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Abstract

This project deals with an advanced analysis of two different types of intersections
from a practical perspective, with the aim of optimising delays under different traffic
conditions. The author first analyzes the research results of the predecessors and
draws the background of the roundabouts and signal intersections. Then the
roundabouts are simulated with the simulation software Vissim to obtain a series of
data for visualisation research. The=gghe author analyzes the data using SPSS
statistical software and concludes that when the traffic volume is small, it is better to
select the roundabout while when the traffic volume is large, it is more convenient to
select the signalized intersection to control the whole road. Finally, it is selected a
typical intersection as a case study to verify the validity of the experiment.
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1. Introduction

1.1. Overview of roundabout and signal intersection.

In 1990, Arts and Crafts planners Barry Parker and Raymond Unwin built the
first roundabout in the UK, Letchworth Garden City’s Broadway roundabout.
Sixty years later, the traffic engineer Frank Blackmore invented a modern




roundabout with the rule that vehicles can generate recirculating traffic. This is to
reduce the angle of conflict and improve road safety. Since then, the UK has
25,000 roundabouts, and the benefits are obvious. However, as the road structure
changes, head of transport investment Graham Grant proposes that “circular
intersections are excellent for driving car traffic, but not a safe space for people
riding bicycles or walking through,” The number of the northern Gosforth
suburb’motorcycle casualties at the three roundabouts ranked fourth, seventh
and tenth. Although roundabouts can really reduce the frontal conflicts of cars,
they are not very friendly to pedestrians and cyclists. Studies have shown that at
large urban roundabouts, the rider's injury rate is 10 to 15 times that of the driver

(Wylie, 2015).

On the other hand, the number of roundabouts in the United States has doubled in the past
decade, reaching 5,000 or so, because the US roundabout has a better safety record. So the
government is currently encouraging the use of this method. “From an operational and safety
perspective, most of the time, roundabouts are a competitive alternative to other
intersections,” said Jeff Shaw, intersections programme manager at the Federal Highways
Agency. According to the Washington State Department of Transportation (WSDOT), at the
intersection of roundabouts, the overall incidence of collisions dropped dramatically, with
collisions reduced by 75% and death collisions reduced by 90%. According to WSDOT, this
is because when the driver accelerates near the intersection to reach the green light before it
changes, the roundabout eliminates the "beat the light" trend that occurs at the intersection
of the lights. “The slower the speed and angle of the car approaching the roundabout, the
far-reaching impact on the severity of any collisions that may occur,”

In addition, roundabouts eliminate the need for right turn because they require the driver to
yield before entering traffic, rather than oncoming traffic across multiple lanes. Researchers
at Kansas State University found that the average delay time at a roundabout was 65% less
than the average delay at a signalized intersection. Another benefit is that roundabouts do
not require electricity, which means they require less maintenance and save time and money
in the city.

Reduction in collisions
1o

Overall Injury Fatality Pedestrian
collisions collisions collisions collisions

Source Fadersl Higheay Admiistalion & ieserance Nsti.se

Figure 1: Reduction in collisions (Rice, 2010)




Compared with the general flat intersection, the roundabout has the advantages of fewer
conflict points, continuous traffic flow, safe driving and easy management, so it is adopted at
many urban intersections. However, as the demand for urban road traffic continues to
increase, the capacity of many existing roundabouts cannot meet this demand, and traffic
problems are becoming increasingly acute (MetaEfficient, 2015).

That is to say, the traditional signalized intersection can still be used for a certain reason.
First, the driver does not need to make an independent judgment. The traffic signal can
clearly inform drivers of the distribution of the right of way, and they only need to stop at the
red light while pass when the green light is on. Secondly, the signalized intersection can
effectively control and manage the intersection of large traffic flow, which is impossible for
the roundabout. In addition, the intersection of traffic control is more fair, reasonable and
efficient than the use of other control methods. (sinowatcher, 2009)

Therefore, the purpose of this study is to use simulation software as a basis to derive the
different effects of different types of intersections. At the intersection of basic types, whether
there is a more reasonable intersection model or a safer and more efficient intersection type
is also the content of this paper.

1.2.Aims and objectives
When an engineer is designing or renovating an intersection, they often have to decide
which shape to choose in order for the intersection to have greater traffic capacity and safety.

This project, by comparing the vehicle delays under different traffic data, to determine the
appropriate intersection model. On this basis, several deeper tomographic problems have
also been resolved through proposed solutions.

The related research questions are as follows:

1: What are the main shapes and characteristics of contemporary intersections?
2.What are the delays at different intersections?

3. What are the better design options for future intersections?

In order to achieve this aim, this dissertation is divided into the following chapters.

Chapter 2: Review of Literature—— this chapter is mainly to give a general summary of the

experience of the predecessors, including what they have studied, the results achieved and
the outlook for the future. Among them, the research of Chinese and foreign countries is
analyzed together to improve the lateral width and longitudinal depth of the study.

Chapter 3: Methodology—— the third chapter mainly introduces the method used to obtain

data and its scientificity, rationality, and limitations. The simulation software is used to obtain
quantitative data, and its research philosophy and research methods are studied.

Chapter 4: Analysis—— use some data processing software such as SPSS to analyze and

compare the data obtained from the third chapter, and summarize its characteristics and
rules.




Chapter 5: Conclusions and Future work present a comprehensive summary of what | have
done and suggest future development directions.

2. Review of literature

2.1. Background.
2.1.1. The development of the roundabout

In the 1790s, a number of circular intersections were proposed by architect and engineer
Pierre L'Enfant, mentioned by (Waddell, 1997) and that is the initial shape of the
roundabouts.Then Robinson (2000) suggested that American businessman William Eno
came up with the circular intersection. This types of junctions called for drivers’ discretion
and caution because of the size of hub. They have to slow down their speed and even stop
to observe whether there are cars in the circles, thus resulting to the inefficiency and
congestion to some extent.

Around 1970, the next form of roundabout began to be built by the US Highway
Department, and this form of roundabout was also called rotation. It is characterized in that
the connecting road does not enter at a straight angle, but gradually becomes gradual, so
that the vehicle can be gathered at the center circle at a higher speed. The triangular island
and splitter islands were also proposed by some engineers, which leading to another
problems: Vehicles in the circle have priority over the outside ones. In spite that designers
had gave cars more place to change the lanes or accelerate the speed, this kind of ideas
gave rise to huge rotaries. That is to say, high crash rates and congestion appeared.

Then, here came the regulations that vehicles entering a circular intersection should yield to
those already in it. After this policy published, delays and crashes both decreased by 40%,
and capacity increased by 10%. Over a few decades, the British concept spread throughout
the world.

2.1.2. The development of the signal lights

In early nineteenth century, in the central part of the United Kingdom, red and green
clothing respectively represented woman’s different identitiepired by which, people
then invented the signal lights because of the great number of the traffic accidents. At the
very beginning, the lamppost with the green and red lanterns hung on it, was the first signal
light on the city streets nominally, was designed and manufactured by a railway signaling
engineer, J P Knight. (BBC, 2016)At the foot of the lamp, a policeman holding a long pole
moves the belt to change the color of the lantern as he likes. Then the gas lamp chimney
was installed in the center of the signal lamp, and there were two blocks of red and green
glass in front of it. Unfortunately, a 23-day -old gas lamp suddenly exploded, leading to the
invention of the electric signal lamp restored by the Lester Wire, the United States. (Bellis,
1952)




With the development of various means of transportation and the need of traffic demand,
the first true three-color lamp was born in 1918. It is a three-color circular four-sided
projector, installed on a tower on Fifth street in New York city. Because of its birth, the city
traffic greatly improved.

