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ABSTRACT 

Urban transportation planning is the process that leads to decisions on transportation 

policies and programs. The transportation planning process relies on travel demand 

forecasting, which involves predicting the impacts that various policies and programs 

will have on travel in the urban area. The forecasting process also proyides detailed 

information, such as traffic volumes, bus patronage, and turning movements, to be 

used by engineers and planners in designs. EMME/3 is an urban transportation 

planning system that helps transportation planners and traffic engineers to model the 

travel demand. All the data related to urban activities, network data, model 

definitions and travel demand can be unified as the EMME/3 database. The accuracy 

of modeling system is how we performed in constructing the computerized network 

representation. For this study, this road network is modeled by using origin 

destination (OD) table based on gravity model. The gravity model illustrates the 

macroscopic relationships between places for example like homes and workplaces or 

in other words, the gravity model assumes that the trips produced at an origin and 

attracted to a destination are directly proportional to the total trip productions at the 

origin and the total attractions at the destination. Therefore this is an vital scenario to 

the authorities in prediction for the future traffic forecast in managing the future 

development. 
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ABSTRAK 

Perancangan pengangkutan bandar adalah proses petunjuk-petunjuk itu untuk 

keputusan mengenai pengangkutan dasar-dasar dan program-program. Proses 

perancangan pengangkutan berharap tentang permintaan perjalanan peramalan, yang 

melibatkan meramal kesan-kesan itu pelbagai dasar itu dan program-program akan 

memakai sesuatu perjalanan dalam kawasan bandar. Proses ramalan itu juga 

menyediakan maklumat terperinci, seperti jumlah trafik, naungan bas, dan 

pergerakan pusingan, untuk digunapakai jurutera-jurutera dan perancang-perancang 

suka jurutera-jurutera dalam reka. EMME/3 adalah satu sistem perancangan 

pengangkutan bandar bantuan iaitu perancang-perancang pengangkutan danjurutera

jurutera lalu lintas untuk memperagakan permintaan perjalanan. Semua data 

berkaitan untuk aktiviti-aktiviti bandar, data rangkaian, takrif-takrif model dan 

permintaan petjalanan boleh disatupadukan sebagai pangkalan data EMME/3. 

Ketepatan memperagakan sistem adalah bagaimana kami mempersembahkan dalam 

membina rangkaian berkomputer perwakilan. Untuk kajian ini, rangkaian jalan 

dimodelkan dengan menggunakan destinasi asal (OD) dengan menggunakan model 

graviti. Model graviti ini menjelaskan makroskopik hubungan-hubungan antara 

meletakkan sebagai contoh rumah-rumah serupa dan tempat ketja atau dengan kata 

lain, model graviti itu menganggap yang perjalanan itu dikeluarkan di satu punca dan 

tertarik ke satu destinasi adalah berkadar langsung untuk perjalanan jumlah 

pengeluaran di asal dan tarikan-tarikan jumlah di destinasi. Oleh itu, ini merupakan 

sebuah senario amat penting untuk pihak berkuasa dalam ramalan trafik untuk masa 

depan serta menguruskan pembangunan untuk masa depan. 
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CHAPTER1 

INTRODUCTION 

1.1 Introduction 

In this development era, transportation industries plays a vital role. Metropolitan 

areas have come under intense pressure to respond to federal mandates to link planning 

of land use, transportation and environmental quality. Hence, traffic prediction is 

increasingly becoming important to ensure a smooth traffic movement for the future 

route planning. 

It is thus becoming increasingly relevant to use a data model where 

transportation network can be encoded, stored, modified, analyzed and displayed. 

Obviously, Geographical Information System (GIS) is the among best tools to be stored 

and use network data model for this study. GIS of Pahang State is used in building this 

network. 

Road network can evaluate scenanos and help managers in operation and 

planning. Simulations is widely used and have lighter requirements. Simulations are still 

driven directly by factors derived from traffic model. 
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1.2 Objectives 

The study has two objectives, namely: 

1.2.1 To develop a network traffic modeling connecting Jalan Tanjung 

Lumpur-Pekan and Federal Road 3 . 

1.2.2 To create Origin destination (OD) matrix modeling using gravity method. 

1.3 Scope of study 

The scope of study includes: 

1.3.1 The study involve carrying out by building a network modeling of Jalan 

Tanjung Lumpur-Pekan and Federal road 3 using EMME3. 

1.3.2 Data collection using important tools such as Geographical Information 

System Of Pahang State and Google maps. 

1.3.3 Analyzing data using EMME/3. 
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1.4 Problem statement 

The main issues in transportation planning is about the ability to control traffic 

flow entering Kuantan town centers particularly for future needs. This ability is not 

currently posses by the authority , namely Majlis Perbandaran Kuantan (MPK). 

1.5 Significant of study 

The selected links Jalan Tanjung Lumpur-Pekan and Faderal Road 3 are the least 

to be considered in MPK transportation planning due to it low demand. 

This study will help MPK to focus effort at more relevant town attractions such 

as Jalan Kuantan-Gambang, Kuantan Bypass and Jalan Kuantan-Beserah. 

1.6 Expected outcomes. 

One of the expected outcomes of the study will be the traffic model for the base 

year. Combining with a well planned 0-D matrices, the base year traffic model can be 

developed into future years model which will help authorities to understand the future 

traffic demand. 



CHAPTER2 

LITERATURE REVIEW 

2.1 Introduction 

This chapter will define all the terms such traffic prediction. Origin Destination 

matrix (OD), and more. 

2.2 Basic Representation 

Constructing the geometry of network depends on the mode and the scale is 

being investigated. For urban road network, information can be extracted from aerial 

photographs or topographic maps. Two fundamental tables are required for the basic 

representation of a network data model that can be stored in data base. 
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2.2.1 Node table 

This table contains at least three field. One is to store a unique identifier and the 

others is to store the node of X and Y coordinates. Although this coordinate can be 

define by any Cartesian reference system, longitudes and latitudes would insure an easy 

portability to a GIS (Dr. Jean Paul Rodrigue). 

2.2.2 Link table 

This table also contains at least three field. One is storing identifier and the other 

is to store the node of origin and destination. A fourth field can be use to state if the link 

is unidirectional or not. 

Once the two tables are relationally linked, a basic network topography can be 

constructed and all the indexes and measures can be calculated. Attributes such as the 

connectivity and the matrix can also easily be derived from the link table. This basic 

representation enables to define the topology of networks as structured. 

Many efforts have been made to cerate comprehensive transportation network 

database to address a wide variety of transportation problems ranging form public transit 

to package distribution. 

Initially, these effort were undertaken within transportation network optimization 

packages such as EMME/3 or TransCad which created topologically sound 

representations (Dr. Jean Paul Rodrigue). 
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2.3 Layer-Based Approach 

Most conventional GIS data models separate information in layers. Each 

representing class of geographical elements symbolized as points line and polygons in 

the majority cases. For network data model must be constructed with the limitation of 

having points and lines in two separate layers. Further, an important requirement is that 

the geometry of the network matches the reality as closely as possible since this 

networks are often part of GIS where an accurate location and visualization is a requisite 

(Dr. Jean Paul Rodrigue). 

2.3.1 Classification and labeling 

Each segment can be classified into categories such as its function such as street 

or highways, importance such as number of lanes (Dr. Jean Paul Rodrigue). 

2.3.2 Direction 

To avoid unnecessary and often unrealistic duplication of links, especially at the 

street level, a directional attributes can be included in the attribute table (Dr. Jean Paul 

Rodrigue). 

2.3.3 Turn penalties 

An important attribute to insure accurate routing within a network. Each 

intersection has different turn constrains and possibilities. Conventionally, in road 

transportation, a right turn is assumed to have a lesser penalty than a left tum (Dr. Jean 

Paul Rodrigue). 
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2.4 Traffic prediction 

Traffic prediction is one of the way for engineers to plan the future network. It is 

very important in planning so that it is trustworthiness of future traffic movement. It is 

also one of the potential to improve traffic and reduce delays with a better quality 

(Balakrishnan Chandrasekaran). 

2.5 Traffic models 

The design of strong and reliable network and network services is becoming 

increasingly difficult in today' s world. The only path to achieved this is to develop a 

detailed understanding of the traffic characteristics of the network (Balakrishnan 

Chandrasekaran). 

The network represents the major routes for getting around within the study area. 

In simple models this is the road system. Overall, the network shows the supply of 

transportation. 
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The road network as for Figure 2.1 is represented by nodes and links which 

connect roads. Each node and link also have information about their real physical data, 

such as capacity and speed. The network ends at external stations. 

Centro,d 837 ·-~~· ~. ~ ..... _.,. 

\ . 
• 

Figure 2.1 Traffic model network with a road inventory (David Knudsen,2007) 
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2.6 Trip distribution 

The purpose of traffic distribution is to produce a trip table of the estimated 

number of trips form each traffic analysis zone to every other traffic analysis zone 

within the study area. Trip distribution for this study was estimated using EMME/3 

gravity model programmed as shown in Table 2.1. The programmed assumes that the 

number of trip between two zones is 

i) Directly proportional to the trips produced and attracted to both zones. 

ii) Inversely proportional to the travel time between the zones. 

Table 2.1 : Illustrative trip table 

Origin I Destination 1 2 3 z 
1 Tn Tn 

2 T21 

3 T31 

4 T41 Tzz 

2.6.1 The gravity model 

A model that is usually used for trip distribution is that of the gravity function, an 

application of Newton's fundamental law of attraction (Oppenheim,1980). The gravity 

model illustrates the macroscopic relationships between places for example like homes 

and workplaces or in other words, the gravity model assumes that the trips produced at 

an origin and attracted to a destination are directly proportional to the total trip 

productions at the origin and the total attractions at the destination. 
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It has long been posited that the interaction between two locations declines with 

increasing between distance, time, and cost. But is positively associated with the amount 

of activity at each location (lsard, 1956). 

