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ABSTRACT 

The design of traffic signal control plan is directly related to the level of traffic congestion 

experienced both at the junction level and the network particularly in urban areas. Ensuring signals 

are well designed is one of the most cost-effective ways of tackling urban congestion problems. 

Signal time plans are designed with the help of signal optimization models. Optimization can either 

be done for multiple or single objectives and is formulated as a problem of finding the appropriate 

cycle lengths, green splits, and offsets. Some of these objective functions include; better mobility, 

efficient energy use, and environmental sustainability. LinSig and TRANSYT are two of the most 

widely used traffic signal optimization tools in Sweden. Each of them has an inbuilt optimization 

function which differs from the other. LinSig optimizes based on delay or maximum reserve 

capacity while TRANSYT optimization is based on performance index (P.I) involving delay, 

progression, stops and fuel consumption.  

This thesis compared these optimization models through theoretical review and application to a 

case study in Norrköping. The theoretical review showed that both TRANSYT and LinSig have 

objective functions based on delay and its derivatives. The review also showed that these models 

suffer from the inability to accurately model block back as they are based on the assumption of 

vertical queuing of traffic at the stop line. Apart from these similarities, these two models also 

have significant variations with respect to modeling short congested sections of the network as 

well as modeling mixed traffic including different vehicle classes, pedestrians, and cyclists.  

From the case study, TRANSYT showed longer cycle time compared to LinSig in both scenarios 

as its optimization objectives include both delay and stops while LinSig accounts for only delay. 

The Allocation of phase green splits and individual junction delay was comparable for 

undersaturated junctions while congested network sections had significant differences.  Total 

network delay was, however, less in LinSig compared to TRANSYT. This could be attributed to 

different modeling criteria for mixed traffic and congested network in addition to the fact that 

cyclists were not modeled in TRANSYT. VISSIM simulation of the two-signal time plans showed 

that network delay and queue lengths from TRANSYT signal timings are much less compared to 

LinSig time plans. A strong indication of better signal coordination. 

 

Key words: TRANSYT, LinSig, Delay, Practical Reserve Capacity, Optimal cycle time, 

Optimization. 
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SAMMANFATTNING. 

Valet av tidsättning trafiksignaler är direkt relaterad till den trängselnivå som upplevs både i 

korsningar och på vägnätverk, särskilt i stadsområden. Att säkerställa att signalerna är välutformad 

är ett av de mest kostnadseffektiva sätten att hantera trängselproblem i städerna. Tidplaner för 

signaler utformas med hjälp av signaloptimeringsmodeller. Optimering kan antingen göras för 

flera eller enstaka mål och formuleras som ett problem att hitta lämpliga omloppstider, 

gröntidsfördelningar och för samordnade korsningar tidsförskjutningar. Några av dessa funktioner 

inkluderar; bättre rörlighet, effektiv energianvändning och miljömässig hållbarhet. LinSig och 

TRANSYT är två av de mest användande trafiksignalsoptimeringsmodeller i Sverige. Var och en 

av dem har en inbyggd optimeringsfunktion som skiljer sig från den andra. LinSig optimerar 

baserat på försening eller maximal reservkapacitet medan TRANSYT optimeras baserad på 

Performance index (P. I) med fördröjning, progression, stopp och bränsleförbrukning.  

Detta examensarbete jämför dessa modelloptimeringar genom teoretiskgranskning och en 

fallstudie i Norrköping. Den teoretiska genomgången visade att både TRANSYT och LinSig har 

funktioner baserat på försening och dess derivat. Granskningen visade också att dessa modeller 

inte kan korrekt modellera tillbakablockering eftersom de bygger på antagandet om vertikala köer 

av trafiken på stopplinjen. Bortsett från dessa likheter har dessa två modeller också betydande 

variationer med avseende på modellering av korta överbelastade delar av nätet samt modellering 

av blandad trafik, olika fordonsklasser, fotgängare och cyklister. 

Från fallstudien visade TRANSYT längre omloppstider jämfört med LinSig i båda scenarierna där 

målet var optimering av både förseningar och stopp medan LinSig bara tog hänsyn till fördröjning. 

Fördelningen av fasernas gröntider och enskilda korsnings fördröjningar var jämförbar för 

korsningar som inte var överbelastade men de korsningar som var överbelastade hade betydande 

skillnader.  Fördröjningen i det totala nätverket var dock mindre i LinSig jämfört med TRANSYT. 

Detta kunde hänföras till olika modelleringskriterier förblandtrafik och överbelastade 

nätverksdelar samt det faktum att cyklister inte modellerats i TRANSYT. VISSIM simulering av 

två tidplaner, en från TRANSYT och en från LinSig, visade att nätverksfördröjning och kölängder 

var mycket mindre för scenariot med tidplaner från TRANSYT jämfört med LinSigstidplaner. 

Detta är en stark indikation på att TRANSYT ger en bättre signalsamordning. 

 

 

Nyckelord: TRANSYT, LinSig, fördröjningar, praktisk reservkapacitet, optimalcykeltid, optime-

ring. 
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ABBREVIATIONS 

HCM                                                              Highway Capacity Manual 

PRC                                                                Practical Reserve Capacity 

PDM                                                               Platoon dissipation model  

CTM                                                               Cell Transmission Model  

CPDM                                                             Congested Platoon Dissipation Model 

P.I                                                                    Performance Index  

DOS                                                                 Degree of Saturation 

MoE                                                                 Measures of effectiveness 

TDD                                                                 Time Distance Diagram 

PCU                                                                  Passenger Car Unit 

MME                                                                Mean Modulus of Error. 
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DEFINITION OF TERMS 

Phase: A group of signal heads showing the same aspects for both pedestrians and traffic at the 

same time. 

Stage:  group of phases running together. 

Stage sequence: sequence of stages running together on a single controller  

Flare model:  A TRANSYT model used to represent short turning lanes or flared approaches in a 

network. 

Flow Group. A set of desired OD matrix flows for a particular time duration. 

Controller: This represent a traffic signal controller in LinSig and is referred to as controller           

stream in TRANSYT. 

Inter-green period: Time period between the termination of green signals in one phase and be-

ginning on green on the next phase. 

Junction: A group of arms, lanes and any other items. 

Arm: One-way section of road forming part of the network. An arm may contain several lanes  

Zones: an origin and or destination for traffic entering or leaving the network. 

Actual Green time: Time for which the signal head for a traffic stream or a link actually shows 

green. 

Effective green:  time for which the traffic behaves as if the signals were actually green. 

Cruise time:  Un-delayed travel time along a traffic stream or a link  

Cruise speed and cruise time: Un-delayed times (speeds) for traffic travelling from each up-

stream stop line to the stop line on the currently selected traffic stream or link. Values used should 

represent actual traffic behavior and not ideal figures. 

Mean delay: average value of delay experienced by a PCU on the traffic stream or link. 

Excess Queue or stop penalty: Calculated cost on the traffic stream or link associated with excess 

queues. 

Degree of Saturation (%): Measures the spare green time available or how the links, nodes or 

network are close to the maximum capacity. 

Practical Reserve Capacity (%):  The percentage by which the arrival rate on a traffic stream 

could possibly increase before the stream reaches its full capacity. It is calculated using the formula 

100 (
𝑝−𝑎

𝑞
) where a and P are degree of saturation and maximum acceptable degree of saturation 

respectively. 
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1. INTRODUCTION  

The introductory section discusses the purpose and content of this report. First, the Background 

information about the research area is provided, followed by research questions. This is then 

followed by justification and the relevance of this research both to science and society. The final 

section illustrates the methodology adopted and a short description of the report content. 

1.1 Background. 

The capacity of signalized intersection within urban areas is under immense pressure due to 

urbanization and population growth. This coupled with high car ownership makes it more 

challenging to achieve smooth traffic operations.  It is therefore important to ensure signal timing 

plans for the intersections are correct in terms of both safety and functionality through considering 

all potential road users. Moreover, the operation and management of the existing urban road 

network is an increasing challenge not only because of the need to meet current demand but also 

the need to balance pressure from competing modes of transport to achieve strategic objectives 

(Zhang & Excell, 2015). This demands efficient management of the existing infrastructure in a 

more efficient and equitable manner meeting both governmental and social goals.  

Efficient traffic signal operation is key to the efficient performance of the transport network and 

therefore plays a key role in traffic management in urban areas. Traffic signal design is constantly 

evolving driven by the need for efficient use of available road space and changing policy 

objectives, moving away from capacity maximization or delay minimization for private vehicles 

towards priority operations for public transport in recognition of the number of passengers 

transported. Many municipalities are implementing policies aimed at a modal shift towards non-

motorized and public transport modes to promote environmental sustainability and safety concerns 

as informed by the current trends in sustainability. 

The Swedish government in its new proposed objectives for the planning period 2018-2029 

acknowledges that the existing road network must cope with even greater volumes of traffic in its 

major cities. The government is also calling for new ideas with regards to technology and 

infrastructure that can contribute to a more sustainable transport system (regeringskansliet,2019). 

Designing traffic signals that result in effective, safe and environmentally friendly traffic network 

requires substantial knowledge about the relationship between intersection design, traffic 

characteristics and the impacts on emission and safety. (Bang, Ronggui, & Huichen, 1998). 

linjen The design of traffic signal plans 

In a traffic network, efficient traffic signal coordination plays an important role irrespective of 

which optimization objective is used in the signal design. The green periods and cycle time should 
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be set to coordinate the offsets for the start of green periods to facilitate green waves in the major 

direction to reduce the number of stops and travel time. Travel time through a road network is one 

of the major mobility indicators and influences the choice between public transport and other 

competing modes like private cars. Additionally, in the urban environment, delays at signalized 

intersections constitute a large part of journey times both for private cars and public transport 

modes (Wahlstedt, 2011).  

The design of the signal time plan has a significant effect on the level of traffic congestion 

experienced not only at a specific junction but also in other junctions in the network. Ensuring 

signals are timed is effectively is, therefore, one of the most cost-effective ways of reducing 

congestion. Optimization of the signal timing is formulated as a problem of finding the appropriate 

cycle lengths, green splits, stage sequence and offsets to minimize the objective function. In recent 

developments, multiple optimization objectives have been used in the design and optimization of 

traffic signals to achieve better mobility, efficient energy use and ensure environmental 

sustainability. Depending on national or municipal policy goals, these objectives functions could 

include maximization of traffic throughput (capacity maximization), minimization of a number of 

stops and delay, fuel consumption or reducing the travel time. Coordination of traffic signals 

within a given network has been recognized as the basis for the smooth and efficient flow of traffic 

in urban road networks.   

Signal time optimization, therefore, involves changing signal timing parameters relative to the 

length of green periods for each traffic movement and the timed relationship between signalized 

intersections. This help reduces loss times, idling, number of stops, acceleration, and deceleration 

of vehicles leading to less fuel consumption as well as other negative environmental impacts like 

noise pollution. These signal timing parameters should be set with great consideration to local 

regulations and safety concerns as these can limit the possible design and potential to achieve other 

goals (Wahlstedt, 2011). The Swedish control strategy LHOVRA specifies safety as an important 

aspect which can increase minimum delay and number of stops necessary (Al-Mudhaffar, 2006). 

1.2 Traffic signal optimization tools 

Microsimulation software like VISSIM (Fellendorf & Vortisch, 2010), AIMSUN (Barceló, n.d) 

and SUMO (Kurczveil & Schnieder, 2013) have been used to optimize traffic signals when 

detailed vehicle information is required. However, as microsimulation tools they are not fully 

adapted to the optimization of traffic signals and separate tools like LinSig (Moore & Cheng, 

2010), TRANSYT (TRL,2012) LISA +(Hspa & Modules, n.d.), Synchro (Date, 2012), PASSAR 

II and V (Chaudhary, Kovvali, & Alam, 2002). 

TRANSYT is a deterministic, macroscopic traffic model that evaluates the effectiveness of traffic 

signals by comparing the performance index (PI) for any set of signal timings. The optimizer seeks 

to minimize the P.I to obtain the optimal signal timings.  P.I which is the main criteria for 

comparing alternative network configurations and is a measure of the overall cost associated with 
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congestion. It is represented as a weighted combination of total vehicle delays and stops 

experienced by traffic within the modeled network. LinSig is also a macro-simulation package 

used to model, optimize signals and evaluate the effects on traffic capacities and queueing. In 

LinSig, the traffic signals can be optimized to either maximize Practical Reserve Capacity (PRC) 

or minimize total network delay. The choice of which maximization objective depends on design 

objectives. 

LiSA+ is a comprehensive package for planning and evaluating intersections by testing traffic-

actuated signals and simulating traffic flows. It can be used for single intersections, progressive 

signal systems as well as road networks. It also supports the planning of coordinated corridors and 

networks with the possibility to adjust coordination to public transport needs like priority rules.  

Synchro is a delay-based signal optimization program based on the highway capacity manual 

(HCM, 2010) and uses a similar traffic model to TRANSYT. The objective function also 

minimizes the number of stops and queues by using penalties for the selected measures of 

effectiveness (MoEs). The optimization can be applied for cycle lengths, green splits and or offsets. 

Just like in TRANSYT and LinSig, the use of these weightings makes it possible to prioritize 

specific movements and or phases providing more flexibility in designing the signal timing plans. 

PASSAR II (Chang et.al,1991) signal optimization is based on bandwidth maximization for a 

given traffic network. The program performs an exhaustive search over the cycle time range 

provided by the user based on Websters' equation to calculate equal saturation splits. Hill climbing 

algorithm is then used to calculate delay within the network. PASSAR II has a traffic model that 

only considers platoon dissipation in the calculation of delays. Just like in Synchro, all the delay 

calculations are done based Highway Capacity Manual (HCM,2010) method. PASSAR II has been 

modified many times will the latest being PASSAR V. 

1.3 Problem statement  

LinSig and TRANSYT are two of the most widely used traffic signal optimization tools in Sweden. 

Each of them has an inbuilt optimization function which differs from the other even though the 

objective functions used in both software is based on the delay and its derivatives. LinSig optimizes 

based on delay or maximum reserve capacity (minimum degree of saturation). TRANSIT 

optimization is based on user-defined performance index (P.I) involving delay, progression, stops 

and fuel consumption. This two software vary in their suitability for use and ability to accurately 

model traffic situations and behaviors. This thesis, therefore, aims to compare the performance of 

these two optimization tools using VISSIM micros-simulation software. 
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1.4 Research Objective  

The evaluation is designed to provide information about the operational effectiveness of signal 

times produced by LinSig and TRANSYT and reduce the knowledge gap regarding their respective 

performance efficiencies. The research objective was achieved through a literature review of the 

two models and application to Östra promenaden as a case study. The case study was an ongoing 

project involving both the traffic and strategy department of WSP.  The chosen network was 

undergoing design changes due to capacity constraints. This required the signal control plans to be 

redesigned both for current flows and future forecasted flows for the year 2035. 

1.5.1 Research Questions 

The research objective forms the main research question addressed by answering these sub-

questions. 

       What is the appropriateness of using TRANSYT or LinSig for signal optimization? 

Sub questions 

1. What are the main objectives of traffic signal optimization? 

2. How should traffic signals be coordinated? 

3. When is it appropriate to use either LinSig or TRANSYT? 

4. What modelling criteria and assumptions are used in TRANSYT and LinSig Model? 

5. What principles are used for modelling mixed traffic in LinSig and TRANSYT? 

6. Which criteria should be used in selecting a traffic signal optimization mode? 

1.5 Limitations and Scope 

Queue lengths and delays are the only network measures of effectiveness used for the comparison. 

Other aspects as like effects on pedestrians, cyclists, travel time, fuel consumption, etc are not 

considered. Delays have been selected for this analysis because delays at signalized intersection 

constitute a large part of travel time in urban networks. Moreover, because TRANSYT does not 

model cyclist crossings at intersections, the effects on pedestrian and cyclists are also not 

considered. It is also worth noting that because the project was done based on future network 

scenario, it was not possible to efficiently calibrate and validate the models. Efficient efforts have 

been ensured where possible. 

  



 

5 

 

 

1.7 Societal and Scientific relevance  

Societal Relevance  

Population growth and industrialization create immense pressure on surface infrastructure creating 

a need to consider efficient use of the existing facilities. Additionally, it is neither economically 

feasible nor environmentally friendly to meet growing transport demand through the construction 

of new infrastructure. All road users and transport authorities will, therefore, benefit from well-

designed signal time plans. Moreover, knowledge on the suitability of these two optimization tools 

could be of added value to the municipalities and other parties involved in the signal design. First, 

TRANSYT model could be an addition to the range of technical expertise and options available to 

the clients as companies seek to strengthen their customer relationships. Guidelines provided at 

the end of this research could also be used as a basis for strategic investment through the 

exploitation of different model capabilities, functionality and resource efficiency and thereby more 

value to clients and society. 

Scientific Relevance  

Among the many signal optimization tools, LinSig and TRANSYT are the most popularly used in 

Europe. Even though their optimization is based on delay and its derivatives, they have major 

differences with regards to traffic representation, suitability for modeling different network 

features and demand patterns. It is therefore important to select the most appropriate software for 

a traffic study to obtain the most suitable signal timings plans. Previous studies have been 

conducted to compare the performance of TRANSYT and to software, but no study has been 

conducted comparing it to LinSig. Moreover, both LinSig and TRANSYT have recently 

implemented new logics and updates making it necessary to perform and undertake an up to date 

comparison of their latest versions. 

1.8 Research Approach 

Figure 1 below summarizes the methodology adopted in the research. The research process was 

broken into two separate stages; theoretical review and application to a case study. First, a literature 

study of existing scientific literature on the topic was conducted from which several of the research 

questions were answered. This literature study was also extended to a theoretical review of both 

LinSig and TRANSYT optimization models. These models were reviewed to obtain a complete 

understanding of the assumptions, traffic models, suitability for different network and traffic 

demand patterns as well as optimization procedures and algorithms.  For this project Versions, 3 

of LinSig and TRANSYT 15 were used for the analysis. This review resulted in the selection of 

the appropriate measures of effectiveness namely: delays and queue. 
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After the theoretical analysis, the second level of analysis was based on modeled network Östra 

promenaden. The area for the case study was selected because it fits the status of an urban arterial 

and also because it posses the features of a complex network with capacity issues which requires 

to be analyzed. Norrköping municipality wanted to investigate the effects of the proposed network 

configuration changes on traffic performance of the network both currently and in the future 

(2035). 

The ultimate aim of this project was to design a signal control plan which would work both for the 

current traffic demand  and future forecasted flows following a network redesign to create space 

for urban beautification (tree planting along the street). The investigation covered the network 

section between Fleminggatan at the north to Södrapromenaden at the south section. That is, the 

case study aims to explore the future performance of the network by determining what signal 

timing plan is needed and what sections of the network could be redesigned to increase traffic 

throughput. Due to these proposed changes and lack of data, the network was not sufficiently 

validated or calibrated. Also, because TRANSYT does not model pedestrian crossings, it was 

impossible to evaluate the effects of these changes on pedestrians and cyclist. Calibration of the 

network was done by ensuring accurate modeling of lane configuration, lengths, turning radius 

and other network features.  Traffic demand data used for the modeling was supplied by the 

municipality from their VISSIM model in the form of OD matrix for public transport (buses and 

trams), normal cars, cyclists and pedestrians. 

The Case Study  

The network was first modeled in both LinSig and TRANSYT. In TRANSYT, the use of stops 

and delay weighting factors were also investigated to influence the optimizer to achieve the desired 

level of queue limits, saturation flows and delays. This was however not implemented for the final 

optimization because prioritization of different vehicle classes was not the aim of this project. 

Considerable attempts were placed to ensure same model settings were used in both models for  

results comparability. Yellow time of  4, red time 2 seconds minimum green time for buses and 

trams was set at 4 seconds but was varied per intersection, pedestrian blackout time was 5 seconds 

and degree of saturation was set to be 90% for both models.  

