoth
S - = - - = Road

L Upstreamn of " Upstream of
Level .. Off-ramp . Tunniel _
Level 1° ' Entrance toll booth
Level 2 .
Level 3 .
3) Karak Highusy
Location . Mainline ) ‘Access Toll Booth

gy - e e Road - o

o Upstream of “ Upstreom of
Level Off-ramp “Tunnel
Level 1 Tunnel entrance “lentrance toll booth
Level 2 '
Level 3
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6.6.7 Operation Mode

Changeable message sign on mainline and access road is used for the general traffic
control and ;_nan_%agement purpose and their operation is possible from both the
control center and the maintenance office, while changeable message sign at tunnel
entrance is installed as one of the disaster prevention equipment and its control is
done at the tunnel control room. Several operation modes are provided to the
control center and maintenance, :

1) | Chéngéable Message Sign on Mainline and Access Road

_Changeablé message sign on mainline and access road are normally controlled

from the traffic control center. But it is also possible to operate them from
the maintenance office when the traffic control center is not operative or
when communication between the center and maintenance office is
interrupted, Operation modes are summarized below.

From Traffic Control Center

* Cbntro! by event:
Several CMSs are controlled chlectively by the input data of event such
as congestion or traffic regulation.

* Lmked control : .
CMS on access road is lmked to a CMS on mainline and controlled
~ simultaneously with the mainline CMS.

. ‘_’; Control by section;
Several CMSs in a section is collecnvely controlled aud dispiay the same
-~ message.

* Individual control:
Each CMS is controlled individually,

From Maintenance Office

*  Individual control: _
Only individual control is possible at maintenance office,

6-31



6.6.8

2) Changeable Message Sign at Tunnei Entrance

Changeable message sign at tunnel entrance is oné of the disaster prevention
equipment and has’ the following operation modes:

*  Local automatic: - - : : :
1In case of fire in tunnel, CMS is operated automatmally by the fire

“detection system

* Remote manual L
Each CMS is controlled mdmduaily from remote Iocanon when traffic

reguiation is enforced by such event as construction work.

Linkage of CMS with fire detection system can be releaséd manually by an
operator at the tunne! control room. Under the latter mode, CMS is operated
by an operator at the tunnel control room

In addition to the o;:ierati‘on modes mentioned"abmre CMS is provided with local
manual control function which is activated through the operation panel
mcorporated in the local controller,

Monitoring - -

Displayed information on CMS is continuoufsly_ monitored at the traffic control
center, the maintenance off ice and the tumiel con’trolrﬂom. '

. For the control of CMS CRT dtsplay at the traffic control center is necessary.

This is becausé their Operatxon require obsérvation of the current message on
display and guidance to operator including the seléction of an over—rldmg message
from a multiple messages at one time, or selection of the items for the automatic
tinked control. :
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6.7

6.7.1

6.7.2

6.7.3

_ Chapler 6
Changeable Speed Limit Sign
Intrddu_ction
Cha_ﬁge'abl'e speed limit sign is installed along the expressway and highway and used
to inform drivers of the speed li_mit being enforced. The sign is capable of
displaying two or three different speed limits in accordance with the command

from the control center, Reduction of speed limit is required when the original
speed lmut is hazardous under the inclement weather condition.

System Configuration

: Changeable speed limit sign system consists of chan'ge'able speed_limitﬂsign and its

controller installed on a section of freeway at 2 Km intervals, slave remote
controller at the maintenance office and master remote controller at the control
center.

Changeable speed limit signs in a section, where same speed limit is applied at all
times, are grouped into one control unit and controlled simultaneously, but the

. signs are monitored individually.

Type of Signboard

‘tThe followmg three types of sign are widely used
*  Lamp matrix type

*  Rofating disk type

*  Fiber optics type

Lamp matrix type Hisplays the figure by dots of lamps. This type has high
visibility and easiiy recognized by drivers even under fog or heavy rain.

.For rotating dxsk type, two or three disks with dlff‘erent speed limit painted on

them are concentrically p]aced and speed limit in effect is shown by rotating the
disk by a motor with the corresponding ﬁgure to the top of other disks, No energy
is required to maintain the display.

Fiber optics type disperses light energy from a point light source through fibre

_bundles that form symbols or figures and light from a source is guxded to the sign

surface to express two or three speed hmlts

Rotating disk type is recommended from the viewpoint of cost and similarity in

~ appearance with the fixed speed limit sign.
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Courtesy of Tokyo Road Enginecring Co.Ltd, Japan

T'he Rotating Disk Typé Changeéable Speed Limit Sign Mounted on a Pedestal

C;aurlééy of .Tokyo Roh& E‘f:gfr;eérffrg 'Co.'le,"Japan
Rotating Disk Typé Changeable Speed Limit Sign Mounted on a Overh'anged Pole
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6.7.4 Installation Location

Changeable speed limit sign is installed at the section, where speed reduction is
often necessitated by adverse weather such as heavy rain, and strong cross wind.

' :Several signs are instatled at the intervals of 800 meters to 2000 meters to cover the
section, where speed hmrt reducuon is required.

Besides, this sign is also instailed at sections where the geometric design are found
to be unsatisfactory.: Based on these considerations, changeable speed limit sign is

. recommended to be installed éllong the Changkat Jering-Ipoh Section of the North-
South Expressway. :

6.7.5 Specifications

1) Changéabl'e Speed Limit Sign

‘a.. Type of sign: . Rotating disk.

b. Speed limit display: No display, 80 Km/h and 50 Km/h.
¢. Manual operation; - Possible by handle.

d. Changeover time: Less than 20 sec,

2} Transmission System

Configuration: I:N.

a.

b. Transmission system: 4-wire Half-duplex transmission system.
¢. Transmission method: Time division cyclic transmission.

d. Transmission rate: - 50 bits/sec.
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6.8

6.8.1

‘Radio Broadcasting

Introductiou

Radio broadcastmg is one of the most common means of mt‘ ormanon dissemination.

It utilizes the broadcasting statton run by other agency. or company, thus the system
can be realized with a small amount of mvestment

;Rad:o broadcasting booth is constructed in the control center and connected to the .

outsrde broadcasting station through the telephone line. Announcer at the control
center obtains traffic- -related information through the wail map, CCTV’ monitor,
CRT terminal, etc. and broadcasts timely and accurate information periodically
between ordinary radio programmes. Drivers receive traffic information through

" the ordinary car radio which acts as a driver information tool.

