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/ Chapter 1 Introduction to Traffic Engineering

@ Text A Transportation Systems and Their Function

Transportation systems are a major component of economy and have an enormous impact on
the shape of the society and the efficiency of the economy in general.

This growth pattern is one of the fundamental problems to be faced by traffic engineers. Given
the relative maturity of our highway systems and the difficulty faced in trying to add system capaci-
ty, particularly in urban areas, the continued growth in vehicle-miles traveled leads directly to in-
creased congestion on our highways. The inability to simply build additional capacity to meet the
growing demand creates the need to address alternative modes, fundamental alterations in demand

patterns, and management of the system to produce optimal results.
The Nature of Transportation Demand

Transportation demand is directly related to land-use patterns and to available transportation
systems and facilities. Figurel. 1 illustrates the fundamental relationship, which is circular and on-
going. Transportation demand is generated by the types, amounts, and intensity of land use, as
well as its location. The daily journey to work, for example, is dictated by the locations of the
worker’ s residence and employer and the times that the worker is on duty.

Transportation planners and traffic engineers attempt to provide capacity for observed or pre-

dicted travel demand by building transportation systems. The improvement of transportation sys-

Transportation
Demand
Transportation
Facilities
This circular, self-reinforcing characteristic of

Figure 1.1 The Nature of Transportation Demand traffic demand creates a central dilemma: build-

tems, however, makes the adjacent and nearby

lands more accessible and, therefore, more at-

tractive for development. Thus, building new
transportation facilities leads to further increases
in land-use development, which (in turn) re-

sults in even higher transportation demands.
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ing additional transportation capacity invariably leads to incrementally increased travel demands.
On the other hand, demand is not constrained by capacity in all cities, and the normal
process of attempting to accommodate demand as it increases is feasible in these areas . At the
same time, the circular nature of the travel demand relationship will lead to congestion if care is
not taken to manage both capacity and demand to keep them within tolerable limits.
If anything, we still tend to underestimate the impact of transportation facilities on land-use
development. Often, the increase in demand is hastened by development occurring simply as a re-

sult of the planning of a new facility.
Concepts of Mobility and Accessibility

Transportation systems provide the nation’ s population with both mobility and accessibility.
The two concepts are strongly interrelated but have distinctly different elements. Mobility refers to
the ability to travel to many different destinations, while accessibility refers to the ability to gain
entry to a particular site or area.

Mobility gives travelers a wide range of choices as to where to go to satisfy particular needs.
Mobility allows shoppers to choose from among many competing shopping centers and stores. Simi-
larly , mobility provides the traveler with many choices for all kinds of trip purposes, including rec-
reational trips, medical trips, educational trips, and even the commute to work. The range of a-
vailable choices is enabled by having an effective transportation network that connects to many al-
ternative trip destinations within a reasonable time, with relative ease, and at reasonable cost.

Accessibility is a major factor in the value of land. When land can be accessed by many
travelers from many potential origins, it is more desirable for development and, therefor, more val-
uable. Thus, proximity of land to major highways and public transportation facilities is a major
factor determining its value.

Mobility and accessibility may also refer to different portions of a typical trip. Mobility focuses
on the through portion of trips and is most affected by the effectiveness of through facilities that
take a traveler from one general area to another . Accessibility requires the ability to make a trans-
fer from the transportation system to the particular land parcel on which the desired activity is tak-
ing place . Accessibility, therefore, relies heavily on transfer facilities, which include parking for
vehicles, public transit stops, and loading zones.

A good transportation system must provide for both mobility and accessibility and should be
designed to separate the functions to the extent possible to ensure both safety and efficiency.

People, Goods, and Vehicles

The most common unit used by the traffic engineer is “vehicles. ” Highway systems are
planned, designed, and operated to more vehicles safely and efficiently from place to place. Yet
the movement of vehicles is not the objective, the goal is the movement of the people and goods

that occupy vehicles.

w
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Modern traffic engineering now focuses more on people and goods . While lanes must be add-
ed to a freeway to increase its capacity to carry vehicles, its person-capacity can be increased by
increasing the average vehicle occupancy.

