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Abstract 
As more and more trips increase in the decades, the conflicts between the participants 
are more and more frequent. The main topic of the thesis is to study the impact of the 
conflicts: the impacts of conflicts between right turn motor vehicles and pedestrians at 
signalized intersection. The study focus the impacts on urban area. In these areas, the 
conflicts between pedestrians and motor vehicles are particularly distinct. The situation 
thesis describes is: most of the signalized intersections whose signal for right-turn 
vehicle and pedestrian going through are at the same phase, thus unavoidably causes a 
lot of conflicts between pedestrians and motor vehicles during that time, and it also 
brings about a great chance of accidents as well. The behavior of motor vehicles drivers 
and pedestrians highly affects the how they will be conflicted. In addition, the impacts 
could be different with different flow of motor vehicle and pedestrians. In this process, 
gap acceptance of the pedestrian weighs a lot. And two models are used here to analyze 
the conflict. One is from the Swedish Capacity Manual and the other is from HCM 
2010. In the thesis, a typical signalized intersection is chosen and the video are recorded 
to obtain data. The thesis discusses the differences of the two models, and some 
observed behaviors. And, according to the result, 500 pedestrian flow increase will 
bring 100 saturation flow rate decrease; and pedestrians flow at peak hour will increase 
travel time of motor vehicle over 100%. After that, some further studies and alternate 
methods are discussed. 
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1 Introduction 

This chapter provide an introduction to the problem to be studied, and the specific 
problems of the thesis project addresses are stated. The goals and scopes of the thesis 
work are listed and so does the overview of the thesis structure. 
 

11.1 Background 
 
1.1.1 General Introduction of the Intersection 
 
Wherever you live, wherever you go, you become a participant of traffic. Traffic is so 
close to us that almost every day we will experience it. The study subject of the thesis 
describes is exactly the most common spot of the traffic system, intersection. 
Intersections, where two or more roads meet, are points of potential vehicle conflict 
(Transport planning and Traffic Engineering, 3rd, 2006). According to the geometry 
pattern, it could be basically divided into seven types. In urban area, because there are 
always pavements along the road, the conflicts thus include not only vehicles, but also 
between pedestrians and vehicles. 

 
In urban area, most of the intersections are signalized intersection. Intersections under 
traffic signal control operate on the basis that separate time periods are allotted to 
conflicting traffic movements so that each can make safe and efficient use of the 
carriageway space available (Transport planning and Engineering, 3rd). 
 
Since conflicts exist in the intersection, they will cause a series problem to all 
participants in this area. HCM 2010 use average control delay and capacity to determine 
the level of service of the signalized intersection, illustrate the impacts that conflicts 
bring about. However, many studies including HCM 2010 does not describe the 
pedestrian behavior in detail, especially the situation pedestrian has priority to across 
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the road. There was a model about it in Sweden in 1978. Recently, a revised model is 
coming out and this model is exactly the model used in this thesis. Although there are 
so many types of intersection, this thesis mainly focuses on the signalized intersection 
with cross type. 
 
1.1.2 Situation Description 
 
The thesis focus on the signalized intersection with cross type, and the conflict between 
right turn vehicles and go through pedestrians. In most countries, there is no special 
split phase for right turn vehicles. The pedestrians’ green phase and right turn vehicles’ 

green phase are at the same time. Thus they will unavoidably conflict to each other 
(Figure 1). 

 
FFigure 1 Situation Description 

Many literatures discuss the situation that pedestrians will across the road by observing 
right-turn vehicles. However, in country like Sweden, pedestrians have the priority to 
across the road, and vehicles in fact have to wait. The variable needs to be measured in 
this study is acceptance gap of vehicle to pass pedestrian flow instead. When the signal 
goes green, a crowd of pedestrians will begin to across the road, and the right turn 
vehicles have to wait until pedestrians finished crossing or there is an enough gap 
acceptance to cut in. Even the lane which has bus lane also has to wait. Besides crowd 
of pedestrians, there are some discrete pedestrians who may across the road at any time. 
Both pedestrians’ and drivers’ behavior importantly affected the capacity of the 
involved lanes. 
 