6.3.2

6.9

6.9.1

6.9.2

System Configuration

As radio bro'adcasting system of traffic information makes use of the existing
broadcasting system, only-a microphone and a transmitter to the broadcasting
station are necessary and provided to the control center,

HighWay Radio

Introduction

Highway radio is one of the information dissemination devices on the expressways

and highways. It utilizes the conventional car radio as the information receiving
device thus eliminating the necessity of additional equipment on the vehicle side.
It uses high-end of the AM band frequency notused by broadcasting radio station
but can be received by car radio. It provides information, usually more in detail’
compared with the message shown on changeable message sign, in the form of
voice so that drivers’ sight is not disrupted to obfain information.

Another advantage of the highway radio over changeable message sxgn is that more
than one message can be conveyed fo the drivers at a time. :
System Configuration

Highway radio system consists of message editor, operator console and controller.

at the control center, monitor and supervisory equipment at the maintenance office,
guide sign, transmitter and antenna on the expressway and highway and car radio.

6-36



Chapter 6

. 693 Type of Antenna

6954

Antenns is selected among directional antennas of slit coaxial cable or paralle! two-
wire indnction line, or non-directional vertical antenna based on the area covered,
ambient noise level or antenna location. Each antenna has the following features:

1) . Stit Coaxial Cable

Slit coaxial cable is applicable to the linear section such as on mainline or at
ramps and the unnecessary radiation outside of the expressway is kept
minimum due to steep attenuation of electric field sirength as the distance
away from the cable This type of antenna is also superior in aesthetics and

not suscepuble to the road work as the cable is buried underground beneath
the median. Proposed system adopts the siit coaxial cable. -

2) Parallel Two-wire Induction Line

This type of antenna is also applied to the linear section, where nof enough

electric field strength is obtained by slit coaxial cable due to bridge or elevated
. section. The line is installed at the shoulder above the ground so that it is

subject to damage by car accident or mamtenance work. Appearance is also
A problem : .

3) Vertic_al Antenna

This type of antenna has no directivity and is adopted to cover the certain area
such as service area, parking area or junction of two expressways.

Lehgth of Service Section

Highway r'adi'o_s_ystem is provided to a section of expressway for certain length to
ensure the reception of the message by the ‘road users.  The length of service
section is determined by both the length of message and vehicle speed. According
to a study, message should not be longer than 40 seconds and must be repeated
three times for the listener to receive the message at least two complete cycles.

Assuming the maximum vehicle speed of 110 Km/h, the length of service section

is calculated as 3.7 Km,

6-37



6.9.5

6.5.6..

6.9.7

‘Message Preparation

Maessage to be provided will be p'repared by the following three steps:

Collection of information to be provxded
* . Composition of message text; =~
%. " Synthesizing the message by voice synthesmer

Various incident information_ such as type of incident, severity, cause, traffic

regulation, degree of congestion, suggested action, etc are Jinput to the message

editing equipment and message text will be produced using pre-stored words,

phrases and sentence patterns. The message text is then f ed to the voice synthesxzer
nd converted to the voice mformatlon : -

Message must be ea311y understood and recalled by the road users, A combination
of three szmple information, or one complicated mformanen plus one simple
information is the maximum volume of information that can be conveyed by one
message of 40 seconds long. :

Guide Slgn :

In order to mform the road users of the h:ghway radio system three guide sxgns
will be installed at 1 Km upstream’ of service section, at the starting point of the
section and at the ending point, The sign will be inner 1llummated type and lighted
when the system is in operation. :

Installation Location

Highway radio system will be installed at upstream of an interchange. However,
as the system is capable of providing information to the users in l_:j"oth directions
through the antenna installed at the length of 3.7 Km, actual installation location
will be at a section between two mterchanges Secnon between Kajang mterchange
and Bangx interchange 1s selected asa 1ecat10n for h:ghway radxo
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6.10

6.10.1

Chapter 6

Specifications

1) Transmitier o
a. Frequency: 1620 KHz.

b. Power 10 watis/50 ohm unbalanced.
¢. Modulation: Amplitude modulation,
2) Antenna .
a. Type: Slit ‘coaxial cable.
b. Impedance: 50 ohm unbalance.

Transmission System

Introduction

‘Transmission refers to the transfer of information from one location to another.

"In a traffic control and management system, transmission system consists of three

layers or tiers as described below.

"Trunk line transmission system
*  Local line transmission system
*  Access line transmission system

Trunk line transmission system links regional offices and maintenance offices and
transmit bulk of voice and data signal, and in some cases video signals through high
speed transmission channels over long haul which can be up to several hundreds
kilo-meters. : ' '

Local line transm:ss;on system provides multiple transmnssmn channels between the
nodes estabhshed at 10 to 20 Km interval and collecis veice and data signals to a

trunk Ime transmission statlon that is usually set up at every maintenance ofTice.

Access lin‘e‘ transmission connects the facilities and equipment in offices and

-roadside to a node for local fine transmission. Transmission distance is short and
normally less than 20 Km,

Figur_ek6.10._'l illustrates' the hiera_rch'ical compositio_ﬁ of transmission system.
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Station Repeater

Trunk Line m . [ I—1
Transmission o LIJ
: . Rode Node -
Local Line C 0 Qs =t 1
Transmission ' L:L ' ' i _ o—l
0 e o
" Access Line r—r-—rl—l_|
Tronsmission :
Equipment

Figure 6.10.1: Transmission System Hierarchy

As video signal transmission requires a wide band-width of the channel, different
transmission technology is adopted for transmitting such a signal to the trunk line
transmission station.