The LinSig model was optimized to minimize the worst degree of saturation (maximum practical 

reserve capacity) as the main criteria. A second optimization was also done to minimize delays to 

ensure result comparability with TRANSYT which was optimized for both delays and stops for 

both scenarios (AM and PM peaks). Junctions 2 to 9 were optimized together to obtain green 

waves while junction 1 was optimized as an isolated junction for both offsets and green splits. 

Coordinated junctions were optimized for green splits.  

The same network was also microstimulated in VISSIM using the signal timings obtained from 

these two programs. The comparative analysis was designed to provide detailed information on 

the functionality of LinSig and TRANSYT optimization models based on their simulation 

capabilities. This two software have their own signal simulation models but to ensure an unbiased 
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and fair comparison, the optimized signal timings were micro-simulated in VISSIM.  As a micro-

simulation tool, VISSIM can accurately model gap, acceptance, saturation flows and lane changing 

behavior all which are critical in the assessment of the network. This is better compared to LinSig 

and TRANSYT where these parameters are generated deterministically based on statistical 

equations. VISSIM also enables continuous modeling of individual vehicle movements and block 

back compared to this two software. Moreover, both LinSig and TRANSYT models assume 

vertical queuing of traffic leading to inaccurate modeling of the block back. Because the model 

has been built for a forecasted future scenario, enough calibration and validation of the VISSIM 

model were not possible though enough efforts have been made where possible. 

Data analysis 

TRANSYT and LinSig were first compared by considering optimal cycle lengths, followed by 

green splits and delays for individual intersections as well as the entire network.  This step of the 

analysis helped in  understanding the effects of varied modeling criteria, model assumptions, 

vehicle representation and optimization on the cycle lengths, green splits, and delays on both 

individual models and the network as well. A second level comparison was also done by micro-

simulating these optimized signal time plans in VISSIM using delays and Queues as measures of 

effectiveness. Delays have been selected for this analysis because they constitute a large part of 

travel time in urban networks.  From the 10 simulation runs ((Barceló, n.d.) in VISSIM, t-test 

statistics was done to compare how different these delay values are. Results of the analysis will be 

presented using graphs and tables for ease of understanding. 
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1.9 Content of the report  

The remaining section of the report is structured as follows. Chapter 2 describes theoretical 

literature on the concepts of traffic signal design including coordination, optimization, and 

algorithms used in previous research. Also presented in this section are the conclusions obtained 

from previous research. Chapters 3 and 4 provide a detailed explanation of the suitability and 

engineering principles behind TRANSYT and LinSig models. This is then followed by chapter 5 

which describes the case study including data collection mechanisms and modeling approaches 

used. Results obtained from the case study are presented and contextualized to previous research 

in chapter 6 using the identified measures of effectiveness presented in the research approach 

mentioned in chapter 1 above. Lastly, chapter 7 contains the major research findings, conclusions, 

and recommendation of for future research. 
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CHAPTER 2. LITERATURE REVIEW 

The aim of this chapter is to find and analyze existing literature on the topic of traffic signal, 

control and optimization strategies. The sub-questions answered at the end of this literature review 

include: 

➢ What strategies are used in signal optimization? 

➢ What are the fundamentals and objectives of traffic signal design?  

➢ What is the appropriateness and benefits of signal coordination? 

The sub-section (2.2) addresses the first sub-question by trying to find the various optimization 

objectives of the signal design. This is then followed a review of the existing model building and 

traffic control methods.  The sub-question regarding the effective design of traffic coordination is 

also described in section (2.4). The literature review ends with a conclusion which discusses the 

major findings of the literature review. 

2.1 Traffic signal optimization objectives  

Traffic signals can be optimized to obtain the most suitable cycle length, green split, offsets or 

phase sequence based on specific objective functions. The choice of an objective function depends 

on design objectives for the project. The choice of an objective function is likely to affect the set 

of constraints, modeling variables, obtained outputs as well as necessary computer and human 

resources (Hajbabaie & Benekohal, 2013). Traffic signal Optimization objectives can include 

1. Minimising delay 

2. Minimizing travel time 

3. Maximizing traffic throughput minus queue 

4. Maximizing number of completed trips 

5. Maximizing the weighted number of trips. 

A lot of research also been done with regards to which optimization objective is appropriate for a 

given modeling scenario. A case study performed by Hajbabaie & Benekohal (Hajbabaie & 

Benekohal, 2013) indicated that for all demand patterns weighted trip maximization improved 

network performance compared to other objective functions.  They also concluded that traffic 

throughput minus queue and trip maximization were the second most suitable objective functions 

for over-saturated conditions while trip maximization was slightly more suitable when demand is 

asymmetric. These findings are similar to guidelines published by the London transport authority 

(Transport for London, 2010) which states that in situations where the there are design changes or 

uncertainty in traffic flows, it is better to optimize the network based on practical reserve capacity. 

They argue that capacity maximized timings are more tolerant to flow variations and robust in 
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normal day to day traffic operations. A reasonable practical reserve capacity (PRC) is therefore 

expected to capture traffic growth and or daily variations which may significantly exceed the 

design flows. 

 From the literature studied, delay minimization is the most frequently used optimization objective 

functions in signal time design. (Banks, 2007; Einstein, Podolsky, & Rosen, 1935; Newell, 1993; 

States & Early, 1997).  The second most used optimization objective involved the minimization 

of both the number of stops and delay (Jhaveri Joseph Perrin, Peter Martin, Author, & Perrin, 

2003; Mirchandani & Head, 2001; Lucas, n.d.; Mirchandani & Head, 2001). A detailed description 

of the various objective’s functions is provided in the section below. 

• Delay minimization 

Delay can be defined as the difference between the actual travel time and ideal travel time (travel 

time in free-flowing conditions with no traffic signals). If this optimization objective is selected, 

there will be less delays for high volume approaches and high delays for less trafficked approaches.  

Delay minimization accounts for the delay experienced by vehicles in the network but not those 

that have been metered resulting in less delays within the network and more delays outside. 

According to (Hajbabaie & Benekohal, 2013), it is important to extend the entry links in the model 

to prevent vehicles from being held up at the entry points and achieve a more accurate delay 

estimation. 

• Travel Time Minimization 

Another objective function is to minimize the total travel time for all vehicles in the network. This 

Optimization objective involves metering the number of vehicles entering the network and only 

allowing a given number of vehicles resulting in the lowest possible travel time. 

• Throughput-Minus-Queue Maximization 

Optimizing the signal timings to maximize throughput increases the capacity of the system 

(Lieberman, Chang, & Shenk Prassas, 2007; States & Early, 1997). When network throughput is 

maximized, queues may be experienced in certain conditions where there is a capacity difference 

between the upstream and the downstream intersections creating deadlocks for the entire network. 

To avoid this, a disutility function can be added to the objective function to penalize the value of 

throughput according to queue lengths (excess queue weightings) as shown by states and early, 

(States & Early, 1997). The results they obtained by using this penalty limits indicated that 

throughput maximization is a reasonable objective function in oversaturated networks. A similar 

conclusion was also drawn on the importance of extending the lengths of entry links due to its 

direct relationship to queue lengths and the subsequent impact on throughput-minus queue 

maximization. 

• Trip Maximization 

Maximizing the number of completed trips in the network has similar benefits to optimizing the 

signal timings by maximizing network throughput minus queues. Trip maximization is suitable for 
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oversaturated conditions because it maximizes the number of vehicles which exist in the network 

during the studied time (Hajbabaie & Benekohal, 2013). A major drawback of choosing this 

objective function is that it does not consider trip lengths and there is a risk of the optimizer 

processing too many short trips than long trips which could have a significant impact on congestion 

within the network. From figure 2, below (Hajbabaie & Benekohal, 2013) illustrates the possibility 

of increasing the number of completed trips by processing similar to B and by having the same 

number of trips to A.  This explains that maximizing the number of completed trips could provide 

better services to short trips. 

 

Figure 2. Impact of trip distance on network congestion (Hajbabaie & Benekohal, 2013). 

• Weighted Trip Maximization 

Weighted trip maximization is a solution to problems experienced in the trip maximization 

objective as it helps to avoid biases towards shorter trips by weighting each trip by trip-length from 

origin to destination. This is referred to as weighted trip maximization. In this approach, the actual 

length of the route is not used in weighting to prevent the optimizer from using longer trips in the 

network. By weighting each trip by its respective length, there is more opportunity for trips with 

longer shortest paths being processed without encouraging longer trips which delay trips and value 

of the objective function 

2.2 Models used in traffic simulation  

Transport models are used to represent real-world transport and land use scenarios and assess the 

probable impacts of transport infrastructure options by predicting infrastructure performance in 

different scenarios.  Traffic models use traffic flows, network geometric layout and traffic control 

system or plan to describe and simulate a scenario and outputs specified measures of effectiveness 

(MOEs).  These measures of effectiveness could include the number of stops and delay, fuel 

consumption, total bandwidth, and queue lengths. The best signal timing plans are selected by 
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primarily considering these measures of effectiveness. Traffic signals can be classified as either 

delay based, or bandwidth based. They can also be classified based on the level of detail into three 

categories as either microscopic, mesoscopic or macroscopic. 

• Microscopic Traffic models 

These models can simulate individual vehicle movements in the network through accurate 

replication of individual driver behavior (acceleration, deceleration, car-following behavior, etc.) 

of individual vehicles within the traffic stream. Microsimulation models use stochastic modeling 

approach that relies on a random number generator that provides the capacity to assess dynamic 

phenomena and variability in the network. Different random seeds are used for every simulation 

run to capture network Stochasticity. According to. According to (Barceló, n.d.), around 10 

simulation runs are needed to capture network Stochasticity in a microsimulation. Microsimulation 

models require large volumes of data and hence computationally intensive. 

• Mesoscopic traffic model 

The model estimates the flow of traffic entering a link, traveling downstream, stopping due to a 

red light, and moving again during green man.  Some mesoscopic models consider platoon 

dissipation from one stop line to the next in a signal-controlled network. Mesoscopic models can 

also be classified as link-based or time-based. Link-based models simulate traffic flow one link at 

a time for all time steps in a signal cycle based on the assumption of vertical stacking of queues at 

the stop line (Chaudhary et al., 2002). They do not account for block back and queue spillback as 

they do not keep track of where the queue ends. This leads to a difference between the link capacity 

and the number of vehicles stacked up at the stop line. Link-based models are therefore not suitable 

for modeling networks with short links where poorly designed signal timings could lead to queue 

spillback in congested networks. 

Time-based models simulate traffic flow on all links in the network during each time step and can 

accurately model queues and traffic interactions between the different traffic streams or links in 

the network. They are therefore more accurate than link-based models in simulating different 

traffic conditions. One disadvantage of this kind of model is high computational time and their 

dependency on the number of cycles simulated (Chaudhary et al., 2002). 

• Macroscopic Traffic Models 

Macroscopic models simulate traffic on cycle -by cycle behavior using a platoon dissipation model 

for each link in the network. They are based on cyclic flow profiles with a fundamental assumption 

of cyclic nature of traffic and hence macroscopic outputs are deterministic. These models are based 

on vertical queuing of traffic at the stop line and may or may not account for platoon dissipation 

and are only accurate for undersaturated conditions. 
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2.3 Search Algorithms in signal Optimization 

Search algorithms and optimization are techniques that employ the use of multiple scenarios which 

are then compared based on their goodness of fit. The objective functions can be stop and or delay 

minimization, bandwidth efficiency, throughput maximization or capacity maximization. Capacity 

maximization determines signal timings that minimize the worst degree of saturation in the 

network while delay minimization objective measures the total delay to all traffic categories in the 

networks and this is used as fitness value for comparing the timings plans. The following section 

describes some of the search algorithms used in traffic signal optimization models and simulation 

software. 

• Exhaustive Search Algorithms 

These algorithms calculate and compare the fitness values for all possible signal -timing scenarios 

(Chaudhary et al., 2002). Due to the sheer number of possible scenarios exhaustive search may 

require a lot of computer time and hence could require that large networks be divided into smaller 

sections or stagewise optimization for each variable in the objective function.  This search 

algorithm can be combined with other search algorithms in optimization programs. 

• Hill climbing algorithm  

The hill climbing process starts from a base signal timing either provided by the traffic engineer 

(as in TRANSYT) or randomly selected by the program. This is then followed by a selection of 

one variable which could be offsets, cycle lengths or green splits. Thereafter the program develops 

additional scenarios for each variable by increasing one and reducing the other by fixed amounts 

called step sizes. The traffic simulator is then used to calculate fitness values for different scenarios 

and compare the results with the base scenario. This hill-climbing process is continued until the 

fitness value ceases to be better than the current best value. 

• Mathematical programing techniques 

Mathematical techniques are based on programs designed to search a small subset of the all 

possible scenarios in an intelligent manner. They are only applicable when a closed form of the 

mathematical model to be used exists. Examples of these models include linear and integer-

programing. 

• Genetic Algorithms 

Generic algorithms begin the optimization process with sub-set of all possible scenarios and the 

principle of natural selection to generate a new scenario. This is done using a specified traffic 

model which evaluates the fitness of the first scenario and generation of the next scenario. A 

generic algorithm terminates either when user specified generations are reached or when no 

improvement is observed in the current generation. 
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2.4   Modelling Principles  

As shown in figure 3 below, building traffic network model can be divided into seven sub-

processes namely: model definition, network familiarization and data collection, model 

development, and finally model auditing as shown in below.  The first stage model definition 

involves developing a clear definition of purpose and scope of works to ensure the model meets 

the required criteria. This stage also sets out the requirement for both the base and the proposed 

model. This is then followed by network familiarization and collection of data for building, 

validation and calibration process.  

For a traffic model some of the important data used in building the model include. 

•     peak flows for all traffic classes. 

•    Link lengths, lane widths, and pedestrian crossing distances  

•    Cruise times and cruise speeds. 

•    Saturation flows  

•    Give-way behavior 

•    Right turn-storage or blocking effects  

•    Flare lengths and usage. 

•    Intersection layout. 

 

Figure 2. Transport modelling Criteria 

Validated base model 

Data Collection and network familiarization 

Calibration of the base model 

Development of first draft model 

Definition of Project Scope  

Proposed model for the modelled scheme. 
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Most traffic models are built with the aim of providing an understanding of how the proposed 

changes would affect the network performance. The model development process begins with the 

creation of the base model which is then used as a benchmark against which all other proposed 

changes are compared. Model auditing is the final stage of model development and involves cali-

bration and validation. Auditing ensures that all advice and decisions are based on accurate and 

robust modeling. The same model version of the software was used for both the calibration and 

validation of the base model as well as the proposed model to ensure consistency and accuracy of 

the results (Transport for London, 2010).  

The accuracy of a traffic model depends on the accuracy of the validation process. Calibration 

involves inputting the accurate and verifiable data representing observed street conditions into the 

model. The most important information used for the calibration and validation process includes 

signal timings, lane distances, cruise times and saturation flows and model parameters like traffic 

representation and which helps to replicate observed behavior in the field.  Calibration has been 

done for both AP peaks and Validation peaks. Validation involves comparing the model out with 

the measured field data that was not used in the calibration process (Transport for London, 2010) 

and ensures the model developed is fit for purpose through correct calibration.  Following the 

completion of these stages, the final model can be evaluated using performance statistics like: 

•    Degree of saturation 

•    Link capacities (PCU/ hour) 

•    Junction practical reserve capacity  

•    Maximum average queue lengths  

•    Cyclic flow profiles (CFP) for the critical links (Short of highly saturated) 

•    Percentage green per junctions wasted due to exit blocking 

•    Average delay per bus link  

•    Percentage of buses per route waiting for more than one cycle to clear nodes. 

•    Mean standard deviation and deviation for private and public transport along pre-defined routes 

•    Mean pedestrian travel time along pre-defined route 

2.5 Traffic signal control methods 

Traffic signals at intersections perform three fundamental purposes:  increase capacity and safety 

as well as provide fair accessibility to different road users by separating conflicts in time. Traffic 

signal control can be divided into isolated and coordinated fixed time or vehicle actuated. In 

Sweden, most traffic signals are isolated-traffic actuated or coordinated-fixe timed (Wahlstedt, 

2011). Isolated signal control mechanisms can also be used as temporary solutions in situations 

where it is hard to place and maintain vehicle detectors.  
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For fixed timed controlled green periods and cycle times are always predetermined based on 

historical data while vehicle actuated signals relate green periods to traffic demand through the 

detection of vehicles along with the approaches. The green periods and cycle times are therefore 

varied.  Self-optimizing signals, on the other hand, involves the use of mathematical algorithms to 

optimize both the cycle time and green periods for all the approaches based on vehicle detection 

and or predicted conditions (Al-Mudhaffar, 2006).  Self-optimizing signals can be regarded as 

some kind of vehicle actuated signals. However, it is possible to coordinate self-optimizing signals 

in a large network but not vehicle actuated signals (Al-Mudhaffar, 2006).  

2.5.1 Isolated Control  

In isolated control, green periods and cycle times are set based on the traffic conditions on the 

specific intersection without considering any adjacent intersections. In this control mechanism, 

vehicle arrival process is assumed to be random with negative exponential headway distribution. 

In Sweden, approximately 60% of the signalized intersections operate with isolated control (Al-

Mudhaffar, 2006). Isolated signals can either be fixed time controlled or vehicle actuated.  A fixed 

time control mechanism is mostly preferred in urban areas to ensure regularity and predictability 

of travel time and reduction of unnecessary delay. 

f(h) = qe−qh      Equation 1    

 Where 

 ℎ: ℎ𝑒𝑎𝑑𝑤𝑎𝑦 

𝑞: 𝑡𝑟𝑎𝑓𝑓𝑖𝑐 𝑓𝑙𝑜𝑤  

 

The capacity of an isolated fixed time signal-controlled intersection is determined by the available 

green time and saturation flow. 
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Figure 3. Variation with time of saturation flow in a fully saturated period (Webster & Cobbe 1966) 

Figure 3 above, is an illustration of how a fixed time signal control works. Saturation flow is site-

specific and time-dependent (Wahlstedt, 2011). According to the Webster equation presented in 

equation 2 delays for isolated control, the strategy is represented by the equation below. 

𝑑 =
𝑐(1−𝛾)2

2(1−𝑥𝛾)
+

𝑥2

2𝑞(1−𝑥)
− 0,65 (

𝑐

𝑞2)

1

3
𝑥(2+5𝛾)    Equation 2 

Where. 

𝑑: 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑒𝑙𝑎𝑦 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑎𝑝𝑝𝑟𝑜𝑎𝑐ℎ 

𝑐: 𝑐𝑦𝑐𝑙𝑒 𝑡𝑖𝑚𝑒 𝑖𝑛 𝑠𝑒𝑐𝑜𝑛𝑑𝑠  

𝑔: 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑔𝑟𝑒𝑒𝑛 𝑡𝑖𝑚𝑒 

𝛾 =
𝑔

𝑐⁄ 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑦𝑐𝑙𝑒 𝑡𝑖𝑚𝑒 𝑤𝑖𝑡ℎ 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑔𝑟𝑒𝑒𝑛 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑝𝑒𝑟𝑖𝑜𝑑 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑒𝑑. 

𝑥 = 𝑑𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 
𝑞

𝑠𝛾⁄  

𝑙 = 𝑙𝑜𝑠𝑡 𝑡𝑖𝑚𝑒  

Equation two above illustrates that delay at a signalized intersection is composed of two different 

components. Deterministic delay at constant arrival rate and saturation flow, random delay due to 

variations in saturation flows. 



 

20 

 

 

Figure 4. Deterministic delay component period (Webster & Cobbe 1966). 

Deterministic delay component =
c(l−γ)2)

2(l−γx)
       Equation 3      

Random delay component =
x2

2q(1−x)
                   Equation 4      

The Webster equation can further be extended to the determination of optimal cycle times and 

green splits as shown in equation 5.  It is, however, important to consider all possible road users 

for the intersection. The required minimum green times and maximum acceptable waiting time for 

pedestrians should be considered.  According to (Wahlstedt, 2011), in Sweden, acceptable cycle 

times should be within the range of between 25 to 120 seconds. optimal cycle time for fixed time 

control is given by the equation below. 