In analogy with physics, (Reilly, 1929) formulated Reilly's law of retail 

gravitation, and J. Q. Stewart,1948 formulated definitions of demographic gravitation, 

force, energy, and potential, now called accessibility (Hansen, 1959). The distance decay 

factor of 1 per distance has been updated to more comprehensive function of generalized 

cost, which is not necessarily linear a negative exponential tends to be the preferred 

form. 

Figure 2.2 shows that zone B, C, E, F is more attractive going to compare going 

to zone D. This is because it is related to the distance. This also effects of time, and also 

cost. This is called gravity model (Cascetta and Nguyen, 1998). 

Figure 2.2 : Gravity model 

0 
0 

-Origin 

-Destination 
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While the gravity model is very successful in explaining the choice of a large 

number of individuals, the choice of any given individual varies greatly from the 

predicted value. As applied in an urban travel demand context, the disutility are 

primarily time, distance, and cost, although discrete choice models with the application 

of more expansive utility expressions are sometimes used, as is stratification by income 

or auto ownership (Cascetta and Nguyen, 1998). 

2.7 Origin destination (OD) matrix 

The origin-destination (OD)-matrix estimation problem is to find an estimate of 

some travel demand between pairs of zones in a region. OD-matrices are essential inputs 

in many transportation analysis models and are useful for example when making 

decisions about how to modify the traffic network, evaluating the accessibility to 

different commercial areas or when making forecasts of traffic emissions. Many time 

dependent systems also require a static OD-matrix as a base or default value. It is 

therefore of great importance to develop accurate models and methods for estimating 

OD-matrices (Cascetta and Nguyen, 1998). 

The estimation is made by using available information about the unknown 

matrix. Usually this information includes traffic count data, observed traffic flows on a 

subset of the links in the network, and an initial approximate OD-matrix. This matrix 

can be an out-dated matrix, for example obtained from surveys or sample data and 

possibly updated by some growth factors to account for changes in the total flow in the 

network. When making short time OD-matrix estimations, this matrix typically 

represents the average traffic situation (Cascetta and Nguyen, 1998). 
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In practice, there are always inconsistencies in the observed count information, 

and there may be no matrix satisfying the observed counts. Therefore most models allow 

matrices, which do not exactly reproduce the observed counts (Cascetta and Nguyen, 

1998). 



CHAPTER3 

METHODOLOGY 

3.1 Introduction 

The study involves with the execution of using EMME/3 to produce network 

model. EMME/3 is a complete travel demand forecasting system for urban, regional, and 

national transportation planning. Transportation policy decisions for demand modeling, 

multimodal network modeling, visualization and analysis can be modeled using 

EMME/3. In this study, gravity model method is used to form up the base year 0-D 

matrices. 
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3.3 Data collection 

3.3.1 Planning system 

First, modeled zones and nodes need to be indentified using Geographical 

Information System (GIS) data base. All the primary and secondary roads will be 

considered to produce base year road network model. Node representation of the internal 

and external zones are as follows. 

Table 3.1 :Modeled internal and external zones 

ZONE NODE REPRESENTED 
Internal 

10509 Taman Indera Pura 
10530 Taman Kempadang Makmur 
10543 Kampung Peramu Hulu 
10546 Kampung Peramu Maju 
10551 Kampung Teluk Baharu 
10555 Sekolah Kebangsaan Tanjung Lumpur 
10504 KIPS AS 

External 
10001 TerusMaju 
10002 Perumahan Sg. Isap 
10003 Kampung Sri Melati 
10004 Kampung Rhu Bongkok 
10005 Perkampungan Kempadang 
10006 BMW show room,Kopitiam (Bandar Kuantan) 

In the table internal and external zones need to be systematically numbered. The 

attributes such as the coordinates shall be obtain from Kuantan's GIS. Figure 3.2 shows 

the study area. 
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3.3.2 Junction and links modeling 

Junctions and comers are represented by nodes numbered from 10510 until 

19999. Again the junctions and comers attributes are obtained from GIS data base and 

similarly the links length. 
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3.4 Road network modeling 

To develop a traffic model, collection of data was necessary trough site 

observation and surveys. The essential item for road network modeling are as follows: 

1. network inventory 

n. junction layouts 

111. junction signal timings~ link capacities 

IV. turn table penalties 

v. volume delay functions (VDF) 

v1. vehicle demand patterns 

vn. vehicle volume counts 

Coordinate that had been retrieved from GIS then need to be converted to 

.pm format so that the EMME/3 program can run it. Table 3.2 and Table 3.3 shows 

the example of data for nodes and link that should be insert to the software EMME/3 to 

generate road network modeling while Figure 3.3 shows the road network modeling that 

need to be created. 
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Table 3.2 :Example of data for nodes 

COORDINATE COORDINATE DATA DATA DATA 
NODES X y 1 2 3 

a* 10504 92306.22 4495.73 0 0 0 
a* 10509 96407.72 5212.91 0 0 0 
a* 10530 99339.27 8408.26 0 0 0 
a* 10543 99714.67 8774.68 0 0 0 
a* 10546 100094.59 9253.86 0 0 0 
a* 10551 100527.45 10085.90 0 0 0 
a* 10555 91822.30 6724.37 0 0 0 
a* 10001 87771.87 6061.30 0 0 0 
a* 10002 93908.06 7773.04 0 0 0 
a* 10003 94183.41 -2037.69 0 0 0 
a* 10004 98337.28 2209.80 0 0 0 
a* 10005 98754.55 4538.72 0 0 0 
a* 10006 99798.50 11301.57 0 0 0 
a 10500 88901.08 6570.94 0 0 0 
a 10501 90781.27 6679.77 0 0 0 
a 10502 91391.67 6811.74 0 0 0 
a 10503 91789.00 6916.82 0 0 0 
a 10562 93905.90 7766.60 0 0 0 



Table 3.3: Example of data for links 

NO 
LENGTH LINK OF 

FROM TO _{km) MODE TYPE LANE 
a 10001 10500 0.94 ate 2 2 
a 10500 10501 1.87 ate 2 2 
a 10501 10502 0.62 ate 2 2 
a 10502 10505 0.40 ate 2 1 
a 10505 10506 0.29 ate 2 1 
a 10506 10507 0.58 ate 2 1 
a 10507 10508 1.27 ate 2 1 
a 10508 10509 0.46 ate 99 1 
a 10508 10510 0.35 ate 2 1 
a 10510 10511 3.81 ate 2 1 
a 10511 10512 1.94 ate 2 1 
a 10512 10513 0.004 ate 2 1 
a 10514 10563 0.52 ate 2 1 
a 10563 10003 1.62 ate 2 1 
a 10513 10515 0.98 . L__~t~ 2 1 

~--------------------- -

DATA 
VDF 1 

2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
5 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 

DATA 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

DATA 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

I 

I 

! 

i 

I 
I 

I 

N 
0 
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Figure 3.3 : Example of road network model of study area 
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EMKE/2 
DATE: OSI-.1.0-l.St 
MODVLE : e _ .1.2 
KU'K'rEH •••• -• ~y.a 
SCElfARIO: .1. 
Ll.: 3462:7/-2S"J'.l. 
UR: .1.0363S/.1..1.83$ 

The network ends at external stations, which represent connections to the other 

zoning system. "Dummy" zone connectors were then defined to link the catchments 

centroids to the sub-section midpoints. Connector distances were defined manually by 

examining the geographical and land-use characteristics of each specific route sub

section. The road network within the study area was modeled to reflect the existing 

traffic conditions during the morning (AM) and afternoon (PM) peak periods 

(Introduction to transportation modeling 1999). 
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3.5 OD matrix 

In creating origin destination (OD) matrix, the most important thing that should 

take into account is surrounding area such as building and area of study. This can be 

obtain from GIS or other sources such as Wikimapia or Google Earth. 

Knowledge about the origin-destination (OD) traffic matrix allows us to solve 

problems in design, routing, configuration debugging and monitoring. In fact the OD 

traffic matrix provides us with valuable information about who is communicating with 

whom in a local area network, at any given time. Most routers are not able to measure 

the OD traffic flows (Airoldi 2003). 

3.6 Volume delay function (VDF) 

Here, we must identify the roadway classification, link type and the capacity for 

your study area. Table 3.4 can be referred to identify all the items needed. Figure 3.4 

shows the relevant function VDF for applicant EMME/3. These are to express the travel 

time (or cost) on a road link as a function of the traffic volume. 

Table 3.4: Volume for speed and capacity by roadway type 

(PerundingAturSdn.Bhd, 2006) 

Roadway Link Speed Capacity 
classification Type (kmlhr) VDF (PCUphpl) 

Highway 1 110 1 1800 
Primary Road 2 80 2 1500 

Secondary Road 3 60 3 1020 
Local Road 4 40 4 750 

Centroid 
99 NA 

5 
NA 

Connector 
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3. 7 Trip distribution 

Once the 0-d matrices has been computed, the trips can be distributed among the 

zones using Trip Distribution Models. Trip distribution has traditionally been based on 

the gravity model. 

3.8 Turning penalties 

Turn table here shows road direction were accessible. If the traffic movement 

exist, the tum penalty function is -1 and will be 0 if there is no movements at the 

junction or node. This is an important consideration when determining travel time and 

routing while using a network 

There will be two 'Dummy' at the external. The dummy zone connectors were 

then defined to link the catchment centroids to the sub section midpoints as shown in 

Figure 3.4. Each record in a turn tables shows the street segments for each tum and the 

tum impedance measured in minutes or seconds. Every intersection in a network may 

not have to be included in a turn table. 