In this section, trunk line, local Tine and video transmission is studied using Kajang
-Ayer Keroh section of North-South Ex‘pre’ssway‘:as a représentative section. After
“the type and. number of channels in'the secnon is estimated, trunk line and local
line transmission methods are compared from the technical and gconomical vies
points, :

6.10.2 Trunk Line Transmission

‘Various trunk line transmission technologies are available and they can be divided
into two groups, analog method and digital method. Because of the limitations such
as- short transmission distance and repeater interval, ‘inferior quality, lack of
technical prospect in future, analog method 18 not recommended. '

In terms of transmission media, transmission system is classified into two group;
wired system and wireless systéni, “Three types of cable; balanced pair cable,

" coaxial cable and optical fiber cablé are used for trunk line transmission.. Wireless
system employs radio transmission a_t the frequency range of 2 t'o 8 GHz.

Three a!ternat;ves for the trunk lme transrmsswn system are compared to seiect the
most suitable system. The results of companson are presented in Table 6.10.1. As
shown in the table, optlcal f1ber transmission system has become the standard for'
the long haul transmission and i 1s recommeérnded f or the Malays:an expressways and
highways too. Different standards howev_er ‘have -been spe_c;f;_ed for PCM
hierarchy in Japan, North America and Europe. If no transmission traffic other
than for expressway control and management is added, 100 M (90 M in North
American standards and 120 M in Europe) system is deemed appropriate for the
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sectaon with vxdeo srgnal transm:ssmn, whlle 32M system for the sectlon without
video signal transmnssmn :

~ Cost comparison of "’the three systems in the table is prepared for the section of
Kajang-Ayer Keroh on the North-South Expressway as a representative section.
The number of channels are first estimated based on the number of equipment in
the proposed system. Configuration of each system is then designed to
accommodate the required -number of channels. In the case of optical fiber
transmission, video signal is multiplexed with telephone channels. In metallic cable
and micro wave systems, however, video signal transmission is separate from
telephone circuits. Cost of .each system is estimated for equipment, cable and
installation work and results are shown by relative magnitude of the total cost.

A carrier téerminal station wiil be installed at each maintenance office, which
normally covers about 70 to 90 km of expressway and highway. Toll office, service
area, parking area, and roadside facilities in the coverage area of the maintenance
office is connected to the carrier termmal station through local line transmission
system
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6.10.3 Local line transmission system

Local line transmission system covers the section of about 70 to 90 km in length,
which is the recommended length of route coverage of a maintenance office. The
following three methods are candidates for local line transmission.

* 7 Optical digital loop 32M-DLN {optical fiber cable)
* Digital transmission (DP-15.M) (metallic cable)
- * Analog trﬁnsmis')sion T-128R '(metal_lic cable)

Table 6.10.2 presents the comparnson of the three transmnssxon systems, Recent
development of digital transmission comhmed with the use of optical fiber cable
has made it possible to use Local Area Network (LAN) type of system in traffic
controland management system along the expressway and highway, Optical digital
loop system has many advantages like better transmission quality, capacity, longer
transiission length without repeater and lower cost when compared with analog
system using me"tallic_: cable, Digital loop system is recommended for the Malaysian
expressways and highways.

6.10.4 Access line transmission system

Access line transmission system connects termi_nz_il equipment such as emergency
telephone, CCTV camera, vehicle detector and changeable message sign installed
along the-ek_pressway and highway to the nearest node. Various transmission
methods will be used for each type of equipment, but most of them use the
frequency band of 300 Hz to 3400 Hz.

6.10.5 Video Signal Transmission System

Video signal transmission methods being used are summarized in Table 6.10.3.
In video transmission, system using coaxial cable has been replaced by the optical
fiber system, which is also recommended. Ina practical application, more than one
meiheds are often adopted depending on the distance and number of channei to be
transmitted. '
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" 6.10.6 Cable
1) Trunk and Local Line Cable

The single mode optical fiber cable is recommended for trunk line cable. The
cable has a small core diameter that allows only single mode (an axial ray) of
light to travel through the fiber, This produces no puise dispersion and offers
wide band width. Optical fiber cable is also recommended for local line
transmission system. GI type cable is suitable for local line. Design standards

for trunk line cable are summarized in Table 6.10.4.

Table 6.1(_).4: Design Standards for Op?fca! Cable

" Yrunk Line _K Local Line
CF32 M F-100M 32M-DLN
Transmissfon Rate _ R o
Station ~ 32.084 Mb/s 97.728 Mb/s  32.768 Mpys .
Outside  44.128 Mb/s:  111.689 Mbfs  39.3216 / 32.768 Mb/s
Capacity 480 ch/sys 1440 ch/sys 500/ 480 ch/sys
teble = SM - M B S '
Maximss Distance 300 Km 300 Km 640 /1320 Km/loop -

Bit Error Rate < 1.0'91309 Km
1.3 micro-meter

Wave Length

Output Power > -2 dBm
" Minimum Receivable y
Power > -38.5 dBm
Allowsble Loss | 36.5 deém
Connector Loss 1.4 dBm
Cabie Margin - 3.3 dlbm
System Margin . 3.0 dBm
Cable Loss 28.8 dém

Repeating Interval 47 Knm

Unit Cable Loss

0.61 dB/Km

< 16°%/300 ¥m
1.3 m’icro-m_ter

> -6.'

0.61 dB/Km

dBm.

> -39.0.danm
~33.0 d8m
‘2.5 dsm’
2.4 dBm
3.4 dm
26.7 dgm

40 _Km

< 1077640 or 1320 Km

1.3 micro-meter
> 4.5/ -2.5 dem .

"> -41.0 /-36.5 dBm

36.5 f 33.5 dém -
2.0 dim
3.3 dbm
3.0 d®m .
_ 28.2./25.2 dam
30 /28 Km:
0.9 d8/Km
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Chapter 6

,Access _Line Cable

Colour coded polyethene insulated subscriber’s cable (CCP cable) is commonly
used for access line. In the case of metallic cable, transmission distance is
limited by two factors; attenuation by loss and ¢urrent decrease by resistance.
Maximum transmission distance is summarized below. o

a, Limitation by loss

Haximum Transmission Distance

‘ Altowable
Type of Circuit Loss _ CCP-AP 0.9 CCP-AP Q.45
Exctusive Telephone 6.5 d8 8.0 Km 5.6 Km
"Emergency Telephone -8.0 d8 9.2 Km - 6.9 ¥m
.. Command Telephone 10.0 d8 12.3 Km 8.6 Km.