The efficient movement of goods is also vital to the general economy of the nation . The bene-
fits of centralized and specialized production of various products are possible only if raw materials
can be efficiently shipped to manufacturing sites and finished products can be efficiently distribu-
ted throughout the nation and the world for consumption. While long-distance shipment of goods
and raw materials is often accomplished by water ,rail ,or air transportation ,the final leg of the
trip to deliver a good to the local store or the home of an individual consumer generally takes place
on a truck using the highway system, part of the accessibility function is the provision of facilities
that allow trucks to be loaded and unloaded with minimal disruption to through traffic and the ac-
cessibility of people to a given site.

The medium of all highway transportation is the vehicle . The design, operation, and control
of highway systems relies heavily on the characteristics of the vehicle and of the driver. In the final

analysis, however, the objective is to move people and goods ,not vehicles.
Transportation Modes

While the traffic engineer deals primarily with highways and highway vehicles, there are other
important transportation systems that must be integrated into a cohesive national, regional, and lo-
cal transportation network.

The traffic engineer deals with all of these modes in a number of ways . All over-the-road
modes-automobile, bus transit, trucking—are principal users of highway systems. Highway access
to rail and air terminals is critical to their effectiveness, as is the design of specific transfer facili-
ties for both people and freight. General access, internal circulation, parking, pedestrian areas,
and terminals for both people and freight are all projects requiring the expertise of the traffic engi-
neer.

Moreover, the effective integration of multimodal transportation systems is a major goal in

maximizing efficiency and minimizing costs associated with all forms of travel.

@ Text B Elements of Traffic Engineering

Transportation engineering is the application of technology and scientific principles to the
planning, functional design, operation, and management of facilities for any mode of transportation
in order to provide for the safe, rapid, comfortable, convenient, economical, and environmentally
compatible movement of people and goods.

Traffic engineering is that phase of transportation engineering which deals with the planning,
geometric design and traffic operations of roads, streets, and highways, their networks, terminals,

abutting lands, and relationships with other modes of transportation.

a
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The objective of this course is to introduce traffic engineering fundamentals for highways and
freeways to students.

The principal goal of the traffic engineer remains the provision of a safe system for highway
traffic.

The objective of safe travelling comes the first and is never finished for the traffic engineer.

While speed of travel is much to be desired, it is limited by transportation technology , human
characteristics, and the need to provide safety.

Comfort and convenience are generic terms and perceived differently by passengers. Comfort
involves the physical characteristics of vehicles and roadways, and is influenced by our perception
of safety. Convenience relates more to the ease with which trips are made and the ability of trans-
port systems to accommodate all of our travel needs at appropriate times.

Cost is also relative. There is little in modern transportation systems that can be termed
“cheap”. Highway and other transportation systems involve massive construction, maintenance,
and operating expenditures, most of which are provided through general and user taxes and fees.
Nevertheless , every engineer, regardless of discipline, is called upon to provide the better systems
at less cost. '

Harmony with the environment is a complex issue that has become more important over time.
All transportation systems have some negative impacts on the environment. All produce air and
noise pollution in some forms, and all utilize valuable land resources.

There are a number of key elements of traffic engineering;

. Traffic studies and characteristics;
. Performance evaluation;

. Facility design;

. Traffic control;

. Traffic operations;

. Transportation systems management;

N N B LN

. Integration of intelligent transportation system technologies.

Traffic studies and characteristics involve measuring and quantifying various aspect of highway
traffic . Studies focus on data collection and analysis that is used to characterize traffic ,including
(but not limited to) traffic volumes and demands, speed and travel time, delay, accidents, origins
and destinations , modal use, and other variables.

Performance evaluation is a means by which traffic engineers can rate the operating character-
istics of individual sections of facilities and facilities as a whole in relative terms . Such evaluation
relies on measures of performance quality and is often stated in terms of “levels of service”. Levels
of service are letter grades ,from A to F, describing how well a facility is operating using specified
performance criteria . Like grades in a course, A is very good, while F connotes failure (on some
level ). As part of performance evaluation, the capacity of highway facilities must be

determined.
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Facility design involves in the functional and geometric design of highways and other traffic
facilities . Traffic engineers ,per se, are not involved in the structural design of highway facilities
but should have some appreciation for structural characteristics of their facilities.