1.1.3 Driver Behavior 
 
The case in Sweden is different from most Asian countries, most of the time, when 
motor vehicles and pedestrians conflict to each other, pedestrians have priority to pass. 
When pedestrians intend to across the road, motor vehicles must wait until pedestrians 
finish crossing. And it is the same as the case studied here, too. When right turn vehicles 
conflict to go through pedestrians, pedestrians have priority to pass first. There are four 
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phenomena which should be focused on. First, the start time loss of the vehicle. When 
light changes, it usually take a moment for driver to react and to start, and starting the 
vehicle will also spend some while. Second, the breaking or swerving of an approaching 
vehicles are performed to avoid contacting with crossing pedestrians, which will cause 
delay, and largely determines how many vehicles will pass during the phase. For easy 
calculation, the acceleration and deceleration time loss are assumed to be fixed. Third, 
the acceptance gap to across. If there are lots of pedestrians continue passing the 
intersection, motor vehicles will have no chance to get through. However, there is a 
threshold time/space (usually called critical gap or acceptance gap/lag) that enable 
vehicle to go through. And longer vehicles waiting, the shorter the acceptance gap will 
be because the mentally change of the driver. Forth, the unregularly behavior. There are 
always unregularly behavior in social issues, such as over speed vehicles or ambulance 
for emergency. If these cases happen, that item of data will be ignored. 
 
1.1.4 Pedestrian Behavior 
 
Similar to driver behavior, pedestrians also have their characteristics. First, reacting 
time. Same reason as driver behavior, pedestrian seldom start immediately across the 
street when light turns green. Second, pedestrians group. Different to vehicles, 
pedestrians have more flexible mobility, thus they always grouped to cross street. That 
will cause a continuous block since no vehicles could go through a group of pedestrians. 
After that, there will be discrete pedestrians across the street. Their successive time gap 
will affect the behavior of vehicles, i.e. the third driver behavior mentioned before. 
Third, the property of the pedestrians. Different people has different attributes, such as 
reacting time, walking speed, etc. 
 
1.1.5 Macroscopic Analysis 
 
However, these above factors are all about microscopic analysis. Another analysis 
method is about macroscopic analysis method. This method analysis the situation from 
the aspect of traffic volume of each lane and the occupancy rate of blockage area. This 
method may be good to do generalized analysis, but hard to say if meet the fact of the 
area. 
 

11.2 Purpose 
 
As more and more trips increase in the decades, the conflicts between the participants 
are more and more frequent. The main topic of the thesis is to study the impact of the 
conflicts: the impacts of conflicts between right turn motor vehicles and pedestrians at 
signalized intersection. The study focus the impacts on urban area. In these areas, the 
conflicts between pedestrians and motor vehicles are particularly distinct. The situation 
thesis describes is: most of the signalized intersections whose signal for right-turn 
vehicle and pedestrian going through are at the same phase, thus unavoidably causes a 
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lot of conflicts between pedestrians and motor vehicles during that time, and it also 
brings about a great chance of accidents as well. The behavior of motor vehicles drivers 
and pedestrians highly affects the how they will be conflicted. In addition, the impacts 
could be different with different flow of motor vehicle and pedestrians. In this process, 
gap acceptance of the pedestrian weighs a lot. And two models are used here to analyze 
the conflict. One is from the Swedish Capacity Manual and the other is from HCM 
2010. In the thesis, a typical signalized intersection is chosen and the video are recorded 
to obtain data. The thesis discusses the differences of the two models, and some 
observed behaviors. In Sweden Capacity Manual of 1978, a model is given to analyze 
the similar situation. However, how the revised model works remains unknown. The 
thesis work is also an attempt to use new model and examine how it works. 
 

11.3 Working Steps 
 
As stated before, the purpose of the study is to describe the detail process of conflicts 
between motor vehicles and pedestrians in the signalized intersection by developing a 
model. The conflicts of pedestrians and motor vehicles will bring delay, stops or even 
result to accidents. These impacts and results will be studied according to the field work 
and further analysis of the data. In summary, there are 3 steps to complete. 
 
The first step of the study is literature review. There are a lot cases in different situations. 
How the driver behavior will affect the movement, how the geometry will influence the 
conflicts, and some other factors like signal cycle time, flow rate of the pedestrian and 
motor vehicles, etc.. 
 