A tum table with partial listings involving only intersections at stoplights may be 

all that is needed for a network application. 12 possible turns at most intersections 

involving four street segments. U-tums are excluded because they are only involved in 

some cases. 
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IIIITl:lUCCTIOII: TUBBS: LI<'/OUT: tOLOBS: OPT I ODS: TUBD EDTBIES: C99E/Z 

~ADD D liiO PEliALT'l D S!IOID IIET!!JOBK lllri!OI!-IIODE D SAllE DErAULTS ~~~0~ TOTAL DATE: 09-10-ZO 
DELETE [] 1110 TUBII []BOT ATE !lODE DTO•IIODE D IIUI!EBit llll'UT U? USED I!ODULC: t.U 

!;!llODIFY 0 TUBII P!!ll. !'CT. [] 'BAPIIH a OBT DTP!' CIUSE SA9E DATA l.91$3 FBl:E XUXTEM ...... Jy.a. 
~~LIST/PLOT [] USEB DATA UPl []!tiDE U-TUlllllS [] 'l:llllll AII~LE []UPDATE PLOT SCCIIAlliO: 1 

[] USEB DATA UP! [] liETIDOBX IlllSET [] tOLOil IIIDEX [] IIESTi\IIT IIITEllSiltTIOliS: LL: -! .1/-t .19 p tall tEL [] USEil DATA UP! C1 QUIT 16 !lODES UB: 4.!/1.~3? 

NODE 10501 
FIIOI! TO T!>!' UPJ. UPt UPI 

l.0$00- 105 0 0 0 0 0 0 
l.0~00-1050! -l. 0 0 0 

1050Z-l.0500 -1 0 0 0 
10SOt~ ~il!Hlt 0 0 0 0 

----~B 
e:~~ ~ 

Figure 3.4: Turn table at dummy centroid 

3.9 Trip assignment 

Trip assignment exercise is conducted by regressing the network model, the 0-D 

matrices model and the VDF in the trip assignment node. The process in considered 

successful once the modeled and the actual traffic on selected links margin of errors is ± 

10%. 



CHAPTER4 

RESULT AND ANALYSIS 

4.1 Introduction 

Network traffic modeling have been developed significantly over the lifetime of 

the internet. The results that obtain from EMME/3 are presented in this chapter. 

4.2 Analysis 

The network has been analysis by the EMME/3 and it consists of centroid, links 

and nodes. In summary, the network contains: 

1- 13 centroids. 

u- 58 regular nodes. 

m- 141links. 
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4.3 Network file analysis 

For network analysis, links is produce in network file. It contains origin and 

destination, nodes, length, type, modes and lanes of links. Table below shows the link 

attributes for the study area. 

Table 4.1 : Link attributes 

Length 
From To (m) Mode Type Lane VDF 
10001 10500 0.94 act 2 2 2 
10500 10501 1.87 act 2 2 2 
10501 10502 0.62 act 2 2 2 
10502 10505 0.40 act 2 1 2 
10505 10506 0.29 act 2 1 2 
10506 10507 0.58 act 2 1 2 
10507 10508 1.27 act 2 1 2 
10508 10509 0.46 act 99 1 5 
10508 10510 0.35 act 2 1 2 
10510 10511 3.81 act 2 1 2 
10511 10512 1.94 act 2 1 2 
10512 10513 0.004 act 2 1 2 
10514 10563 0.52 act 2 1 2 
10563 10003 1.62 act 2 1 2 
10513 10515 0.98 act 2 1 2 
10515 10516 0.97 act 2 1 2 
10516 10517 0.86 act 2 1 2 
10517 10518 0.42 act 2 1 2 
10518 10519 0.80 act 2 1 2 
10519 10564 0.39 act 2 1 2 
10564 10520 0.39 act 2 1 2 
10520 10521 0.92 act 2 1 2 
10521 10522 0.98 act 2 1 2 
10522 10523 0.66 act 2 1 2 
10523 10524 0.50 act 2 1 2 
10524 10525 0.78 act 2 1 2 
10525 10004 0.63 act 2 1 2 
10523 10526 0.43 act 4 1 4 
10526 10527 0.33 act 4 1 4 
10527 10005 0.43 act 4 1 4 
10523 10528 0.42 act 2 1 2 
10528 10529 0.68 act 2 1 2 
10529 10530 1.33 act 99 1 5 
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10529 10531 0.75 act 2 1 2 
10531 10532 1.00 act 2 1 2 
10532 10533 1.06 act 2 1 2 
10533 10534 0.63 act 4 1 4 
10534 10535 0.32 act 4 1 4 
10535 10536 0.25 act 4 1 4 
10535 10537 0.74 act 4 1 4 
10537 10538 0.61 act 4 1 4 
10538 10539 0.14 act 4 1 4 
10539 10540 0.24 act 4 1 4 
10540 10544 0.21 act 4 1 4 
10533 10541 0.80 act 2 1 2 
10541 10542 0.004 act 2 1 2 
10542 10543 0.21 act 99 1 5 
10542 10544 0.25 act 2 1 2 
10544 10545 0.29 act 2 1 2 
10545 10546 0.32 act 99 1 5 
10545 10547 0.26 act 2 1 2 
10547 10548 0.17 act 2 1 2 
10548 10549 0.11 act 2 1 2 
10549 10550 0.12 act 2 1 2 
10550 10551 0.16 act 99 1 5 
10550 10552 0.49 act 2 1 2 
10552 10553 0.30 act 4 1 4 
10553 10554 0.55 act 4 1 4 
10554 10556 0.40 act 4 1 4 
10554 10555 0.12 act 4 1 4 
10552 10557 0.26 act 2 1 2 
10557 10558 0.13 act 2 1 2 
10558 10559 0.55 act 2 2 2 
10559 10560 0.40 act 2 2 2 
10560 10561 0.24 act 2 2 2 
10561 10006 0.14 act 2 2 2 
10502 10503 0.14 act 2 2 2 
10503 10504 0.20 act 99 1 5 
10503 10562 1.47 act 2 2 2 
10562 10002 0.82 act 2 2 2 
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4.4 Base network 

Figures 4. 1 and 4.2 shows base network in network worksheet. This is 

used to show plot of base network such as modes, link types, link length, 

centroids, lanes or volume-delay functions. Modification to the network model 

can be done interactively or in a batch file. 

The following Figures 4.3 to 4.9 shows the attributes of the base year 

network model. 

BASE NETWORK 

l:Y:!!E/2 PROJECT: Tou· .. j11ng Lu:mpu:t:-Peka:n. Jletw()rk 
8-CElfAlllO l.: JJ..a=t" ~ 'V6.a:z: :t 009 

Figure 4.1 : Base year network model 

WINDOli.l: 
e;4621/-2:.S7l.. 3 

l.038.i5/l.l.635 .l. 

09-J.0-2:6 ;2;~: 10 
uoxnn.:z:: z. J.3 
XUKTZ:ft. •.•. sy.a. 



TAELE! I OPERAT IO"'' I"'ODES' 
L:INKS! OPT :IOlSI'S: 

0 CElii'TP.O J:D S 0 ADI> 0 ALL DATA • ALL DATA 0 USER DATA J. 0 ATT:F:.- TAZLE 
C]REG-- NODES [J DELETE CJ C 0 ORD :Ill" ATE 3 Cl H:ODE S [J USER DATA 2 [J li"UMERIC IJ!I'PUT 
• LINKS 0 KO:O I T'V D USEP. DATA .l. 0 LJ:NK TYPE 0 USER DATA 3 D USE SAKE DATA 

• L J:ST D USE~ DATA Z 0 LENG-TH 0 UPDATE PLOT 
D USEP. DATA 3 CJ L AB'E S D RESTART 
C] LABEL Cl U/ D :I'UllrCTIOR [J TWO-WA"Y LJ:RKS D QUIT 

Figure 4.2: Road network model showing centroids, nodes and links. 

EM:M:E:/ 2: 
DATE : 09-~0-2;6 

MODULE; 2:-12 

KU"XTEM. w - - ·- Dya. 
SCEJ!JA:R:IO: J. 
LL: 6462:7/-2!1:"?.1. 
UR: 103835/1183S 

t.J 
\0 



TABLE: 
0 CENTRO IDS 
D RE<;. NODES 
• L IRKS 

I OPERAT I OR' HODES: L IRKS: OPT IORS' 
0 ADD 0 ALL DATA • ALL DATA 0 USER DATA .1. 0 ATTR. TABLE 
0 DELETE 0 COORDIJI'ATES 0 KODES 0 USER DATA 2 0 NUMERIC IRPUT 
0 MODIFY 0 USER DATA .1. 0 I. I111'K TYPE 0 USER DATA 3 0 USE SAHE DATA 

• LIST 0 USER DATA 2 0 LER<;TH 0 UPDATE PLOT 
0 USER DATA 3 0 LARES 0 RESTART 
0 LABEL D '1.7/D FUJII'CTIOR 0 T'tllO-liJAY L Ilii'KS 0 QUIT 

Figure 4.3 :Zoom of road network model showing centroids, nodes and links. 
(zoom 1) 

EMKE/2 
DATE' OS'-~0-26 

MODULE' 2: • .Lf: 
KU':KTEM - - - - -- s:-y• 
SCER'ARIO: .1. 
LL' eos -.e ot 3S.l.4 
UR, 955?6/ ~038.1. 

l.IJ 
C:::> 



TABLE: I OPE RAT I Ollr ' JI'ODE8: LIIIrKS: OPT IOIIrS' E~KE/2 

0 CENTROID 8 0 ADD 0 ALL DATA • ALL DATA 0 USER DATA J.. 0 ATTR- TAELE DATE: 09-~0-26 

0 'REG_ BODES 0 DELETE 0 C! 0 ORD UrATE S 0 KODES 0 USE I< DATA 2 0 llrUKEI<IC! 11!1'PUT KODULE' 2 _,12; 

• L I•KS 0 KOD IFY 0USEI< DATA J.. 0 LINK TYPE 0 USE!< DATA 3 0 USE SAKE DATA KOKTI:K- --- -- !:!=y.;a. 

• LIST 011BER DATA " D LElii'G-TH [J UPDATE PLOT SCEJIARIO: J.. 
3 0 LAIIrES 0 'RESTART LL: 889J..?/ - 2336 

0 '1.7/D FUl!fCTIOJr [J TUJO -UJAV L Il!fKS 0 QUIT 111<: 98649/ 4963 

Figure 4_4: Zoom of road network model showing centroids, nodes and links_ 

(zoom 2) 

t...> .... 