 

Co= 
𝟏.𝟓𝑳+𝟓

𝟏−𝒀
                                                        Equation 5 

Where  

𝐶𝑜 = 𝑂𝑝𝑡𝑖𝑚𝑎𝑙 𝑐𝑦𝑐𝑙𝑒 𝑡𝑖𝑚𝑒  

𝐿 = 𝑡𝑜𝑡𝑎𝑙 𝑙𝑜𝑠𝑠𝑡 𝑡𝑖𝑚𝑒 𝑝𝑒𝑟 𝑐𝑦𝑐𝑙𝑒 

𝑌 = ∑𝑦 𝑚𝑎𝑥 (y=
𝑞

𝑠
 per stage) 

2.5.2 Isolated Vehicle actuated. 

Detectors are used for the recognition for the demand for green and extension of ongoing green. 

In this control mechanism, both the cycle time and green periods are variable but within predefined 



 

21 

 

limits. The signal only changes to green if a vehicle is present in the approach demanding green. 

When the signal changes to green there is normally a short minimum green time, and after that the 

green time can be extended up to a maximum green time if there are further vehicles present in the 

approach (Kronborg, Davidsson, & Edholm, n.d.)  The signal changes to the next stage if the 

maximum predefined green period is reached or if there are no more vehicles demanding green. 

The stages shift in a fixed sequence, but if there is no green demand for a given stage, it will be 

skipped and the signal changes to the next stage with green demand (Kronborg et al., n.d.). 

Actuated control can either be fully or semi-actuated. Semi-actuation involves detection of 

vehicles in the minor approaches while traffic in the main street is operated is non-detection mode. 

Semi-actuated signal control is suitable for intersections within a coordinated network or in 

isolated intersections with low speed in the major street and less crossroad traffic volume. Semi-

actuated control offers some advantages over full actuation. First, it can be effectively applied in 

the coordinated signal system, secondly, the operation is not affected by a failure of detectors in 

the major street and also reduces delay in the major road through movement during periods of light 

traffic. However, a major problem with semi actuation is that efficient traffic flow can be affected 

by continuous demand on the phases associated with one or more minor movements can cause 

excessive delay to the major road through movements if the maximum green and passage time 

parameters are not appropriately set.  

To achieve a balanced traffic flow, a fully actuated control strategy is applied involving full 

detection of all traffic movements. Full actuation is suitable for isolated intersections where large 

variation in traffic demand are expected throughout the day. Full actuation can be used to improve 

the performance of intersections with lower volumes at the boundary of a coordinated network if 

they do not affect platoon progression. They can also be used at the intersection of two urban 

arterials to optimize green time allocation. This control strategy has some advantages and 

disadvantages. The advantages include; less delays compared to fixed time-controlled 

intersections as it is responsive to traffic demand. It also ensures efficient allocation of the available 

cycle time through detection of all movements and skipping of stages if no cars are detected and 

reallocation of the unused time to another phase within the controller. One major disadvantage of 

full actuation is the potential increase in the number of stops if platoon dissipation is not considered 

in the signal design for the network. 

2.5.3 Coordinated Control   

The design of coordinated traffic control is done by determining cycle lengths, green splits, phase 

sequence, and offsets. Coordinated signal control sets both cycle time and green periods while 

considering adjacent intersections. This enables the offsets for the green waves to be coordinated 

and facilitate passage through the network in a given direction. Coordinated signals should operate 

with common cycle time or fractions of the cycle time meaning the signals should be fixed time 

control with a possibility for local traffic adaptation within the fixed cycle time. This can include 
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setting signal groups to green on demand only, green extensions or other functions as long as their 

overall influence is not too large (Wahlstedt, 2011). 

Signals can be set to change progressively or simultaneously. If the progressive approach is used, 

offsets and green periods are set so that vehicles moving at green wave speed (coordination speed) 

meets green at the next signal.  Even with the use of signal optimization tools like TRANSYT or 

LinSig, creating a satisfactory green wave in both directions is not straight forward. Proper 

coordination requires consideration of the maximum possible cycle time and other road users like 

pedestrians and the distance between the intersections.  

According to design guidelines in the UK (Transport for London, 2010), if the street network is a 

grid then signals should be coordinated in all directions with interrelated green wave speed, cycle 

time and intersection distance. Traffic signal coordination is a function of the optimal cycle time, 

the distance between the intersections and traffic speed. The relation between intersection spacing, 

cycle time and resulting green wave speed can be expressed as in the equation below   

𝐷𝑒𝑠𝑖𝑔𝑛 𝑜𝑓 𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑖𝑜𝑛, 𝐷 = 𝑉 ∗
𝐶

2
        Equation6   

Where  

𝐷: 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑖𝑜𝑛 

𝑉: 𝑔𝑟𝑒𝑒𝑛 𝑤𝑎𝑣𝑒 𝑠𝑝𝑒𝑒𝑑 

𝐶: 𝑜𝑝𝑡𝑖𝑚𝑎𝑙 𝑐𝑦𝑐𝑙𝑒 𝑡𝑖𝑚𝑒 

In a street network, signals can be coordinated where the distance between the intersections is short 

to ensure less platoon dissipation, in primary streets with crossing side streets and networks with 

high left-turning volumes in some intersections in the network. Despite the major benefits of signal 

coordination including shorter travel times and reduced stops it may lead to: 

•    High pedestrian delay and for vehicles in the side streets.  

•    Red waves for buses, trams, and cyclists of the green wave speed is not adapted to public 

transport travel patterns. 

•    Increased vehicular delay if the distance between the intersection is long. 
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Figure 5. Time Space diagram for a coordinated network ((Al-Mudhaffar, 2006). 

Coordination of traffic signals can either be done manually or with the help of coordination 

software’s like LinSig (Moore & Cheng, 2010) and TRANSYT (TRL,2012). Vehicle arrivals 

process in coordinated signal depends on green periods for both primary and secondary streets 

upstream of the intersection. Coordination can be done to minimize overall network delay, delay 

per vehicle or number of stops, maximize the bandwidth of the green wave or improve accessibility 

on the main road. These objectives are always grouped into two major categories; bandwidth 

maximizing methods and disutility (delay, stop, etc.) minimizing methods (Little, Kelson, & 

Gartner 1981). 

2.5.4 Self-Optimizing signals  

Self-optimizing strategies operate by minimizing a cost function which may include weighted cost 

for delay or stops for either the calculated or predicted impacts of the signal timing plans. They 

can be applied in both isolate and coordinated signals.  Self-optimizing signal control systems 

operate by counting vehicles at large distance upstream of the stop line and predicting their arrival 

at the intersection by using a traffic simulation model as a part of the optimization process (Tveit 

1999, Al-Muhaffar 2006, Arveland 2006).  Public transport priority can be included in the 

optimization function by assigning higher weight and this helps to balance out the impacts before 

or after the bus or tram has passed. Examples of this adaptive optimization software include 

SCOOT, (Arveland 2006), British stage-based (MOVA), Swedish LHOVRA (Kronborg, 

Davidsson & Edholm 1997). 

 



 

24 

 

2.6 Conclusions from the literature review 

In this chapter, available traffic signal design aspects, search algorithms and optimization models 

that have been used in previous research have been presented. From the literature research, 

Synchro optimization software was found to produce best signal timings when delay minimization 

is the objective function, PASSAR V, on the other hand, produced the best signal timings for 

bandwidth optimization. Another conclusion from previous research was that TRANSYT 

performed better than Synchro in terms of queue lengths and average vehicle delay but with longer 

cycle time compared to Synchro.  

The choice of which objective function to use in signal timing optimization for a network depends 

on the demand pattern and network characteristics. Therefore, different objective functions should 

be used for different network. It is also important to note that an objective function to use for the 

given network should be selected by comparing total delay, average network speeds and the 

number of weighted trips in addition to the demand pattern. 

The different signal optimization software has specific merits and demerits with each having a 

specified objective function. This means that the appropriateness of a model is determined by 

model parameters, network characteristics, and design objectives. For testing new design changes 

in the physical layout of the network, signal optimization should be done based on practical reserve 

capacity because capacity maximized timings are more tolerant to flow variations and robust in 

normal day to day traffic operations. Reasonable practical reserve capacity is therefore required to 

capture expected traffic growth and or daily variations which may significantly exceed the design 

flows. 
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CHAPTER 3. TRANSYT  

This chapter provides detailed description of TRANSYT signal optimization software. A detailed 

analysis will be provided on its functionality, optimization techniques with an attempt to answer 

the research questions below:  

a. When is it appropriate to use TRANSYT as an optimization tool? 

b. What assumptions are made in TRANSYT traffic representation? 

The next sub-section 3.1 answers the first research question followed by detailed explanation of 

the optimization principles, assumptions made in the model including traffic representation as well 

as its suitability for the modelling of different vehicle classes. 

3.1 Introduction  

TRANSYT is a macrosimulation model which represent vehicles as either traffic streams or 

platoon. The TRANSYT traffic assignment model is based on Wardrop's user equilibrium. That 

is, traffic is assigned to the network, in such a way that it reaches user equilibrium resulting into 

flows in which all drivers in the network will have chosen the least expensive route and any route 

change by any one driver will result in higher costs for both the individual and that specific route. 

Driver corporation is not expected in the model but it seeks to establish the lowest cost route 

(journey times) unilaterally through cost equalization across alternative routes within the network 

(TRL,2012).  According to (Transport for London, 2010), the suitability of TRANSYT in the 

modeling of multiple intersections should be based on the geometric configuration of the network, 

physical distance between the intersections as well as traffic behavior between the neighboring 

junctions and whether they are controlled by a single controller.  

The traffic simulation model in the TRANSYT signal timing optimization program is recognized 

as one of the most realistic in the family of macroscopic computerized traffic simulation models 

(TRL,2012). The model is used to produce signal timings for signal-controlled junctions where it 

is believed that it could be beneficial to link junctions (Transport for London, 2010). The 

optimization tool uses a macroscopic-deterministic model to analyze and optimize traffic signal 

plans for both arterials and networks. It is specifically designed to select signal timings that 

produce minimum system delay and stops using an optimization objective reflected by the 

performance index P.I. The optimization process is done through an iterative hill climbing process.  

Depending on the design objectives, it is possible to set the performance index to reflect either 

delay, progression, stops, fuel consumption, queueing and traffic throughput. Because the model 

is deterministic, there is no possibility of capturing traffic stochasticity in terms of headway 

sequence, turn probabilities, queue discharge patterns, and gap acceptance distribution. 
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3.2 Representation of traffic behavior  

TRANSYT traffic behavior can be represented through four different models. Platoon dissipation 

model (PDM), Cell Transmission Model (CTM) or Congested Platoon Dissipation Model (CPDM) 

or Flare model. The flare model is specifically usable for flare approaches (short left or right turns) 

The flare model cannot be used for the entire network but is only used to ensure TRANSYT uses 

the most appropriate model for the given situation.  Both PDM and CTM can be used for individual 

traffic streams (or links) or for the entire network. Irrespective of which model is used to represent 

traffic behavior, the network is represented using both nodes and links (traffic streams) and the 

cycle time divided into small time steps of one second each. Traffic flow representation is made is 

made based on the following three fundamental assumptions; 

• For each distinct traffic stream flowing between junctions or turning at junctions, the flow 

rate, averaged over the specified period is known and assumed to be constant. 

• All coordinated signals have a common cycle time or one half (double cycling), one third 

(triple cycling) or quarter of the cycle time (quadruple cycling). 

• Generation of vehicle arrival pattern is based on cyclic flow profiles. The model assumes 

that for all signalized intersections in the network, there is a cyclic nature of traffic where 

the traffic profiles are repeated during each cycle of the signal. These profiles are divided 

into three components IN, OUT and GO profiles. IN -profile illustrates traffic pattern that 

would arrive at the stop line at the downstream end of the link in the absence of any 

impediments from signals at that stop line. The OUT-profile is the pattern of traffic leaving 

the link while the GO-profile is the pattern of traffic that would leave the stop line if there 

was enough traffic saturation green time. Vehicle arrival pattern at unsignalized 

intersection is assumed to be random based on poisons distribution where the probability 

of a vehicles arriving in any time t (s) is given by the equation below. 

𝑝(𝑟) =
(𝜆𝑡)𝑟𝑒−𝜆𝑡

𝑟!
                            Equation 7 

Where  

λ =  𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑣𝑒ℎ𝑖𝑙𝑐𝑒𝑠 𝑎𝑟𝑟𝑖𝑣𝑖𝑛𝑔 𝑝𝑒𝑟 𝑠𝑒𝑐𝑜𝑛𝑑 

 

3.2.1 Platoon dissipation model (PDM) 

The platoon dissipation model is based on the fundamental assumption that during green periods, 

queued vehicles are discharged at saturation flow rate until the queue has dissipated thereafter 

vehicles are discharged at the same rate as the arrival rate (Barceló, n.d.) Platoon dissipation model, 
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therefore, suffers from the ability to model queue block back because queues are treated as if they 

are stacked vertically at the stop line. 

If the PDM model is used, the accuracy of the final signal timings depends on the base timings in 

the modeling building stage. This is because the program operates by generating second by second 

flow profiles of vehicles on all links in the entire network while performing optimization. These 

flow profiles are therefore analyzed to determine measures of effectiveness (MOEs) using the hill 

climbing method which optimizes signal offsets and green splits. Additionally, the accuracy of the 

results obtained (calculation of delays and stops) depends accurate of prediction of traffic flow 

patterns from one signal to the other as well as calibration of both flow dissipation coefficient and 

travel time factor (t-min). 

The TRANSYT platoon dissipation model is based on the Roberson equation (Robertson, 1969) 

as shown in the equation below: 

𝑞1(𝑖 + 𝛽𝑡) = 𝐹 ∗ 𝑞(𝑖) + (1 − 𝐹) ∗ 𝑞1(𝑖 + 𝛽𝑡 − 1) Equation 8   

Where 

𝑞1(i + 𝛽𝑡) = 𝑓𝑙𝑜𝑤 𝑖𝑛 𝑡ℎ𝑒 𝑖𝑡ℎ 𝑡𝑖𝑚𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙 𝑜𝑓 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑝𝑙𝑎𝑡𝑜𝑜𝑛 

𝑞(𝑖) = 𝑓𝑙𝑜𝑤 𝑖𝑛 𝑡ℎ𝑒 𝑖𝑡ℎ 𝑡𝑖𝑚𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙 𝑜𝑓 𝑖𝑛𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑙𝑎𝑡𝑜𝑜𝑛 

(𝑡)
= 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒 𝑜𝑣𝑒𝑟 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑜𝑟 𝑤ℎ𝑖𝑐ℎ 𝑡ℎ𝑒 𝑝𝑙𝑎𝑡𝑜𝑜𝑛 𝑑𝑖𝑠𝑠𝑖𝑝𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑏𝑒𝑖𝑛𝑔 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 

(𝛽) = 𝑒𝑚𝑝𝑒𝑟𝑖𝑐𝑎𝑙 𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 𝑎𝑠 𝑎 𝑟𝑎𝑡𝑖𝑜 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒 𝑜𝑓 

 𝑡ℎ𝑒 𝑙𝑒𝑎𝑑𝑖𝑛𝑔 𝑣𝑒ℎ𝑐𝑖𝑙𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑙𝑎𝑡𝑜𝑜𝑛 𝑎𝑛𝑑 average travel time for the platoon.  

0 ≤ 𝛽 ≤ 1 

(𝐹) = 𝐸𝑚𝑝𝑒𝑟𝑖𝑐𝑎𝑙 𝑠𝑚𝑜𝑜𝑡ℎ𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑤ℎ𝑖𝑐ℎ 𝑝𝑙𝑎𝑡𝑜𝑜𝑛 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑒𝑠.   

𝐹 =
1

1 + 𝛼𝛽𝑡𝑚𝑖𝑛
 

(𝛼) = 𝑒𝑚𝑝𝑒𝑟𝑖𝑐𝑎𝑙 𝑑𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 

𝑡 𝑚𝑖𝑛 = 0.8 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒  𝑐𝑟𝑢𝑖𝑠𝑒 𝑡𝑖𝑚𝑒. 

 

The values of the empirical travel time factor 𝛽 and platoon dissipation factor should be between 

0 to 1. If  𝛼 = 0 𝑎𝑛𝑑 𝛽 = 1, 𝑡ℎ𝑒𝑛 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑛𝑜 𝑝𝑙𝑎𝑡𝑜𝑜𝑛 𝑑𝑖𝑠𝑠𝑖𝑝𝑎𝑡𝑖𝑜𝑛 over the distance while a 

value of 1 for both  𝛼 𝑎𝑛𝑑 𝛽 represents maximum platoon dissipation over the respective distance 

(TRL, 2012). 

3.2.2 Congested Platoon Dissipation Model (CPDM). 

The congested platoon dissipation model is an adapted version of the normal platoon dissipation 

model and is used to model short flares. Relative to the quick flare, it can model blocking effects 

in links or traffic streams filled up preventing more traffic from entering and potentially blocking 
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other links. It therefore takes care of the effects of the feeding traffic streams or links upstream of 

the short traffic stream or links experiencing blocking effects possibly preventing traffic on these 

upstream reaching other downstream. It is also important to note that CPDM is not suitable for 

modelling blocking of upstream junctions rather CTM traffic model should be used instead. 

3.2.3 Cell Transmission Model (CTM). 

Cell transmission model (Daganzo,1994) is a microscopic flow model based on discretization of 

hydrodynamic traffic flow, it is both discrete in both time and space. Due to its macroscopic nature, 

traffic is therefore represented in terms of flows, speeds and densities. The link (road section) is 

divided into homogenous sections (Cells) of varied lengths. Cell occupancy is used to describe the 

traffic state within the network at any time. CTM modelling is more accurate than PDM in 

modelling queue block back but uses the same measures of effectiveness (stops, queues and delays) 

as the platoon dissipation model. 

 

Figure 6. A typical cell transmission model (Daganzo,1994) 

According to Daganzo (Daganzo, 1994) a typical CTM is represented by the equation 3.3 based 

on the assumption that the road is divided into homogenous sections called cells whose lengths are 

equal to the distanced travelled by free-flowing traffic in one block interval. 

𝑞 = 𝑚𝑖{𝑣𝑘, 𝑞𝑚𝑎𝑥, |𝑤(𝑘𝑗 − 𝑘)} 𝑓𝑜𝑟 0 ≤ 𝑘 ≤ 𝑘𝑗             Equation 9 

Where  

𝑣 = 𝑓𝑟𝑒𝑒 𝑓𝑙𝑜𝑤 𝑠𝑝𝑒𝑒𝑑 

𝑘𝑗 = 𝑗𝑎𝑚 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 

𝑞𝑚𝑎𝑥 = 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑓𝑙𝑜𝑤  

𝑤 = 𝑠𝑝𝑒𝑒𝑑 𝑤𝑖𝑡ℎ 𝑤ℎ𝑖𝑐ℎ 𝑡ℎ𝑒 𝑑𝑖𝑠𝑡𝑢𝑟𝑏𝑎𝑛𝑐𝑒 𝑝𝑟𝑜𝑝𝑎𝑔𝑎𝑡𝑒 𝑏𝑎𝑐𝑘𝑤𝑜𝑟𝑑 𝑤ℎ𝑒𝑛 𝑡𝑟𝑎𝑓𝑓𝑖𝑐 𝑖𝑠  

𝑐𝑜𝑛𝑔𝑒𝑠𝑡𝑒𝑑 (𝑏𝑎𝑐𝑘𝑤𝑜𝑟𝑑 𝑤𝑎𝑣𝑒 𝑠𝑝𝑒𝑒𝑑). 

 

The state of the system at any instant t is then given by the number of vehicles contained in each 

cell n1(t). 
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Figure 7. Equation of the state of the cell transmission model (Daganzo,1980). 

The figure above can be represented by equation assuming the cells are numbered from 

 i=1 to I𝑛𝑖(𝑡 + 1) = 𝑛1(𝑡) + 𝑦𝑖(𝑡) − 𝑦𝑖 + 1(𝑡).   