b. . Limitation by Resistance

" Meximum Transmission Distance

_ Allousable
Type of Circuit Resistance CCP-AP 0.9 CCP-AP 0.65
Exclusive Telephone 900 ohm 15.5 km 8.0 Km
Emergency Telephone 900 ohm 15.5 Km 8.0 Xm
Command Telephone 600 ohm 10.3 Xm 5.3 Km

¢. Maximum transmission distance

- Maximum Transmission Distance,

Type of Circuit CCP-AP 0.9 CCP-4P 0.65

- Exclusive Telephone 8.0 Km 5.6 €m

. Emergency Telephone - 9.9 Kn 6.9 Km
Command Telephone 10.3 Km 5.3 Xm

Allowable loss for the access line transmission of roadside equipment to the
nearest node has larger margin than that for telephones so that metallic cable

- design is dictated by telephone system.,

. As shown above, CCP cable having copper wire diameter of 0.90 mm is
“suggested:” The number of pairs in a cable is 20 to 60 pairs depending on

the number of circuits needed at each section taking 50 percents of spares into
account, '
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6.10.7

6.11

6.11.1

6.11.2

When utilizing two cables at the same stretch, "composite cable" combining optical
fiber and metallic cable has recently been adopted so as to save installation cost.
Thus it is recommended for use on the Malaysian expressways and highways.

As power is not ea'si{y available at most of the terminal equipment location, power
cable will be laid along the expressways and h:ghways f rom the power receiving

“points to the- termmal equnpment

Standby Route

A standby route ‘must be secured for trunk line transmission to attam the hlgher
reliability of the system. Ideally, another optical fiber cable is buried along the '
expressway and highway at-a portion. different from that of the original optical
fiber cable. If the original cable becomes inoperative, circuits are switched to the
standby route automatically at the station. Significant cost increase by the
additional - eable and its instaliation work, however, make this method
impracticable.

Another method, which is recommended is to provide additional cores to the
optical fiber cable as standby and use them when necessary This method works
when a core is damaged but not effective when the cable is totally damaged.

‘Radio System

Introduction

Radio communication system facilitates the communication between the radio
control desk at the control center and the mamtenance office mobile unit travelling
on the expressways and highways. Patrol cars will be equipped with the mobile
unit and commumcat:on with the center is possible all the time. Toll gate and
other manned station will also be provided with the device to backup wired
telephone. ' : '

System Conf iguration

The system cons1sts of the radto control eqmpment :nstalled at the control center
and the mamtenance offi 1ce, base statton equipment mcludmg an antenna at the
base station, and mobile units to be -installed on  the patrol car and patrol
motorcycle. Portable radto unit is also- mcluded in the system PR
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6.11.3

Chapter 6

Base Station

Al base stations beiong_ing to tﬁe_s_ame control center will have the same frequency

# W ¥ *

6.11.4

for communication with the mobile unit. . On the other hand, mobile unit will be
equipped with two frequencies; one is the f requency of the control center to which
it belongs and another that of the adjacent control center.

Base stations will be established to cover the entire stretch of the routes. Location
of the base station is determined by the wave propagation characteristics but
selected from the following locations:

 Maintenance office
Control center :
Interchange, toll plaza and tunnel
Service area and parking area
Other necessary location

Radio Equipment

1) Frequency

Frequéncies of 400 MHz band is recommended as it is already approved for
use on the toll roads.

2) Commaunication method
Press and talk method is recommended for the following reasons;

*  Less number of frequencies are required.
Equipment is simpler than other types.
*  Capable of monitoring the conversation of other mobile unit,

3)  Quality

Signal to noise ratio (S/N ratio) must be more than 25 dB with the standard
modulated wave at-ail locations along the route. The standard modulated
wave is. a wave, the frequency of which is shifted 1.5 KHz against the input
of 1 KHz. The S/N ratio of 25 dB corresponds to the conversation qualiiy of
Merit 4, in' which conversation is clear with small amount of noise.

4) Redundancy
Transmltter and recewer at the base statlon must be of duplex construction {o
attain h:gh reliability. The changeover between operating unit and backup
unit will be automatic but the control from the trgffic control center or the

maintenance office will be possible.
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- 5) Power supply

The base station equ:pment must be prov:ded with batterles which are capable
of maintaining the power for 3 hours when the station is provsded w:th a
generator and 6 hours if not; when the power is mterrupted

6.11.5 _Propag'ation Test

Propagation characteristics of the wave between the base station and the mobile
unit is complex as obstacles which cause diff’ raction or ref lectnon of wave normally
exist. In addition, the height of mobile unit antennais only 1.5 to 2 meters above
the ground so that the receiving level is easily affected by the surrounding
geometric condition, structures and trees. To secure the stable communication
through the radio system, receiving level at alt pomts must be higher than the

© required level, The receiving level is fu'st esumated by calculatlon and then

6.12

6.12.1

propagation test must be conducted.

Telephone System
Introdﬁction

In a traffic control and management system the { ollowmg three telephone systems
are normally prowded

Private branch exchange telephone system
*  Command telephione system -
*  Emergency teIephone system

Emergency telephone system has already been discussed in details in section 6.1,
and therefore in this section, the other two telephone systems are described.

6.12.2 Private Branch Exchange Telephone System

As an expressway and hxghway management ‘involves orgamzauons and offices
scattered  along the: entire expressway, and htghway, eff:cwnt communication
between various locations must be provided_ Particularly, in case of a severe
incident, securing of communication channel is vital for éxecuting countermeasures

‘and- in this sense subscriber’s’ telephone system provided by Syarikat Telekom - '

Mataysia (STM) is neither adequate nor economical. - For this purpase, in-house
telephone system or private branch telephone system covermg all the of‘flces is
required. The systein makes use of the communication system’ to be established for -
the entire stretch of the’ expressway and highway so that' single closed telephone
network within the expressway and hughway management body can be realized,
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Chapter 6

The system consists of digital exchange of various capacity placed at headquarters,
regional office, maintenance office, toll gate, etc. and telephone sets, Data
terminals such as facsimile, and videotext can also be connected to digital
exchange. Conception of the system is illustrated in Figure 6.12.1.