TABLE o 
0 CElfTRO IDS 
0 P.EG. llrODES 
. LI!IrKS 

I OPE RAT I Olll' liiODES , LiliiKS ' OPT I OlliS' 
0 ADD 0 ALL DATA • ALL DATA 0 USER DATA J. D ATTP.. TABLE 
0 DELETE 0 C 0 OP.D I !IrATE S 0 HODES 0 USER DATA 2: D llr'UMER I c IllrP11T 
0 HOD Ir'Y 0 11SEP. DATA J. 0 LI!IrK T"ZPE 0 USER DATA 3 0 USE SAME DATA 
• LIST 0 11SER DATA 2: 0 LE!IrGTH D UPDATE PLOT 

0 USER DATA 3 0 LAliii:S 0 REST AP.T 
0 LABEL 0 U/D ru!lrCT I Olll 0 Tt.JO - T.!A"Z LINKS D Q11IT 

Figure 4.5 :Zoom of road network model showing centroids, nodes and links. 

(zoom 3) 

EM:M:E/2: 
DATI:o OSI - ~0-26 

M:OD11LE o 2.12: 
Kl.TKT:CH: - - - - -- ~y.a 
SCEliiAP.IO , J. 
LL o 9458.,/ ~?8:;} 

UP. o 100.,05/ 63''1 .1. 

~,j..) 
t.J 



TABLE' 
0 CENTP.O IDS 
0 REG. NODES 
• LINKS 

I OPEl>. AT I ON' I NODES' 
LINKS' OPTIONS' 

0 ADD 0 ALL DATA • ALL DATA 0 USER DATA 1 0 ATTP.. TABLE 
0 DI:LI:TI: 0 COOP.DINA'l'I:S 0 RODES 0 USI:P. DATA 2 0 NUMI:P.I c INPU'T 
0 ROD Ir~ 0 USE:s>. DATA 1 D LINK TYPE D USI:P. DATA 3 0 USI: SAKE DATA 
• LIST 0 USEP. DATA 2 D LI:NGTR 0 UPDATE PLOT 

0 USEP. DATA 3 0 LANES D P.ESTAP.T 
0 LABEL D U/D rUNCTION 0 TWO -WA~ LINKS D QUIT 

Figure 4.6: Zoom of road network model showing centroids, nodes and links. 

(zoom 4) 

ERME/2 
DATZ: : 09-.L0-2:6 
MODULE: 2.12 
KU':KT:CH ~ - - - --By .a 
SCED'ARIO: 1 
LL: 962S'2:./ 6S2:~ 

UP,, 103053/11522 

~.>) 
~.>) 



TABLE: 
D CENTRO IDS 
D R.EG_ NODES 
• LINKS 

I OP:E:RAT 10,., I,.ODESo 
Lilii'KS: OPT IOl!rS: 

0 ADD 0 ALL DATA • ALL DATA 0 USER DATA .1. D ATT:P. ~ TABLE 
[] DELETE 0 COOI'c.D liii'ATES 0 MODES 0 USER DATA " 0 III'UMER.IC Illr'PUT 
0 HOD IFY 0 USER. DATA 1 0 LINK TYPE 0 USER DATA " 0 U3:E: SAKE DATA 
• LIST 0 USER. DATA 2: CJ L:Eli'GTR D U'PDATE PLOT 

I:J USER. DATA " D LAJII'ES D B.ESTAR.T 
0 LABEL OVID TU'JI'CTIOJI' 0 TWO-WAY LIJI'KS 0 QUIT 

Figure 4.7: Zoom of road network model showing centroids, nodes and links. 

(zoom 5) 

:E:HM:E:/2 
DATE: Ofl-.l.0-26 
MODULE: 2_.1.2 

K\J'KTEK- - - - -- "''V.a. 
SCEDAR.IO: .1. 
LL: ~8?55/ 864"? 
U'P.o .1.03729/.1.2377 

~.j..) 
.j::.. 
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Z:UI:.It PRO.tl:r:'l'' : T '.a:ni·"TI·9 I,.""""J>U~· ·P .. k..aTI ... t. .. <>a'k 
sn::DAJuo. 1.: )>,u·" Y"'""' teo,,: 

Figure 4.8: Road network showing link length 
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Figure 4.9: Road network model showing number oflanes 
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4.5 Turn tables 

There are three types of tum tables that can be found in Tanjung Lumpur

Pekan network modeling. The data had been key in module 2.31. the types of tum 

table are as below. 

1-

11-

111-

II!I'TER:liECTIOlll': 
0 ADD 

0 DELETE 
0 MODIFY 
• LIST/PLOT 

0 CAVCEL 

Tum table for 3 way junction (Figure 4.8) 

Tum table for 4 way junction (Figure 4.9) 

Tum table at dummy intersection (Figure 4.10) 

COLORS : OPT tORS: TVRlf ElfTRXES; 
0 •o PEli'II.LT'Y 0 SHOt.:l lii'!:Tt.:IOl'tX • rAOM - lfOD!: 0 OAU:r: DEFAULTS 20000 TOTAL 
0 IWO TURllr 0 ROTATE lli'ODE 0 TO-:WODE: D lii'UH:CRIC UI'PUT 41? U'S:CD 
0 TUllll' P:Cli'.FCT. 0 lrRAPHIC SORT 0TPF 0 U'3E :SAME DATA .L9583 TlU!:E 
0 USER DATA UP~ 0 HIDE U-TURl51'3 CJ TlJlUir AllfGLE 0 U'PDATE PLOT 
0 USER DATA UP< [J lSI'ETWOllK UISET 0 COLOR Ili'DEX 0 RESTART Uii'TElt:SEC:T IOlfS : 
0 Us:E:R DATA UP> CJ QU:J:T 

TO 

NODE 10503 
r:R.OH Tl'T 

J.O s 04·· ~c.:; o 4 0 
J.OS04o - l.O.S02: -~ 
J.O:S04 - .1.0..5ll2: 

J.OS02: - - l.O.S04 
.1.0502 -- .1.()502 0 

.1.0502 - .1.0562: -~ 

l.OSI52: - .1.0..504 -~ 

l.O.SC52: - l.O.S02: 
_, 

.1.0511!52: -· .1.0..5152: 

Figure 4.8: Tum table at 3 way junction 

EKME/2: 
Dl'l.TE : 09-.l.0-2:15 

MODULE: 2:.3l. 
JCU"XTEK •••••• •Y• 
3CEJ1'AlliO: ~ 

-2: .l./-2:. 151 
4.2/2.53'7 

17PZ 



lJfT::CRB:CC:T XO:IJ: 
Cl ADD 
Q DELZTZ:: 

0 ROD I:rY 
• L 1ST/PLOT 

D C:AifC::CL 

TV~II":S• 

0 JtO FZ:lltAL'l'~ 
0 :JI'O TU'lit.liJ' 
0 T~Jfr P:E'Jif.FCT. 
0 VSEI'l UP.l. 
QV:SEI'l DATA VP;t. 

0 VSZ:R DAT A V.P3 

NODE 

LAYOUT: 
D 131H01oil liJ:TliJOP.K 
CJ ROT AT:Z: Jii'OD:E 
t:J G:P.bPHIC 30:1\'l' 
CJ HIDE U-TlTSUfS 
CJ M'Z:T'WORX 

C:OLO:Et.S: 
• TR.OM-lii'ODE 
C] TO-li'ODJ!: 

0 rPr 
0 TVRJit AIA'"GLE 
0 COLOIIit. :ll!fDEX 

OP"X' J:ORS: 
0 filA~ D:CTAVLTS 
0 BU'~J'll: C J:li'PVT 
0 VS:C SAR:C DAT.& 
0 UPDAT:C PLOT 

TV:P.llf E:WTRJ::C:IJ: 
20000 TOTAL 

41'7 U':'l:CD 
.1.9583 F:P.:CE 

D li\:I:STAR.T IJII"T:E:P.:SZ:C:T J:O'llfS: 
0 QVJ:T S6 DOl):C$ 

!"ROM 

.1oszz ~ - .l.O.SZ2: 0 

.1.0 .e; ez - .1.0 s 2 • - ~ 

.10 SZZ - 1052:6 

10 s ZZ - .l..O 52 0 

~0 524- .l.OS22 

.l.0$24 -- 10.524 0 

.1.0.524 - J.0.$£6 - ~ 

.10-5 24 - .l.O .SZtll 

.J.O.SZ6 - .l.O$ZZ 

.l.0526 - 10SZ4 -~ 

.l.0$2;6 - - .1.0.526 0 

.1.0526 - .l.0$28 

.l.0$28 - .l..OlSZZ -~ 

.10 szs - .l. 0 5Z4 -~ 

.1.0.521!!1 -- .1.0.5:2:6 

Figure 4.9 Turn table at 4 way junction 

llii'TE:R.SECT :lOlii': 
CJ ADD 
D DZ:Ll:T:C 

0 MODI:r'Y 
• L I:!ST/PLOT 

C) CAllfC:t:L 

'1"UIUII':II: 
CJ 11"0 PENALTY 
0 ZI'O TVRB' 

• 'l'UP.ll' PEZI'. FCT. 
CJ USER DATA UP.l.. 
D USER :DATA UP% 
0 U8:£R 

l.AYO U'T: 
C] SHOliJ li'ET'tllORK 
0 ROTATE JfOD:Z: 
0 G-RAPHIC SIOP.T 
0 l't :ID:Z: V-TUlllf:S 
0 D"ETliJO:R.K Z:II'SET 

NODE 10500 

COLORS: 
• .l'ROM-:II'ODE 
0 TO-llfOD:E 

D TPF 
0 TU:I\.llf Alii'~LZ: 
0 COLOR :Il!I"DEX 

OPT 1:0111"3: 
CJ SAVE DEFAULTS 
D lii'UM:CRIC Ilii':PVT 
0 U9:C SAKE DATA 
0 UPDATZ: Pl.OT 

TUl't.llf Elii'TRZ::C S: 
20000 TOTAL 

4.1'7 VS:CD 
.l..~$83 FREE 

CJ :RESTART 
0 QVZT 

..LOOO.l.. - - .1.0001. 

.l.0001. - .l.0-50l. 

J..O.:IO.l. - .1.000.1. 
.1.0<&0.1 -- .l.O<&Ol. 