The parameters defined for each cell include: 

Ni(t) is the maximum number of vehicles that can be present in cell i at time t. Defined as the 

product of cell length and jam density. 

Qi(t) is the maximum number of vehicles that can flow into cell I when the clock advances from t 

to t+1. This is defined as product of the clock interval and the cells capacity. 

3.2.4 Flare model  

A flare is a short traffic stream or link capable of filling up with traffic and blocking back upstream 

traffic from entering it due to its restricted length restrictions. This model is therefore not suitable 

for entire traffic network but only for appropriate traffic streams within the network so that the 

program can choose either CPDM or CTM depending on the existing blocking conditions. 

 

Figure 8. Stepped saturation flow of a flare 

3.3 Comparison of CTM and PDM  

These two models emphasize completely different aspects of traffic behavior and none- of them 

can be used to fully represent all network traffic conditions. Ideally, these models differ in terms 

of how they represent platoons and congestion effects. PDM model’s dissipation using vertical 

queuing models without modeling the spatial extent of queues, CTM on the other hand model’s 

congestion effects but no platoon dissipation in free-flowing traffic.  
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One of the main advantages of CTM over PDM is its explicit spatial representation of roadways 

and the ability to accurately model queues in terms of both vehicle numbers and spatial extent of 

the queue. CTM model can, therefore, be used to predict traffic evolution in time and space 

including transient phenomena such as queue build up, propagation, and dissipation. Due to its 

modeling criteria, PDM is suitable for long links and uncongested traffic while CTM is more 

computationally efficient and is suitable for short preferably less than 200m) and congested links 

mostly in city centers, where free flow of traffic dissipation is not dominant as traffic is likely to 

be restricted by downstream traffic (TRL2012).  

In TRANSYT, shared links are used to represent different vehicle classes or vehicle with different 

origins and destinations of travel. Both CTM and PDM models can model shared links in a similar 

manner however CTM is not suitable for modeling mixed traffic flows with different cruise speeds 

but could be used to keep track of different traffic flows in terms of their destinations and behaviors 

at the end of the link. If the PDM model is used, traffic on shared links can be modeled with 

different cruise speed unlike in CTM in where it is assumed that all vehicles in the shared link 

have the same cruise speed. This assumption makes CTM not suitable for modeling very slow- or 

fast-moving traffic on shared links like minor shared links with bus stops or minor shared links 

carrying emergency vehicles. 

3.4 The TRANSYT model structure. 

TRANSYT model comprises of a traffic model and a signal optimizer aiming to optimize the signal 

timings for the street network as shown in figure 9 below. The traffic model predicts a performance 

index (PI) for a network based on a fixed signal timing plan and set of manually entered traffic 

flows. Alternative network configurations are compared based on the performance index which is 

a measure of the overall cost associated with congestion and is represented as a weighted 

combination of total vehicle delays and stops experienced by traffic within the modeled network. 

The signal optimizer modifies signal timings to assess the effect of adjustments on the P.I. 

Optimization irrespective of which traffic model is used for the network or traffic stream. Selecting 

the appropriate traffic model is fundamental as the calculated performance index changes due to 

the difference in the representation of traffic behavior. Block back effects modeled by CTM will 

mean higher upstream queues and more delay and hence higher P.I.   

Optimization process runs and adjusts the signal timings to reduce the P.I to a minimum and 

produce multidirectional green waves. The optimization process can be influenced by the 

application of a variety of weighting factors and limit penalties to ensure the results match the 

exact project criteria (TRL, 2012).  That is weights and penalties can be applied on the optimizer 

to favor green waves in specific routes or directions. Delay and stop weightings have three levels, 

either all traffic, traffic type and or paths. If the pedestrian walk on red is used, there are penalties 

for pedestrian crossing during the gap acceptance period. 
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Cycle time optimization is used to determine the most appropriate cycle time for the traffic 

network.  It may be beneficial to reiterate the order of optimization by repeating the node list so 

that each node is optimized twice within the same cycle. It is also important to establish the order 

of optimization to be used in the hill climbing process and group the intersections to possibly 

maintain fixed offsets between nodes which are then optimized together instead of individual node 

optimization. 

 

 

Figure 9. TRANSYT structure including traffic model and signal optimizer (TRL,2002). 

The cost of congestion in the entire network for both pedestrians and vehicles is represented by 

the network performance index. The optimization process aims to minimize the performance index 

by reducing the delay and number of stops to the lowest possible minimum based on the 

assumptions that: 

i. All major intersections in the network are signal or priority controlled. 

ii. All signals work with common cycle time or fractions of the cycle time. 

iii. All signal stages and their minimum periods are known 

iv. For each the traffic flowing between the intersection or turning at intersections the flow 

rate, averaged over the specified period is known ad assumed to be constant. 

𝑃. 𝐼 = (𝑠𝑡𝑜𝑝𝑠 ∗ 𝑠𝑡𝑜𝑝 𝑐𝑜𝑠𝑡𝑠 ∗ 𝑠𝑡𝑜𝑝 𝑤𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔) + (𝑑𝑒𝑙𝑎𝑦 ∗ 𝑑𝑒𝑙𝑎𝑦 𝑐𝑜𝑠𝑡𝑠 ∗
𝑑𝑒𝑙𝑎𝑦 𝑤𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔) + 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑟 𝑝𝑒𝑛𝑎𝑛𝑙𝑡𝑖𝑒𝑠 + (𝑞𝑢𝑒𝑢𝑒 𝑙𝑖𝑚𝑖𝑡 𝑒𝑥𝑐𝑒𝑠𝑠 ∗
𝑞𝑢𝑒𝑢𝑒 𝑙𝑖𝑚𝑖𝑡 𝑝𝑒𝑛𝑎𝑙𝑡𝑦) + (𝐷𝑜𝑆 𝑒𝑥𝑐𝑒𝑠𝑠 ∗ 𝑝𝑒𝑛𝑎𝑙𝑡𝑖𝑒𝑠).   

 

This can be represented by the equation below. 
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𝑃. 𝐼 = ∑ {𝑊𝑣. 𝑤𝑖𝑑𝑖 + (
𝑘

100

𝑁𝑣
𝑖=1 ). 𝑘𝑖𝑠𝑖} + ∑ (𝑊𝑝. 𝑤𝑗𝑑𝑗) 𝑁𝑝

𝑗=1            Equation 10 

Where 

𝑁𝑣 = 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑛𝑢𝑚𝑏𝑟 𝑜𝑓 𝑠𝑡𝑟𝑎𝑚𝑠 𝑎𝑚𝑑 𝑙𝑖𝑛𝑘𝑠 

𝑊𝑣 = 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑃𝐶𝑈 − ℎ𝑜𝑢𝑟 𝑜𝑓 𝑑𝑒𝑙𝑎𝑦 

𝐾 = 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑛𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 100 𝑃𝐶𝑈 − 𝑠𝑡𝑜𝑝𝑠 

𝑊𝑖 = 𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑑𝑒𝑙𝑎𝑦 𝑤𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔 𝑜𝑛 𝑡𝑟𝑎𝑓𝑓𝑖𝑐 𝑠𝑡𝑟𝑒𝑎𝑚 𝑜𝑟 𝑙𝑖𝑛𝑘 𝑖   

𝑑 = 𝑑𝑒𝑙𝑎𝑦 𝑜𝑛 𝑡𝑟𝑎𝑓𝑓𝑖𝑐 𝑠𝑡𝑟𝑒𝑎𝑚 𝑜𝑟 𝑙𝑖𝑛𝑘 𝑖  

𝑘𝑖 = 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑠𝑡𝑜𝑝 𝑤𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔 𝑜 𝑡𝑟𝑎𝑓𝑓𝑖𝑐 𝑠𝑡𝑟𝑒𝑎𝑚 𝑜𝑟 𝑙𝑖𝑛𝑘 𝑖   

𝑁𝑝 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑒𝑑𝑒𝑠𝑡𝑟𝑖𝑛 𝑐𝑟𝑜𝑠𝑠𝑖𝑛𝑔 𝑠𝑖𝑑𝑒𝑠  

𝑁𝑝 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑒𝑑𝑒𝑠𝑡𝑟𝑖𝑎𝑛 − ℎ𝑜𝑢𝑟 𝑑𝑒𝑙𝑎𝑦  

𝑤𝑗 = 𝑑𝑒𝑙𝑎𝑦 𝑤𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔 𝑜𝑛 𝑝𝑒𝑑𝑒𝑠𝑡𝑟𝑖𝑎𝑛 𝑐𝑟𝑜𝑠𝑠𝑖𝑛𝑔 𝑗 

𝑑𝑗 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑒𝑑𝑒𝑠𝑡𝑟𝑖𝑛 𝑐𝑟𝑜𝑠𝑠𝑖𝑛𝑔 𝑠𝑖𝑑𝑒𝑠  

𝑁𝑝 = 𝑑𝑒𝑙𝑎𝑦 𝑜𝑛 𝑐𝑟𝑜𝑠𝑠𝑖𝑛𝑔 𝑠𝑖𝑑𝑒 𝑗  

The use of stop and delay weighting factors makes it possible to put more emphasis on some links, 

routes, paths or vehicle classes. Large delay and stop weighting factors on a single link or a series 

of links ensure the optimizer derives greater benefit by reducing delay on those links compared to 

other links. As the design of traffic signals is aimed at minimizing delay per vehicle and not per 

person, traffic streams used by buses or trams could be treated differently by considering 

occupancy as well as flow patterns. Large stop and delay weighting factors help to consider public 

transport flow patterns as it captures time spent at bus stops or dwell times (variable dwell times), 

interface with other traffic and side friction along with the links. The occupancy ratio can be used 

to calculate the stop and delay weighting factors. 

𝑜𝑐𝑐𝑢𝑝𝑎𝑛𝑐𝑦 𝑟𝑎𝑡𝑖𝑜 =
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑐𝑐𝑢𝑝𝑎𝑛𝑐𝑦 𝑖𝑛 𝑏𝑢𝑠(𝑡𝑟𝑎𝑚)

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑐𝑐𝑢𝑝𝑎𝑛𝑦 𝑖𝑛 𝑝𝑒𝑟𝑠𝑜𝑛𝑎𝑙 𝑐𝑎𝑟𝑠
 

As shown in the equation above, the choice of the weighting factors depends on the bus or tram 

volumes but other factors like traffic patterns and network characteristics should be considered. 

for low bus volumes (headways≥6minutes), significantly high values of weighting factors should 

be considered to ensure the optimization process yield measurable benefits to transit vehicles. 

However appropriate care should be taken concerning bus dwell times as high variable dwell times 

may substantially reduce the benefits of transit weighted fixed-timed plans. Moreover, an 

appropriate trade-off should be made between the benefits to transit vehicles and disbenefits to 
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other traffic as high values of weighting factors could result into signal settings that seriously affect 

the performance of other vehicular traffic without any significant benefits to other traffic. 

In addition to the stop and delay weighting factors, TRANSYT has special bus dissipation model 

which is also applicable to trams and accounts for variations in journey times of buses along a link 

or traffic stream. The bus dissipation model also considers bus cruise speeds and time spent at bus 

stops. Due to some differences, these parameters can be specified differently for buses and trams. 

The parameters used include: 

• Dispersion coefficient  

• Acceleration  

• PCU factor 

• Stationary time coefficient  

• Cruise time coefficient  

• These parameters can be used for the cyclist’s model. 

3.5 Signal coordination  

Signal coordination is achieved through controller stream grouping to establish fixed relationships 

between adjacent controller streams and improve optimization between these groups of controllers. 

If the platoon dissipation model is selected, TRANSYT produces optimized signal timings to 

progress these platoons through the network.  Platooning progression is affected by many factors 

including distance between the intersections, side friction like street parking facilities, road widths, 

and bends. Longer distances between the intersections create potential platoon dissipation and 

reduce the benefits which could be achieved by coordinating the signals. To obtain efficient results, 

the coordinated signalized intersections should be operated with a common circle time, or fractions 

of the cycle time like one half (double cycling), one third (triple cycling) or a quarter of the cycle 

time (quadruple cycling (TRL,2012). Coordination of the signal can be visualized through 

observation of the time distance diagrams or Measure of effectiveness (MoE) values calculation. 

An MoE value of 100% indicates very good coordination and a value of 0% very poor. 

3.6 Model Validation and Calibration  

A calibrated TRANSYT model is the model with correct link and traffic stream structure, 

geometric input data and initial signal plans without any traffic flows and demand dependent 

adjustments (Transport for London, 2010).  Model calibration helps in checking the accuracy of 

the model and correctness of the initial inputs. After calibration and introduction of traffic flows 

model validation is performed. Validation was done by comparing the cyclic flow profile outputs 

for critical links from LinSig and TRANSYT. TRANSYT internal validation of the OD matrix 
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also helped to ensure that entered flows are equal to resultant flows and that all generated paths 

are valid. This validation process ensures that all entry and exit links exist and that all paths 

including start and end locations are valid. Validation can also be used to validate and calibrate 

the model by comparing the on-street arrival and leaving patterns of traffic streams. Observed 

Cyclic Flow Profiles (CFP) for critical links showing similar peaks, dispersion, and spacing. 

  



 

36 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK 



 

37 

 

CHAPTER 4.  LINSIG MODEL  

This chapter provides detailed description of the optimization techniques and functionality of 

LinSig optimization software. Research questions answered in this section include:  

a. When is it appropriate to use LinSig as an optimization tool? 

b. What assumptions are made in LinSig traffic representation? 

The introduction section 4.1 answers the first research question followed by detailed explanation 

of the optimization principles; assumptions made in the model including traffic representation. 

Also discussed is suitability of LinSig in modelling mixed traffic including different vehicular 

classes. 

4.1 Introduction 

LinSig (Moore & Cheng, 2010) is a modeling package for assessing and designing traffic signal-

controlled intersections either individually or as a network comprising of a number of 

intersections. The software is used to model traffic signals, their effects on traffic capacities and 

queuing as well as to optimize these timings to reduce delay or increase capacity at a single 

junction or a group of interlinked junctions. The software model’s operation at traffic junctions in 

a similar way to how real traffic controllers work by considering features and constraints of the 

controlling equipment to ensure an accurate representation of how existing junctions and any 

design proposals would operate if implemented (Moore & Cheng, 2010). LinSig model is suitable 

for detailed modeling of junctions and not significantly large networks as in TRANSYT. 

According to (Transport for London, 2010), the suitability of LinSig in the modeling of multiple 

intersections should not be solely determined from the geometric configuration of the network and 

physical distance between the intersections but care should be given to traffic behavior between 

the neighboring junctions and whether they are controlled by a single controller. The suitability of 

LinSig model a network is constrained by the computational power and time it takes for the model 

to recalculate traffic model and optimize signal timings.  Ideally for complex networks modeled 

with the highest level of complexity and matrix-based traffic flows, around 20 junctions can be 

modeled (Transport for London, 2010). 

4.2 LinSig modeling approach. 

LinSig uses a combination of geometric layout, traffic behavior, and controller modeling to 

accurately represent existing junctions and their effects. The concept of cyclic flow profile 

illustrated figure 10 below to effectively model and represent traffic moving through the network 

and calculate both delays and queues. Hence, the LINSIG model outputs are deterministic and 

relatively stable. CFP modeling is based on the fact that when all intersections in the network run 
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with similar cycle time, the pattern of traffic and queues on under-capacity lanes will be similar 

for each cycle in the modeled period. That is the flow and queue profiles on each lane will repeat 

cyclically. In its simplest case, each cycle is assumed to be identical which can then be extrapolated 

throughout the modeled period. The model represents traffic either as a lane or lane groups. Each 

lane represents a single, independent stream of traffic traveling between two junctions. A lane 

group, on the other hand, represents a lane and short lane which interact and potentially block each 

other. 

 

Figure 10. The concept of Cyclic flow profiles (Moore & Cheng, 2010). 

These cyclic profiles are represented in terms of time slices for the arrival and discharge profiles. 

These time slices are usually of one second to enable to capture detailed behavior of traffic at a 

signal junction.  For undersaturated lanes, the method of cyclic flow profiles is realistic as random 

variations in traffic do not affect the delay predictions. The method becomes increasingly 

inaccurate as flow increases to beyond lane capacity because at the end of each lane there is a 
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permanent increase in queues by the difference between arrival and lane capacity. According to 

(Moore & Cheng, 2010) this can be resolved by taking advantage of the fact that the additional 

delay per cycle due to over-saturation on a lane can be separated from the delay caused by transient 

queuing within the typical cycle. Longer time periods are modeled by chaining together a series of 

time slices to capture the evolution of traffic flows and queues over time 

4.3 Traffic representation model  

LinSig traffic behavior is represented using the platoon dissipation model based on vertical 

queuing as shown as shown in the figure 11 below. 

 

 

Figure 11. Queueing and Dissipation (Moore & Cheng, 2010) 

The figure represents three traffic states, the arrive profile which represents traffic entering the 

lane throughout the cycle, the accept profile representing the traffic allowed to leave the lane in 

each time slice and the leave profile representing the traffic leaving the lane in each time slice. The 

figure above represents three typical aspects of the traffic model: 

• Vertical queuing of traffic at the stop line.  This means that all vehicles traveling along the 

lane take the same cruise time to reach the stop line regardless of the length of queues. It 

also means that the modeled number of vehicles queueing at the stop line may be greater 

than the maximum number of vehicles that can be accommodated by the lane. 

• The leave profile is used to calculate the arrival profile at a downstream lane stop lane. 

Using the assumption of cyclic flow profiles where the arrive profile of a lane is the same 

as the leave profile of the upstream lane but displaced in time by the cruise time. 

• Except for very short lanes, the platoon of traffic is spread out from one stop line to the 

next and the shape of the leave profile is smoothened (based on lane lengths) to capture the 
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effects of platoon dissipation. The level of smoothing is based on lane lengths because, for 

very short lanes, the effects of platoon dissipation is negligible 

4.4 Representation of traffic flows.  

In LinSig, creating a suitable link and lane structure is one of the most important aspects of 

modeling as it determines the replication of traffic behavior in the model. Traffic demand can 

either be represented as an OD matrix or as traffic turning proportions for individual intersections. 

Matrix representation of flow ensures accurate modeling by because of the possibility to obtain a 

fully disaggregated state of traffic passing through each lane for accurate modeling of queues, 

delays, and capacity for all individual lanes. Secondly, matrix methods make it possible to perform 

automatic delay-based assignment which helps to speed up the entry of network flows in case of 

any changes to the modeled network. Traffic flows are assigned to routes using a zone-based 

origin-destination (O/D) matrix within LinSig with individual entry and exit arms assigned to the 

different zones. Traffic flow data for LinSig models should be fully classified turning count data 

converted to equivalent PCU values (Transport for London, 2010).  

The suitability of LinSig model a network is constrained by the computational power and time it 

takes for the model to recalculate traffic model and optimize signal timings.  Ideally for complex 

networks modeled with the highest level of complexity and matrix-based traffic flows, around 20 

junctions can be modeled (Transport for London, 2010). Traffic networks can be lane based or 

matrix based. If the lane -based approach is used, traffic flows are split into several matrices based 

on regions and hence larger networks can be modeled. Lane-based modeling approach also makes 

it possible to different vehicle types as bus, trams or general traffic. Matrix-based networks, on the 

other hand, define traffic flows using an origin-destination matrix assigned to routes to define 

traffic flow information in the greatest level of detail and requires an O-D matrix to be defined for 

the entire network resulting into longer signal optimization times. Lane-based networks use lane-

based flows throughout to specify traffic flows. Zones and routes are used if journey times on 

routes are required. 
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Figure 12. Typical lane based LinSig Model (Moore & Cheng, 2010) 

4.5 Signal Optimization  

LinSig can optimize signal timings using two different objectives, by maximizing Practical 

Reserve Capacity (PRC) or minimizing total network delay. Capacity maximization selects a set 

of signal timings which minimizes the worst degree of saturation on any link within the network. 