The yellow signal light appeared for the first time in the City of Detroit. It was invented by
the police officer William Potts of Detroit. The purpose was to reduce the safety hazard. Due
to the rapid conversion of red and green lights, the vehicle quickly started, and pedestrians
could not stop. So adding a yellow light between the red and green lights is to remind
people of danger. (Pollard, 2008) His suggestion was immediately confirmed by the relevant
department. Since then, the three-color signal light, which was a complete system, was
extensively applied throughout the world.

1st exit

Figure 2: Roundabout Figure 3: Signalized intersection
2.2. Current State-of-the Art

2.2.1. Researches abroad

2.2.1.1. General status

In 1969, the United Kingdom first implemented the “entry into the circle” as an intersection
management rule, and since then it has set off a wave of innovation in the intersection in
Europe. In 1983, France began to implement this rule and introduced the concept of a
modern roundabout%ch has caused widespread concern in the world, especially in
Europe.

The Netherlands experienced a sharp rise in the modern roundabout in the late 1980s. In
just six years, the small country established about 400 modern roundabouts; Norway in
1985 at all roundabouts in the country. The vehicle sign was established, which reduced the
speed and reduced the number of traffic accidents. The total number of modern
roundabouts in Norway increased from 350 in 1990 to 500 in 1992, 33 times in 1980; The
rules for the entry of the ring were implemented, and the total number of modern
roundabouts rose from 19 in 1980 to 220 in 1992, and plans to build more than 2,000. The
first modern roundabout in the United States was established in Las Vegas in the spring of
1990. Since the city built a modern roundabout between the north and the south, the daily




traffic increased to 11,000 vehicles per day and 7,000 vehicles per day. However, the traffic
accident rate is very low. In the past five years, only four traffic accidents have occurred.
(Fan, 2007)
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Figure 4: Number of roundabouts in Switzerland and Norway

In addition, modern roundabouts are not only widely used in urban road intersections, but
also have a positive effect and are widely used when roads intersect.

2.2.1.2. The safety perspective

The United States has used the empirical Bayes method to study whether the conversion of
signalized intersections into circular intersections can reduce the safety risk by (Gross, 2013).
The results show that the total number of casualties is reduced, but the safety benefits of
roundabouts will vary with the traffic volume.

In Denmark, the conversion of single-lane roundabouts has also been studied for the safety
benefits of bicycles, and their safety depends largely on the speed at which they enter and
leave the intersection. In addition, regardless of the speed, when a high-central island or a
separate bicycle lane is constructed for a roundabout, the safety can be further improved.
(Jensen, 2017)

Building a roundabout at the intersection of pedestrians can increase the speed of
pedestrian flow and extend the average walking distance. When the radius of the
roundabout increases, the pedestrian speed increases and the acceleration dispersion
decreases. In addition, adding a guide mark on the roundabout helps to reduce possible
conflicts, indicated by (Sun, 2018)

2.2.1.3. The efficiency perspective

Flannery(2005) used the P-K formula study the delay of the single lane roundabout,
estimate the mean and variance of the driver service time at the first position of the
roundabout, and introduce it into the M/G/1 queuing system to test its applicability. Less or
medium, the single-lane roundabout delay is good, but as the traffic volume increases, it will
cause a lot of delays, so it should be improved into a signalized intersection.




On the basis of the above, considering the complex interaction between traffic flows at
multi-lane roundabouts, using the dynamic selection of the entrance lanes and the
calculation of the uneven distribution of traffic in the circulating lanes by (Vasconcelos,
2014), it is shown that the two-lane roundabout can usually provide the same ratio. The
spiralisland is 20-30% more capable.

2.2.1.4. The perspective of environmental aesthetics

Since starting a car from zero speed requires a lot of energy, using a roundabout rather than
a signalized intersection saves millions of gallons of gasoline and reduces traffic jams.
(Zeman, 2012). In addition, the landscaping in the middle of the island replaces the asphalt
at the traditional intersections to provide visual appeal.

In the magazine of Roundabouts improve safety, reduce delays(2000), the consistency of
deceleration and speed was emphasized to paid attention when designing the roundabout
height. And it also required the driver to coordinate the roundabout through a series of low-
speed turns below 30km/h.

2.2.1.5. Others

The mapping software LIMA has been used to analyze different noise levels under different
traffic conditions, and the difference can provide different noise reduction ideas for the
government. (Covaciu, 2015)

However, the construction of roundabouts is also held negatively by most citizens, such as
taking up more space and being more expensive than traditional intersections. But its
advantages cannot be ignored.

2.2.1.6. Problems Identified
In addition to the above advantages, the city still has the following problems:

(1) The radius of the roundabout is small, and the number of lanes in the loop is large, and
the two do not match.

(2) Low technical standards. Many roundabouts are actually just ordinary intersections. For
other needs, a central island is set up in the middle, adding some landscape materials or
landmarks. The geometry of such intersections is generally only a small enlargement of the
conventional plane intersections, the interlacing sections are short, and the interlacing is
not formed. There is only a conflict of interspersed, which does not meet the requirements
of the geometric design of the circular intersections in the specification.

(3) The traffic organization is poor and the traffic capacity is low. At present, the
roundabouts of most urban roads are uncontrolled intersections, and there are no perfect
transportation facilities and traffic organization schemes. In this case, the traffic capacity of
the roundabout will be greatly limited. As time passes, the traffic contradiction will appear
when the traffic volume at the intersection reaches a certain level.




(4) Non-motor vehicles, pedestrians and motor vehicles have serious interference with each
other. Many non-motor vehicles and pedestrians do not follow the rules of the roundabouts.
They ignore the marking lines and enter the motorway. They can “see the needles” between
the vehicles and shuttle freely. Not only does its own security not be guaranteed, but it also
causes great interference to the normal driving of motor vehicles, thus seriously reducing
the service level of the intersection.

(5) The road network planning is unreasonable. Due to the unreasonable structure of
the road network in the planning, the intersection has become a multi-way intersection, a
deformed intersection, and a circular intersection has to be set.

2.2.2. Researches in China

In the 1980s and 1990s, after the reform and opening up of Chinese cities, the introduction
of the roundabouts of developed countries became a new wave of urban construction,
giving them the function of urban business cards and becoming a new face project. However,
due to the deviation of planning and design, the Chinese-style islands not only add to the
city, but also bring many security risks. Many mainland cities have begun to clean up and
dismantle the round-the-island after experiencing the construction of the big island around
the island. Analysis of the reasons, there are four points as follows.

Reason one: There is a problem with the geographical setting of the Chinese roundabout

In some crossroads with large traffic volume, the roundabout can make traffic flow pool and
simplify traffic to a certain extent, so it is established as a compromise solution. Developed
countries are keen on round-the-island, because the benefits of the round-the-island are
properly used: there is no need for manpower to maintain traffic order around the island,
and there is no need to set up signal lights to reduce costs. As an important facility for
vehicle diversion, traffic around the island is very popular in China in the last century, and
some roundabouts have even become a landmark of the city. But as the city expands rapidly,
it seems to have been unable to keep up with the pace of development.

Reason 2: The accidents of Chinese-style round-the-island become more frequent: over-
emphasis on ornamental and neglect safety

In countries with more mature transportation plans, the roundabout is mainly a traffic
flowerhouse, built within the community (or suburbs), with the aim of reducing the speed of
accidents (an average reduction of 29%). Due to the small turning radius, it is very effective
to increase the difficulty of entering large trucks. Most of the time, large vehicles can be
isolated outside the community, and the rescue, fire and school bus occasional traffic are
not hindered, and safety and practicality are taken into consideration. Set in the suburban
large-scale traffic roundabout, due to less traffic, the speed is very fast, the effect of the
safety improvement of the large roundabout is even more significant, reaching 73%. But in
China, the beauty is overemphasized.