The second step of the study is choosing study area, conducting data collecting and 
processing data. First, some typical signalized intersections will be chosen as study 
object. Considering that lots of pedestrian flow are needed to obtain as more 
observations as possible, the intersection should be better with an access to public 
transport system or railway system. After wandering around some intersections in 
Stockholm city and the intersection of Hamngatan and Regerningsgatan is chosen as 
the observing site of the project. The metro station is not far from the intersection, and 
there are bus stops on the north and south bounds. Besides examining the impacts to 
motor vehicle, the impact on buses could be also discussed. For data collection, a 
camera will be used to record some periods of the intersection and trace trajectory of 
each pedestrian and each vehicles. All of their speed, start time and stop time will be 
recorded, and the flow will be summed. And, geometry of the crosswalk, intersection 
and signal timing scheme such as width, length of the crosswalk, green time, red time 
and cycle time etc. will be collected as well. Data collecting requires a fine weather and 
a sound road condition, too. The data will be used to analysis the relationship between 
vehicle saturation flow and pedestrian flow. 
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11.4 Thesis Structure 
 
The thesis will first introduce the general knowledge of the field in Chapter 1, and 
following the literature study, discussing the studies conducted before and comparing 
them to what the thesis will study in Chapter 2. Chapter 3 enlighten the method 
conducted of the study, detail steps and process will be demonstrated. Chapter 4 
includes data collection, processing and the analysis of the data, which is the main part 
of the thesis. And finally Chapter 5 draw the conclusion and further study will also be 
discussed. 
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2 Literature study 

The core of the topic actually is to use a good model to describe the conflicts. Related 
contents include driver behavior, signal pattern, pedestrian behaviors, and gap 
acceptance, etc. There are many researches related to conflicts between motor vehicles 
and pedestrians. Here is a brief review of the related research and studies of it. 
 
Based on IHTCT, Kaparias etc (2010) develop a new method with the share-space 
environment analysis. By defining 5 kinds of factors and classify the degree of them, 
they establish a 4 grades assessment model to describe the conflict of the vehicle and 
pedestrian. However, they failed to explain the interference between pedestrians and 
vehicles, only degree of severities are discussed. Although it is a good method to 
categories the conflicts or accident of the pedestrians and vehicles, the impact that the 
process cause are ignored.  
 
Liping Gao etc (2012) develop a delay model to analysis the behavior of pedestrian and 
vehicles at signalized intersection. According to the model established and the 
simulation of case study, the average delay of the results shows that twice pedestrian 
crossing is much better than once at most of the time. And an optimal timing scheme is 
analyzed. However, this research focuses on delay of the vehicles and pedestrians, the 
detail behavior, stop and wait, i.e. acceptance gap is not involved. 
 
Yuelong Su etc (2008) examine and simulate the confliction of pedestrian and vehicles 
by changing the phase of the signalized intersection and the results shows that more 
pedestrians lead to higher possibility of conflicts, and if the conflict probability 
occurring in the crosswalk between pedestrian and right-turning vehicles is higher than 
0.6, setting exclusive right-turn phase should be considered.  
 
Junhua Wang (2010) analysis the process of conflict between pedestrian and vehicle, a 
function to calculate gap is provided, then. The reacting time and start time are 
discussed in the function. The involved variables are yield to different distribution and 
in the simulation, the probability of conflict is simulated, and get the results that the 
conflict probability is highest at 600pcu/h, and it will decrease when the flow exceed 
the value. However, this conclusion ignores the impacts of pedestrian flow, and 
calculated gaps may not widely used since pedestrians’ behaviors differ from where 

they live. 
 
Wael K.M Alhajyaseen, etc (2013) discussed the left turn gap acceptance considering 
pedestrian moving characteristic. The study carried out in Japan, where drive lane is on 
the left. They divided the conflicts into 5 types and estimate the acceptance probability 
distribution by regression it to Weibull distribution for each of them. After a case study, 
they draw the conclusion that drivers are more likely to pay attention to the pedestrians 
from far side because the seat of the driver; driver tended to accept short lags than short 
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gaps; and passing vehicle with higher speed is more likely to accept gap or lag of single 
pedestrian, thus more pedestrian flow is more safety. In the thesis work, the model to 
calculate gaps and lags are adopted to determine the values in Sweden. 
 