These criteria may lead to similar results, but the choice of method is based on the design 

objectives. Signal optimization can be done to optimize signal times for each controller, stage 

stream individually or the entire network. Capacity maximized timings are not only more tolerant 

to flow variations but are also robust in normal day to day traffic operations. Moreover, due to 

uncertainty in the future level of car ownership in the design year, a reasonable PRC is required to 

capture expected traffic growth and or daily variations which may significantly exceed design 

flows. Delay minimized timings may sometimes be used such as for the value of time assessment 

but operationally are likely to be more sensitive to traffic flow variations and therefore less robust 

than capacity maximized timings, particularly at the same circle time.  

During the optimization process, the program selects initial timing plans and analytical junction 

model to calculate optimal green splits. This is then followed by a hybrid strategy which 

determines which changes to the green splits and offsets to improve network performance. The 

traffic model then reruns using the improved signal timings. The optimization process is not run 

for a fixed number of iterations to avoid the risk of the optimizer terminating early within complex 

networks leading to signal timings that do not represent optimal network performance (Transport 
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for London, 2010). The number of iterations is automatically varied depending on network 

complexity and level of traffic in the network. Just like in the TRANSYT optimization process, 

constraints can be used to influence the optimizer and capture block back effects from one lane to 

an upstream lane. This is useful in the stage optimization process by ensuring the optimizer does 

not produce stage lengths leading to queues beyond the queue limit. The vertical queuing model 

used in LinSig does not model block back and the individual parameters that could be set to 

influence the optimization process include: 

Excess Queue limit (PCU):  This is the queue length beyond which the optimizer tries to reduce 

the queue (normally set three-quarters of the queuing space. 

• Degree of saturation weighting (%):  when the optimization is set for practical reserve 

capacity. The model increases the degree of saturation of the lane when the lanes queue 

exceeds the excess queue limit on the lane. 

• Delay weighting (PCU/Hr): This works as the degree of saturation weighting but is only 

used when the optimization is set while optimizing for minimum delay. Higher values 

cause the optimizer to reduce queues  

• Optimizer stops and delay weighting are also used to allow aspects of a lanes importance 

to be increased or decreased to find appropriate timings. 

4.6 Model Calibration and Validation 

A calibrated LinSig model is the model with correct link and traffic stream structure, geometric 

input data and initial signal plans without any traffic flows but without any demand dependent 

adjustments.  The same calibration and validation criteria used to TRANSYT were applied. 

4.7 Summary of LinSig and TRANSYT  

TRANSYT and LinSig are macrosimulation models used for the optimization of traffic signal 

based on platoon or traffic stream vehicle representation. Both of them are based on wardrobe user 

equilibrium which assigns traffic resulting in such a way that all drivers in the network choose the 

least expensive cost route (shortest travel path). These models differ in many ways including the 

inbuilt optimization objectives, traffic representation, and fundamental assumptions. This means 

that a full understanding of these models is fundamental if the design objective of the project is to 

be met. It was also evident that the suitability of either LinSig and TRANSYT in the modeling of 

a given network should be based on the geometric configuration of the network, the physical dis-

tance between the intersections as well as traffic behavior between the neighboring junctions and 

whether they are controlled by a single controller. The table below is a summary of the major 

differences between these two models. 
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Table 1. Summary of comparisons 

Comparative element LinSig Version 3 TRANSYT 15 

Optimization 

PRC and Delay Stops and Delay 

Not possible to optimise 

stage sequence  

Stage sequence  

offsets and green splits Offsets and Green splits 

Offsets for coordination offsets for coordination 

Traffic model 

PDM 

  

  

  

PDM 

CTM 

CPDM 

Flare model 

Mixed traffic modeling 

One traffic model for all 

vehicle classes. 

 

 

 

Specific Bus/tram model in addi-

tion to the model used for normal 

traffic. This separate model con-

siders dwell times at bus stops and  

 

Can model both Cyclists and 

pedestrians at signalized in-

tersections. 

 

Can only model pedestrian cross-

ings. 

Modelling-assumptions. 

Based entirely on Cyclic 

flow profiles 

 

 

 

Same assumption but can be ad-

justed for network features due to 

different traffic models which can 

be used for varied network conges-

tion situations and lengths.  
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CHAPTER 5. CASE STUDY 

This chapter describes the case study which has been used as a secondary assessment of the 

literature study. The aim was to improve the understanding of the performance efficiencies 

of these two models.  The first section describes the network characteristics, data used and 

optimization procedure. This is then followed by a description of LinSig and TRANSYT 

models as well as the VISSIM micro-simulation model. The specific objective of this case 

study was to analyze optimization capabilities of LinSig and TRANSYT by comparing the 

optimal signal timing and network performance from the respective models and also 

microsimulation these timings in VISSIM using queue lengths and network delays as 

measures of effectiveness. 

5.1 Description of the study area. 

The network simulated is Östra Promenaden an urban arterial in Norrköping Municipality 

consisting of 9 intersections, 8 signalized and one unsignalized. All the signalized intersections 

have both pedestrian and cycle crossings.  

 

Figure 13. Pictorial representation of the study area. 
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The network is redesigned to create space for urban beautification (tree planting along the street). 

The investigation covered the network section between Fleminggatan at the north to Södra 

promenaden at the south section. This case study aims to explore the future performance of the 

network by determining what signal time plan is needed and what sections of the network could 

be redesigned to increase traffic throughput. Due to these proposed changes the network has not 

been sufficiently validated or calibrated. Because TRANSYT does not model pedestrian crossings, 

it was impossible to evaluate the effects of these changes on pedestrians and cyclists. 

5.2 Simulation Data  

The demand side will be represented by the forecasted travel patterns (OD matrices) obtained from 

VISSIM for the year 2035. Both morning and evening peak flows were modelled. Pedestrian, 

Normal traffic and Public transport OD matrix used for the two simulation scenarios is presented 

in appendix.1 as obtained from Norrköping Municipality. 

5.3 Optimization procedure 

Optimization of the signals along Östra promenaden was done while considering coordination to 

ensure efficient use of the network geometric layout and increase traffic throughput while also 

considering possible impacts to pedestrian and cyclists. Optimization has been done in three phases 

as illustrated in the figure below. Initial optimization was done in both TRANSYT and LinSig to 

assess the performance of the proposed model following changes in the model and identify sections 

of the network which would be given more consideration in the second optimization stage. In 

TRANSYT, the use of stops and delay weighting factors were also investigated to influence the 

optimizer to achieve the desired level of queue limits, saturation flows and delays. 

The second stage of the optimization process involved fine-tuning the signal timings to maximize 

network performance and assessing the impacts of these changes. The impacts of signal 

optimization were analyzed based on modeled queue lengths, platoon dissipation, and junction 

performance. This stage of analysis also involves comparing the resulting signal timings obtained 

from TRANSYT and LinSig to gauge and validate the results and ensure the developed model is 

fit for purpose. Finally, the resulting signal timings were microsimulated in VISSIM to determine 

their fitness for direct site implementation. The final optimization process involved the comparison 

of the two signal timings, removal underutilized green times and followed by re-optimization 

which produces the final signal times for VISSIM simulation  

 



 

47 

 

 

Figure 14. Modelling approach used in traffic signal timings design 
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5.4   TRANSYT MODEL 

The TRANSYT model has been built using a series of nodes and traffic streams. A single traffic 

stream is used to represent each queuing situation in the network. Traffic streams are classified as 

signalized, bottlenecks or unrestricted (for outgoing movements). A traffic stream has been 

classified as bottlenecks where platoons progress through narrowed carriageway or where there 

exist localized influences like right turn bays and bus stops. The TRANSYT platoon dissipation 

model has been selected for the network while the flare model has been used to model short turning 

lanes of 50m or less.  All the signalized intersections operate at 100s for AM and 110 for PM peak. 

Default monetary values for pedestrian and vehicle values of delays and stops have been used. 

5.4.1 Model Inputs  

The same model settings were used in both TRANSYT and LinSig to ensure result comparability. 

Degree of saturation 90% was based on design guidelines and manuals of both models and the 

speeds of both pedestrians, normal cars and public transport was obtained from the current traffic 

characteristics. This has a significant effect on future traffic performance as these values might be 

different for the forecasted scenario. 

• Traffic flow and turning movements.  

• Road-layout including lane configuration, flare lengths and distance between intersections 

(stop line to stop line). 

• Traffic signal timings – inter-greens and minimum greens, pedestrian blackout period. 

• Traffic signal stage sequence. 

• Free flow cruise speeds and cruise times 

• Site-measured values for link length, cruise time, flare usage and saturation flow.  

• Stop-line traffic flows by turning movement;  

Other program settings include: 

•  Stationary times at bus stops (35 seconds) representing dwell times at bus stops along with the 

link.  

• DOS Threshold for all links = 90% 

•    Pedestrian walking speed 5.4km/hour (1.5m/s). 

•    PCU length = 5,75m 

•    Normal traffic cruise speed (cars) = 35km/hour  

•    Cruise speed for buses and trams = 30km/hour 

•    Number of Steps in Cycle –100 / 110 steps of one second each 
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•    Simulated Time –  60 seconds for each peak hour (AM and PM peak) 

•    Start/End Effective Green Displacements – left as default settings. 

•    Flow Scaling Factor – left as default. 

• Traffic options (Cruise Times/Speeds), set to cruise times. The use of cruise time ignores any 

errors in either the traffic stream or link measurements and takes account of factors like curves and 

bottlenecks. 

• Level of Optimisation – offsets, and green splits for initial optimization and offsets for the 

coordination step. 

Node Grouping (signal coordination). All the nodes along Östra promenaden have been grouped 

together as shown in Figure 15 below to allow fixed offsets to be maintained between nodes as 

they are optimized together.  As shown in the figure below controller streams 16 to 22 have been 

grouped and so that the offsets can be optimized together. Grouping, however, does not affect 

optimize green splits but the green splits will be affected through auto distribution 

 

 

Figure 15. Node grouping for network coordination 

5.4 .2 Mixed traffic modelling 

In the initial optimization process, stops and delay weighting factors were used to develop timings 

for bus priority by ensuring the optimizer favors transit vehicles. These weighting factors were 

however removed in the final optimization process. Characteristically, public transit lines in the 

network have low traffic volumes and therefore they required high stops and delay weighting 

factors to achieve measurable benefits to transit vehicles. These weighting factors have been set 

based on occupancy rations. The average capacity of the normal car is 1.3persons /vehicle while a 

normal bus has 25 passengers while the average capacity of trams is 40 passengers as 

(Östratraffik,2019). 
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𝐵𝑢𝑠 𝑂𝑐𝑐𝑢𝑝𝑎𝑛𝑐𝑦𝑟𝑎𝑡𝑖𝑜       
25

1,3
= 19.23 

𝑇𝑟𝑎𝑚 𝑂𝑐𝑐𝑢𝑝𝑎𝑛𝑐𝑦𝑟𝑎𝑡𝑖   =
40

1,3
= 31 

Delay and stop weighting have been corded as coded 1900%, for the bus and 3000% for trams. 

Other factors specified for modelling buses and trams in the network are shown in Table 5.1 below. 

Table 2. Other public transport modelling factors 

Parameters Tram Bus 

Stop and delay weighting factors  3100 1900 

PCU factor 5 4 

Acceleration (m/s2) 0.92 0.95 

Stationary time coefficient  0.85 0.85 

Cruise time coefficient 0.85 0.85 

Occupancy ratio for stop and delay 
weighting  

25 19 

Cruise speed 30 40 

 
Model Validation and Calibration 

• Correct link structure 

• Validation of the OD matrix--- TRANSYT internal OD matrix validation criteria ensure 

that all entry and exit links exist and that all paths including start and end locations are 

valid. 

• Use of cyclic flow profiles for critical links. (to ensure they show similar peaks, dispersion, 

and spacing. For the on-street arrival and leaving patterns for streams like Lindovägen / 

Östra promenaden and Adolf Gustavsplan.  
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Figure 16. The TRANSYT Model 

5.5 The LinSig model 

The LINSIG model is presented in figure 17 below represented as a collection of arms, links, and 

lanes. Traffic flows have been represented using OD matrix to ensure accurate modeling by 

obtaining a fully disaggregated state of traffic passing through each lane. Matrix modeling not only 

ensures accurate modeling of queues, delays, and capacity for individual lanes but also makes it 

possible to perform automatic delay-based assignment helping to speed up the entry of network 

flows in-case of any changes to the modeled network. 
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5.5.1 Data input  

For each scenario, the following information was given: 

• OD matrix: Traffic flow groups for both morning and evening peaks 

• Network control plan 

• Minimum phase minimums 

• Site-measured values for link length,  

• cruise time, flare usage  

•  saturation flow.  

• Cruise speed 

5.5.2 LinSig Signal optimization 

The optimization has been set to determine the maximum practical capacity of the network as 

capacity maximized timings are more tolerant to flow variations and robust in normal day to day 

traffic operations. Additionally, since the proposed timings are for the year 2035, there is 

uncertainty in the future level of car ownership in the design year.  A reasonable PRC is therefore 

required to capture expected traffic growth and or daily variations which may significantly exceed 

the design flows. 

The same calibration and validation measures used in TRANSYT have been used for the LinSig 

model. 
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Figure 17. The LinSig Model 

5.6 Cyclic Flow profiles from LinSig and TRANSYT 

The concept of cyclic flow profiles is used in both TRANSYT and LinSig to plot how the arrival 

of traffic at the stop line and vehicle leaving the varies over the cycle time.  The red and green (IN-

Profile) indicates flow at the stop line and while the green and blue (OUT-profile) indicate traffic 

leaving the stop line. The figures below show cyclic flow graphs for three critical links along the 
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network and have been used to calibrate and validate the model by comparing with LinSig output. 

Another important function of the cyclic flow profile is to illustrate the interaction between the 

different traffic streams and how well the signals are coordinated. 

 

Figure 18. Cyclic flow profile for Lindövägen 

 

Figure 19. Cyclic flow profile for traffic stream 144 

 

Figure 20. Cyclic flow profile for Gustav Adolf Plan 
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In the figures, 18,19 and 29 greater delay due to traffic signals is represented by a large difference 

between the red and green (IN-profile) and OUT-profile (green and blue). Less red and greener 

indicates less delay. Gustav Adolf Plan has a greater delay as illustrated by the predominance of red 

compared to the other links as it operates at beyond capacity. The graphs also indicate the Mean 

Modulus of Error (MME) explaining the arrival profile at the stop line. It is a measure of how far the 

arrival profile deviates from the mean arrival value. 

5.6.1 Signal coordination  

Coordination of the signals along the corridor was designed to maximize traffic throughput along Östra 

promenaden and prevent queue block back from one intersection to the other. Although this is still an 

ongoing process, the efficiency of TRANSYT and LinSig to Produce an effectively coordinated 

network was compared from the initial attempt of grouping all the junctions from Adolf Gustav plan 

to Flemingsgatan/Sjötullsgatan. 

5.7 Summary 

Modeling in both LinSig and TRANSYT has been done to obtain optimized signal times for the 

network. TRANSYT optimization was done to minimize delay and number of stops while LinSig 

was optimized to minimize the degree of saturation (Maximise the practical reserve capacity) and 

delay. The obtained signal timings are then first compared based on optimal cycle time and 

network performance based on inbuilt model performance at the critical intersections.  The 

obtained signal timings are then used as inputs for the VISSIM model presented in the section 

below. 

5.8 VISSIM Model  

The network optimized in both LinSig and TRANSYT was also modeled in VISSIM using the 

optimized signal time plans. Signal control parameters include cycle time, green time for each 

movement group and amber time and phase sequence. Accurate traffic representation ensures the 

traffic in the modeled network behaves as close as possible to reality by observing lane changing 

behavior in the model. It was also important to ensure that movements of trams, buses and smaller 

cars were checked to ensure the accurate replication of real traffic maneuvering.  To ensure 

statistics accuracy, 10 simulation runs with different random seeds have been used. 
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Figure 21. The VISSIM Model 

5.8.1 Calibration and Validation 

Since the modeled network consists of mixed traffic (trams, buses, normal cars, pedestrians, and 

cyclists), calibration and validation of the model are very key since most micros-simulation models 

are calibrated based on homogenous traffic (Dey, Chandra, & Gangopadhyay, 2008). The 

calibration procedure was as follows: 

Vehicle representation 

Calibration of vehicles in the network involves defining both the static and dynamic characteristics 

of buses, trams, normal traffic and pedestrians in the network. These parameters include vehicle 

lengths, width, acceleration, deceleration, and speed range. Information about public transport was 

obtained from traffic authority (ÖstgötaTrafiken) and Swedish traffic lab. 

Geometric representation  

This involved defining the number of approaches, widths, and length of approaches, turning 

spaces, and the proposed signal control plans from both TRANSYT and LinSig namely: Cycle 

time, green splits, red times for each movement, amber time and phase sequence. 

Traffic representation  

The VISSIM model contains psycho-physical car following model for longitudinal movements 

and rule-based algorithm for lateral movements based on Wiedemann Leutzbach, W., & 
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Wiedemann, R. (1986). It is based on the assumption that a driver can be represented as either 

free driving, approaching, following or braking. For this case study, Widemann 99 has been used 

to represent car following models because of its flexibility in providing the opportunity to set in-

dividual vehicle parameters. 

Data used for the validation and calibration of the model include intersection geometry, signal 

timing plans, traffic composition (cars, buses, trams, and pedestrians). As mentioned in the intro-

ductory section, the model could not be adequately calibrated due to lack of data for the future 

scenario.  Efforts were made to ensure the network structure and vehicle parameters are cali-

brated. 
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CHAPTER 6.  RESULTS AND DISCUSSION  

This chapter contains the results obtained from the case study arranged as follows. First, the 

simulation capabilities were analyzed by comparing direct outputs from the individual 

models like optimal cycle times, green splits for selected intersections and network 

performance efficiency (delay).  This is then followed by an analysis of the microsimulation 

outputs from VISSIM. Considerable efforts have been placed on contextualizing the analysis 

to previous research in the same subject area. 

6.1 Introduction  

The comparative analysis was designed to provide detailed information on the functionality of 

LinSig and TRANSYT optimization models based on their simulation capabilities. This two 

software have their own signal simulation models but to ensure an unbiased and fair comparison, 

the optimized signal timings were micro-simulated in VISSIM. As a micro-simulation tool, 

VISSIM can accurately model gap, acceptance, saturation flows and lane changing behavior all 

which are critical in the assessment of the network. This is better compared to LinSig and 

TRANSYT where these parameters are generated in a deterministically based on statistical 

equations. VISSIM also enables continuous modeling of individual vehicle movements and block 

back compared to this two software. Moreover, both LinSig and TRANSYT models assume 

vertical queuing of traffic leading to inaccurate modeling of the block back. It was, therefore, 

important to use VISSIM for predicting the existence of block back in some network sections and 

to visually demonstrate and visualize traffic operations resulting from the proposed network design 

changes. Because the model has been built for a forecasted future scenario, enough calibration and 

validation were not possible. However, considerable efforts were made where possible. 

6.2 Respective simulation models. 

6.2.1 Optimal cycle time  

Both LinSig and TRANSYT provide an indication of what could be the appropriate cycle time 

against performance index or degree of saturation in the network. Engineering judgment is then 

used to select the most appropriate value with strong consideration to pedestrian safety, 

Coordinated Universal Time (UTC) requirements and adjacent junctions. According to Johan 

(Wahlstedt, 2011), the optimal cycle time is determined by the minimum green periods and 

maximum acceptable waiting time for pedestrians and should this value should be around 25-120 

seconds. Cycle times of more than 120 seconds should never be used in urban areas due to 

significant negative impacts on pedestrians. 



 

60 

 

Table 2 below illustrates the optimal cycle time obtained for the AM and PM peaks from LinSig 

and TRANSYT respectively. 

Table 3. Comparison of the optimal cycle time 

Scenario TRANSYT LinSig 

Morning peak 110 100 

Evening peak 120 11o 

 

For both scenarios, the optimal cycle time in TRANSYT is 10 seconds more than LinSig. This 

difference in values is expected as these optimization tools use different optimization techniques 

with different objective functions. A similar finding was also obtained by Ratrout and Reza (Ra-

trout & Reza, 2014) who compared the performance of TRANSYT and PASSAR II signal opti-

mization software.  They concluded that TRANSYT cycles length was always longer.  