Reason 3: Design flaws, only car driving smoothly, regardless of pedestrian safety




One of the biggest drawbacks of China's roundabout design is the inability to effectively
place pedestrians. In the process of collecting traffic, pedestrians often need to cross
multiple motorway lanes to reach the target lane. Therefore, the biggest drawback of traffic
roundabouts in Chinese cities is that there are many intersections, and the vehicles have to
slow down when they arrive at the roundabout, which is likely to cause traffic jams and also
greatly increase the distance and danger of passers-by.

Reason 4: Chinese-style islands are mostly built for landmarks.

Urban planning is not a once-and-for-all. With the development of the city, some historical
sites often conflict with today's traffic. In this case, the traffic roundabout can also be used
for traffic decompression in another role, so that the landscape, people and traffic flow can
be smoothly achieved. However, in the already stretched sections, adding islands for the
"face project" can only add to the chaos. In the roundabout, a new "city card" was placed,
and in order to achieve the maximum wide-ranging effect, the roundabout was set up on
the most prosperous road section, and it was magnificently decorated with a rough signal
light control system. These city business cards have become a beautiful cancer of urban
traffic. (Gao, 2009)

2.3.Research trend

With the rapid development of the city, the island has gradually evolved from a single-lane
roundabout to a two-lane roundabout, suggested by Gredoska (2016) In the future, there
will be more forms to reduce the accident rate and improve its traffic efficiency. In the case
of a turbo island, it has less conflict and uses a raised lane separator. It has a higher capacity
and safety level than a traditional two-lane roundabout.

In addition to this, an elliptical roundabout has emerged, the purpose of which is to
effectively solve the problem of terrain limitation. By comparing its geometry and technical
elements, it is simulated by vissim and SSAMI tools, and the conclusions drawn from
different data can provide more help for the government in building and operating the
island. (Tesoriere, 2018)

Figure 5: Turbo roundabouts (Turbo Roundabouts, 2019)




Figure 6: elliptical roundabouts

For conventional uncontrolled roundabouts, traffic volume continues to increase over time,
and there is basically a problem of traffic congestion. There have also been many
renovations of roundabouts around the world. These retrofit optimization designs are
roughly the following:

(1) The traffic light is controlled at the roundabout, and the traffic organization rules are
unchanged. This method simply increases the traffic light control at the intersection, and the
driving order has improved. However, the vehicle still needs to travel around the island
around the island, especially at the intersection where the left traffic is large, and the traffic
capacity is very limited.

(2) Dismantling or reducing the traffic organization of the roundabout, the traffic
organization becomes a common intersection. This method is currently the most common
method for the transformation of roundabouts. It removes the roundabout and adds a
signal light, adopts a secondary parking multi-phase control scheme island, increases the
number of lanes at the intersection, and turns the intersection into a general signal control
plane intersection.

(3) Add a signal light and adjust the traffic organization at the roundabout, using a
secondary parking multi-phase control scheme. This method is an innovative theory of
environmental design that has been widely recognized in the field of traffic engineering in
recent years. It allows the left-turning car entering the roundabout to wait for the secondary
signal to pass through the organization and control of the traffic of the ring crossing. The
straight interweaving enables the orderly and coordinated operation of the various vehicles
in the roundabout. This method has a small amount of engineering and has been widely
used in many places. (yang, 2000)

2.4. Conclusion

Roundabouts have their advantages and disadvantages, and their advantages are mainly
reflected in:




a. Continuous traffic, reduce driving delays, save fuel, reduce noise and pollution; b. Safety,
low traffic accident rate; c. Simple traffic organization, easy to manage; d. More conducive
to night traffic organization and management; e. Beautiful, providing people with a place to
rest; f. Low cost. Its shortcomings are mainly manifested in: a. low capacity; b. large land
occupation, increased vehicle bypass; c. when the primary and secondary roads intersect,
the main road vehicles cannot pass preferentially.

For nearly a century, roundabouts have been favored by traffic engineers since their
inception. However, as the demand for transportation continues to grow, its shortcomings
are gradually emerging. The circular intersection was once opposed by people. Under the
unremitting efforts of traffic engineers, the traditional roundabout was continuously
improved, and the shortcomings of the traditional roundabout were gradually overcome,
and the advantages of the roundabout were developed. Roundabouts have been
increasingly used in countries such as Europe and the United States.

In short, the world has developed rapidly, especially in the automobile manufacturing
industry and urban planning and construction industry, which has brought about problems
such as traffic congestion, environmental pollution and frequent safety accidents. In this
article, | will learn from the experience of the predecessors, query the relevant data, use the
existing simulation software which calls vissim to carry out simulation experiments on the
roundabouts and signalized intersections. And then get their delay rate, capacity, efficiency
and other results, thus analyzing their suitable traffic conditions. And on this basis, | will
merge or modified the above two intersections based on the reality.

3. Research methodology

3.1 Research Philosophy

Research Philosophy is a very broad topic supporting the research process. In other words,

a good research philosophy can more easily show how data is collected, analyzed, and used.
In this dissertation, the central idea is the research onion as presented in the figure 6.
(Saunders, Lewis & Thornhill, 2012)
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Figure 6: Research onion (Saunders, Lewis, & Thornhill,2012)

3.2. Key concepts of the philosophy

Subjectivism
_— | Ontology
Pragmatism
Objectivism
Research
philosophy | === Epistemology Positivism

Interpretivism

Realism

Axiology

Figure 7: Classification of Research philosophy

1). Ontology

The concept of Ontology stems from the field of philosophy. As the name suggests, ontology
is the theory of "existence". And it is a theory of what is existence as well as how existence
exists. In philosophy, it is defined as "a systematic description of the objective things in the
world, that is, ontology." The ontology in philosophy cares about the abstract nature of
objective reality. Although ontology was named in the 17th century by the German scholastic
scholar Rudolphus Goclenius (1547-1628) and refined by Christian (Frierherr von Wolff,
1679-1754), the relevant definition of ontology was given by the German scholar Studer In
1998. "Ontology is a formal specification of a shared conceptual model." This definition
contains four layers of meaning: share, conceptualization, explicit, and formal.

Ontologies are often used to describe domain knowledge. It can be understood in this way:
ontology is a conceptual model abstracted from the objective world. The ontology is not
equal to the individual. It is the consensus of the group and is a collection of concepts
recognized in the corresponding field.
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opposite positions.

Figure 8: Classification of ontology
2). Epistemology

Originating from the Greek language, epistemology is a philosophical branch that explores
the nature, origin, and scope of knowledge, that is, the study of the nature of knowledge and
the doctrine of knowledge. Plato defines knowledge as a true belief (a thing that is believed)
that is confirmed. This definition implies that we cannot say that we know this because we
believe in one thing and that it is true. Knowledge is therefore distinguished from what
people believe and is true because of confirmation. The problem solved by epistemology is
how to properly confirm the true belief.

The theory of epistemology includes empiricism, idealism, naive realism, phenomenology,
rationalism, figurativeism and objectivism.

Ontology and epistemology are two different ways of viewing a research philosophy.
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Positivism Feelings researcher
Belif: Interpretivism
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no external reality; Feelings and attitudes is reality, and is the
same as manufacturing process

Reality researcher

Realism

Belif:

Reality is independent of the human mind;

Approach of natural science

Figure 9: Classification of Epistemology

3). Axiology

The theory of axiology refers to the philosophical doctrine of the nature, composition,
standards, and evaluation of value. It mainly examines and evaluates the meaning of various
material and spiritual phenomena and the behavior of the subject to individuals, classes and
society from the perspective of the needs of the subject and whether the object satisfies the
needs of the subject and how to meet the needs of the subject. Some things or phenomena
have value, that is, the things and phenomena become the pursuit of people's needs and
interests. Just as people's needs, interests, and daily hobbies change with the social
environment. Value is realized through human practice, which is manifested in economic
phenomena, political views, social phenomena, ecological phenomena and other
phenomena.