Headquarters pF—

Regional - Regional
-Oftice Office

Haintenance
‘0ffice

Toll . Turmel Service
Plaza office Area

Figure 6.12.1: Private Branch Exchange Telephone Network

6.12.3 Command Telephone System

‘It happens quite often in an expressway and highway management that the same
information on an incident must be transmitted from a location to several places
like maintenance office, toll gate, etc. The ordinary telephone system of one to one
communication method is not suitable for the dissemination of information from
one source to plural receivers. Command telephone system is intended for this
purpose.

The system consxsts of the command issuing telephone mstalled at the regional
office and the control center and the command receiving telephone placed at
: mamtenance offlce toll gate, service area, etc.

of f‘ices are g'ro'uped by type such as maintenance office or toll gate, or by section.
Command is issued through the command issuing telephone after a group of
receivers is selected. The receiving telephone is prowded with a speaker, through
which command or information is pass on to the staff at the receiver end.
Confirmation lamps on the issuing telephone are turned on when the confirmation
butten on the command is préssed indicating the receipt of command.
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6.13 - Central Computer System

6.13.1 Introductxon

Many of the data processmg executed in the control center is performed by a
central computer system. This'is because of the fact that the cost of providing
special equipment for each function generally exceeds the cost of a whole system

requirement.

6.13.2 Functions
Information Collection

Fundamental unctmns of the. central computer system is to ‘collect various
information concerning not only traffic but also other related information such as
weather, constructxon work, events, etc. These information is gathered by means
of such equipment as vehicle detector weather sensor, emergency telephone, and
CCTYV. Some of the mformatron are automatically collected by equipment, while
others are input by operator.

Terminal Eqguipment Control

‘The computer system automatically or in accordance with a command input by an
operator, controls roads1de f ac:htres such as changeable message sign or changeable
'speed lrmrt sign. :

‘Man-machine Interface '

Various data are displayed on a display terminal in characters or in graphic f orrn

It provrdes all the inf ormation that the computer system has, including traffic and

incident data, and system operation upon request by an operator and assist them

understand the current expressway and hxghway condltnon of organize

countermeasures when necessary. Report to be drsp]ayed ona drsplay terminal
- include but not limited to:

Current or h:storrcal traffic vo]ume on through lane, on-ramp and of f-ramp
Occupancy rate or congest:on level -

Weather condmon 7

Operational status of changeable r‘neseage'sign g

Operational status of changeable speed limit sign

Incident information

Status and data from other traffic control and management system

System status including equ:pment maifunction

% & W o % R %
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Chapter 6

A. graphic display panel will be installéd in the traffic control center to provide an
‘overall visual presentation of the expressway and highway condition by lamp and
other d:splay eicments, automatically or manually, The followmg information is
likely to be displayed on the graphic display panel:
*  Congestion
.. Incident.

Regulatxon

Expressway or highway cond:tion

Changeable message sign operatlon
_Changeable speed limit sign operation

Emergency telephone

 * K W Ww

Countermeasures Formation - -

Part of countermeasures formation is undertaken by the computer system. For
example, message to be displayed on changeable message sign or broadcasted
through highway radio will be prepared automatically by the system based on the
~ incident information stored in the system. Messages are issued to the roadside
facilities automatically or after confirmation by the opsrator.

Reports

Reports are printed through printer as records of traffic data and system operation. .
Reports are output either periodically or in response 1o an operator’s request.

-Rgcgfding

Operational data and traffic data are recorded on a mass storage device in a
specified format as record and for future analysis.

Qperation Monitoring

The computer system monitors the operation of the system itself and equipment
- connected to it including roadside facilities. If any abnormality is detected, it is
recorded by the monitoring system, and an alarm signal is issued when the fault
is serious.

Data Communication

. The computer system perf o:ms on -line data exchange with other traf f ic control and
. management systems through data channel Database in each system will be
- mutually accessed and traffic and mcndent mf‘ormatmn will be exchanged.
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6.13.3 Hardware Configuration

Central computer system consists of central processmg umt (CPU), peripherals such
as magnetnc disk, magnetzc tape unit, printer and CRT display, graphic display
- panel, control desk and interface units for connection’ with central controller for
changeable message sign and detector data Processor,

Figure 6,13 '1(1) and (2) depict the hardware configuration of -a-control center and
sub-center respectively while Figure 6.13.2(1) through (3) itlustrate the control
center and sub-center iayout plans. '

The estimated memory size by uSh‘ge of the central processing unit for the traffic
control center and the maintenance office are shown in Table 6 13.1

Table 6.13.1 Memory Size of CPU

Item o CPU at . CPU at
. control Center Maintenance

_  office
Operating System -~ 240 KB T 240 KB
System Area - ' BOKB © . 90KB
Console and Gr‘aphm Display 1D X8 “ts GD'KB

Panel Processing Program’

Display end Input Data Buffer 20 K8 - 20 XB
CRT Processing. Program 85 X8 60 K8
Buffer Area ) 60 X8 120 K8
Total 475 KB 590 KB

Hote: KB: Kilo Byte

The size of the external memory unit which store the various programs, parameters
and data is estimated as follows:

Table 6.13.2: Size of External Memory Unit

ltem Con’_c‘rol tenter Maintenance
Office
Operating Systeoi 1,500 kB 160 kB
Main Memory Buffer Area 500 kB - 100 KB .
pisplay and Input Data Buffer 800 KB - 100.K8 .
-GRT Screen Data Area - - 950 KB . - --200 KB .
Total 3,750 KB S00 X8

Hote: KB: Kile Byte
It should be noted, however, that these are sizes needed for stormg the _programs -

‘and data only and do not mclude the workmg margm The actual s1zes to be
~ provided must be at Ieast two or three t:mes Iarger than the fi 1gures.'
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6.13.4 Software Configuration

The size and speed of fhe computer requires a high degree of sophistication in its
operation. This means that software to be used must be carefully designed to have
the attributes of efficiency and user-friendly. :

The term “software" applies to all the programs that are written for a computer.
It can therefore be defined as the internal programs or routines professionally
prepared to simplify programming and computer operations. These internal
programs fall into several categories, the tofality of which facilitates the efficient
use of the computer. . These are the operating system, utility programs and
application programs. The last two are controlled by the operating system,

1) Operating Systeim

The operating system has a real-time processing funciion for multiple
processing of main memory resident programs and non-resident programs in
“an efficient manner. All system resources such as main memory, input/output
ports, and external mass storage devices are managed by the operating system.