Optimized signal timing plans obtained any optimization tool depends on the respective objective 

function. TRANSYT optimization is based on the minimization of delay and number of stops as 

the objective function and LinSig is optimized for practical reserve capacity or delay. LinSig net-

work optimization to minimize delay also yielded the same optimal cycle lengths as PRC maximi-

zation. Optimization of TRANSYT to minimize only delay also yielded the same optimal cycle 

length as an optimization to minimize delay and stops. Another factor which could have led to this 

difference is the fact that pedestrians and cyclists were modeled differently in these two models. 

In LinSig, separate pedestrian and cyclist crossings were used while in TRANSYT, all cyclists 

were modeled as cyclists. 

TRANSYT gives longer cycle lengths because of the inbuilt hill climbing gradient searching pro-

cess that attempts to minimize the disutility index (performance index). The longer cycle time in 

TRANSYT could also be attributed to different traffic representation models for short lanes and 

mixed traffic. LinSig uses lane interaction to model short turning lanes and platoon dissipation 

model while TRANSYT modeling uses flare model and Cell Transmission Model for short turning 

lanes leading to more congestion in the network and hence longer cycle times. These are presented 

in figures 22 and 23 below.
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Figure 22. Comparison of the Optimal cycle time AM peak. 
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Figure 23. Comparison of the Optimal cycle time for PM peak.
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6.2.2 Junction and Network delay    

As shown in table 4, both LinSig and TRANSYT modeling suggests that performance of the 

network is affected by Junctions 2 (Gustav Adolf Plan) and Junction 5 (Lindövägen/ Östra 

promenaden) for both AM and PM peaks.  Junction 2 has a practical reserve capacity of -16% for 

AM peak and -3.8% for PM with corresponding TRANSYT delay values of approximately 27 

PCU/Hr. Junction 5 has a practical reserve capacity of 4.5 for the PM peak and -11.2 for the AM 

peak with corresponding delays of 26.96PCU hr and 23.12P PCU hr for the PM and AM periods 

respectively. These two key intersections are currently working at capacity with heavy queues 

experienced from the approaches during both scenarios. 

 

Figure 24. Comparison of delay values for each intersection and network 

Table 4. Comparison of Delay  from LinSig and TRANSYT 

Junctions/ 
indicators  LinSig PRC % PM delay (PCU hr) AM delay (PCU hr) 

  PM AM LinSig  TRANSYT % difference  TRANSYT LinSig % difference  

J1 35.2 31.6 13.41 12.53 6.56 13.35 13.01 2.55 

J2 -16 -3.8 62.12 22.61 63.60 27.23 23.24 14.65 

J3 3.4 24.6 13.56 7.1 47.64 12.24 11.64 4.90 

J4 28.4 48.2 11.62 14.99 22.48 9.67 17.13 43.55 

J5 4.5 -11.2 28.89 26.96 6.68 23.12 42.9 46.11 

J6 27.2 37.1 9.93 11.27 11.89 5.8 6.29 7.79 

J7 6.9 33 14.33 15.17 5.54 11.94 11.66 2.35 

J8 30.2 16.4 15.81 23.82 33.63 17.51 18.64 6.06 

 Network  -16 11.2 170.1 178.52 4.72 173.31 145.02 16.32 
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Considering delay as a measure of the effectiveness of the signal timings, TRANSYT and LinSig 

produced almost the same delay values for individual intersections except for junctions 2 and 5 

where significant differences were observed. At junction 2 the percentage difference in delay value 

was 63.6% for the PM scenario while Junction 5 46.1% difference for the same scenario. In both 

scenarios, LinSig reported longer delays for both intersections. However, the total network delay 

in both scenarios was higher in TRANSYT compared to LinSig. The difference in delay values for 

these two critical junctions is attributable to different modeling criteria, Junctions 2 and 5 are op-

erating beyond design capacity and with saturation flows of more than 100 % at the major ap-

proaches. The use of the Cell Transmission Model in modeling congested links in TRANSYT 

results into more accurate delay predictions compared to the uniform platoon dissipation model 

used in LinSig. Another reason for the high total network delay in TRANSYT is the fact that 

TRANSYT has a separate TRAM/BUS model which accounts for public transport cruise speeds 

and time spent at bus stops while LinSig uses the same traffic model for all vehicle classes. 

6.2.3 Green splits Selected Intersections.   

Coordination of the traffic signals was designed to maximize traffic throughput along Östra 

promenaded and prevent queue block back. Based on the design objectives of the network, the first 

intersection Södra-promenaden-Dagsbervägen (J1) was optimized as an isolated intersection while 

the rest of the intersections were coordinated for offset optimization. 

As can be seen in figures 25 and 26 both TRANSYT and LinSig allocates more green time to the 

major street and less green time to the minor street for the isolated intersection (J1). However, 

because the minor street contains bus route green times allocated by TRANSYT is longer 

compared to LinSig timings because TRANSYT has a separate bus model which accounts for bus 

acceleration, cruise time and time spent at bus stops while LinSig uses the same model for all 

traffic in the network.  Additionally, the southbound approach (phase C) is modeled using the flare 

model in TRANSYT while in LinSig its modeled as a lane group involving interaction between 

the long and short lanes. LinSig assumes that a short lane only contributes as a full lane for a 

portion of the available green time and hence effective flare length has a significant effect on the 

flare capacity and usage.  

The section below is an illustration of the obtained signal timings. A detailed description is 

presented on the appendix.
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Figure 25.  Comparison of stage and phase green splits (AM peak). 
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Figure 26. Comparison of stage and phase green splits (PM peak). 
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Figure 27. Signal phase diagrams for selected junctions (AM) 
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6.3 Comparison Using the VISSIM mode 

VISSIM model was used to assess the performance efficiency of the optimized signal timings plans 

from LinSig and TRANSYT using queue lengths and network delay as measures of effectiveness. 

VISSIM was selected to take advantage of its microsimulation and visual capabilities to view how 

the traffic would operate in reality. The initial analysis presented in sub-section 6.2 above was 

used to determine critical sections of the network. These two identified junctions are currently 

working beyond capacity levels with the current flows. With increased flows as forecasted for the 

year 2035, there is a risk of the optimized signal time plans being broken during the peak periods. 

To capture these dynamics and identify worst possible scenarios in terms of queues and delay, it 

was necessary to microsimulate the network in VISSIM in addition to inbuilt macrosimulation 

capabilities of TRANSYT and LinSig. 

6.3.1 Delay comparison  

Table 5. Comparison of delay values from LinSig and TRANSYT 

  AM peak  PM peak 

Simulation run TRANSYT LinSig  TRANSYT LinSig  

1 180 150 195.82 169 

2 179.44 149.44 195.26 168.44 

3 178.88 148.88 194.7 167.88 

4 178.32 148.32 194.14 167.32 

5 179.14 148.344 194.96 167.554 

6 179.96 148.37 195.78 167.79 

7 180.78 148.40 196.6 168.02 

8 178.56 149.67 195.08 168.32 

9 179.38 149.80 195.90 167.76 

10 180.20 149.92 196.72 167.2 

Tables 5 and 6 illustrate the delay values obtained from VISSIM and respective descriptive 

statistics. It is evident that LinSig signal timing plans result in longer delays compared to 

TRANSYT for both scenarios. Statistical analysis of the results at 95% confidence interval also 

showed that delay values from LinSig were more spread out from the mean as evidenced by the 

large standard deviation and variance compared to the TRANSYT signal timings.  Because traffic 

throughput is directly related to network delay and that delay at signalized intersections within the 

urban network constitutes a larger part of vehicle travel, it can be concluded that TRANSYT 

produced better-coordinated signal timings compared to LinSig. 
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Table 6. Descriptive statistic of measured delay values. 

Descriptive parameters 
AM PM 

TRANSYT LinSig TRANSYT LinSig 

Mean 179.46 149.11 195.50 167.93 

Standard Error 0.24 0.23 0.26 0.17 

Median 179.41 149.16 195.52 167.83 

Standard Deviation 0.77 0.72 0.82 0.54 

Sample Variance 0.60 0.52 0.67 0.30 

Kurtosis -0.72 -2.16 -0.64 0.27 

Skewness 0.14 0.00 0.02 0.65 

Range 2.46 1.68 2.58 1.80 

Minimum 178.32 148.32 194.14 167.20 

Maximum 180.78 150.00 196.72 169.00 

Sum 1794.65 1491.14 1954.97 1679.28 

Count 10.00 10.00 10.00 10.00 

Confidence Level (95.0%) 0.55 0.52 0.59 0.39 

 

• Statistical analysis  

In addition to the descriptive statistics, t-test statistics was also carried out to determine if the 

difference in delay values from LinSig and TRANSYT were significant at 95% confidence interval 

𝑡 =
𝑑𝑚

𝑠𝑑
√𝑛

⁄
                       Equation 11                  

Where  

𝑑𝑚: 𝑚𝑒𝑎𝑛 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛 𝑑𝑒𝑙𝑎𝑦 (𝑑𝑒𝑙𝑎𝑦 𝑖𝑛 𝐿𝑖𝑛𝑆𝑖𝑔 − 𝐷𝑒𝑙𝑎𝑦 𝑖𝑛 𝑇𝑅𝐴𝑁𝑆𝑌𝑇 

𝑠𝑑: 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛  

𝑛: 𝑠𝑎𝑚𝑝𝑙𝑒 𝑠𝑖𝑧𝑒 

Null hypothesis, 𝐻0: ∶ 𝑑𝑚 = 0  

Alternative hypothesis  𝐻1 ≠ 0 

Using the equation above and t-test values shown in tables 6 and 7 the resulting t-values are 95.2 

and 91 for AM and PM peak respectively. These values are significantly larger than the critical 

two tail values 2.26 obtained for the same scenarios at a 95% confidence interval. The conclusion 

is that signal timing plans from LinSig and TRANSYT result in delay values which are not 

statistically equal and that network delay from LinSig is greater than that from TRANSYT. The 
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conclusion is that the optimization capability of TRANSYT is much better than the optimization 

in LinSig when considering delay for the network under the same traffic volume. 

Table 7. t-Test:  Paired Two Sample for Means (AM peak) 

  LinSig  TRANSYT  

Mean 179.46 149.11 
Variance 0.60 0.52 
Observations 10.00 10.00 
Pearson Correlation 0.09  
Hypothesized Mean Differ-
ence 0.00  
Degrees of freedom 9.00  
t Stat 95.21  
P(T<=t) one-tail 0.00  
t Critical one-tail 1.83  
P(T<=t) two-tail 0.00  
t Critical two-tail 2.26   

 

Table 8. t-Test:  Paired Two Sample for Means (PM peak) 

  TRANSYT LinSig 

Mean 195.50 167.93 

Variance 0.67 0.30 

Observations 10.00 10.00 

Pearson Correlation 0.06  
Hypothesized Mean Differ-
ence 0.00  
Degrees of freedom 9.00  
t Stat 90.97  
P(T<=t) one-tail 0.00  
t Critical one-tail 1.83  
P(T<=t) two-tail 0.00  
t Critical two-tail 2.26   

 

6.3.2 Queue lengths 

Three critical intersections within the network were selected for this comparison as shown in the 

figures below. For Junction1, TRANSYT signal timings resulted in longer queues both for the 

morning and evening peaks compared to LinSig. For the morning peak, significant differences 

were observed on the southbound (SB) and eastbound (EB)  approaches of the intersection. 

TRANSYT eastbound (EB) queue length was 20.65PCU a value almost twice as LinSig queue 
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length of 10.6 PCU. For the Southbound approach morning peak had the largest difference of 2.35 

PCU compared to evening peak difference of 1.61 PCU. 

 

Figure 28.  Comparison of delay values for J1 

Even though both TRANSYT and LinSig models assume vertical queuing of traffic at the sop line, 

signal timing plans are expected to yield different queue lengths due to different optimization 

algorithms and modeling principles. TRANSYT and LinSig differ on how they model short tuning 

lanes and mixed traffic resulting in different values queue lengths southbound approach.  

For the southbound approach, TRANSYT models the short tuning lane as a flare model 

incorporating the Cell Transmission Model (CTM) while LinSig models the same using a lane 

group involving interactions between short and long lane. The CTM model is more accurate in 

capturing the spatial extent of queues and hence results in longer queues compared to the Platoon 

Dissipation Model used in LinSig. Differences in queue lengths could also be attributed to the fact 

that traffic was modeled in terms of PCU without categorization into different vehicle classes as 

either bus/ tram or normal cars. TRANSYT modeling took this differentiation into consideration 

and hence longer queues are expected as acceleration, cruise time coefficient and dispersion type 

are considered.  

For the coordinated Network, two critical intersections Junctions 2 and 5 were used for this 

comparison. LinSig predominantly results in longer queues compared to the TRANSYT for both 

scenarios. Significant differences were observed in the southbound approach of Junction 2 where 

TRANSYT reported queue length of 0.16pcu for PM peak and 7.16 PCU for AM peak while 

LinSig reported 52.2 PCU and 21 PCU respectively. These differences were significant in junction 

5 with LinSig signal timings reporting longer queue lengths as shown in the figures below. 
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It can be concluded that TRANSYT results into better coordination of the signal times in the 

network compared to LinSig as efficient coordination of the signal times is crucial to keep traffic 

moving and reduce queue lengths during peaks hours.  This can be interpreted to mean that the 

TRANSYT hill climbing algorithm is better suited for signal optimization and coordination 

compared to LinSig. 

 

 

Figure 29. Södraköpingsvägen-Östrapromenaden 

 

Figure 30. Lindövägen-Reslagaregatan 
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CHAPTER 7. CONCLUSIONS   

The objective of this master thesis was to evaluate TRANSYT and LinSig signal optimization 

models through literature study and application to Östra promenaden as a case study. Research 

questions presented in sub-section 1.5.1 were used as guidelines for the comparative analysis. In 

this chapter, relevant conclusions, challenges and recommendation for further research have been 

illustrated. The first sub-section 7.1 summarizes the results obtained from the analysis followed 

by identified shortcomings of these two models and how these can be corrected. Based on the 

findings a model selection guideline is presented in section 7.4. 

7.1 Introduction  

LinSig and TRANSYT signal optimization models have a similar objective which is based on 

delay and its derivatives. However, they possess significant differences in how they model mixed 

traffic, represent different vehicle classes, model network characteristics and traffic volumes. 

Therefore, the importance of choosing an appropriate traffic optimization model for a given 

network cannot be overemphasized. A clear understanding of the project requirement is also key 

in selecting the appropriate objective function in line with the design objective. In the decision of 

choosing between LinSig or TRANSYT for modeling multiple intersections, the focus should not 

only be placed on the physical layout of the intersection and or network features but there should 

also be considerations on the traffic behavior between the adjacent junction and control type. 

TRANSYT is predominantly useful for modeling large networks compared to LinSig model 

restricted to approximately 20 junctions as it is constrained by computational power and time taken 

by the model to recalculate the traffic model and optimize signal timings. 

Analysis of the results showed that for both scenarios, TRANSYT reported longer cycle lengths 

compared to LinSig as it uses the inbuilt hill climbing algorithm which tries to minimize the 

performance index. The Allocation of phase green splits was comparable for undersaturated 

junctions but significantly different for the over-capacity junctions. Individual simulation program 

from LinSig reported longer delays at individual intersections compared to TRANSYT. Total 

network delay was less in LinSig compared to TRANSYT. Differences in the results are 

attributable to differences in modeling criteria for mixed traffic and congested sections of the 

network and optimization algorithms. 

VISSIM simulation of the two-signal time plans also showed delay values that are significantly 

different. It is also clear that network delay and queue length from TRANSYT signal timings are 

much less compared to LinSig time plans. A strong indication of better signal coordination. 
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7.2 Software Comparison  

The section below is a summary of the main distinctive features of TRANSYT and LinSig. The 

aim of this section is point out strengths and weaknesses. 

 TRANSYT 15 

TRANSYT signal time optimization is based on delay and its derivatives. Default objective 

function is to minimize the number of stops and delay (In addition to progression and fuel 

consumption). Network performance is evaluated using a disutility value called performance 

index. This research was based on the TRANSYT version 15.5.2. This was generally a good model 

although some challenges were observed some of which have been updated in the new version 

TRANSYT 16. This new version was not available during the analysis period. Listed below is a 

summary of the program. 

  A very good traffic model (CTM, PDM, CPDM) which enable accurate representation of 

congested and uncongested traffic conditions.  It also has a separate bus model which is suitable 

for modeling public transport and prioritization of different vehicle classes. 

•    Hill climbing algorithm is a good program for signal optimization and cycle time selection. 

•    This program is difficult to use compared to LinSig. It takes more time to code a given network 

because of the disintegrated coding procedure.  

•    Delay minimization algorithm produces signal timing plans which are compared to LinSig. 

•    Its bandwidth optimization produces better platoon progression compared to LinSig.  It is also 

easier to check and pick network items to be considered for the coordination using MME (Mean 

Modulus of Error) values reported for each traffic stream. 

•    It produces better signal timings for congested interchanges than LinSig. 

•    Ability to optimize signal phase sequence. 

•    More detailed calibration and validation capabilities. 

•    Technical details: Graphical user interphase, 3D capability 

•    More detailed results compared to TRANSYT. It, however, has poor presentation capabilities. 

The signal phasing diagram can not show phase sequence ad green splits for each junction along 

with the network diagram. 

•    Does not model cyclists at a signalized intersection.  

•    Cannot optimize the network for maximum practical reserve capacity 

LinSig  

LinSig signal timing plans can be optimized to maximize capacity or to minimize delay for single 

junctions or the entire network. Network delay is minimized by adjusting stage lengths and offsets 
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for all stage streams while practical reserve capacity is maximized by adjusting stage lengths and 

offsets for all stage streams. Capacity maximization selects a set of signal timings which minimizes 

the worst degree of saturation on any link within the network.  In this research LinSig version, 3 

was used for the analysis. The following were found about this program. 

LinSig is unable to provide suitable traffic representation where more complex situations exist 

such as vehicle merging, junction exit-blocking or the dynamic operation of demand-dependent 

stages. In such cases, other modeling software may be more appropriate. Inability to model exit-

blocking due to the vertical queueing assumption at the stop line could be accounted for by the use 

of dummy phases even though this was not investigated in this project.  

•    LinSig is better suited to modeling junctions which are sufficiently isolated from other 

signalized junctions that coordination to upstream/downstream intersections is not a requirement. 

LinSig reported fewer delay values for J1 compared to TRANSYT. 

•    Easy modeling and user-friendly. Centralized coding compared to TRANSYT with al-most 

individualized cording for all network items. 

•    Does not have 3D modeling capabilities. 

•    Better network reporting capabilities for ease of result communication. 

•    LinSig should only be used to model isolated signalized junctions or small groups of signalized 

junctions. 

•    Its delay optimization algorithm produces cycle times, green splits and compared to those of 

TRANSYT. 

•    LinSig Practical Reserve Capacity (PRC)optimization algorithm makes is suitable for testing 

new design changes. PRC accounts for unexpected demand more effectively than delay minimized 

signal timings which is more sensitive to demand variations. 

•    LinSig cannot optimize stage sequence. 

Summary 

TRANSYT and LinSig produced good and comparable signal timing plans depending on the 

optimization and coordination objectives.  The next section presents the challenges and guidelines 

for selecting between these two. 

7.3 Challenges and suggestions 

• Dynamic Queue and Delay 

From the network modeled, it was noticed that both LinSig and TRANSYT fail to accurately model 

congestion in the network. This is attributable to an inaccurate representation of block back when 

platoon dissipation model is used. The vertical queueing assumption assumes that traffic is stacked 
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vertically at the stop line leading to inaccurate queue length representation. That is, the modeled 

number of vehicles queueing at the stop line could be greater than the maximum number of 

vehicles that can be accommodated by the lane and the network in general. It also assumes that all 

vehicles traveling along the lane or traffic stream will take the same cruise time to reach the next 

stop line regardless of the queue length. Another source of error is the fundamental assumption of 

the cyclic nature of traffic for undersaturated lanes where queue profiles are assumed to be 

identical during each cycle for the modeled period and then extrapolated for the entire network. 