The theory of value is primarily aimed at research. This section emphasizes the clarity of
what is being done and what is being explained. (Bryman, A. & Bell, E, 2015)
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Figure 10: Overview of methodology
3.2 Research Approach

It can be divided into three types: deductive, inductive and abductive.

1). Deductive approach

Deductive reasoning is the process of deriving a specific statement or individual conclusions
by deriving from the general premise. To use this method to study problems, we must first
correctly grasp the general principles and principles that are the guiding ideology or basis.
Secondly, we must fully understand the topics to be studied, the actual conditions and
particularities of the problems; then we can derive the general principles for the conclusion of
specific things. . To use this method to study problems, we must first correctly grasp the
general principles and principles that are the guiding ideology or basis. Secondly, we must
fully understand the topics to be studied, the actual conditions and particularities of the
problems; then we can derive the general principles for the conclusion of specific things.

Deductive is to test theory and its steps are:

1). Deduce a hypothesis (a testable assumption) about the relationship between concepts.

2). Indicate how the concepts are to be measured.




3). Test this hypothesis with data analysis
4). Exam the specific outcome of the inquiry.
5). If necessary, modify the theory in the light of the findings.

Example:

Assume model A be Use data in UK's

used to predict the |:> stock market to test
model A

stock price of UK

Use model A to predict

a stock price in UK’s <:| Accept model A or modify it
stock market

Figure 11: Process of deductive methods

2). Inductive approach

Inductive approach is a kind of inference from individual to general. From a certain degree of
perspective on individual things to a larger perspective, the general principles are explained
by special concrete examples. The nature and the society generally exist in individual and
special, and exist through individuality. Generally, they exist in specific objects and
phenomena. Therefore, only by knowing each individual can we understand the general.
When people explain a larger thing, they summarize various general principles from
individual and special things, and then they can proceed from these principles and draw on
individual things. This order of understanding runs through people's interpretation activities,
constantly rising from individual to general, that is, from the recognition of individual things to
the general regularity of things. (Bryman, A. & Bell, E, 2015)

Induction is to build theory, and its steps are :
1). Start research without any hypothesis.

2). Collect data.

3). Analyse data directly.

4). Induct theory based on data analysis.

Example:




Do not know any Analyse data of a stock in

models about the UK’s stock market to find
prediction of the somerules (model A)

stock price of UK

Use model A to predict

a stock price in UK's <:: AEGEpEmBUELA

stock market.

Figure 12: Process of inductive methods
The advantages and disadvantages of each stypes:

Inductive approach is from special to general. The advantage is that it can reflect the
fundamental regulations of many things and can reflect the commonality of things. The
disadvantage is that it is easy to make a mistake that is not fully summarized. The deductive
method is from general to special, and the advantage is that it is step by step recursion by
defining the fundamental regulation, and the logically strict conclusion is reliable, and can
reflect the characteristics of things. The disadvantage is that the scope is reduced, so that
the role of the fundamental regulation is not fully demonstrated. Inductive and deductive
methods are not contradictory in application. Some problems can be used in the former and
some in the latter. In more cases, if these two methods can be combined with the application,
better results can got.

3) Abductive approach

Abductive approach is a logical form created by the American pragmatist philosopher Pierce.
This method, based on a known result, attempts to determine the interpretation associated
with it, so it is often referred to as the reasoning for seeking the best explanation ( Inference
to the best explanation).

The fundamental feature of proof-based approach is that the relationship between the
premise and the truth is conditional. At the beginning, it is assumed that the proposition of
the interpreted item is true. The core of the proofing reasoning is that the inferencer finds a
hypothesis that can explain the explained item (which is one of many optional items). The
proof reasoning has important epistemological value. A creative process, but the creative
process is still subject to acceptance constraints. As a logical method, the proof method has
too strong hypothesis, and its conclusion is even more unreliable than the conclusions
derived from induction and analogy. (Bryman, A. & Bell, E, 2015)

3.3 Research Strategy

In order to present the research process and results more clearly, the author uses three
different ways in this project.
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Table 1: Method friangle
3.4. Research process
3.4.1 Introduction

This paper is mainly to study which intersections are more suitable under different traffic
conditions. In order to better reach this conclusion, this paper follows the flow chart below.

Figure 13: Research process




3.4.2. Data collection

The data is derived from the Department for Transport website. The GOV.UK website
includes 25 Ministerial departments, 20 Non ministerial departments, 403 Agencies and
other public bodies, and 82 High profile groups. , 12 Public corporations and 3 Devolved
administrations, of which Department for Transport is one of 25 Ministerialial departments. It
works with 23 other agencies and public bodies, such as Driver and Vehicle Licensing
Agency, British Transport Police Authority, Traffic Commissioners for Great Britain and so on
to support the normal operation of the UK transportation network. The website provides
different traffic volumes in various streets of the UK, where | randomly selected different
sections of different cities.The different data used will be listed in the table below.

North
London Lanarkshire Westminster Swansea Newport
A A A A A A A A A A A A

Lane
number

10 501 | 721 89 5205 | 4 3213 |48 484 | 4240 | 4810 | 467

tralfic
volume 825 | 627 | 838 921 | 984 | 795 |939 999 | 660 | 723 1011 | 762

Table 2: Traffic volume of different roads in various cities (transport, 2018)
3.4.3. Using simulation software

3.4.3.1 Introduction of Vissim

VISSIM is a discrete, random, traffic flow simulation system software developed by PTV,
Germany, with a time step of 0.1s. It is an effective tool for evaluating traffic engineering
design and urban planning schemes for modeling and analyzing various traffic conditions
(lane setting, traffic composition, traffic signals, bus stops, etc.), urban traffic and public
transportation. The software system consists of two major programs: traffic simulator and
signal state generator. The "Traffic Simulator” is a traffic flow simulation model that includes
a follow-up model and a lane change model. "Signal State Generator" is a signal control
software that continuously acquires detection information from the traffic simulator based on
the simulation step size, determines the signal state of the next simulation time and
transmits this information to the traffic simulator, both The relationship between them is
shown in Figure 1. VISSIM can analyze traffic flow conditions under the constraints of lane
configuration, traffic organization and ftraffic signals. Therefore, it is used as a feasible
evaluation tool for analyzing traffic flow control simulation schemes. It is one of the effective
evaluation tools for analyzing traffic problems.

PTV-VISSIM is a microscopic, time-interval and driving behavior-based simulation modeling
tool for traffic modeling of urban traffic and public transportation operations. It can analyze
urban traffic and public transport operations under the various traffic conditions, such as lane




setting, traffic composition, traffic signals, bus stops, etc. ltis an effective tool for evaluating
traffic engineering design and urban planning.

3.4.3.2 Main features of VISSIM

VISSIM can easily use JPG, BMP, PNC and DWC files as the base map (background file)
of VISIM, and quickly create and edit the road network through simple and intuitive road
network editing instructions based on the guide's base map. 2 rich 3D animation effects.
VISSIM can edit and display the two-dimensional and three-dimensional modes of the
created traffic model to provide users with intuitive and realistic traffic simulation effects. For
example: building trees around the road, safety islands and signal lights. At the same time,
VISIM can also use the powerful 3DM module to guide 3DS vehicles and buildings into the
VISSIM ftraffic model to achieve the visual effect of 3D dynamic virtual reality. 3 detailed
effect evaluation methods and results analysis. VISSIM provides three types of indicators for
vehicle, signal control and pedestrian evaluation and results analysis. This function greatly
satisfies the user's need for data analysis when performing indicator analysis and program
comparison. For example, in the vehicle evaluation type, the vehicle travel time, the vehicle
queue length, the average vehicle speed, and the delay can be evaluated by setting the
detector. In addition, VISSIM can also set the evaluation signal control parameters, the
minimum maximum/average green time of each signal group, the waiting time after the
vehicle has passed the vehicle detection, the dynamic signal schedule and the display of
user-defined parameters.