Traffic control is a central function of traffic engineers and involve the establishment of traffic
regulations and their communication to the driver through the use of traffic control devices, such as
signs, markings, and signals.

Traffic operations involve measures that influence overall operation of traffic facilities ,such as
one-way street systems, transit operations, curb management, and surveillance and network con-
trol systems.

Transportation systems management ( TSM) involves virtually all aspects of traffic engineering
in a focus on optimizing system capacity and operations. Specific aspects of TSM include high-oc-
cupancy vehicle priority systems, car-pooling programs, pricing strategies to manage demand, and
similar functions.

Intelligent transportation systems ( ITS) refers to the application of modern telecommunica-
tions technology to the operation and control of transportation systems. Such systems include auto-
mated highways, automated toll-collection systems, vehicle-tracking systems, in-vehicle GPS and
mapping systems, automated enforcement of traffic lights and speed laws, smart control devices,
and others. This is a rapidly emerging family of technologies with the potential to radically alter the
way we travel as well as the way in which transportation professionals gather information and con-
trol facilities . While the technology continues to expand, society will grapple with the substantial
“big brother” issues that such systems invariably create.

This text contains material related to all of these components of the broad and complex profes-

sion of traffic engineering.

Vocabulary and Glossary

1. accessibility n. ©7] R Q) Al 5 ; 5Bl ; Al 3%

2. commute vi. i

3. dilemma n. O (FHRPHER)) FEE, (Z24 A HER ) FE5, HHR 4D QIR —Fh EFHE (3R
W) , (R ToEE ML) IO B 2 | MUTEHE:, M, B E A F R

4. freight vt. 1234 ; 257 ;[ 7 n. 5738 ;18 9% L7

5. highway n. 23 # SRR , BE A 48 8 B 22 B , AT 38 —MROE B

6. incrementally adv. 1514 Hb, ; 18 {5 1

7. maturity n. OB, 5635, WEEHFQ (FEHE ) B8, 2 B , IR #u 2 4 ()
@[ &Y% A, 5 M

8. mobility n. B ; Hlah

9. per se adv. & 5 ; H &

10. proximity n. 31T, ¥t

)]
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11. air terminal  ff{ %5 BRI

12. automated toll-collection systems H WL RS

13. average vehicle occupancy 45 A FK

14. facility design Z it

15. geometric design JL{a[i% it ; £RTE %3t

16. highway system /\ME% £ 40

17. intelligent transportation systems (ITS) FHEZEERS
18. in-vehicle GPS and mapping systems Z=#{ 2 BRE L FHLE R 4t
19. land parcel Hib;—H 1

20. land-use patterns - i Fi] A=

21. levels of service [k 557K, @i#FK LOS

22. multimodal transportation systems £} R ACiH 1B i R GE
23. one-way street HifTiH

24. pedestrian area 7 A% X ; H17f

25. raw materials  JFURH; JRA4 R

26. self-reinforcing [ Ii&fk ; H IR ; B 53R

27. structural design 5T

28. traffic and transportation (SR AY ) 3¢ 18 A1 ( Z= WA ) 358
29. traffic control A2 & 1l

30. traffic regulations A2 FiL M

31. traffic volume ZZiEE

32. transit stops >33 UG

33. transportation demand 3ZiE 75K »

34. transportation facilities iz ; E 5 ; =5 T
35. transportation mode iz %5 /77 ; 35 A3\

36. transportation planner AZ 3 FL K] I

37. transportation systems management( TSM) 321l RG4S H
38. vehicle-tracking systems %4 £S5

Exercises

1. True or false.

1. Transportation demand is directly related to land-use patterns and to available transporta-
tion systems and facilities. ( )

2. Transportation systems provide the nation’ s population with both mobility and inaccessibil-

ity. ( )
3. The most common unit used by the traffic engineer is “vehicles”. ( )
7
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4. Highways access to rail and air terminals is critical to their effectiveness, as is the design of
specific transfer facilities for both people and freight. ( )
5. Intelligent transportation system (ITS) refers to the application of modern telecommunica-

tions technology to the management and control of transportation systems. ( )
II . Choose the best word or phrase to complete each statement.