Given that the two critical intersections J2 and J5 are currently operating at beyond capacity, 

coupled with the random nature of the arrival of both pedestrian and cyclists. The assumption of 

cyclist nature of traffic may not be valid for this network. 

• Lane Saturation flow 

Another source of error would be in the specification of the lane saturation flow as this significantly 

affects the intersection performance. In both TRANSYT and LinSig, lane Saturation flows were 

entered manually or estimated using TRRL formulae (Kimber et al.1986) which calculates the 

saturation flows based on lane geometry. The use of TRRL formula could lead to errors as it does 

not consider all important factors particularly in the modeling of short lanes.  To overcome this 

challenge an initial analysis of individual intersections can be done using SIDRA or any other 

appropriate microanalytical traffic evaluation tool.   SIDRA employs both lane-by-lane and drive 

cycle models coupled with an iterative approximation to provide a preliminary approximation of 

the saturation flows which could be used as inputs for both TRANSYT and LinSig modeling. 

7.4 Guidelines for Model selection 

The guidelines presented in the section below is for selecting between LinSig and TRANSYT in 

obtaining optimal signal timing plans for an urban arterial similar to Östra Promenaden. The choice 

of the software depends on both the design objective for the network and coordination objective 

for the signal timing plan. 

• Maximum progression  

To provide maximum traffic progression in a network, bandwidth progression is the primary ob-

jective and TRANSYT should be used as it is primarily designed to coordinated networks. Band-

width progression is related to the minimum number of stops in the network. To achieve this the 

user should use employ the use of cycle timer analyzer graph by plotting circle time variation 

against delay. This assist in selecting the most appropriate cycle time that minimizes delay and 

stops. The user can also minimize Offsets and obtain Mean Modulus of Error (MME) which is 

useful in selecting network sections for coordination. 

LinSig can also be used for maximum progression by dividing the networks into subsections by 

grouping the controllers. LinSig just like TRANSYT also has time distance diagram which offers 
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the user an opportunity to view the progression of traffic in addition to the possibility of manually 

change the offsets. 

• Minimum System stops and delay 

When the user wishes to optimize signal timings for minimum network delay and or stops, both 

LinSig and TRANSYT are suitable for undersaturated network conditions. LinSig, however, does 

not have a stop minimization option in its optimization objective function.  For oversaturated net-

works, it is preferable to employ the use of TRANSYT which has different traffic models for 

different traffic and lane configurations. Particularly the TRANSYT cell transmission model 

(CTM)should be used for short and congested sections of the network for accurate modeling of 

the spatial and temporal extent of queues. 

• Maximum Practical Reserve Capacity. 

LinSig currently offers the opportunity to select signal timings that minimizes the worst degree of 

saturation (maximum practical reserve capacity) in the network. This feature is very important 

when testing new design possibilities as it results in signal timing plans that are more tolerant to 

traffic demand variations.  

The use of LinSig as the main model for the network as requested by the client was an appropriate 

choice even though some model capabilities as mentioned above could lead to signal timings that 

are not fully efficient.  

7.5 Further research. 

The challenges presented in sub-section 7.3 could be addressed in further research by employing 

an integrated approach to traffic modelling linking SIDRA, LinSig/ TRANSYT and VISSIM. 
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User and Project Details 

Project: Trafikanalys Östra promenaden 

Title:  

Location: Stockholm 

Client: Norrköpings kommun 

Additional detail:  

File name: Östra Promenaden - (100-110) - Gruppopt.lsg3x 

Author: Erfan Aria 

Company: WSP Sverige AB 

Address:  
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Scenario 1: 'Förmiddag - 2035' (FG1: 'FM - 2035', Plan 1: 'Network Control Plan 1') 

Network Layout Diagram 
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Network Results 

Item 
Lane 
Description 

Lane 
Type 

Full 
Phase 

Arrow 
Phase 

Num 
Greens 

Total 
Green 
(s) 

Arrow 
Green 
(s) 

Demand 
Flow 
(pcu) 

Sat Flow 
(pcu/Hr) 

Capacity 
(pcu) 

Deg 
Sat (%) 

Turners 
In Gaps 
(pcu) 

Turners 
When 
Unopposed 
(pcu) 

Turners In 
Intergreen 
(pcu) 

Total 
Delay 
(pcuHr) 

Av. 
Delay 
Per 
PCU 
(s/pcu) 

Mean 
Max 
Queue 
(pcu) 

Network - - -  - - - - - - 100.1% 0 0 0 145.3 - - 

J1: Södra Promenaden 
- Dagsbergsvägen  

- - -  - - - - - - 68.4% 0 0 0 13.2 - - 

1/1 
 Ahead 
Right 

U C1:A  1 52 - 763 2105 1116 68.4% - - - 4.7 22.4 16.5 

3/2+3/1 
 Right Left 

Ahead 
U C1:C  1 34 - 267 2080:1940 497+327 

32.4 : 
32.4% 

- - - 1.9 25.9 3.4 

5/1 
 Ahead 

Right Left 
U C1:B  1 53 - 722 2155 1164 62.0% - - - 2.1 10.3 10.6 

7/1 
 Left Ahead 

Right 
U C1:D  1 34 - 472 2080 728 64.8% - - - 4.5 34.3 11.9 

Ped Link: P1 
Unnamed 
Ped Link 

- C1:E  1 36 - 150 - 25920 0.6% - - - 0.9 20.9 2.7 

Ped Link: P2 
Unnamed 
Ped Link 

- C1:G  1 50 - 26 - 36000 0.1% - - - 0.1 12.8 0.4 

Ped Link: P3 
Unnamed 
Ped Link 

- C1:H  1 55 - 50 - 39600 0.1% - - - 0.1 10.4 0.6 

Ped Link: P4 
Unnamed 
Ped Link 

- C1:F  1 34 - 26 - 24480 0.1% - - - 0.2 22.3 0.5 

Ped Link: P5 
Unnamed 
Ped Link 

- C1:I  1 50 - 150 - 36000 0.4% - - - 0.5 12.9 2.1 

J2: Södra Promenaden 
- Östra Promenaden 

- - -  - - - - - - 93.4% 0 0 0 23.0 - - 

1/1+1/2  Left Ahead U 
C2:C 
C2:J 

 1 20:45 - 657 2105:1865 375+398 
85.0 : 
85.0% 

- - - 7.0 38.2 11.2 

3/1  Left U C2:E  1 12 - 9 2125 276 3.3% - - - 0.1 33.1 0.3 

4/1+4/2  Right Left U C2:D  1 29 - 653 2105:1965 299+400 
93.4 : 
93.4% 

- - - 7.9 43.4 20.7 

7/1  Right U C2:A  2 45 - 9 2105 989 0.9% - - - 0.0 9.4 0.1 

8/2+8/1 
 Ahead 
Right 

U 
C2:A 
C2:B 

 2:1 45:19 - 658 2105:1965 350+393 
88.5 : 
88.5% 

- - - 8.1 44.1 12.9 

Ped Link: P1 
Unnamed 
Ped Link 

- C2:G  1 31 - 100 - 22320 0.4% - - - 0.7 24.3 1.9 
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Ped Link: P2 
Unnamed 
Ped Link 

- C2:H  1 25 - 150 - 18000 0.8% - - - 1.6 39.3 3.7 

Ped Link: P3 
Unnamed 
Ped Link 

- C2:I  1 9 - 150 - 6480 2.3% - - - 1.2 28.6 3.8 

Ped Link: P4 
Unnamed 
Ped Link 

- C2:F  1 17 - 50 - 12240 0.4% - - - 0.5 35.2 1.2 

J3: Nygatan-Odalgatan - - -  - - - - - - 72.2% 0 0 0 11.6 - - 

1/1 
 Left Ahead 

Right 
U C3:K  1 4 - 9 2105 105 8.6% - - - 0.1 57.2 0.3 

2/1 
 Ahead 
Right 

U C3:A  1 45 - 629 2105 968 65.0% - - - 5.4 31.0 15.6 

5/1 
 Right Left 

Ahead 
U C3:I  1 10 - 19 2065 227 8.4% - - - 0.3 48.7 0.5 

7/1  Ahead U C3:B  1 45 - 653 1965 904 72.2% - - - 5.6 31.0 17.0 

8/1 
 Ahead 
Right 

U C3:H  1 6 - 21 2080 146 14.4% - - - 0.2 35.5 0.2 

11/1+11/2 
 Ahead 
Right 

U 
C3:J 
C3:G 

 1 6:13 - 0 2080:1940 8+272 
0.0 : 
0.0% 

- - - 0.0 0.0 0.0 

Ped Link: P1 
Unnamed 
Ped Link 

- C3:D  1 6 - 100 - 4320 2.3% - - - 1.9 67.0 2.7 

Ped Link: P2 
Unnamed 
Ped Link 

- C3:C  1 10 - 100 - 7200 1.4% - - - 1.7 61.9 2.7 

Ped Link: P3 
Unnamed 
Ped Link 

- C3:F  1 47 - 200 - 33840 0.6% - - - 0.8 14.4 3.0 

Ped Link: P4 
Unnamed 
Ped Link 

- C3:E  1 47 - 0 - 33840 0.0% - - - 0.0 0.0 0.0 

J4: Östra Promenaden - 
Vikbolandsgatan 

- - -  - - - - - - 60.7% 0 0 0 7.2 - - 

1/1  Ahead U C4:P  1 45 - 588 2105 968 60.7% - - - 6.6 40.7 12.6 

2/1+2/2 
 Ahead 
Right 

U 
C4:R 
C4:Q 

 1 45:4 - 20 2080:1940 950+0 
2.1 : 
0.0% 

- - - 0.1 12.4 0.4 

6/1  Ahead Left U C4:M  1 4 - 21 2080 104 20.2% - - - 0.5 80.4 0.7 

9/1  Right U C4:N  1 4 - 0 2080 104 0.0% - - - 0.0 0.0 0.0 

10/1  U -  - - - 0 1940 1940 0.0% - - - 0.0 0.0 0.0 

J5: Östra Promenaden - 
Hantverkaregatan 

- - -  - - - - - - 58.7% 0 0 0 9.9 - - 
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1/1 
 Ahead 
Right 

U C4:A  1 51 - 588 2105 1095 53.7% - - - 0.6 3.6 0.6 

2/1  Ahead U C4:K  1 41 - 20 2080 874 2.3% - - - 0.0 3.2 0.4 

5/1+5/2 
 Right Left 

Ahead 
U C4:B  1 16 - 76 2105:1940 348+0 

21.8 : 
0.0% 

- - - 0.9 42.3 2.0 

7/2+7/1 
 Ahead 

Right Left 
U 

C4:C 
C4:O 

 1 56:4 - 716 2105:1940 1125+94 
58.7 : 
58.7% 

- - - 6.0 30.4 11.0 

8/1  Ahead U C4:L  1 41 - 21 2080 874 2.4% - - - 0.1 16.9 0.2 

11/1+11/2 
 Left Ahead 

Right 
U C4:D  1 13 - 152 1965:1940 275+0 

55.3 : 
0.0% 

- - - 2.3 54.6 4.5 

Ped Link: P1 
Unnamed 
Ped Link 

- C4:E  1 14 - 26 - 10080 0.3% - - - 0.2 25.3 0.4 

Ped Link: P2 
Unnamed 
Ped Link 

- C4:F  1 22 - 26 - 15840 0.2% - - - 0.4 51.2 0.6 

Ped Link: P3 
Unnamed 
Ped Link 

- C4:G  1 58 - 200 - 41760 0.5% - - - 0.5 9.1 2.3 

Ped Link: P4 
Unnamed 
Ped Link 

- C4:H  1 22 - 26 - 15840 0.2% - - - 0.4 50.4 0.6 

Ped Link: P5 
Unnamed 
Ped Link 

- C4:I  1 11 - 26 - 7920 0.3% - - - 0.2 26.6 0.4 

Ped Link: P6 
Unnamed 
Ped Link 

- C4:J  1 37 - 26 - 26640 0.1% - - - 0.1 20.3 0.5 

J6: Repslagaregatan - 
Lindövägen 

- - -  - - - - - - 100.1% 0 0 0 42.9 - - 

1/1 
 Ahead 
Right 

U C5:A  1 29 - 632 2105 632 100.1% - - - 16.9 96.0 30.3 

2/1 
 Ahead 
Right 

U C5:M  1 4 - 20 2080 104 19.2% - - - 0.6 99.7 0.7 

5/1+5/2 
 Right 
Ahead 

U C5:B  1 29 - 310 2080:1940 624+0 
49.7 : 
0.0% 

- - - 3.0 34.5 7.6 

7/2+7/1 
 Ahead 

Right Left 
U 

C5:C 
C5:D 

 1 50:15 - 803 2105:1940 989+120 
72.4 : 
72.4% 

- - - 4.2 18.8 20.7 

8/1  Ahead U C5:N  1 29 - 17 2080 624 2.7% - - - 0.1 19.1 0.3 

11/1+11/2 
 Ahead 
Right 

U 
C5:F 
C5:E 

 1 31:35 - 716 2080:1940 643+81 
99.0 : 
99.0% 

- - - 18.2 91.5 30.0 

12/1  Left U C5:F  1 31 - 4 1965 629 0.6% - - - 0.0 26.3 0.1 
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Ped Link: P1 
Unnamed 
Ped Link 

- C5:G  1 10 - 200 - 7200 2.8% - - - 2.8 51.2 5.3 

Ped Link: P2 
Unnamed 
Ped Link 

- C5:H  1 27 - 200 - 19440 1.0% - - - 0.8 13.7 2.0 

Ped Link: P3 
Unnamed 
Ped Link 

- C5:I  1 31 - 200 - 22320 0.9% - - - 1.4 24.3 3.8 

Ped Link: P4 
Unnamed 
Ped Link 

- C5:J  1 31 - 200 - 22320 0.9% - - - 1.0 17.7 2.4 

Ped Link: P5 
Unnamed 
Ped Link 

- C5:K  1 37 - 200 - 26640 0.8% - - - 0.8 14.7 2.2 

Ped Link: P6 
Unnamed 
Ped Link 

- C5:L  1 31 - 150 - 22320 0.7% - - - 1.0 24.3 2.9 

J7: Östra Promenaden - 
Knäppingsborgsgatan 

- - -  - - - - - - 65.6% 0 0 0 6.3 - - 

1/1  Left U C6:H  1 12 - 142 1940 252 56.2% - - - 1.5 37.3 3.6 

1/2  Ahead U C6:A  1 72 - 522 2080 1518 34.4% - - - 2.3 15.9 13.3 

2/1  Ahead U C6:D  1 55 - 16 2080 1165 1.4% - - - 0.1 20.7 0.4 

5/1+5/2  Right Left U C6:B  1 15 - 65 2080:1940 73+290 
17.9 : 
17.9% 

- - - 0.8 42.2 1.4 

7/1 
 Ahead 
Right 

U C6:C  1 54 - 751 2080 1144 65.6% - - - 1.6 7.5 7.3 

8/1  Ahead U C6:E  1 55 - 17 2080 1165 1.5% - - - 0.1 19.5 0.3 

Ped Link: P1 
Unnamed 
Ped Link 

- C6:G  1 53 - 200 - 38160 0.5% - - - 0.6 11.4 2.6 

Ped Link: P2 
Unnamed 
Ped Link 

- C6:F  1 12 - 50 - 8640 0.6% - - - 0.5 39.6 1.2 

J8: Östra Promenaden - 
Sjötullsgatan 

- - -  - - - - - - 67.7% 0 0 0 11.6 - - 

1/1  Left U C7:A  1 50 - 277 2080 1061 26.1% - - - 0.4 4.7 1.1 

1/2  Left Right U C7:A  1 50 - 288 1940 989 29.1% - - - 0.5 6.1 1.9 

2/1  Left U C7:I  1 21 - 6 2080 458 1.3% - - - 0.0 28.7 0.2 

5/1  Right U C7:J  1 21 - 6 2080 458 1.3% - - - 0.1 34.8 0.1 

7/1  Ahead U C7:C  1 38 - 119 2080 811 14.7% - - - 0.7 22.1 2.4 

7/2+7/3 
 Right 
Ahead 

U 
C7:C 
C7:B 

 1 38:47 - 684 2080:1940 173+838 
67.7 : 
67.7% 

- - - 6.2 32.6 21.7 

9/1  Ahead U C7:D  1 36 - 435 2080 770 56.5% - - - 3.7 30.5 10.2 
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Ped Link: P1 
Unnamed 
Ped Link 

- C7:G  1 48 - 100 - 34560 0.3% - - - 0.4 13.9 1.4 

Ped Link: P2 
Unnamed 
Ped Link 

- C7:E  1 15 - 100 - 10800 0.9% - - - 1.6 59.2 2.6 

Ped Link: P3 
Unnamed 
Ped Link 

- C7:F  1 13 - 100 - 9360 1.1% - - - 0.6 23.3 1.3 

Ped Link: P4 
Unnamed 
Ped Link 

- C7:H  1 45 - 200 - 32400 0.6% - - - 0.9 15.5 3.1 

J9: Östra Promenaden - 
Fleminggatan 

- - -  - - - - - - 77.3% 0 0 0 19.0 - - 

1/2+1/1 
 Ahead 
Ahead2 

U 
C8:A 
C8:B 

 1 42:22 - 669 2080:1940 446+446 
72.6 : 
77.3% 

- - - 7.8 42.1 11.0 

1/3  Ahead U C8:A  1 42 - 319 2080 894 35.6% - - - 2.7 30.9 7.6 

3/1+3/2  Ahead Left U 
C8:D 
C8:C 

 1 10:9 - 284 2080:1940 229+194 
63.4 : 
71.6% 

- - - 4.4 55.9 4.8 

5/1  Ahead U C8:E  1 43 - 332 2080 915 36.3% - - - 2.0 21.7 6.4 

5/2  Ahead U C8:E  1 43 - 332 2080 915 36.3% - - - 2.0 21.7 6.4 

5/3  Right U -  - - - 253 2080 2080 12.2% - - - 0.1 1.0 0.1 

Ped Link: P1 
Unnamed 
Ped Link 

- C8:G  1 53 - 200 - 38160 0.5% - - - 0.4 8.0 1.6 

Ped Link: P2 
Unnamed 
Ped Link 

- C8:F  1 44 - 200 - 31680 0.6% - - - 0.6 10.9 1.9 

Ped Link: P3 
Unnamed 
Ped Link 

- C8:H  1 41 - 150 - 29520 0.5% - - - 0.6 13.3 1.6 

Ped Link: P4 
Unnamed 
Ped Link 

- C8:I  1 19 - 150 - 13680 1.1% - - - 1.0 24.6 3.4 

J10: Hospitalsgatan - - -  - - - - - - 14.5% 0 0 0 0.2 - - 

1/1  Ahead U -  - - - 263 2080 2080 12.6% - - - 0.1 1.0 0.1 

1/2 
 Ahead 
Right 

U -  - - - 282 1940 1940 14.5% - - - 0.1 1.1 0.1 

5/1  Right U -  - - - 195 1940 1940 10.1% - - - 0.1 1.0 0.1 

10/1  Right U -  - - - 48 1940 1940 2.5% - - - 0.0 1.0 0.0 

J11: Tegelängsgatan - - -  - - - - - - 19.6% 0 0 0 0.2 - - 

1/1  Ahead U -  - - - 331 2080 2080 15.9% - - - 0.1 1.0 0.1 

1/2 
 Ahead 
Right 

U -  - - - 381 1940 1940 19.6% - - - 0.1 1.2 0.1 
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 C1 - Anl. 15  PRC for Signalled Lanes (%):  31.6  Total Delay for Signalled Lanes (pcuHr):  13.24 Cycle Time (s):  100 
 C2 - Anl. 16  PRC for Signalled Lanes (%):  -3.8  Total Delay for Signalled Lanes (pcuHr):  23.02 Cycle Time (s):  100 
 C3 - Anl. 17  PRC for Signalled Lanes (%):  24.6  Total Delay for Signalled Lanes (pcuHr):  11.64 Cycle Time (s):  100 
 C4 - Anl. 18  PRC for Signalled Lanes (%):  48.2  Total Delay for Signalled Lanes (pcuHr):  17.13 Cycle Time (s):  100 
 C5 - Anl. 19  PRC for Signalled Lanes (%):  -11.2  Total Delay for Signalled Lanes (pcuHr):  42.90 Cycle Time (s):  100 
 C6 - Anl. 20  PRC for Signalled Lanes (%):  37.1  Total Delay for Signalled Lanes (pcuHr):  6.29 Cycle Time (s):  100 
 C7 - Anl. 21  PRC for Signalled Lanes (%):  33.0  Total Delay for Signalled Lanes (pcuHr):  11.57 Cycle Time (s):  100 
 C8 - Anl. 22  PRC for Signalled Lanes (%):  16.4  Total Delay for Signalled Lanes (pcuHr):  18.98 Cycle Time (s):  100 
  PRC Over All Lanes (%):  -11.2  Total Delay Over All Lanes(pcuHr):  145.27   
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Scenario 2: 'Eftermiddag - 2035' (FG2: 'EM - 2035', Plan 1: 'Network Control Plan 1') 