2) Utility Programs

Utnhty programs are desngned to facilitate the efficient use of computer system
and normally mclude the following programs:

a) File manag_ement utilities
" b) Database management utilities
¢) Compiler and assembler
d) Debugging tools
e) Main memory utilities
f) Utilities for auxiliary storage
- g) Communication utilities
" h) House keeping utilities

3) Application Programs

Trafflc survelliance and control functions are performed by appllcation
programs. wh:ch consist of the following:

a) Detector data processing rou_tme
b) Weather data processing routine
¢) Changeable message sign control routine
d) Changeable speed limit sign control routine
‘&) Man~machine interface routine '
f) Statistical processing routine
- g) Report producing routine
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Figure 6.13.1(b). Hardware Configuration of Sub-center
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- 6.13.5 Traffic Caontrol Cenﬁer Layout

in 1aymg out the eqmpment in'the traffic controt center and the sub-center in the
maintenance of fice, the function of each equipment, equipment operation by the
operator and the inter- connectlon between the equipment must be carefully

consadered

' The layout of momtor panel and control consoie must be designed considering the
followmg f actorS'

_ l} Monitor- Panel
a. Display items mustbe hig'h'iy viéibie and easily recognized by the operator,

b. Displays and mdlcators must be arranged such that their contents are
easily- scanned by the operator Both the angles of elevation and '
depressson must be within 30 degrees, s

. The'_size of moni_tor panel must be 'within' the sight angle of the operator
(120 dégree). Height of the panel must not be more than 2.7 metérs and
width must be 10 to 15 meters. It must be placed in an arc. :

2) Operator Console
a. The 0perat0r console must havea work ared not larger than the size of 1. 8 E
meters wide by 0.75 meters depth and shouid not obstruct the sight of the -

graphic d:splay panel by an operator whose eye level is about 1.2 meters
above the floor

b. CCTV mo__nitofs must be place in such a way that they do not obstruct the ‘
sight of the graphic display panel. ' -

“The equipment layout plans of the traffic control center and sub-center are
illustrated in Figure 6.13.2(a) through {c). '
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Traffic Control Center at the Regional Office
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Traffic Control Center at Genting Maimen_ancé Office
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Traf fié Control Sub-center at Mairilenance Office
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6.13.6 Environmental Cbhdiﬁdné

The control center is divided into three sectmnS' a control room, a machme room
and a power room (see Figure 6.13.2). "The control room in the control center

where the operanon of the system is performed by the operators, is the focal point -

of the trafﬁc control and management system, - As such, the room must be

' separated from the noise and heat sources and its colour'and lighting must be well
coordinated in order t0 " ensure effi ;cmnt operanon of the system. Various
equipment such as computer transmission devices are to be placed in the machine
room. Power room accommodates the power supply equipment like uninterroptible
power supply, rectifier and battery.

1) Axraconditmnmg o

2)

Control room and machme room must be atr-conmtmned to provnde suxtable
env;ronmental COIldlthﬂ for the operators and equipment. -Although some
eqmpment operate within the broad temperature range; the reliability of the
equipment will be enhanced at the constant te_mpera_tur_e Air-conditioning
system must be designed taking the heat valug of both equipment and
operators into consideration. Temperature control of these rooms must be
mdependent as the requ:rements are dif ferent as shown below

* Table 6.13.3; Environmental Condition

Terrp_era'ture . ) - ﬁelafive_ '
Room o _I{unidity

_Control Room - 25 +/- 3 degree 60 % +/- 10 %
Machine Room 21 +/- 2 degree = 20 - 80 %

Lighting

Lighting plays an important role in the operation of the system and must be
designed to create effncxent and’ comfortable workmg condition for the-
operator. :

Light sources must be placed in'such a way that light reflected by the graphic
display panel or CRT screen will not. be directly. seen by the operator.
Hlumination of the control console must be bright enough for operator to-
oparate swntches or to record the operation. But the chff erent in illumination -
between graph;c djsplay panel and control console must be kept small to avoid
the fatigue of eyes. :
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6.14

Chapter 6

Window facing outside is suggested for control room to bring in the natural
light, which gives the operator the sense of time. Following illumination is

suggested:
Table 6.13.4: Suggested Hlumination
Average itlumination of controt room 700 - 1,500 Lux
graphic display panel 200 - 600 Lux
Control console 380 Lux
CRT screen . 350 tux
Machine room 200 Lux

Uninterruptible Power Supply

As the traffic control and management system relies on a computer system that
operates on a 24-hour basis, a continuous and stable power supply 1s paramount at
the tra_f'fic control center and the maintenance office. Uninterruptible power
supply system consists of a generator, a constant voliage and constant frequency
power supply, a changeover switch, batteries and rectifier.

Under normal condition, the power supply system receives commercial power and
supplies power to the equipment through a stabilizing circuit. Should an
interruption occur, power is supplied from the batteries until the generator has

started and reached a steady state. The changeover switch is provided to switch

over automatically between commercial power and the generafor.

Capacity of the power supply system is determined by the power consumption of
all surveillance and control equipment at the control center, power for air
conditioning system and emergency light, and allowance for future expansion.
Smaller system is provided at carrier terminal sfation to maintain the transmission
system when commercial power is interrupted.

Power for roadside facilities is directly supplied by commercial power and no

backup power is provided for economic reason.
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7.0

7.1

7.2

7.2.1

COST ESTIMATE

Introduction

The cost for the proposed system, estimated in 1989 price in Malaysian Ringgit,
consists of two elements, construction cost and operation cost. The construction
cost is further divided into equipment cost and installation work cost. Construction
cost estimated is the diréct construction cost and does not include such indirect
costs as tax and duties for imported equipment and materials, detailed design cost,
supervising cost and other project management costs. Local cost of labor and
locally available materiais are reflected in the estimation of the installation work
cost.