Also, in Highway Capacity Manual 2010, a method is developed to evaluate the level 
of service of a signalized intersection. And the former Swedish Capacity Manual also 
has the similar research in 1978. The Swedish Capacity Manual establishes a saturation 
flow model for right turn vehicle. And the pedestrians flow’s impact are related to 

geometry pattern of the intersection, which is more realistic to describe the process and 
effects of the conflict. Different to other method, this model focuses on the saturation 
flow, which is more obvious and easier to explain and understand. The new Sweden 
Capacity Manual (2013) updates the method and some variables change. The thesis will 
use this new model conducting the analysis and testing the model at the same time. 
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3 Methodology 

The data is collected by video camera and be processed by software SAVA (Jeffery 
Archer, 2003). And one model is used to calculate acceptance gap/lag and the other two 
to calculate saturation flow of the lane occupied by turning vehicles. Based on these 
three models, the further analysis is conducted. 
 

33.1 Some Definitions 
 
There are some definitions need to be cleared first, although they may have different 
meanings when used in different occasion, the following definitions will applied on this 
thesis. 
Conflict: the interference between pedestrians and turning vehicles, mainly behaved as 
causing stop or delay to one or both of them. 
Conflict/Blocking Area: the area where conflicts happened, treated as a square area at 
crosswalk. 
Acceptance gap/lag: gap is the time which permits a vehicle pass between successive 
pedestrians; and lag is the time which permits a vehicle pass in front of an approaching 
pedestrian. 
Green time: the time when the signal is green for through pedestrians and turning 
vehicles. 
Intergreen: the time interval that all light are red including yellow (amber) time, mainly 
discuss the intergreen after go through pedestrians’ green phase here. 
Demand flow rate: The count of vehicles arriving at the system element during the 
analysis period, converted to an hourly rate. When measured in the field, this flow rate 
is based on a traffic count taken upstream of the queue associated with the system 
element. This distinction is important for counts made during congested periods 
because the count of vehicles departing the system element will produce a demand flow 
rate that is lower than the true rate [HCM 2010]. 
 

3.2 Acceptance Gap/Lag Model 
 
According to a research conducted by Takata Foundation and Japan Society for the 
Promotion of Science (JSPS, 2013), a method to estimate acceptance gap is used in this 
thesis. This paragraph focuses on introducing this method, and analysis the strong and 
the shortage of it. The author gives out a category of different gaps/lags. In this thesis, 
they are mixed into one type. 
 
In general, the method includes calculation of the percentage of acceptance gap/lag, and 
estimate cumulative Weibull function from the distribution of acceptance gap/lag. 
Finally, the acceptance gap/lag could be chosen from the distribution of estimated 
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Weibull distribution. 
 
3.2.1 Weibull Distribution Estimation 
 
According to the data obtained from video clips, the acceptance gaps are recorded. With 
1 sec interval, the number of observed acceptance gaps will be obtained. Each case’s 

acceptance rate of a certain gap is calculated by Function 3.1, where i refers to the ith 
gap of the all gaps of the case. 

 

Since longer gap is more possible to pass vehicle, the longer the gap, the higher 
probability a vehicle will pass then. Thus the result of the percentage will be 
demonstrated as histogram or scatter like the following, the results will be something 
like Figure 2. This pattern is easy to present by Weibull distribution function. 

 
According to the data and graph obtained, the Cumulative Weibull distribution function 
(function 3.2) is the best way to estimate the acceptance gap. The following figure is 
the Weibull distribution with α equals to 7 and β equals to 5. 

 
In the equation, α affects the speed to reach a steady state in the figure, a large α will 
results to a long time to reach steady state, it reflects the discrete degree of the gap. And 
β affects the gradient of the figure, a large gradient will result to a high gradient of the 
figure, and it reflects the change rate of the acceptance gap. 
 