Figure 4.10 Tum table at dummy intersection 

38 

.&M:ME/2 
DATE: 09-J,.0-2:115 
MODULE: Z.::ltl.. 

~:::!:ro ~- -· .,.~ 
LL: - Z- :l./- 2 • .l.SI 
~. 4.2./2-..!5:<1'7 

0 

0 

0 

E:(I:Uu:/ ~ 
DATE: 
KODVl.l:: 

KU:KTEM:- •• - •• •y.:r.. 
~CZ::JI'~%0: .l. 
LL: -2.J../-2: • .l..g 

4. 2:/lt- .537 
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4.6 OD table using gravity method 

Base year 0-D matrices of the study area is developed using excel as 

shown in Table 4.2 to 4.4 in which trip to/from origin and destination zone is 

estimated. The completed 0-D is then transformed into .pm file for 0-D model 

and test using the trip assignment node. Convergences of the modeled versus 

actual traffic volume on selected links to be within ±10% margin of errors will 

indicate that the base year 0-D modeled has been established. 



Table 4.2 : Base Year OD Model -AM Peak Hour Distribution to Destination 

in out 20000 10001 10002 10003 10004 10005 10006 10500 

Origin (From) Generated to from Internal TerusMaju 
Perumahan Sg. Kampung Sri KampungRhu Kampung BMW show 

External 
I sap Melati Bongkok Kempadang room,Kopitiam 

10509 
Taman lndera Pura 10509 500 400 100 70% 3% 3% 3% 3% 3% 3% 18% 

10530 
Taman Kempadang Makmur 

10530 500 400 100 70% 3% 3% 3% 3% 3% 3% 18% 

10543 
Kamouno Peramu Hulu 

10543 500 400 100 70% 3% 3% 3% 3% 3% 3% 18% 

10546 
Kampung Peramu Maiu 10546 500 400 100 70% 3% 3% 3% 3% 3% 3% 18% 

10551 
Kampung Teluk Baharu 

10551 500 400 100 70% 3% 3% 3% 3% 3% 3% 18% 

10555 
Sekolah Kebanosaan Taniuno Lumpur 

10555 500 400 100 70% 3% 3% 3% 3% 3% 3% 18% 

10504 
KIPSAS 

10504 500 400 100 70% 3% 3% 3% 3% 3% 3% 18% 

20000 Total for Internal Zones 20000 3500 2800 700 

10001 
Terus Maiu 

10001 500 100 400 70% 3% 3% 3% 3% 3% 3% 18% 

10002 
Perumahan Sg. lsap 

10002 500 100 400 70% 3% 3% 3% 3% 3% 3% 18% 

10003 
Kampung Sri Melati 

10003 500 100 400 70% 3% 3% 3% 3% 3% 3% 18% 

10004 
Kampuno Rhu Bonokok 

10004 500 100 400 70% 3% 3% 3% 3% 3% 3% 18% 

10005 Kampung Kempadang 10005 500 100 400 70% 3% 3% 3% 3% 3% 3% 18% 

10006 
BMW show room,Kopitiam 

10006 500 100 400 70% 3% 3% 3% 3% 3% 3% 18% 

10500 Total for External Zones 3000 600 2400 

Total 6500 3400 3100 

~ 



Table 4.3: Base Year 00 Model- Length between zone's centroids 

Destination 10509 10530 10543 10546 10551 10555 10504 20000 10001 10002 10003 10004 10005 10006 10500 
Origin 

10509 Taman lndera Puraj 1 0 4,2 8,1 8,6 9,1 9,9 2,3 4,8 3,7 6,8 6,5 6,5 10,2 

10530 Taman Kempadang Makmur 2 4,2 0 4,4 4,9 5,5 6,4 4,8 8,6 3,6 7,6 3,6 2,4 7 

10543 Kampung Peramu Hulu 3 8,1 4,4 0 0,5 1 '1 2 7,8 11,6 5,5 11,7 6,3 3,9 2,9 

10546 Kampung Peramu Maju 4 8,6 4,9 0,5 0 0,6 1,5 8,2 12 5,9 19,4 6,7 4,3 2,5 

10551 Kampung Teluk Baharu 5 9,1 5,5 1,1 0,6 0 0,9 8,7 12,5 6,4 12,7 7,3 4,9 2,1 

10555 Sekolah Kebangsaan Tanjung Lumpur 6 9,9 6,4 2 1,5 0,9 0 9,4 12,1 7 13,7 8,2 5,8 1,4 

10504 KIPSAS 7 2,3 4,8 7,8 8,2 8,7 9,4 0 11,7 2,4 9,1 7,9 7,3 9,2 

20000 Total for Internal Zones 

10001 Terus Maju 1 4,8 8,6 11,6 12 12,5 12,1 11,7 0 6,1 10,5 12,2 11 11,9 

10002 Perumahan Sg. lsap 2 3,7 3,6 5,5 5,9 6,4 7 2,4 6,1 0 9,8 7,1 5,8 6,8 

10003 Kampung Sri Melati 3 6,8 7,6 11,7 19,4 12,7 13,7 9,1 10,5 9,8 0 6 14,5 14,5 

10004 Kampung Rhu Bongkok 4 6,5 3,6 6,3 6,7 7,3 8,2 7,9 12,2 7,1 6 0 2,4 9,2 

10005 Perkampungan Kempadang 5 6,5 2,4 3,9 4,3 4,9 5,8 7,3 11 5,8 8 2,4 0 0,9 

10006 BMW show room,Kopitiam 6 10,2 7 2,9 2,5 2,1 1,4 9;2 11,9 6,8 14,5 9,2 0,9 0 

10500 Total for External Zones 

.,J:::. -



Table 4.4 : Base Year OD Model- Trip Distribution Based on Gravity Model 

Destination 10509 10530 10543 10546 10551 10555 10504 20000 10001 10002 10003 10004 10005 10006 9999 
Origin I 

10509 Taman lndera Pura 1 175 17 34 36 38 41 10 350 19 14 26 25 25 40 150 
10530 Taman Kempadang Makmur 2 24 175 25 28 32 37 28 350 39 16 35 16 11 32 150 
10543 Kampung Peramu Hulu 3 59 32 175 4 8 15 57 350 42 20 42 23 14 10 150 
10546 Kampung Peramu Maju 4 62 35 4 175 4 11 59 350 35 17 57 20 13 7 150 
10551 Kampung Teluk Baharu 5 61 37 7 4 175 6 59 350 41 21 42 24 16 7 150 
10555 Sekolah Kebangsaan Tanjung Lumpur 6 58 37 12 9 5 175 55 350 38 22 43 26 18 4 150 
10504 KIPSAS 7 10 20 33 35 37 40 175 350 37 8 29 25 23 29 150 

20000 Total for Internal Zones 449 355 290 290 299 325 442 2450 250 118 273 158 120 130 1050 
10001 Terus Maju 1 23 41 55 57 60 58 58 350 75 9 15 18 16 17 150 
10002 Perumahan Sg. !sap 2 38 37 56 60 65 71 24 350 13 75 21 15 12 14 150 
10003 Kampung Sri Melati 3 29 33 51 84 55 59 39 350 14 13 75 8 20 20 150 
10004 Kampung Rhu Bongkok 4 49 27 47 50 55 62 59 350 25 14 12 75 5 19 150 
10005 Perkampungan Kempadan!l 5 65 24 39 43 49 58 73 350 29 15 21 6 75 2 150 
10006 BMW show room Kopitiam 6 101 69 29 25 21 14 91 350 21 12 25 16 2 75 150 

10500 Total for External Zones 305 231 277 319 304 321 343 2100 177 139 170 138 129 147 490 
· ..... . Total for Jovvn Center 754 586 567 609 603 646 785 4550 427 257 443 297 249 277 1062 

t!3 
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CHAPTERS 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

The mam objective of the project to develop a base network modeling 

connecting Jalan Tunjung Lum.pur-Pekan and creating OD table using gravity method 

has been achieved. This project is done by using EMME/3 software. It is use worldwide 

in the development of transportation project. EMME is a complete travel demand 

forecasting system for urban, regional, and national transportation planning. 

There are two steps required in creating traffic model using EMME/3 project. 

Steps the formation of the base year network model and the base year OD model. The 

network model for the study area consist of 13 centroids, 58 regular nodes and 141 

links. Besides that, the network modeling is based on scenario 2009 by using the gravity 

model. 
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5.2 Recommendations 

Since scope of work for this study is only to produce a base year network 

modeling for 2009 and to create OD matrix modeling using gravity model, for the future 

work of this project, it is proposed that the calibration process must continue until the 

difference between the modeled and actual traffic at selected links is less than 10%. This 

network can be calibrated as many time as required. Furthermore, we can also run a new 

scenario and trip assignment to obtained the desired traffic model. Figure 5.1 shows the 

complete modeling using EMME/3 with aim to obtain a calibrated Base Year Traffic 

Model. 