1. Transportation systems are a major of economy and have an enormous impact on the
shape of the society and the efficiency of the economy in general.

A. parts B. unit C. component D. assembly

2. Transportation demand is generated by the types, amounts, and of land use ,as

well as its location.

A. strength B. intensity C. intension D. superiority

3. Mobility refers to the ability to travel to many different ,while accessibility refers to
the ability to gain entry to a particular site or area.

A. destinations B. goals C. fields D. targets

4. Modem traffic engineering now more on people and goods.

A. emphasizes B. focuses C. stress D. underlines

5. While the technology continues to expand , society will with the substantial “big

brother” issues that such systems invariably create.

A. grasp B. capture C. collect D. grapple
Ill. Translate the following sentences into Chinese.

1. Similarly, mobility provides the traveler with many choices for all kinds of trip purposes,
including recreational trips, medical trips ,educational trips, and even the commute to work.

2. Yet the movement of vehicles is not the objective,the goal is the movement of the people
and goods that occupy vehicles.

3. Studies focus on data collection and analysis that is used to characterize traffic, including
(but not limited to) traffic volumes and demands, speed and travel time, delay, accidents, ori-
gins and destinations ,modal use, and other variables.

4. Moreover ,the effective integration of multimodal transportation systems is a major goal in
maximizing efficiency and minimizing costs associated with all forms of travel.

5. Specific aspects of TSM include high-occupancy vehicle priority systems, car-pooling pro-

grams, pricing strategies to manage demand, and similar functions.
IV. Discussions.

1. What is the difference between mobility and accessibility?
2. Intelligent Traffic System (ITS) is the developing trend of future traffic. What is ITS?

©
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Reading Material; Traffic Engineering’ s Role and Objectives

Introduction

Multi Protocol Label Switching (MPLS) is today mostly used for traffic engineering therefore
we start by describing what traffic engineering is and why traffic engineering is needed.

Traffic engineering and fast reroute are the two major applications of constraint based routing.
Traffic engineering is the process of controlling how traffic flows through a service provider’s net-
work so as to optimize resource utilization and network performance. Traffic engineering is needed
in the Internet mainly because the shortest path is used in current intra-domain routing protocols
(e.g., OSPF, IS-1S) to forward traffic. The shortest path routing may give rise to two problems.

First, the shortest paths from different sources overlap at some links, resulting in congestion
at those links.

Second, at some time, the traffic volume from a source to a destination could exceed the ca-
pacity of the shortest path, while a longer path between these two nodes remains under-utilized.
The reason why conventional IP routing cannot provide traffic engineering is that it does not take
into account the available bandwidth on individual links. For the purpose of traffic engineering,
constraint based routing is used to route traffic trunk , which is defined as a collection of individual
transmission control protocol ( TCP), or user datagram protocol ( UDP) flows, called “micro-
flows” that share two common properties.

The first property is that all microflows are forwarded along the same common path.

The second property is that they all share the same class of service. By routing at the granu-
larity traffic trunks, traffic trunks have better scaling properties than routing at the granularity of
individual microflows with respect to the amount of forwarding state and the volume of control traf-
fic.

In a sense, IP networks manage themselves. A host using the Transmission Control Protocol
(TCP) adjusts its sending rate according to the available bandwidth on the path to the receiver. If
the network topology should change, routers react to changes and calculate new paths to the desti-
nation. This has made the TCP/IP Internet a robust communication network. But robustness does
not implicate that the network runs efficiently. The interior gateway protocols used today like OSPF
and ISIS compute the shortest way to the destination and routers forward traffic according to the
routing tables build from those calculations. This means that traffic from different sources passing
through a router with the same destination will be aggregated and sent through the same path.
Therefore a link may be congested despite the presence of under-utilized link in the network. And
delay sensitive traffic like voice-over-IP calls may travel over a path with high propagation delay
because this is the shortest path while a low latency path is available.

As illustrated in the above Figure 1.2 the shortest path from router 1 to 5 is the path (1-3-5).
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