0
0.2
0.4
0.6
0.8

1
1.2

0 5 10 15 20

Pe
rc

en
ta

ge

Second (s)

Scatter Example

0
0.2
0.4
0.6
0.8

1
1.2

1 2 3 4 5 6 7 8 9 101112 13141516

Pe
rc

en
ta

ge

Second (s)

Histogram Example

Figure 22 WWeibull Distribution Scatter and Histogram Example 



10 
 

 
FFigure 3 Weibull Distribution Example 

 
3.2.2 Strong and Weakness 
 
This model is easy to calculate, since there is no complicated calculation in estimation. 
And same as all probability model, with large quantity of data, the accuracy of the 
model is guaranteed. However, also same as all probabilistic model, the parameters of 
the model are hard to be explained by realistic factors but only by statistic relationships. 
Another shortage of the model, is the data. As introduced before, the model need 
trajectories of all pedestrians and vehicles, which unavoidably would cause a large 
quantity of work to collect data, and the precision and accuracy of the data are also 
important since it never an easy job to extract data from video. 
 

3.3 Swedish Saturation Flow Model 
 
Another model would conducted in this thesis is a saturation flow model, which is used 
to analysis the capacity of right turn vehicles of the intersection under the situation 
described in the first chapter. And the acceptance gap calculated by last model is used 
in this model. This part mainly focuses on introducing the Saturation Flow model. This 
model is from Sweden Capacity Manual (2013). 
 
Since there is not only one steps of the signal phase, the model also split into two parts. 
One is the saturation flow in green time and another is the capacity during intergreen. 
 
3.3.1 Capacity and Saturation Flow in Green Time 
 
The saturation flow in green time is the core of the model. Because of the complicated 
behavior of pedestrians, the capacity of the turning vehicle during green time will 
divided into four parts. First, these four steps should be cleared. In the following figure, 
the 4 steps of the blocking is shown and explained. 
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FFigure 4 Crossing Process 

 
t1 – the time group of pedestrians from near side start blocking vehicles, ended at t2; 
t2 – the time discrete pedestrians from near side start blocking vehicles randomly, this 
step continue to the end of the green time; 
t3 – the time group of pedestrians from far side start blocking vehicles, ended at t4; 
t4 – the time discrete pedestrians from far side start blocking vehicles randomly. 
 
As no vehicles could pass when the blocking area is occupied, the effective green time 
is the rested t2 to t3 and t4 to the end. These two time point could be calculated from the 
geometry data of the intersection and flow rate of the pedestrians. 
 

 

where, 
rp – red time for pedestrians 
qp – pedestrian traffic flow (person/s), for both ways 
ap – area of each waiting pedestrian, 0.8 m2/person 
wcr – the crossing width(m) 
 
If lcr / 2 > lgroup 
t1 = (lcr / 2 - lgap) / vmax 
t2 = (lgap + lgroup) / vmin 
t3 = (lcr - lgap) / vmax 
t4 = (lcr / 2 + lgap + lgroup) / vmin 
 
And if lcr / 2 ≤ lgap 
t1 = 0 
t2 = (lcr / 2 + lgroup) / vmin 
t3 = (lcr / 2) / vmax 
t4 = (lcr + lgroup) / vmin 
 
where, 
lgap – acceptance gap for vehicles crossing between successive pedestrians (m) 
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lcr – the total crossing length 
vmax – maximum walking speed 1.6m/s 
vmin – minimum walking speed 1.0m/s 
tb – the blocked time for the right turning vehicle due to crossing pedestrians 
lgroup – length of the crossing group 
 
And the saturation flow when vehicles are only blocked by random arriving pedestrians 
is expressed as below. 
 

 

 
where, 
Sg – largest number of turning vehicles that can pass per green phase per lane; 
gap – acceptance gap/lag for vehicle to pass the blocking area; 
S’ – saturation flow rate without conflicting to pedestrians. 
 
With the different type of acceptance gap, the g’s value is calculated as weighted 

average which is weighted by the number of the cases observed. 
 