Data collection 

Update data to the base year 2009 

Road network modeling OD matrix modeling 

No 

Traffic model is calibrated 

Volume delay function 
modeling (VDF) 

Figure 5.1 : Recommendation for further works 
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COORDINATE COORDINATE 
NODES X y DATA1 DATA2 DATA3 

a* 10504 92306.22 4495.73 0 0 0 
a* 10509 96407.72 5212.91 0 0 0 
a* 10530 99339.27 8408.26 0 0 0 
a* 10543 99714.67 8774.68 0 0 0 
a* 10546 100094.59 9253.86 0 0 0 
a* 10551 100527.45 10085.90 0 0 0 
a* 10555 91822.30 6724.37 0 0 0 
a* 10001 87771.87 6061.30 0 0 0 
a* 10002 93908.06 7773.04 0 0 0 
a* 10003 94183.41 -2037.69 0 0 0 
a* 10004 98337.28 2209.80 0 0 0 
a* 10005 98754.55 4538.72 0 0 0 
a* 10006 99798.50 11301.57 0 0 0 
a 10500 88901.08 6570.94 0 0 0 
a 10501 90781.27 6679.77 0 0 0 
a 10502 91391.67 6811.74 0 0 0 
a 10503 91789.00 6916.82 0 0 0 
a 10562 93905.90 7766.60 0 0 0 
a 10505 91685.82 6553.76 0 0 0 
a 10506 91895.07 6359.23 0 0 0 
a 10507 92150.55 5841.08 0 0 0 
a 10508 91859.83 4605.50 0 0 0 
a 10510 91809.40 4256.63 0 0 0 
a 10511 92569.04 2662.39 0 0 0 
a 10512 93204.64 832.25 0 0 0 
a 10513 93386.51 94.72 0 0 0 
a 10514 93432.73 -117.27 0 0 0 
a 10563 93379.36 -631.58 0 0 0 
a 10515 94335.43 339.75 0 0 0 
a 10516 94910.20 196.06 0 0 0 
a 10517 95708.58 500.85 0 0 0 
a 10518 95967.37 822.15 0 0 0 
a 10519 95897.50 614.86 0 0 0 
a 10564 95885.25 2001.52 0 0 0 
a 10520 95953.17 2224.71 0 0 0 
a 10521 96710.07 2743.86 0 0 0 
a 10522 97341.32 3493.02 0 0 0 
a 10523 97755.05 4014.71 0 0 0 
a 10524 97838.26 3526.51 0 0 0 
a 10525 98055.87 2777.48 0 0 0 
a 10526 98017.06 4354.35 0 0 0 
a 10527 98322.18 4482.67 0 0 0 
a 10528 97688.34 4428.34 0 0 0 
a 10529 97731.52 5103.38 0 0 0 
a 10531 97824.03 5850.89 0 0 0 



a 10532 98032.16 6799.43 0 0 0 
a 10533 98507.83 7747.67 0 0 0 
a 10534 98911.79 7272.25 0 0 0 
a 10535 99182.24 7107.22 0 0 0 
a 10536 99425.49 7032.87 0 0 0 
a 10537 99516.77 7772.38 0 0 0 
a 10538 99751.24 8334.28 0 0 0 
a 10539 99679.24 8458.92 0 0 0 
a 10540 99510.31 8633.81 0 0 0 
a 10541 99111.76 8265.34 0 0 0 
a 10542 99216.20 8499.72 0 0 0 
a 10544 99327.80 8722.90 0 0 0 
a 10545 99461.88 8976.59 0 0 0 
a 10547 99623.76 9196.28 0 0 0 
a 10548 99774.17 9232.35 0 0 0 
a 10549 99880.92 9261.47 0 0 0 
a 10550 99963.40 9343.95 0 0 0 
a 10552 100283.62 9717.55 0 0 0 
a 10553 100527.05 9561.80 0 0 0 
a 10554 100637.81 10091.14 0 0 0 
a 10556 100690.25 10482.73 0 0 0 
a 10557 100327.76 9986.73 0 0 0 
a 10558 100281.48 10086.60 0 0 0 
a 10559 99972.13 10532.36 0 0 0 
a 10560 99878.66 10928.51 0 0 0 
a 10561 99830.36 11167.96 0 0 0 
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LINK NOOF 
FROM TO LENGTH(km) MODE TYPE LANE VDF 

a 10001 10500 0.94 ate 2 2 2 
a 10500 10501 1.87 ate 2 2 2 
a 10501 10502 0.62 ate 2 2 2 
a 10502 10505 0.40 ate 2 1 2 
a 10505 10506 0.29 ate 2 1 2 
a 10506 10507 0.58 ate 2 1 2 
a 10507 10508 1.27 ate 2 1 2 
a 10508 10509 0.46 ate 99 1 5 
a 10508 10510 0.35 ate 2 1 2 
a 10510 10511 3.81 ate 2 1 2 
a 10511 10512 1.94 ate 2 1 2 
a 10512 10513 0.004 ate 2 1 2 
a 10514 10563 0.52 ate 2 1 2 
a 10563 10003 1.62 ate 2 1 2 
a 10513 10515 0.98 ate 2 1 2 
a 10515 10516 0.97 ate 2 1 2 
a 10516 10517 0.86 ate 2 1 2 
a 10517 10518 0.42 ate 2 1 2 
a 10518 10519 0.80 ate 2 1 2 
a 10519 10564 0.39 ate 2 1 2 
a 10564 10520 0.39 ate 2 1 2 
a 10520 10521 0.92 ate 2 1 2 
a 10521 10522 0.98 ate 2 1 2 
a 10522 10523 0.66 ate 2 1 2 
a 10523 10524 0.50 ate 2 1 2 
a 10524 10525 0.78 ate 2 1 2 
a 10525 10004 0.63 ate 2 1 2 
a 10523 10526 0.43 ate 4 1 4 
a 10526 10527 0.33 ate 4 1 4 
a 10527 10005 0.43 ate 4 1 4 
a 10523 10528 0.42 ate 2 1 2 
a 10528 10529 0.68 ate 2 1 2 
a 10529 10530 1.33 ate 99 1 5 
a 10529 10531 0.75 ate 2 1 2 
a 10531 10532 1.00 ate 2 1 2 
a 10532 10533 1.06 ate 2 1 2 
a 10533 10534 0.63 ate 4 1 4 
a 10534 10535 0.32 ate 4 1 4 
a 10535 10536 0.25 ate 4 1 4 
a 10535 10537 0.74 ate 4 1 4 
a 10537 10538 0.61 ate 4 1 4 
a 10538 10539 0.14 ate 4 1 4 
a 10539 10540 0.24 ate 4 1 4 
a 10540 10544 0.21 ate 4 1 4 
a 10533 10541 0.80 ate 2 1 2 
a 10541 10542 .0.004 ate 2 1 2 

. ------------ ----- r--- ---,- - -:-_:.__ --··· 
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a 10542 10543 0;21 ate 99 1 5 
a 10542 10544 0.25 ate 2 1 2 
a 10544 10545 0.29 ate 2 1 2 
a 10545 10546 0.32 ate 99 1 5 
a 10545 10547 0.26 ate 2 1 2 
a 10547 10548 0.17 ate 2 1 2 
a 10548 10549 0.11 ate 2 1 2 
a 10549 10550 0.12 ate 2 1 2 
a 10550 10551 0.16 ate 99 1 5 
a 10550 10552 0.49 ate 2 1 2 
a 10552 10553 0.30 ate 4 1 4 
a 10553 10554 0.55 ate 4 1 4 
a 10554 10556 0.40 ate 4 1 4 
a 10554 10555 0.12 ate 4 1 4 
a 10552 10557 0.26 ate 2 1 2 
a 10557 10558 0.13 ate 2 1 2 
a 10558 10559 0.55 ate 2 2 2 
a 10559 10560 0.40 ate 2 2 2 
a 10560 10561 0.24 ate 2 2 2 
a 10561 10006 0.14 ate 2 2 2 
a 10502 10503 0.14 ate 2 2 2 
a 10503 10504 0.20 ate 99 1 5 
a 10503 10562 1.47 ate 2 2 2 
a 10562 10002 0.82 ate 2 2 2 
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From To Vehlhour 
10509 10509 175 
10509 10530 17 
10509 10543 34 
10509 10546 36 
10509 10551 38 
10509 10555 41 
10509 10504 10 
10509 10001 19 
10509 10002 14 
10509 10003 26 
10509 10004 25 
10509 10005 25 
10509 10006 40 
10530 10509 24 
10530 10530 175 
10530 10543 25 
10530 10546 28 
10530 10551 32 
10530 10555 37 
10530 10504 28 
10531 10001 39 
10531 10002 16 
10531 10003 35 
10531 10004 16 
10531 10005 11 
10531 10006 32 
10543 10509 59 
10543 10530 32 
10543 10543 175 
10543 10546 4 
10543 10551 8 
10543 10555 15 
10543 10504 57 
10543 10001 42 
10543 10002 20 
10543 10003 42 
10543 10004 23 
10543 10005 14 
10543 10006 10 
10546 10509 62 
10546 10530 35 
10546 10543 4 
10546 10546 175 
10546 10551 0 
10546 10555 11 
10546 10504 59 
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10546 10001 35 
10546 10002 17 
10546 10003 57 
10546 10004 20 
10546 10005 13 
10546 10006 7 
10551 10509 61 
10551 10530 37 
10551 10543 7 
10551 10546 4 
10551 10551 175 
10551 10555 6 
10551 10504 59 
10551 10001 41 
10551 10002 21 
10551 10003 42 
10551 10004 24 
10551 ,10005 16 
10551 10006 7 
10555 10509 58 
10555 10530 37 
10555 10543 12 
10555 10546' 9 
10555 10551 5 
10555 10555 175 
10555 10504 55 
10555 10001 38 
10555 10002 22 
10555 10003 43 
10555 10004 26 
10555 10005 0 
10555 10006 4 
10504 10509 10 
10504 10530 20 
10504 10543 33 
10504 10546 35 
10504 10551 37 
10504 10555 40 
10504 10504 175 
10504 10001 37 
10504 10002 8 
10504 10003 29 
10504 10004 25 
10504 10005 23 
10504 10006 29 
10001 10509 449 
10001 10530 355 
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10001 10543 290 
10001 10546 290 
10001 10551 299 
10001 10555 325 
10001 10504 442 
10001 10001 250 
10001 10002 118 
10001 10003 273 
10001 10004 158 
10001 10005 120 
10001 10006 130 
10002 10509 23 
10002 10530 41 
10002 10543 55 
10002 10546 57 
10002 10551 60 
10002 10555 58 
10002 10504 56 
10002 10001 75 
10002 10002 9 
10002 10003 15 
10002 10004 18 
10002 10005 16 
10002 10006 17 
10003 10509 38 
10003 10530 37 
10003 10543 56 
10003 10546 60 
10003 10551 65 
10003 10555 71 
10003 10504 24 
10003 10001 13 
10003 10002 75 
10003 10003 21 
10003 10004 15 
10003 10005 12 
10003 10006 14 
10004 10509 29 
10004 10530 33 
10004 10543 51 
10004 10546 84 
10004 10551 55 
10004 10555 59 
10004 10504 39 
10004 10001 14 
10004 10002 13 
10004 10003 75 
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10004 10004 8 
10004 10005 20 
10004 10006 20 
10005 10509 29 
10005 10530 33 
10005 10543 51 
10005 10546 84 
10005 10551 55 
10005 10555 59 
10005 10504 39 
10005 10001 14 
10005 10002 13 
10005 10003 75 
10005 10004 8 
10005 10005 20 
10005 10006 20 
10006 10509 49 
10006 10530 27 
10006 10543 47 
10006 10546 50 
10006 10551 55 
10006 10555 62 
10006 10504 59 
10006 10001 25 
10006 10002 14 
10006 10003 12 
10006 10004 75 
10006 10005 5 
10006 10006 19 
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Network Data Models 

Author: Dr. Jean-Paul Rodrigue 

1. Nature and Utility 

Graph theory developed a topological and mathematical representation of the nature and structure of 
transportation networks. However, graph theory can be expanded for the analysis of real-world 
transport networks by encoding them in an information system. In the process, a digital representation 
of the network is created, which can then be used for a variety of purposes such as managing deliveries 
or planning the construction of transport infrastructure. This digital representation is highly complex, 
since transportation data is often multi-modal, can span several local, national and international 
jurisdictions and has different logical views depending on the particular user [Miller and Shaw, 2001]. 
In addition, while transport infrastructures are relatively stable components, vehicles are very dynamic 
elements. 