Network Layout Diagram 
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Network Results 

Item 
Lane 
Description 

Lane 
Type 

Full 
Phase 

Arrow 
Phase 

Num 
Greens 

Total 
Green 
(s) 

Arrow 
Green 
(s) 

Demand 
Flow 
(pcu) 

Sat Flow 
(pcu/Hr) 

Capacity 
(pcu) 

Deg 
Sat (%) 

Turners 
In Gaps 
(pcu) 

Turners 
When 
Unopposed 
(pcu) 

Turners In 
Intergreen 
(pcu) 

Total 
Delay 
(pcuHr) 

Av. 
Delay 
Per 
PCU 
(s/pcu) 

Mean 
Max 
Queue 
(pcu) 

Network - - -  - - - - - - 104.4% 0 0 0 171.6 - - 

J1: Södra Promenaden 
- Dagsbergsvägen  

- - -  - - - - - - 66.5% 0 0 0 13.4 - - 

1/1 
 Ahead 
Right 

U C1:A  1 61 - 713 2105 1186 60.1% - - - 3.9 19.6 15.0 

3/2+3/1 
 Right Left 

Ahead 
U C1:C  1 35 - 250 2080:1940 463+304 

32.6 : 
32.6% 

- - - 2.1 30.1 3.6 

5/1 
 Ahead 

Right Left 
U C1:B  1 62 - 837 2155 1234 65.4% - - - 2.4 10.8 12.2 

7/1 
 Left Ahead 

Right 
U C1:D  1 35 - 453 2080 681 66.5% - - - 5.0 39.7 12.8 

Ped Link: P1 
Unnamed 
Ped Link 

- C1:E  1 37 - 150 - 24218 0.6% - - - 1.0 24.7 3.0 

Ped Link: P2 
Unnamed 
Ped Link 

- C1:G  1 59 - 26 - 38618 0.1% - - - 0.1 12.1 0.4 

Ped Link: P3 
Unnamed 
Ped Link 

- C1:H  1 64 - 50 - 41891 0.1% - - - 0.1 9.9 0.6 

Ped Link: P4 
Unnamed 
Ped Link 

- C1:F  1 35 - 26 - 22909 0.1% - - - 0.2 26.1 0.5 

Ped Link: P5 
Unnamed 
Ped Link 

- C1:I  1 59 - 150 - 38618 0.4% - - - 0.5 12.1 2.1 

J2: Södra Promenaden 
- Östra Promenaden 

- - -  - - - - - - 104.4% 0 0 0 62.1 - - 

1/1+1/2  Left Ahead U 
C2:C 
C2:J 

 1 20:45 - 570 2105:1865 335+438 
73.7 : 
73.7% 

- - - 5.7 35.9 8.5 

3/1  Left U C2:E  1 12 - 9 2125 251 3.6% - - - 0.1 29.0 0.3 

4/1+4/2  Right Left U C2:D  1 39 - 871 2105:1965 390+445 
104.4 : 
104.4% 

- - - 31.5 130.0 51.9 

7/1  Right U C2:A  2 55 - 9 2105 1091 0.8% - - - 0.0 8.6 0.1 

8/2+8/1 
 Ahead 
Right 

U 
C2:A 
C2:B 

 2:1 55:19 - 556 2105:1965 175+357 
104.4 : 
104.4% 

- - - 24.9 161.1 30.9 

Ped Link: P1 
Unnamed 
Ped Link 

- C2:G  1 41 - 100 - 26836 0.4% - - - 0.6 22.1 1.9 



Basic Results Summary 

Ped Link: P2 
Unnamed 
Ped Link 

- C2:H  1 25 - 150 - 16364 0.9% - - - 1.9 46.7 4.1 

Ped Link: P3 
Unnamed 
Ped Link 

- C2:I  1 9 - 150 - 5891 2.5% - - - 1.3 31.3 4.3 

Ped Link: P4 
Unnamed 
Ped Link 

- C2:F  1 17 - 50 - 11127 0.4% - - - 0.6 40.1 1.3 

J3: Nygatan-Odalgatan - - -  - - - - - - 87.1% 0 0 0 11.5 - - 

1/1 
 Left Ahead 

Right 
U C3:K  1 4 - 9 2105 96 9.4% - - - 0.2 64.5 0.3 

2/1 
 Ahead 
Right 

U C3:A  1 55 - 430 2105 1072 40.1% - - - 3.6 30.0 11.0 

5/1 
 Right Left 

Ahead 
U C3:I  1 10 - 20 2065 206 9.7% - - - 0.3 54.6 0.6 

7/1  Ahead U C3:B  1 55 - 871 1965 1000 87.1% - - - 7.3 30.0 24.6 

8/1 
 Ahead 
Right 

U C3:H  1 6 - 20 2080 132 15.1% - - - 0.2 33.4 0.2 

11/1+11/2 
 Ahead 
Right 

U 
C3:J 
C3:G 

 1 6:13 - 0 2080:1940 5+247 
0.0 : 
0.0% 

- - - 0.0 0.0 0.0 

Ped Link: P1 
Unnamed 
Ped Link 

- C3:D  1 6 - 100 - 3927 2.5% - - - 2.1 74.6 3.0 

Ped Link: P2 
Unnamed 
Ped Link 

- C3:C  1 10 - 100 - 6545 1.5% - - - 1.9 69.4 2.9 

Ped Link: P3 
Unnamed 
Ped Link 

- C3:F  1 57 - 200 - 37309 0.5% - - - 0.7 13.1 2.9 

Ped Link: P4 
Unnamed 
Ped Link 

- C3:E  1 57 - 0 - 37309 0.0% - - - 0.0 0.0 0.0 

J4: Östra Promenaden - 
Vikbolandsgatan 

- - -  - - - - - - 50.0% 0 0 0 3.0 - - 

1/1  Ahead U C4:P  1 39 - 383 2105 765 50.0% - - - 2.5 23.6 4.3 

2/1+2/2 
 Ahead 
Right 

U 
C4:R 
C4:Q 

 1 39:4 - 21 2080:1940 750+0 
2.8 : 
0.0% 

- - - 0.1 24.5 0.5 

6/1  Ahead Left U C4:M  1 6 - 20 2080 132 15.1% - - - 0.4 68.7 0.7 

9/1  Right U C4:N  1 6 - 0 2080 132 0.0% - - - 0.0 0.0 0.0 

10/1  U -  - - - 0 1940 1940 0.0% - - - 0.0 0.0 0.0 

J5: Östra Promenaden - 
Hantverkaregatan 

- - -  - - - - - - 72.2% 0 0 0 12.9 - - 



Basic Results Summary 

1/1 
 Ahead 
Right 

U C4:A  1 45 - 383 2105 880 43.5% - - - 0.4 3.6 0.4 

2/1  Ahead U C4:K  1 35 - 21 2080 681 3.1% - - - 0.0 3.8 0.4 

5/1+5/2 
 Right Left 

Ahead 
U C4:B  1 16 - 108 2105:1940 317+0 

34.1 : 
0.0% 

- - - 1.5 50.0 3.2 

7/2+7/1 
 Ahead 

Right Left 
U 

C4:C 
C4:O 

 1 64:18 - 908 2105:1940 1183+75 
72.2 : 
72.2% 

- - - 8.3 32.9 18.0 

8/1  Ahead U C4:L  1 35 - 20 2080 681 2.9% - - - 0.1 21.6 0.2 

11/1+11/2 
 Left Ahead 

Right 
U C4:D  1 13 - 146 1965:1940 250+0 

58.4 : 
0.0% 

- - - 2.5 62.3 4.9 

Ped Link: P1 
Unnamed 
Ped Link 

- C4:E  1 14 - 26 - 9164 0.3% - - - 0.2 28.0 0.4 

Ped Link: P2 
Unnamed 
Ped Link 

- C4:F  1 22 - 26 - 14400 0.2% - - - 0.4 58.6 0.7 

Ped Link: P3 
Unnamed 
Ped Link 

- C4:G  1 66 - 200 - 43200 0.5% - - - 0.5 9.1 2.4 

Ped Link: P4 
Unnamed 
Ped Link 

- C4:H  1 22 - 26 - 14400 0.2% - - - 0.4 57.8 0.7 

Ped Link: P5 
Unnamed 
Ped Link 

- C4:I  1 11 - 26 - 7200 0.4% - - - 0.2 29.3 0.4 

Ped Link: P6 
Unnamed 
Ped Link 

- C4:J  1 31 - 26 - 20291 0.1% - - - 0.2 28.9 0.6 

J6: Repslagaregatan - 
Lindövägen 

- - -  - - - - - - 86.1% 0 0 0 28.1 - - 

1/1 
 Ahead 
Right 

U C5:A  1 34 - 453 2105 670 67.6% - - - 6.7 53.3 11.3 

2/1 
 Ahead 
Right 

U C5:M  1 4 - 21 2080 95 22.2% - - - 0.6 105.7 0.8 

5/1+5/2 
 Right 
Ahead 

U C5:B  1 34 - 421 2080:1940 662+0 
63.6 : 
0.0% 

- - - 4.6 39.5 11.9 

7/2+7/1 
 Ahead 

Right Left 
U 

C5:C 
C5:D 

 1 55:15 - 931 2105:1940 1054+27 
86.1 : 
86.1% 

- - - 7.9 30.4 14.1 

8/1  Ahead U C5:N  1 34 - 16 2080 662 2.4% - - - 0.1 11.6 0.1 

11/1+11/2 
 Ahead 
Right 

U 
C5:F 
C5:E 

 1 36:40 - 665 2080:1940 630+166 
83.5 : 
83.5% 

- - - 8.2 44.3 18.0 

12/1  Left U C5:F  1 36 - 4 1965 661 0.6% - - - 0.0 27.3 0.1 



Basic Results Summary 

Ped Link: P1 
Unnamed 
Ped Link 

- C5:G  1 10 - 200 - 6545 3.1% - - - 3.2 58.3 5.9 

Ped Link: P2 
Unnamed 
Ped Link 

- C5:H  1 32 - 200 - 20945 1.0% - - - 0.8 14.2 2.2 

Ped Link: P3 
Unnamed 
Ped Link 

- C5:I  1 36 - 200 - 23564 0.8% - - - 1.4 25.4 4.1 

Ped Link: P4 
Unnamed 
Ped Link 

- C5:J  1 36 - 200 - 23564 0.8% - - - 1.0 18.1 2.6 

Ped Link: P5 
Unnamed 
Ped Link 

- C5:K  1 42 - 200 - 27491 0.7% - - - 0.8 15.2 2.3 

Ped Link: P6 
Unnamed 
Ped Link 

- C5:L  1 36 - 150 - 23564 0.6% - - - 1.1 25.4 3.1 

J7: Östra Promenaden - 
Knäppingsborgsgatan 

- - -  - - - - - - 70.7% 0 0 0 9.9 - - 

1/1  Left U C6:H  1 13 - 116 1940 247 47.0% - - - 1.8 57.0 3.7 

1/2  Ahead U C6:A  1 82 - 427 2080 1569 27.2% - - - 0.5 4.1 2.1 

2/1  Ahead U C6:D  1 64 - 17 2080 1229 1.4% - - - 0.0 1.6 0.0 

5/1+5/2  Right Left U C6:B  1 15 - 93 2080:1940 63+265 
28.4 : 
28.4% 

- - - 1.3 49.2 2.2 

7/1 
 Ahead 
Right 

U C6:C  1 63 - 856 2080 1210 70.7% - - - 6.2 26.0 18.3 

8/1  Ahead U C6:E  1 64 - 16 2080 1229 1.3% - - - 0.1 19.0 0.3 

Ped Link: P1 
Unnamed 
Ped Link 

- C6:G  1 62 - 200 - 40582 0.5% - - - 0.6 10.8 2.7 

Ped Link: P2 
Unnamed 
Ped Link 

- C6:F  1 12 - 50 - 7855 0.6% - - - 0.6 44.6 1.4 

J8: Östra Promenaden - 
Sjötullsgatan 

- - -  - - - - - - 84.2% 0 0 0 14.3 - - 

1/1  Left U C7:A  1 71 - 228 2080 1361 16.7% - - - 0.3 5.3 1.7 

1/2  Left Right U C7:A  1 71 - 245 1940 1270 19.3% - - - 0.4 6.5 2.0 

2/1  Left U C7:I  1 10 - 6 2080 208 2.9% - - - 0.1 39.0 0.2 

5/1  Right U C7:J  1 10 - 6 2080 208 2.9% - - - 0.1 53.9 0.2 

7/1  Ahead U C7:C  1 27 - 124 2080 529 23.4% - - - 0.9 26.9 2.0 

7/2+7/3 
 Right 
Ahead 

U 
C7:C 
C7:B 

 1 27:68 - 804 2080:1940 190+1093 
62.6 : 
62.6% 

- - - 5.4 24.0 28.0 

9/1  Ahead U C7:D  1 25 - 414 2080 492 84.2% - - - 7.1 61.8 14.5 



Basic Results Summary 

Ped Link: P1 
Unnamed 
Ped Link 

- C7:G  1 69 - 100 - 45164 0.2% - - - 0.2 7.9 1.1 

Ped Link: P2 
Unnamed 
Ped Link 

- C7:E  1 15 - 100 - 9818 1.0% - - - 1.9 66.7 2.9 

Ped Link: P3 
Unnamed 
Ped Link 

- C7:F  1 13 - 100 - 8509 1.2% - - - 0.7 25.8 1.5 

Ped Link: P4 
Unnamed 
Ped Link 

- C7:H  1 66 - 200 - 43200 0.5% - - - 0.5 9.1 2.4 

J9: Östra Promenaden - 
Fleminggatan 

- - -  - - - - - - 69.1% 0 0 0 16.0 - - 

1/2+1/1 
 Ahead 
Ahead2 

U 
C8:A 
C8:B 

 1 38:26 - 585 2080:1940 697+476 
40.9 : 
63.0% 

- - - 2.1 12.8 4.9 

1/3  Ahead U C8:A  1 38 - 286 2080 737 38.8% - - - 1.5 18.6 5.1 

3/1+3/2  Ahead Left U 
C8:D 
C8:C 

 1 20:19 - 408 2080:1940 342+249 
69.1 : 
69.1% 

- - - 5.7 50.3 7.7 

5/1  Ahead U C8:E  1 39 - 379 2080 756 50.1% - - - 3.4 32.0 9.4 

5/2  Ahead U C8:E  1 39 - 377 2080 756 49.8% - - - 3.3 31.9 9.4 

5/3  Right U -  - - - 186 2080 2080 8.9% - - - 0.0 1.0 0.0 

Ped Link: P1 
Unnamed 
Ped Link 

- C8:G  1 49 - 200 - 32073 0.6% - - - 0.6 11.5 2.0 

Ped Link: P2 
Unnamed 
Ped Link 

- C8:F  1 40 - 200 - 26182 0.8% - - - 0.8 14.7 2.3 

Ped Link: P3 
Unnamed 
Ped Link 

- C8:H  1 55 - 150 - 36000 0.4% - - - 0.4 10.7 1.5 

Ped Link: P4 
Unnamed 
Ped Link 

- C8:I  1 23 - 150 - 15055 1.0% - - - 1.2 28.0 3.6 

J10: Hospitalsgatan - - -  - - - - - - 12.1% 0 0 0 0.2 - - 

1/1  Ahead U -  - - - 221 2080 2080 10.6% - - - 0.1 1.0 0.1 

1/2 
 Ahead 
Right 

U -  - - - 235 1940 1940 12.1% - - - 0.1 1.1 0.1 

5/1  Right U -  - - - 181 1940 1940 9.3% - - - 0.1 1.0 0.1 

10/1  Right U -  - - - 45 1940 1940 2.3% - - - 0.0 0.9 0.0 

J11: Tegelängsgatan - - -  - - - - - - 16.4% 0 0 0 0.2 - - 

1/1  Ahead U -  - - - 274 2080 2080 13.2% - - - 0.1 1.0 0.1 

1/2 
 Ahead 
Right 

U -  - - - 318 1940 1940 16.4% - - - 0.1 1.1 0.1 



Basic Results Summary 

 C1 - Anl. 15  PRC for Signalled Lanes (%):  35.2  Total Delay for Signalled Lanes (pcuHr):  13.39 Cycle Time (s):  110 
 C2 - Anl. 16  PRC for Signalled Lanes (%):  -16.0  Total Delay for Signalled Lanes (pcuHr):  62.12 Cycle Time (s):  110 
 C3 - Anl. 17  PRC for Signalled Lanes (%):  3.4  Total Delay for Signalled Lanes (pcuHr):  11.49 Cycle Time (s):  110 
 C4 - Anl. 18  PRC for Signalled Lanes (%):  24.7  Total Delay for Signalled Lanes (pcuHr):  15.90 Cycle Time (s):  110 
 C5 - Anl. 19  PRC for Signalled Lanes (%):  4.5  Total Delay for Signalled Lanes (pcuHr):  28.08 Cycle Time (s):  110 
 C6 - Anl. 20  PRC for Signalled Lanes (%):  27.2  Total Delay for Signalled Lanes (pcuHr):  9.87 Cycle Time (s):  110 
 C7 - Anl. 21  PRC for Signalled Lanes (%):  6.9  Total Delay for Signalled Lanes (pcuHr):  14.33 Cycle Time (s):  110 
 C8 - Anl. 22  PRC for Signalled Lanes (%):  30.2  Total Delay for Signalled Lanes (pcuHr):  15.96 Cycle Time (s):  110 
  PRC Over All Lanes (%):  -16.0  Total Delay Over All Lanes(pcuHr):  171.57   

 
 



O/D 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 Total 

1 0 25 0 25 0 50

2 25 0 150 0 0 175

3 0 150 0 200 0 350

4 25 0 200 0 225

5 0 150 50 200

6 150 0 100 250

7 50 100 0 150

8 0 100 200 300

9 100 0 0 100

10 0 0 0

11 200 0 200

12 0 25 200 225

13 25 0 25 50

14 25 0 25 50

15 200 25 0 225

16 0 200 200 400

17 0 150 200 350

18 200 150 0 350

19 200 200 0 400

20 0 200 200

21 200 0 50 250

22 50 0 50

23 0 100 100 200

24 100 0 100

25 0 200 200

26 100 200 0 300

27 0 150 200 350

28 150 0 0 150

29 200 0 200

Total 50 175 350 225 200 250 150 300 100 0 200 225 50 50 225 400 350 350 400 200 250 50 200 100 200 300 350 150 200 6050



Origin-Destination matrix for Morning Peak period 

 

 

 



 

 

 

 

 

 

 



Origin-Destination matrix for Evening Peak period 
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