Construction Cost
Cost Item

The construction cost is estimated in accordance with its system configuration,

‘which includes the following items: -

1) Information Collection System

Emergency Telephone

Vehicle Detector _
Weather Observatory Equipment
Closed Circuit Television (CCTV)

* W% W

2) Information Dissemination System

o Changeabie Message Sign'

* . Changeable Speed Limit Sign

*  Highway Radio = -
3 Information Processing _S'ystem
_Cen;_rai__PrOc_essor
_ Peripherals”
 Graphic Display Panel
‘Software S

B ow w



4) Communication System

Trenching, Conduit and Cabls
Trunk Line System
Local Line System
~ Exchange .
Radio System

*.w & % w

It should be noted that this constructmn cost does not mc]ude costs. of office

' _'buﬂdmg, control center au‘-cond;tmnmg system, and generator;

722

7.2.3

Equiﬁment Cost

Unit cost of the eqmpment is estimated based on cost mformat:on from available
sources in foreign countries such as Japan, USA, efc. as. these equipment are not
available in Malaysia and would have to be imported. ,

The equipment cost is therefore first estimated in 'f‘oreign' currencies and then
converted into Malaysian Ringgis. Consequently, this cost is subject to fluctuation
in exchange rate of Malaysxan Ringgit, agamst the currency of the. supplier’s

country, '

Installation Work Cost
Installat:on work cost consmts of labor cost, materxal cost and mnscellaneous cost.

The estimation of the labor cest is, based on the amount of work estimated for the
installation, testing and ad;ustment if any Tocal labor c.ost is adopted for unit

“labor cost as most of the work will be carrned out by | local 1ab0rers but 30 percent

is added to the estimated direct Iabor cost as the cost of forexgn superwsors

Most of the materials for installation . work w;ll be 1mported as they are not
available in this country and forexgn COSt I assumed A the material is available
locally such as handhole, concrete and gravel, they are treated as a local cost
component. PYC conduit s an exception, which is found to be more cosﬂy here
than in Japan s0 that it is mcluded in the forexgn cost.

Conduit work mcludmg digging, conduit 1ay1ng and backfﬂhng may be included
in the road construction cost for the newly constructed section as such works are

_part of the overall road construction work. In this estxmate however all conduxt

work is included.

System construction cost is presented in Table 7.2.1 for each route and mamtenance '

office by sub-system, and in Table 7.2.2 by stage
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1.3

Table 7.2.2: Construction Cost Estimates by Stage
Unit: HS'OBO

Route/Section ~ Length Stage 1 Stage 2 Stage 3 - Total
' (km) DA |
NORTH-SOUTH EXPRESSWAY _ : _ :
Alor Setar 96.7. 29,242 1,497 682 - 31,122
Buttarvorth 764 0 28,032 326 28,356
Taiping 91.4 0 31,832 1,926 33,758
1poh 8.6 146 46,260 1,486 47,892
Tanjung Malim 90.3 0 30,77 486 31,260
Kajang 75.9 27,039 . 3,702 . 8,198 38,939
Ayer Keroh 97.3  4h.461 - 1,282 0 45,743
Air Hitsm 83.5 o 28,300 - 506 28,806
Skudai - N o 21,426 986 22,413
SENA1 HIGHWAY 280 29 667 515 1,472
NEW KLANG VALLEY EXP.  53.6 ‘0 aT,e4t 3,396 31,037 -
FEDERAL HIGHMAY 15.0 0 1 517 1,802

"PENANG BRIDGE %o - '9,756 g0 951 13,13?
KARMC HIGHWAY - . 46.8 19,080 1,940 0 21,020
Sub-total - 60.8 28,837 . 4,340 .. 981 34,157 -

 Total  915.6. 130,015 - 226,738 .- 20,004 376,758
Notes: 1j Neis Klaﬁgiﬁallef_Expressuay inciudes 16.6 km of .
H-§ Expressway {Rawang-Bukit Lanjsn section).
2) tenogth of Karak Highway is the stretch between toll plaza.

Operation and Maintenance Cost

Operatibn and maintenance cost of the system is estimated for each maintenance
office. The operation and maintenance cost includes the following items:

1) _Sjrstém Operation Staff Salary

This item is the total salary of sta'ff- .e'ng'age'd directly in the operatioﬂ of
control center and sub-center, An operahon on.a 24-hour bams with three
staff shifts is assumed.-

2) Electricity

Electricity is consumed by both center and roadside equipm'erit' Power .
consumptlon of each type of equipment is first determined and then total
power consumptzon is calculated for the entire system. Power rate adopted in
calculating the cost is LLN’s Tariff E3 - high voltage peak industrial use for
‘the central equlpment and Tariff G - pubhc hghtmg/street l:ghtmg for field
equipment.
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Chapter 7

3) Maintenance of System
System maintenance cost consists of labor, vehicle, spare parts and
miscellangous expenses. It is assumed that maintenance work is undertaken
by a maintenance company on a confract basis.

4) Patrol Squadron Expenses

_ Theseléxpens_e’s include staff salary, depreciation and operating costs of cars
and trucks, and tools and devices carried by car and truck.

All operation ahd maintenance costs wilt be incurred in local ¢urrency except the
cost for the spare parts which will be imported from the manufacturer’s country.

Estimated opeiation and maintenance cost at stages 1, 2 and 3 in 1989 price is
shown in Table 7.3.1 and breakdown of the oparatmn and maintenance cost at

stage 3 is presented in Table 7.3.2.-

Table_ 7.3.1: Annual Operation Cost at Each Stage

_ Unit: M§1000

Route/Section Length Stage 1 Stage 2 Stage 3
AR F : (km)
NORTH-SOUTH EXPRESSWAY _

Alor Setar 96.7 1,446 1,530 1,571
Butterworth 6.4 0 1,501 1,512
“Taiping 9N 0 1,605 1,735
Ipoh - 87.6 5 2,638 2,722
Tanjung Hallm 0.3 6 - 1,549 1,566

Kajang L7590 LA8T 1,641 1,906
Ayer Keroh 97.3 2,473 2,334 2,534
Air Hitam 83.5 ' 0 1,470 1,488
Skudai _ 59.1 S8 1,146 1,196
SENAT HIGHWAY 28.0 21 193 208
NEW KLANG VALLEY EXP, 53.6 0 1,660 1,845
FEDERAL HIGHWAY 15.0 0 131 149