It is thus becoming increasingly relevant to use a data model where a transportation network can be 
encoded, stored, retrieved, modified, analyzed and displayed. Obviously, Geographic Information 
Systems have received a lot of attention over this issue since they are among the best tools to store and 
use network data models. Network data models are an implicit part of many GIS, if not an entire GIS 
package of its own. There are four basic application areas of network data models: 

• Topology. The core purpose of a network data model is to provide an accurate representation of 
a network as a set of links and nodes. Topology is the arrangement of nodes and links in a 
network. Of particular relevance are the representations of location, direction and connectivity. 
Even if graph theory aims at the abstraction of transportation networks, the topology of a 
network data model should be as close as possible to the real world structure it represents. This is 
especially true for the usage of network data models in a GIS. 

• Cartography. Allows the visualization of a transport network for the purpose of reckoning and 
simple navigation and serves to indicate the existence of a network. Different elements of the 
network can have a symbolism defined by some their attributes. For instance, a highway link 
may be symbolized as a thick line with a label such as its number, while a street may be 
symbolized as an unlabeled simple line. The symbolized network can also be combined with 
other features such as landmarks to provide a better level of orientation to the user. This is 
commonly the case for road maps used by the general public. 

• Geocoding. Transportation network models can be used to derive a precise location, notably 
through a linear referencing system. For instance, the great majority of addresses are defmed 
according to a number and a street. If address information in imbedded in the attributes of a 
network data model, it becomes possible to use this network for geocoding and pinpoint the 
location of an address, or any location along the network, with reasonable accuracy. 

18/Il/200914:Ii 
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• Routing and assignment. Network data models may be used to fmd optimal paths and assign 
flows with capacity constraints in a network. While routing is concerned by the specific behavior 
of a limited number of vehicles, traffic assignment is mainly concerned by the system-wide 
behavior of traffic in a transport network. This requires a topology in which the relationship of 
each link with other intersecting segments is explicitly specified. Impedance measures (e.g. 
distance) are also attributed to each link and will have an impact on the chosen path or on how 
flows are assigned in the network. Routing and traffic assignment at the continental level is 
generally simple since small variations in impedance are of limited consequences. Routing and 
traffic assignment in an urban area is much more complex as it must consider stop signs, traffic 
lights and congestion, in determining the impedance of a route. 

2. Basic Representation 

Constructing the geometry of a network depends on the mode and the scale being investigated. For 
urban road networks, information can be extracted from aerial photographs or topographic maps. Air 
transport networks are derived from airport locations (nodes) and scheduled flights between them 
(links). Two fundamental tables are required in the basic representation of a network data model that 
can be stored in a database: 

• Node table. This table contains at least three fields; one to store a unique identifier and the 
others to store the node's X and Y coordinates. Although these coordinates can be defmed by 
any Cartesian reference system, longitudes and latitudes would insure an easy portability to a 
GIS. 

• Link table. This table also contains at least three fields; one to store an unique identifier, one to 
store the node of origin and one to store the node of destination. A fourth field can be used to 
state if the link is unidirectional or not. 

Once those two tables are relationally linked, a basic network topology can be constructed and all the 
indexes and measures of graph theory can be calculated. Attributes such as the connectivity and the 
shimbel matrix can also easily be derived from the link table. This basic representation enables to 
defme the topology of networks as structured by graph theory. Many efforts have been made to create 
comprehensive transportation network databases to address a wide variety of transportation problems 
ranging from public transit to package distribution. Initially, these efforts were undertaken within 
transportation network optimization packages (e.g. EMME/2, TransCAD) which created topologically 
sound representations. Many of these representations were however geographically inaccurate and had 
limited visual and geocoding capabilities. Using a network data model for the purposes of cartography, 
geocoding and routing requires further developments. 

3. Layer-Based Approach 

Most conventional GIS data models separate information in layers, each representing a different class 
of geographical elements symbolized as points, lines and polygons in the majority of cases. As such, a 
network data model must be constructed with the limitation of having points and lines in two separate 
layers; thus the layer-based approach. Further, an important requirement is that the geometry of the 
network matches the reality as closely as possible since these networks are often part of a geographic 
information system where an accurate location and visualization is a requisite. This has commonly 
resulted in the fragmentation of each logical link into a multitude of segments, with most of the nodes 
of these segments mere intermediate cosmetic elements. The topology of such network data models is 
not well defmed, and has to be inferred. However, these network data models benefit from the attribute 
linking capabilities of the spatial database models they are derived from. Among the most significant 
attributes that can be attached to network layers are: 

• Classification and labeling. Each segment can be classified into categories such as its function 
(street, highway, railway, etc.), importance (number oflanes) and type (paved, non-paved). Also, 

I 

18/11/2009 14: II 



"'etworK uata Moaets rue:tttb:tui u.:>:>UUI//UlVll'/ YbAK'ro~uqrr:SM'ro~u~tatsnanrnetwor. l 

of4 

a complex labeling structure can be established with prefixes, proper names and suffixes. 
• Linear referencing system. Several systems to locate elements along a segment have been 

established. One of the most common is the address system where each segment is provided with 
an address range. Through linear interpolation, a specific location can be derived (geocoding). 

• Segment travel costs. Can consider a vast array of impedance measures. Among the most 
common is the length of the segment, a typical travel time or a speed limit. Congestion can also 
be assessed, either as a specific value of impedance or as a mathematical function. 

• Direction. To avoid unnecessary, and often unrealistic duplication oflinks, especially at the 
street level, a directional attribute can be included in the attribute table. 

• Overcrossing and undercrossing. Since the great majority oflayer-based network models are 
planar, they are ill designed to deal with non-planar representations. A provision must be made in 
the attribute table to identify segments that are overcrossing or undercrossing a segment they are 
intersecting with. 

• Turn penalties. An important attribute to insure accurate routing within a network. Each 
intersection has different turn constraints and possibilities. Conventionally in road transportation, 
a right turn is assumed to have a lesser penalty than a left turn. 

The TIGER (Topologically Integrated Geographic Encoding and Referencing) model is a notable 
example of a layer-based structure which has been widely accepted. TIGER was developed by the US 
Census Bureau to store street information constructed for the 1990 census. It contains complete 
geographic coordinates and in a line-based structure. The most important attributes include street name 
and address information, offering an efficient linear referencing system for geocoding. The layer-based 
approach is consequently good to solve the cartography and geocoding issues. However, it is ill-suited 
to comprehensively address routing and assignment transport problems. 

4. Object-Oriented Approach 

The object-oriented approach represents the latest development in spatial data models. It assumes that 
each geographical feature is an object having a set of properties and a set of relationships with other 
objects. As such, a transportation network is an object composed of other objects, namely nodes and 
links. Since topology is one of the core concepts defming transportation networks, relationships 
expressing it are imbedded in object-oriented representations. The basic elements of an object-oriented 
transportation network data model are: 

• Classes. They categorize objects in a specific taxonomy, which has a proper set of properties and 
relationships. The two basic classes of a network are obviously nodes and links, but each of these 
classes can be subdivided into subclasses. For instance, a link can be subdivided as a road link, a 
rail link, a walkway, etc. 

• Properties. They refer to a set of measurable characteristics that are associated with a specific 
class. For instance, the properties of a road class could be its length, number of lanes, name, 
surface, speed limit, etc. 

• Relationships. They describe the type of logical relations objects have with one another. 
Instance (is-a) and membership (is-in) are among the most common relations. For example, a 
street is an instance of the road class, which itself is an instance of a transport infrastructure. A 
specific road segment can be considered part of a specific transport system through a 
membership relation. From these relations inheritance can be derived, where the characteristics 
of one object can be passed to another. Using the previous example, it is logical to derive that a 
street is a transport infrastructure, thus the object street inherits the properties of the object 
transport infrastructure. 

By their structure, especially with their embedded topology, an object-oriented transport network data 
model would be effective to solve the routing issue in transport. However, object-oriented data models 
are still in the design phase with proposals such as UNE1RANS (Unified NEtwork-1RANSportation 
data model) hoping to become accepted standards. The potential of the object-oriented approach for 
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TRAVEL DEMAN-D FORECASTI--NG 

Forecasting future travel demand is a key step in almost every major 

transportation planning project, providing the foundation for the detailed 

operational analysis and design that follows. Fehr & Peers is a leader in the 

development and application of models used to predict travel demand. We 

use the latest technology to efficiently develop and update models, and. 

apply innovative techniques that allow travel demand models to capture the 

interactions between neighborhood-scale land use characteristics and travel 

patterns. We also bring to modeling a deep understanding not only of the 

latest academic research and statistical analysis techniques, but also the real

world needs of the practicing planner. 