3.4.3.3 Steps of simulation

The purpose of using simulation software is to derive different delays based on different
traffic flows. The simulation process is as follows:

1). Establish a road network

For the type of signalized intersection, a straight lane is established in each direction, one
left-turn lane and one right-turn lane. For the roundabout, two lanes are designed in each
direction, thus connecting the two different types of intersections. When the lane is
established, link connector need to be used to connect the lanes, and at the same time set
different paths. For these two different intersection types, they are left turn, right turn and
straight pass.

2) Design the input of traffic flow
Enter the data obtained in 4.1 into the software in turn.

3) Other initial settings

When designing traffic composition, target speed, vehicle power, parking time, etc., they are
all set according to the system settings and are not modified. When setting the vehicle path,
set the ratio of the straight-through vehicle at the intersection, the left-turn vehicle, and the
right-turn vehicle to 1:1:1. The purpose is to simplify the intersection and focus on the
comparison between the two.

The final plan and 3D map of the signalized intersection are as follows:




Figure 16

4) Signal timing

According to the theory of A, in the case of a right-turning vehicle of more than 200 pcu/hour,
a separate right-turn lane is required. Therefore, all signalized intersections that meet the
conditions are set as 4-phase signal intersections. The phase diagram is as follows:
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©: > —
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Table 3: Phase diagram




1 .First calculate the saturation flow s per lane, using the following formula to calculate:
$=3600/h

In the formula: h ——saturated headway

2 . flow ratio calculation, find out the result of ym:

ym=qi/si,

In the formula: g——the ith actual arrival flow (recovered by survey);

Si——the saturation flow of the ith phase flow direction (take the value of the
standard lane)

Y=3 ymax(y1, y2...)

In the formula: Y——total flow rate ratio
yi ——the maximum flow ratio of the i-th phase
Ymax——flow ratio of each phase

3. Signal optimal period (Webster signal timing optimization formula)

_1.5L+5
1-Y
Where: C——signal optimal period, s;

C

L——represents the total loss time of each phase of each cycle, s, which is
calculated as follows :

L=) (i+1i - Ai)
i=0
In the formula: ——the vehicle start loss time, take 3 seconds;

I——green interval time, that is, yellow light time plus full red light clearing
time, generally yellow light is 3s,

The full red light is 2~4s;

A——yellow time, there is a general 3s;

n—— the number of phases;

4. After determining the best cycle, calculate the total effective green time G, :

G=C-L




5. The effective green time of each phase is determined by the following formula

max(yl, y2...)
=G o S o)
& Y

6. The green signal ratio of each phase is calculated by the following formula:
A =g/C.

The green time of each phase actually displayed:

Go=g-A+L

7. Finally, the length of the signal light for each phase is calculated as shown below.

North

London Lanarkshire | Westminster Swansea Newport

Lane

number | 1o | 501 [721 |89 |5205 |4 [3213 (48 |484 | 4240 | 4810 | 467

Total
cycle 80 46 91 123 | 191 72 137 | 219 | 50 58 255 | 66
duration

Green
light
Duration
(straight

andlefl) 45 |7 |18 |26 |44 |13 |30 [51 [8 [10 |60 |12

Green
light
Duration

(right)

15 |6 17 25 |42 12 |29 49 |7 9 58 11




Table 4: The best signal timing for different roads in different cities

4) Simulate the roundabouts

The same method is used to simulate the roundabout. Among them, it should be noted that
the rules of the line should be set at the entrance road. That is, the vehicles waiting at the
entrance road need to give way to the vehicles already in the roundabout. The purpose of
this setting is to be realistic. The final plan and 3D map of the roundabout are as follows.

Figure 13: Simulation figure results of roundabout

5) Result of delay

The final step is to determine the delay time of the vehicle under different traffic volumes by
setting the node evaluation. The results are as follows.

North

London Lanarkshire | Westminster Swansea Newport

Lane
number




10 501 | 721 |89 |5205 |4 3213 | 48 484 | 4240 | 4810 | 467

Average
delay of

signalized | 555 | 235 | 272 | 304|206 (257|324 |394 |224|265 |281 |254
intersection

Average
delay of
roundabout | 37.9 | 19.6 | 416 | 155|492 |33.7|476 |51.2 |[21.5|254 |529 |289

Table 5: Delays in different roads in different cities
3.4.4 Reliability and Limitation
J. 4. 4. 1 Core model adopted by VISSIM

The core model adopted by VISSIM is the physiological-psychological driving
behavior model established by Wiedemann in 1974. The basic idea of the model is
that once the driver of the rear car thinks that the distance between him and the
preceding car is less than his psychological (safe) distance, the driver of the rear car
starts to slow down. Since the driver of the rear vehicle cannot accurately judge the
speed of the preceding vehicle, the speed of the rear vehicle will be lower than the
speed of the preceding vehicle for a period of time. When the distance between the
front and rear workshops reaches another psychological (safe) distance, the driver of
the rear vehicle begins to accelerate slowly. From this cycle, an iterative process of
acceleration and deceleration is formed.

3. 4. 4. 2. Reliability of Vissim

With advanced data acquisition and information transmission technology, VISSIM
can dynamically simulate various traffic states in real time according to the changes
of road traffic status, and display them in the form of tables or pictures, thus
providing accurate simulation results to users. The basis for the correctness of the
traffic simulation model is to simulate the quality of the actual vehicle operating
conditions: for example, the logic of vehicle movement in the road network. In
contrast to the integrated model using hook speed and constant vehicle tracking
logic, VISSIM uses the spirit developed by WIEDEMANN (1974), the body driver
behavior model. The basic concept of the model is that a driver of a fast-moving
vehicle decelerates when it reaches its own limit before reaching a slow-moving
vehicle. Since he can't determine the speed of the car, his speed will drop slower
than that car until he starts to accelerate slightly after reaching another limit. The




result of this logic is an iterative process of acceleration and deceleration. The
random distribution of speed and space limits reflects the behavioral characteristics
of individual drivers. This model was validated in a multi-domain survey at the
Technical University of Karlsruhe, Germany, with regular adjustments and updated
model parameters to ensure that the model is consistent with driver behavior
changes and vehicle updates.

VISSIM's traffic simulator not only allows drivers to make two forward vehicles on
multiple road surfaces, but also allows two neighboring cars on adjacent lanes to
pass. Also, it can warn the driver at 100 meters before the stop signal of the traffic
signal. VISSIM simulates traffic flow by moving "driver-vehicle-one facility" in the
road network. Each driver with a specific behavioral characteristics is assigned a
specific vehicle. Thus, the driver's behavior corresponds to the technical
performance of his vehicle.

All of the above characteristics determine the accuracy of the vissim simulation.

3.4.4.3. Limitations of the simulation model

1). The intersection form is too single Roundabout takes the form of two lanes in four
directions, and the signal intersection selects four lanes in four directions, which is
too simple. A more precise way should be to get a more appropriate number of lanes
based on the number of non-stop traffic flows. However, if this is done, the variable
cannot be controlled to one, that is, the method of controlling the variable cannot be
properly applied.

2). Select nodes are not rigorous enough In the signal timing, the vehicle flow rate is
200 vel/h as the node. When the four-phase signal is used above, the binomial
signal timing is lower than the following. There is a lack of a more scientific basis for
the processing of selected nodes.

3). Delayed results are not enough random When the delay data is obtained, the
results given by the simulation software are directly used, and the accuracy is
lacking. A more precise way would be to change the simulation seeds and average
the results from different simulated seed conditions to increase their credibility.

The above is the limitation of adopting this kind of simulation method.