" PEHANG BRIDGE 14,0 1,046 1,151 4,200
KARAK HIGHWAY ~ . 46,8 1,285 1,364 1,364
Sub-total 40.8° 2,328 2,515 2,564

Total  915.6 . 7,810 20,113 20,99

Notes: 1) Hew Xlang Valley Expressway includes 16.6 km of
¥-S Expressuay (Rawang-Bukit lanjan section).
2) Length of Kerak Highway is the stretch between
toll plaza.
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Table 7.3.2: Annual Operation Cost at Stage 3

Unit: M$'000

EoECsEoossoktrdrESESSRERSE mam SEsRsRASSSSESSoSDETsDomEEEs ] EEE]
Route/Section Length Operation Elec- Hainte-  Patro!l Total Per Km
(km), tricity nance  Squadren
HORTH-SOUTH EXPRESSWAY '
Alor Setar 96.7 26 250 1,100 196 1,572 16.3
Butterworth 76.4 26 266 1,030 - 196 1,512 19.8
Taiping 9t.4 26 328 1,185 196 1,735 19.0
1poh _ 87.6 157 Ly 1,9 196 2,723 314
Tanjung Malim 90.3 26 228 1,115 196 1,565 17.3
Kajang 75.9 25 379 1,302 196 1,903 25.1
Ayer Keroh 97.3 157 380 1,802 196 2,535  26.1
Air Hitam 83.5 26 225 1,041 196 1,488  17.8
skudai 59.1 26 208 767 196 1,197 20.3
SEHAT HIGHWAY 28.0 0 55 154 0 209 7.5
NEW KLANG VALLEY EXP.  53.6 131 376 1,143 196 1,846  34.9
FEDERAL HIGHWAY 15.0 0 100 49 0 149 9.9
's'u_b'-total 854.8 627 3,258 12,589 1,950 18,434  21.6
PENANG BRIDGE 14.0 131 213 661 196 1,201 85.8
KARAK HIGHWAY 46.8 13 184 855 196 1,36  29.2
Sub-total 60.8 262 397 1,516 392 2,567 42,2
: Total: - 915.6 B89 3,655 14,105 2,352 21,001 22.9

(Rawang-Bukit Lanjan section).

2) Length of Karak Highway is the stretch betuween tpli pl&za.
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8.0

8.1

8.2

EVALUATION OF TRAFFIC CONTROL AND MANAGEMENT SYSTEM

' Intreduct_iion

In this chapter, the traffic control and management’ system proposed in the

preceding chapters is evaluated. At first, benefits that will be derived from the
system-are identified. Some of the benefits such as reduction in delay can be

- expressed in monetary ‘terms, while others such as alleviation of irritation cannot

bé quantified. Because of this feature of the system, benefits are not calculated

- and- ordinary cost-benefit- analysis is not applied. Subsequently, economic
* - ‘evaluation is made by comparing the system construction and operation costs with

the road construction cost, toll revenue and operating cost of vehicles on the toll
roads.

Benefit Analysis
1} Benefits to motorists

-Expr‘ess_wa'y is constructed with higher design standards than ordinary roads
‘such as better alignment, wider lane, access control, séparation by median, etc.
~in add_ition,_traffic regulation .or control and other management measures
- contribnite to achieve the three key'objectives of the expressway, namely,
- safety, smooth flow and comfort. The features of the expressway that directly
-connected with these objectives are: -

High speed

Safety

Economy '
Punctuality
Comfort
Convedience:
--Wide- cdverage area -

P S e

'These features are often dasrupted by traffic obstacles caused by motorists
, themselves such as excessive demand, accident and breakdown; or by road
' :admxmstrater such as executing maintenance work on the expressway; or by
. natural phenomena such as. mclement weather conditions.

. The funchons of the traf fic controi and management system are to monitor the
'trafflc and road conditions and to collect -up-to-date information on the

- mmdent that affects the operat:on of the expressway. ‘Armed with such
. mformation, the system then provides assistance:to those who are already
involved i in the incident, and af the same time giving advice to those motorists
who are heading for the site or section of the incident. For a more serious
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incidént, motorists may be warned-of traffic control méasures such as lane
closure or ramp closure, -

" These functrons of the system wrll bnng about various kmds of benefits to the

motorists. Information collection function makes 1t possible for motorrsts who

have met any trouble or accident. to report the.. incident to the road .

administrator through- the emergency telephone and ask for assistance.
Information dissemination function provides motorrsts on the expressway and

on the surface roads alike with traffic and road. information of the expressway

.50 that they are more aware of the srtuatron on the expressway and able t6 take

any appropriate travel action, if necessary.’ “Traffic surveillance and coatrol

_ function regulates the traffic flow and reduce accident, congestion, and deIay

In short, the foilowmg benefits accrue to the motorists:

Any kind'ef assistahc’e to the motorrs’ts ina trmely manner,
Reduction in accident rate, congestion, delay, time cost and pollutron
Prevention of secondary accident,

Information to take detour or change schedule,

Allevratron of 1rrrtatron :

& ® % # %

: Among the benefrts lrsted above those benefrts related to time or accrdent :

-can be expressed in cost saving: For exampie, trme saving or mitigation of

2)

: geverity .of rnjury ‘tealized ‘by the use: of “the emergency telephone can be
- estimated from‘the trme cost and mjury cost, Similarly, total time cost saving
by reduction of delay. can be- calculated using unit time -cost and traffic
~ volume, However such calculation is not.done here as-there are too many

uncertain factors that must be assumed to calculate and the result would be .
inaccurate, -

Benefits to road administrator

The traffic surveillance and information collection function of the system
make it possible for the road administrator to grasp traffic and road conditions.
on a real time basis.. Occurrence of an incident will be quickly recognized by
the road administrator so that necessary countermeasures will be taken without .
delay-and good operational conditions of the expressway-can be restored.

- In addition to'these benefits gained by daily management'of the expresswajrs ;.
traffic and Operatron data of the expressway accumulated for some period will -

provide the road admmrstrator with the necessary data’ base for formulatmg

future tra_ff ic management policy. Safe_tycountermeasures, traffic regulation

and road improvement plan can be developed by analyzing the traffic volume,

- congestion and accident records. Performance of the system can be reviewed

and improvement plan of the system, operation and maintenance prepared.’
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