Our staff has developed and' applied models in-all of the major modeling 

software packages, including TransCAD, TP-+/CUBE, EMME/2, MINUTP, and 

Tranplan. We integrate GIScapabilities into ourmodelstoimprovethe accuracy 

and efficiency of the modeling process. The spatial analysis tools available 

through GIS are used to better define the geographic units of analysis, to 

spatially rectify the roadway network, and to conduct reasonableness checks 

of land use and trip table data. 

Models developed by Fehr & Peers routinely exceed published guidelines 

for model accuracy; Fehr & Peers staff published a professional paper 

recommending more stringent California model validation criteria for small 

urbanized and rural areas after demonstrating usable techniques that 

substantially improved the validation performance of many models. 

We understand how travel demand models are used in practice because 

we have w ide-ranging experience in model- applications for city and 

county t ransportation master plans, environmental review of la~ge land 

development projects, and alternatives analysis for major highway and 

transit improvement projects. We have also applied models to determine 

the quantitative relationship (or "nexus") between land development 

and the need for future roadway network improvements, often as part of 

developing or updating traffic impact fee programs. 



TRAVEL DEMAND MODEL- PETALUMA1 CA 
Peak-hour traffic in Petaluma is dominated by vehidestr.aveling.toand from U.S. 101, 

the primary regional route connecting Petaluma to the rest of the San Francisco Bay 

Area. Therefore, when Fehr & Peers updated the city's model and converted it to 

TransCAD, special attention was paid to the observed internal-external trip patterns. 

Realistic traffic routing through the city's grid street network was achieved through the 

use of a true shape roadway network with accurate distances, in combination with turn 

penalties that reflect the effect of delays at key intersections near freeway access points. 

All available GIS information has been fully integrated into the model, including city

wide land parcels, truck andtransit routes, and d'ata on traffic accidents. The model was 

used to support development ofan updated long-range city-wide circulation plan. 

WASATCH FRONT TRAVEL DEMAND MODEL APPUCATIONS- SALT LAKE CITY, UT 
Fehr & Peers has been an active user of the Wasatch Front Regional Travel Demand Model 

for several years, using it to support long-range transportation master plan updates for a 

number of local jurisdictions and to meet environmental review requirements for major 

land development projects throughout the fast-growing Salt LakeCitymetropolitan area. 

This complex, large-scale TP+ model has recently been modified and applied by Fehr & 

Peers to produce transportation data necessary to meet Federal Transit Administration 

(FTA) requirements for new start transit projects. Local transit agencies are considering 

the development of several light rail and commuter rail corridors to accommodate 

the growing demand for travel in this physically- and environmentally-constrained 

region, and are applying for funding through FTA's New Starts program. The New Starts 

application requires detailed travel demand data that allows for calculation of several 

program-specific metrics to quantify the costs and benefits of each transit proposal. 

Fehr & Peers has provided key transportation modeling expertise that allowed the local 

New Starts applications to be one of the first in the nation to include the newest FTA

requ1red measure of user benefit. 



TRAVEL DEMAND MODEL- DAVIS, CA 
The City of Davis is host to the University of California, Davis, which is the largest single 

traffic generator in the city and surrounding county. As a result, plans to expand the 

university have important implications for local and regional traffic patterns. Fehr & 

Peers, under contract to both the City and UC Davis, developed a travel demand model 

using TransCAD, and designed it to fit the needs of both clients. The model treats trips 

to and from the university as a special trip purpose and distinguishes between campus 

groups that have different trip-making characteristics. As an example, freshmen living 

on-campus are not permitted to keep private vehicles in campus parking lots; treating 

those students as a separate category in the trip generation module allows for their 

unique travel characteristics to be represented. This feature facilitated the analysis of 

different policy options that the university was considering as part of its long-range 

development plan. 

TRAVEL DEMAND MODEL AND TRAFFIC IMPACT FEE PROGRAM - EL DORADO 

COUNTY,CA 
Voters in ElDorado County, California passed a strong local growth control measure by a 

wide margin, and a lawsuit resulted in a determination that the environmental review of 

the county's long-range development plans had been inadequate. In response to these 

issues, Fehr & Peers was asked to update the county's travel demand forecasting model 

such that it made use of the most up-to'"date techniques for analyzing the potential 

impacts of new development. Special attention was paid to constructing a model that 

fully accounted for the extent to which available road capacity would be absorbed by 

land uses that were already entitled, and a direct linkage to the regional model was 

developed to ensure that the county's model would reflect the most current regional 

growth assumptions. Model results were used to support an updated county-wide 

traffic impact fee program, a mechanism for the county to ensure that new development 

pays its fair share in transportation infrastructure and capital improvements. 
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TRAVEL DEMAND MODEL APPLICATIONS- CONTRA COSTA COUNTY, CA 

fehr & Peers has worked in Contra Costa County, California for many years, and has 

developed strong expertise in the modification and application of the four sub-regional 

EMME/2 models maintained by the Contra Costa Transportation Authority. Recent 

projects involving major travel demand forecasting components include: 

• Long-range land use and transportation plans for the cities of San Ramon, 

Brentwood, Oakley, Antioch, and Pittsburg. 

• Environmental review for large-scale residential and commercial development 

projects throughout the County. 

• Alternatives analysis for major freeway mainline and interchange improvement 

projects on Interstate 680 and State Route 4. 

In addition, Fehr & Peers has conducted all of the transportation analysis for the recent 

county-wide visioning process called Shaping Our Future, in which innovative modeling 

techniques were required to capture the effects of land use alternatives focused on 

clustering development into village centers that would promote walking, bicycling, and 

transit usage. 

REGIONAL TRAVEL DEMAND MODEL APPLICATIONS- DENVER, CO 
Fehr & Peers has worked with the regional travel demand model on several recent 

projects that required expertise not only in standard modeling techniques, but also 

in the complicated relationships between land use patterns and travel characteristics. 

The Blueprint Denver project was a ground-breaking examination of potential future 

visions for this extremely fast-growing region, looking at how development could be 

organized to minimize impacts on the environment and quality of life. Fehr & Peers 

conducted detailed assessments of the Blueprint Denver alternatives, evaluating the 

effects of changes in land use patterns, parking costs, transit availability, and other key 

inputs. The redevelopment of the former Stapleton Airport site is by far the largest 

development project to occur within the City and County of Denver for many decades, 

and Fehr & Peers has been involved in modeling the land use alternatives developed by 

the projectteam and determining the transportation infrastructure necessary to serve 

this city-within-a-city. 



TRAVEL DEMAND MODEL AND STREET MASTER PLAN -WOODLAND, CA 

Fehr & Peers recently reviewed the City of Woodland's Travel .Demand Model for use in 

updating its street master plan and associated traffic impact fee program. This update 

included a conversion of the model from its original MINUTP format to TransCA.D. 

TransCAD was selected over other competing software packages by the city due its 

strong GIS capabilities. Unique steps in the model development process 

included a detailed land use review using aerial photography and trip-rate estimation 

using traffic counts at existing residential subdivisions. 

The aerial photography review was useful in identifying unique commercial and industrial 

uses based on differences in parking. This type of review is important in communities 

like Woodland with substantial industrial and heavy commercial uses. For example, 

traditional parcel data was limited to identifying the size of buildings and their general 

use. Based solely on this data, two 300,000 square feet industrial buildings located in 

an industrially zoned area would have been coded as the same type and size of use in 

the model. The detailed aerial photography was used to confirm the amount of parking 

at each location to verify that an industrial use was the appropriate designation for trip 

generation purposes. In this example, one of the two buildings had three times the 

parking expected from an industrial use building of that size. A field check was made 

to determine the specific use of the building with the higher parking demand, which 

revealed a commercial use within the building that was consistent with the industrial 

zoning of the area. 

Traffic counts were conducted in select locations around the city to isolate specific types 

of neighborhoods for the purpose of estimating trip generation rates. The results of this 

effort revealed that single family households in Woodland generate more vehicle trips 

than the national average cited in Trip Generation, Institute ofTransportation Engineers, 

1997. 

These unique aspects ofthe model development process helped the final model exceed 

all recommended validation thresholds contained in Travel Forecasting Guidelines, 

Caltrans, 1992. 
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TRAVEL DEMAND MODEL- WINTERS, CA 

The City of Winters is considering two proposed housing developments that would 

nearly double the size of the city. Fehr & Peers was contracted to create a travel demand 

model that would be accurate even for very large changes in local traffic. 

Another key feature of the Winters Model is the fact that the city has been divided into 

districts for traffic analysis purposes. Similar types of dwellings can be assigned different 

trip generation characteristics depending on which 

district they are located in. For example, one option under consideration would have 

one of the major developments be designated entirely for seniors. The district structure 

of the model enables analysts to change the trip-generation rates for, say, work trips 

and school trips to reflect the fact that seniors make fewer such trips than other types 

of households. 

TRAVEL DEMAND MODEL-TUOLUMNE COUNTY, CA 
Travel patterns in Tuolumne County are dominated by the State highway system, which 

provides the primary connections between most residential communities in the county. 

Tuolumne County is also home to several major recreational destinations for regional 

travelers, including a large casino and the world-renowned Yosemite National Park. The 

key to modeling the county's traffic was in correctly disaggregating the traffic by trip 

purpose. Fehr & Peers created a separate trip purpose for recreational trips to capture 

travel to and from Yosemite, and treated the casino as a special generator with travel 

patterns reflecting the results of earlier traffic studies. 

TRAVEL DEMAND MODEL- CALAVERAS COUNTY, CA 
Calaveras County has two features that present a challengetotravel demand forecasters. 

First, residents of the western part of the county often work and shop in Central Valley 

cities that are outside the study area and second, much of the housing stock in the 

eastern part of the county are used only seasonally. 

Fehr & Peers converted the previous Calaveras model to TransCAD, developed a new 

roadway network file based on a TIGER (U.S. Census) file and developed a new Traffic 

Analysis Zone (TAZ) system consistent with census geography. The model used different 

trip generation rates for communities in different parts of the county depending on the 

percentage of seasonal housing stock. The model also gave special attention to the 

interaction between Calaveras County and adjoining counties. 
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