3.4.5. Next chapter’s goal

Perform SPSS statistical analysis on the delay data obtained in Section 3.2, and
study their Descriptive comparison, image description, Correlation test, Independent
sample T test.

4. Analysis and results
4.1. Processing data with SPSS software
4.1.1 Descriptive comparison based on different types of intersections




A total of 28 intersections were selected for the simulation experiment, of which 12
were single-lane traffic exceeding 200 vel/h, 16 were single-lane traffic below 200
vel/h, and the number of invalid experiments was zero. The experiment deals with
two different types of intersections, the roundabout and the signalized intersection, to
obtain the delay differences.

Cases
Included Excluded Total
N Percent N Percent N Percent
delay * kind 56 100.0% 0 0.0% 56 100.0%
delay * volume 56 100.0% 0 0.0% 56 100.0%
Table 6:
Sample data statistics
delay * kind
delay
kind Mean N Std. Deviation
roundabout 25.8107 28 13.33604
signal intersection 25.5107 28 451338
Total 25.6607 56 9.86566

Table7: Average delay of two different intersections

It can be seen from the results that the average delay time of the roundabout is
25.81, the sample size is 28, and the standard deviation is 13.34. The delay of signal
intersection has an average delay of 25.51, of which the sample size is 28, and the
standard deviation is 4.51. That is to say, the delay fluctuation of the roundabout is
larger than that of the signalized intersection, and the average level of delay of the
two intersections is not much different.

4.1.2. Two different situations with a single lane traffic of 200 vel / h as a node.

Since there are two different forms of lanes at signalized intersections, there are two
different situations when describing the graphics. As shown in the following figure (1),




the analysis is carried out in the case of a single lane traffic of 200 vel’/h or more. The
intersection type is divided into 1 and 2, where 1 represents roundabout and 2
represents a signal intersection. Click the graphic function in the function bar, select
the icon builder, use volume as the abscissa and delay as the ordinate as well as
kind as the classification mark, then draw the histogram and the line chart, as follows:
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Figure 14 : The relationship between volume and delay of traffic above 200vel/h
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Figure 15: Relationship between volume and delay with traffic below 200 vel/h
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Figure 16 : Overall relationship between volume and delay
The conclusion that can be drawn from the chart is below:

1).As the volume rises, the delay time of roundabout will also increase. The reason is
that the operating rule of the roundabout is that only after the previous car leaves the
intersection, the latter car can enter. That is to say, when the traffic volume is larger,




the more complicated the intersection is, the driver often can't make a timely
response, and even reaches the dilemma, which makes the time longer.

2).As the volume increases, the delay time of the signalized intersection will fluctuate,
but the general trend also increases. The reason is that although the traffic volume
increases, in the case of different traffic volumes, the optimal signal period and the
green signal ratio change, and the value is the calculated optimal cycle duration, so
the delay time will fluctuate, not It grows directly like a signalized intersection.
However, the overall trend is upwards, as the increase in the number of vehicles will
inevitably lead to more serious vehicle delays.

3).From the line graph analysis, it can be concluded that the two different types of
intersections have their own advantages and disadvantages. The traffic flow is 700
vel/h as the node, and the delay at the roundabout is more serious, and the situation
is reversed. That is to say, in the case of different traffic volumes, different
intersection types are selected. The reason is that when the number of vehicles is
small, the driver will make his own judgment according to the intersection operation
rules, without wasting extra time waiting for the red light. On the other hand, when
the number of vehicles is large, the traffic flow is gradually confusing, and according
to the driver's own judgment, the normal operation of the intersection cannot be

satisfied. At this point, a unified signal flag is needed to control the entire situation,
and the graphical display is consistent with common sense.




Correlations

volume delay
volume Pearson Correlation 1 816"
Sig. (2-tailed) .000
N 56 56
delay Pearson Correlation 816" 1
Sig. (2-tailed) .000
N 56 56

**_ Correlation is significant at the 0.01 level (2-tailed).

Table 8 : Correlation test of delay and traffic flow
4. 1.3. Correlation test of delay and traffic flow and its anova description .

As shown in the following table, the correlation between delay and delay and volume
and volume is 1, which is beyond doubt. The correlation between delay and volume
is 0.816, which is greater than 0. That is to say, there is a positive correlation
between the two, that is, one increases, the other increases, and 0.816 indicates that
its probability of occurrence is large.

ANOVA
delay
Sum of Squares df Mean Square F Sig.
Between Groups 3887.104 27 143 967 2.750 .005
Within Groups 1466.110 28 52.361
Total 5353.214 55

Table 9 : anova description of delay

In this way, we can only conclude that there is a correlation between the two, but we
can't figure out who can influence who, so we need to carry out the next test -- anova
description. In the anova test, the factor is set to volume, the dependent variable is
set to delay, that is, the volume can affect the delay, and the output is displayed as
sig=0.005. When the system performs the test, it is first assumed that the volume




does not affect the delay. The probability of occurrence of a situation is 0.005, which
is negligible, explaining that the value of volume affects the size of the delay.

4.1.4. Independent sample t test

In the independent sample t-test of data, the data is divided into two groups. The first
group is the case where the single-lane traffic flow is greater than 200 vel’h. The

chart is as follows:

Group Statistics

kind N Mean 5td. Deviation Std. Error Mean
delay roundabout 12 38.0667 11.89640 3.43419
signal intersection 12 27.9833 4.59285 1.32584

Table 10: Group Statistics of roundabout and signal intersection over 200 vel/h

Independent Samples Test

Levene's

Test

Equality of Variances

for

t-test for Equality of Means

95% Confidence
Interval of the
Difference
Sig. (2- | Mean Std. Error
F Sig. t df tailed) Difference | Difference | Lower Upper
dela Equal variances
15.373 .001 2.739 22 .012 10.08333 3.68124 2.44891 17.71776
y assumed
Equal variances not
2,739 |[14.208 | .016 10.08333 3.68124 2.19868 17.96799

assumed

Table 11: Independent Samples Test of delay over 200 vel’h

It can be seen from the mean result of (8) that the delay time of the roundabout is
significantly higher than that of the signalized intersection, but the result is only




speculation. If it is to be confirmed, it is necessary to observe (9) and observe the
first line: equal variances assumed, The sig is 0.001, which is 0.1%, indicating that it
is a small probability time, that is, their variance is not equal. Second, observe the
second line: . . The sig is 0.016, which is 1.6%, less than 5%, indicating that the
speculation result is correct, that is, the delay time of the roundabout is significantly
higher than that of the signalized intersection. Similarly, when the single lane traffic is
less than 200vel/h, the chart is as follows.
It can also be explained that the delay time of the signalized intersection is
significantly higher than the delay time of the roundabout.

Group Statistics

kind N Mean Std. Deviation Std. Error Mean
delay roundabout 16 16.6188 2.46041 .61510
signal intersection 16 23.6562 3.55508 .88877

Table 12: Group Statistics of roundabout and signal intersection below 200 vel/h

Independent Samples Test

Levene's

Test  for

Equality of Variances

t-test for Equality of Means

95% Confidence
Interval of the
Difference
Sig. (2- | Mean Std. Error
F Sig. t df tailed) Difference | Difference | Lower Upper
dela Equal variances
3.098 .089 -6.511 | 30 .000 -7.03750 1.08086 -9.24492 -4.83008
% assumed
Equal variances
-6.511 | 26.688 | .000 -7.03750 | 1.08086 -9.25646 |-4.81854

not assumed

Table 13: Independent Samples Test of delay below 200 vel/h




4.2.Case discussion adopting port tennant road and fabian Way intersection

According to the results obtained from the above SPSS statistics, a typical
intersection is selected as a case to test whether the intersection design is
reasonable. Data provided by Wales Trinity Saint David University, Swansea. The
report selects the intersection of port tennant road and fabian way, with 8:00-9:00 as
the morning peak, 16:00-17:00 as the evening peak, all vehicle types are converted
to passenger car units, based on the following PUC factors :

HGV/BUS=2PUC’'S
CAR=1PUC’S
MOTORCYCLE=0.4PUC’'S

CYCLY=0.2PUC'S

Through vissim simulation experiment, a series of data is obtained. The traffic light
data is obtained through actual measurement. The result is that for port tennant road,
the time of straight, left turn, right turn is 10s, and for fabian way, the time of straight
is 60s, then the time of right turn is 30s. Its left turn mode is channelization.

The data results are as follows:

g fuel
vehs @1 [P> stops (all) [emissions (CO) [emissions (NOx) [emissions (VOC) he .
delay consumption
roundabout |31 34. 74 0. 54 35. 737 6. 953 8. 282 0.511
- 1
stgnal gy 97.96 0. 42 15. 226 2. 962 3.529 0. 281
intersection

Table 14: Typical characristics of the intersection in Swansea

According to the above results, the average delay time of roundabout is 34.74s/vel,
and the average delay time of the signalized intersection is 27.96s/vel, indicating that
the delay time of the roundabout is longer than the delay of the signalized
intersection, that is, the current intersection type does not require conversion.

5. Conclusions and Future Works

5.1. Conclusion




This paper analyzes and discusses the classical intersection model by analyzing the
traffic capacity of existing roundabouts and signalized intersections, and puts forward
the main ideas and main methods of modeling the intersection delay. Combined with
a typical current intersection in Swansea, the overall research results are examined.
Combined with the current problems, the future development direction of the
roundabout is forecasted.

5.2, Future Works

The capacity of the signal-free control loop is limited by the capacity of the
interweaving section. When the inflow of each inlet channel is low, the operating
efficiency of the ring crossing can be maintained at a good level; as the traffic
volume increases, the ring crossing The traffic flow from the organization and
running state will tend to be unstable; when the traffic volume of each import road
approaches or exceeds the traffic capacity of the roundabout, any slight disturbance
is enough to cause traffic disturbance, resulting in traffic congestion on the loop road,
and the traffic flow cannot be continuous. Driving, the final result of this situation is:
the vehicle on the loop is difficult to discharge or even block, the parking delay of the
imported road is too long, and the efficiency of the intersection is greatly
reduced.

signal control at the roundabouts

The roundabout adopts signal control, which uses signal lights to distribute the right
of way to the vehicles in the ring and the incoming vehicles. The two organizations
alternately operate on the loop, separating the traffic that may form traffic congestion
from time to time and achieving different flow directions. The traffic flows through the
intersections in chronological order. In this way, it is possible to effectively eliminate
the disadvantages of no signal control loop intersection, coordinate the use of time
and space resources of the roundabout, orderly organize the traffic flow in the loop,
improve the traffic capacity of the intersection, improve its traffic order, and reduce
traffic congestion and Blocking, thereby improving the efficiency of its traffic
operations.

For large diameter (25m or more) loops, there is enough traffic space for the vehicle
to bypass and queue, suitable for the left turn control method; and for the smaller
diameter intersection, there is enough traffic space at the intersection. It can make
the traffic flow cut around the island curb (not around the island) directly through to
adopt a signal control method similar to a general level crossing.
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Appendices

Report
delay

kind volume Mean N Std. Deviation
roundabout 274.00 11.6000 1

298.00 13.2000 1
311.00 14.8000 1
317.00 14.8000 1

342.00 15.0000 1




347.00

353.00

398.00

432.00

473.00

493.00

503.00

521.00

537.00

569.00

594.00

627.00

660.00

723.00

762.00

795.00

825.00

858.00

921.00

939.00

984.00

999.00

1011.00

15.0000

15.1000

16.5000

17.2000

18.4000

18.6000

18.7000

18.9000

19.1000

19.4000

19.6000

19.6000

21.5000

25.4000

28.9000

33.7000

39.7000

41.6000

45.5000

47.6000

49.2000

51.2000

52.9000




Total 25.8107 28 13.33604
signal intersection 274.00 18.4000 1
298.00 18.6000 1
311.00 20.7000 1
317.00 20.8000 1
342.00 21.2000 1
347.00 21.6000 1
353.00 21.7000 1
398.00 22.1000 1
432.00 24.2000 1
473.00 25.7000 1
493.00 26.1000 1
503.00 24,7000 1
521.00 27.6000 1
537.00 26.1000 1
569.00 28.6000 1
594.00 30.4000 1
627.00 23.5000 1
660.00 22.4000 1
723.00 26.5000 1
762.00 25.4000 1
795.00 25.7000 1
825.00 25.2000 1




858.00 27.2000 1

921.00 30.4000 1

939.00 32.4000 1

984.00 29.6000 1

999.00 39.4000 1

1011.00 28.1000 1

Total 25.5107 28 451338
Total 274.00 15.0000 2 4.80833

298.00 15.9000 2 3.81838

311.00 17.7500 2 4.17193

317.00 17.8000 2 4.24264

342.00 18.1000 2 4.38406

347.00 18.3000 2 4.66690

353.00 18.4000 2 4.66690

398.00 19.3000 2 3.95980

432.00 20.7000 2 4.94975

473.00 22.0500 2 5.16188

493.00 22.3500 2 5.30330

503.00 21.7000 2 4.24264

521.00 23.2500 2 6.15183

537.00 22.6000 2 4.94975

569.00 24,0000 2 6.50538

594.00 25.0000 2 7.63675




627.00 21.5500 2 275772
660.00 21.9500 2 63640
723.00 25.9500 2 77782
762.00 27.1500 2 2.47487
795.00 29.7000 2 5.65685
825.00 32.4500 2 10.25305
858.00 344000 |2 10.18234
921.00 37.9500 2 10.67731
939.00 40,0000 2 10.74802
984.00 39.4000 |2 13.85929
999.00 45.3000 2 8.34386
1011.00 40,5000 2 17.53625
Total 25.6607 56 9.86566
Averag
straight [Strai e Averag
Lane| . [Trafficlequivalelght |[Flow |IO8! |Totar [TOtal [GreeniRed o le delay
Dire . flow cycle [light [light
num (..~ Volum|nt line |rate loss . . of of
ction . . . |rate | durati |durati |durat| .
ber e coefficielequiviratio . [time ) signal |rounab
ratio on on ion |
nt alent interse jout
ction
S 275 1 275 25.5 [37.9
0. 181 15 65
A10 L 275 1.18 324 0.712 |20 80
london R 275 1. 05 288 0. 175 15 65
S 209 1 209 23.5 19.6
A501 0. 138 0. 541 (20 16 7 40
L 209 1.18 246




209 .05 219 . 133 6 41
286 286 27. 41.
. 189 18 73
AT21 286 .18 337 L7141 |20 91
North 286 .05 300 . 182 17 74
Lanarks
hire 307 307 30. 45.
. 203 26 97
A89 307 .18 362 796 |20 123
307 .05 322 . 195 25 98
328 328 29. 49,
. 212 44 148
AH205 328 .18 387 .851 |20 191
328 .05 344 . 209 42 149
265 265 25. 33.
Westmin 175 13 59
A4 265 .18 312 . 686 |20 72
ster
265 .05 278 . 168 12 59
313 313 32. 47.
. 206 30 107
A3213 313 .18 369 .811 |20 137
313 .05 328 . 199 29 108
333 333 39. O1.
. 221 51 168
A48 333 .18 393 . 863 |20 219
333 .05 349 . 212 49 170
220 219 22. 21.
Swansea . 145 8 42
A484 220 .18 259 . 569 |20 50
220 .05 230 .14 7 43
241 241 26. 25.
A4240 . 159 (0. 625 |20 58 10 418
241 .18 284




241 .05 253 0. 153 9 49
337 337 28.1 [|52.9
0.223 60 195
A4810 337 .18 398 0.875 |20 255
337 .05 354 |0.215 h8 197
Newport
254 255 25.4  [28.9
0. 168 12 54
A46T 254 .18 301 0.661 (20 66
254 .05 268 0. 162 11 55
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RUBRIC: BACHELOR'S ASSESSMENT CRITERIA

RES-INF LIT

Research-informed Literature. Extent of research and/or own reading, selection of credible sources,
application of appropriate referencing conventions

OUTRIGHT FAIL 0-  Little or no evidence of reading. Views and findings unsupported and non-
29% authoritative. Referencing conventions largely ignored.

UNSATISFACTORY  Poor evidence of reading and/or of reliance on inappropriate sources, and/or
30-39% indiscriminate use of sources. Referencing conventions used inconsistently.

SATISFACTORY 40- References to a limited range of mostly relevant sources. Some omissions and minor
49% errors. Referencing conventions evident though not always applied consistently.

GOOD 50-59% Inclusion of a range of research-informed literature, including sources retrieved
independently. Referencing conventions mostly consistently applied.

VERY GOOD 60-69% Inclusion of a wide range of research-informed literature, including sources retrieved
independently. Selection of relevant and credible sources. Very good use of
referencing conventions, consistently applied.

EXCELLENT 70-79% A comprehensive range of research informed literature embedded in the work.
Excellent selection of relevant and credible sources. High-level referencing skills,
consistently applied.

EXCEPTIONAL 80-  Outstanding knowledge of research-informed literature embedded in the work.
100% Outstanding selection of relevant and credible sources. High-level referencing skills
consistently and professionally applied.

SCALE 8

K & U SUBJECT Excellent 70-
79%

Knowledge and Understanding of Subject. Extent of knowledge and understanding of concepts and
underlying principles associated with the discipline.

OUTRIGHT FAIL 0-  Major gaps in knowledge and understanding of material at this level. Substantial
29% inaccuracies.

UNSATISFACTORY  Gaps in knowledge, with only superficial understanding. Some significant inaccuracies.
30-39%

SATISFACTORY 40- Evidence of basic knowledge and understanding of the relevant concepts and
49% underlying principles.

GOOD 50-59% Knowledge is accurate with a good understanding of the field of study.

VERY GOOD 60-69% Knowledge is extensive. Exhibits understanding of the breadth and depth of
established views.

EXCELLENT 70-79% Excellent knowledge and understanding of the main concepts and key theories. Clear



EXCEPTIONAL 80-
100%

SCALE 8

ANALYSIS

awareness of challenges to established views and the limitations of the knowledge
base.

Highly detailed knowledge and understanding of the main theories/concepts, and a
critical awareness of the ambiguities and limitations of knowledge.

Excellent 70-
79%

Analysis. Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflection;
organisation of ideas and evidence.

OUTRIGHT FAIL 0-
29%

UNSATISFACTORY
30-39%

SATISFACTORY 40-

49%

GOOD 50-59%

VERY GOOD 60-69%

EXCELLENT 70-79%

EXCEPTIONAL 80-

100%

SCALE 8

PRAC APP&DEPL

Unsubstantiated generalisations, made without use of any credible evidence. Lack of
logic, leading to unsupportable/ missing conclusions. Lack of any attempt to analyse,
synthesise or evaluate.

Some evidence of analytical intellectual skills, but for the most part descriptive.
I[deas/findings sometimes illogical and contradictory. Generalised statements made
with scant evidence. Conclusions lack relevance.

Evidence of some logical, analytical thinking and some attempts to synthesise, albeit
with some weaknesses. Some evidence to support findings/ views, but evidence not
consistently interpreted. Some relevant conclusions and recommendations, where
relevant.

Evidence of some logical, analytical thinking and synthesis. Can analyse new and/or
abstract data and situations without guidance. An emerging awareness of different
stances and ability to use evidence to support the argument. Valid conclusions and
recommendations, where relevant.

Sound, logical, analytical thinking; synthesis and evaluation. Ability to devise and
sustain persuasive arguments, and to review the reliability, validity & significance of
evidence. Ability to communicate ideas and evidence accurately and convincingly.
Sound, convincing conclusions / recommendations.

Thoroughly logical work, supported by evaluated evidence. High quality analysis,
developed independently or through effective collaboration. Ability to investigate
contradictory information and identify reasons for contradictions. Strong, persuasive,
conclusions, justifiable recommendations.

Exceptional work; judiciously selected and evaluated evidence. Very high quality
analysis, developed independently or through effective collaboration. Ability to
investigate contradictory information and identify reasons for contradictions. Highly
persuasive conclusions.

Practical Application and Deployment. Effective deployment of appropriate methods, materials, tools and



techniques; extent of skill demonstrated in the application of concepts to a variety of processes and/or
contexts; formulation of innovative and creative solutions to solve problems.

OUTRIGHT FAIL 0-
29%

UNSATISFACTORY
30-39%

SATISFACTORY 40-
49%

GOOD 50-59%

Limited or no use of methods, materials, tools and/or techniques. Little or no
appreciation of the context of the application.

Rudimentary application of methods, materials, tools and/or techniques but without
consideration and competence. Flawed appreciation of the context of the application.

An adequate awareness and mostly appropriate application of well established
methods, materials, tools and/or techniques. Basic appreciation of the context of the
application.

A good and appropriate application of standard methods, materials, tools and/or
techniques. Good appreciation of the context of the application, with some use of
examples, where relevant.

VERY GOOD 60-69% A very good application of a range of methods, materials, tools and/or techniques.

EXCELLENT 70-79%

EXCEPTIONAL 80-
100%

SCALE 8

SKILLS PROF P

Very good consideration of the context of the application, with perceptive use of
examples, where relevant. Evidence of some innovation and creativity.

An advanced application of a range of methods, materials, tools and/or techniques.
The context of the application is well considered, with extensive use of relevant
examples. Application and deployment extend beyond established conventions.
Innovation and creativity evident throughout.

Outstanding levels of application and deployment skills. Assimilation and development
of cutting edge processes and techniques.

Very Good 60-
69%

Skills for Professional Practice . Demonstrates attributes expected in professional practice including:
individual initiative and collaborative working; deployment of appropriate media to communicate (including
written and oral); clarity and effectiveness in presentation and organisation.

OUTRIGHT FAIL 0-
29%

UNSATISFACTORY
30-39%
SATISFACTORY 40-
49%

GOOD 50-59%

Communication media is inappropriate or misapplied. Little or no evidence of
autonomy in the completion of tasks. Work is poorly structured and/or largely
incoherent.

Media is poorly designed and/or not suitable for the audience. Poor independent or
collaborative initiative. Work lacks structure, organisation, and/or coherence.

Can communicate in a suitable format but with some room for improvement. Can work
as part of a team, but with limited involvement in group activities. Work lacks
coherence in places and could be better structured.

Can communicate effectively in a suitable format, but may have minor errors. Can
work effectively as part of a team, with clear contribution to group activities. Mostly
coherent work and is in a suitable structure.



VERY GOOD 60-69% Can communicate well, confidently and consistently in a suitable format. Can work

very well as part of a team, with very good contribution to group activities. Work is
coherent and fluent and is well structured and organised.

EXCELLENT 70-79% Can communicate professionally and, confidently in a suitable format. Can work
professionally within a team, showing leadership skills as appropriate, managing
conflict and meeting obligations. Work is coherent, very fluent and is presented
professionally.

EXCEPTIONAL 80-  Can communicate with an exceptionally high level of professionalism. Can work
100% exceptionally well and professionally within a team, showing advanced leadership
skills. Work is exceptionally coherent, very fluent and is presented professionally.

SCALE 8
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