When analysis the turning vehicles, the number of right turn vehicle pass the 
intersection during green time then could be calculated as: 
 

 
 
Where gg is the green time adjusted by the blocked time for the right turn vehicle due 
to crossing pedestrians: 
 

 
tb = ((t2 - t1) + (t4 - t3))(1 - e^(- rp * qp / 2))       for  t2 < t3 
tb = (t4 - t1)(1 - e^(- rp * qp / 2))                   for  t2 ≥ t3 
 
3.3.2 Capacity during Intergreen 
 
After signal changes to red, there always some vehicles have passed the stop line but 
not reach the blocking area. They are no included in the calculation before. Since the 
intergreen is fixed and only pedestrian and the percentage of the turning vehicles will 
affect the number. Thus, the number of vehicle could pass the intersection during the 
intergreen is calculated as: 
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Nr – Number of vehicles could pass the intersection after signal change to red; 
psv – Percentage of turning vehicles of the lane 
 
3.3.3 Model Calculated Output 
 
With the certain percentage of turning vehicles, the saturation flow rate could be 
calculated. But first, the two boundaries are needed. 
 

 

 
 is same to the saturation flow of an exclusive through lane. 

Finally, the capacity for one lane of a certain percentage right turn vehicle during green 
time is expressed as below, which is the weight harmonic average: 
 

 

 

33.4 HCM 2010 Saturation Flow Model at Signalized Intersection 
 
In HCM 2010, researchers provided a method to calculate saturation flow rate of right 
turn vehicles at signalized intersection, too. The second model of the thesis is this model. 
Different from the model in Swedish, whose model focuses on microscope of the 
conflicts, variables like acceptance gap, length and width of the crosswalk, and the walk 
speed of pedestrians, etc. however, HCM model focuses on a more macroscopic vision 
of the area, variables like utility of the lane and occupied time of the referenced area 
etc. are involved. 
 
The following part of this chapter will introduce the HCM model, and this model will 
be applied to the target intersection and compared to the Swedish model introduced 
before. 
 
HCM 2010 provides the model which fits to a lot of cases. Since the situation described 
in this thesis is only one case of them, the following model is only a part of the 
calculation in the Manual. The following contents are referred to Chapter.18 and 
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Chapter.31 of HCM 2010. 
 
3.4.1 Saturation Flow Rate for Exclusive Through Lane(s) 
 
Basically, all saturation flow rate calculation is based on single lane’s saturation flow 

rate. This part will introduce the computation of the adjusted saturation flow rate for 
each lane of lane group. The procedure described here applies to lane groups that consist 
of an exclusive through lane (or lanes) operating in a pretimed protected mode and 
without pedestrian or bicycle interaction. 
 
Function 3.10 is the adjusted saturation flow rate calculation: 
 

 
 
where 
s – adjusted saturation flow rate (veh/h/ln) 
s0 – base saturation flow rate (pc/h/ln)  
fw – adjustment factor for lane width 
fHV – adjustment factor for heavy vehicles in traffic stream 
fg – adjustment factor for approach grade 
fp – adjustment factor for existence of a parking lane and parking activity adjacent to 

lane group 
fbb – adjustment factor for blocking effect of local buses stop within intersection area  
fa – adjustment factor for area type 
fLU – adjustment factor for lane utilization  
 
Following subpart discussing above listed factors on detail. 
 
Base Saturation Flow Rate 
 
This variable varies from the size of population of the studied area. On detail, 
metropolitan area with population larger than 250000, the base saturation flow is 1900 
pc/h/ln, otherwise, 1750 pc/h/ln. 
 
 
Adjustment for Lane Width 
 
Similar to other capacity calculation, lane width has positive or negative impact on 
capacity. Wider lane helps vehicle to pass, and narrow lane reduces the capacity instead. 
The factors is chosen from the chart below: 
 

Average lane width (ft) Adjustment Factor (fw) 
<10.0 0.96 

10.0-12.9 1.00 
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>12.9 1.04 
 
Adjustment for Heavy Vehicles 
 
Heavy vehicles like HGV or van connected with car should be treated as double or even 
triple cars. According to the observed share of heavy vehicles, the factor is calculated 
as below: 

 

 
where 
PHV – percent heavy vehicles in the corresponding movement group (%) 
ET – equivalent number of through cars for each heavy vehicle = 2.0 
 
Adjustment for Grade 
 
If the studied approaches’ grade is between -6.0% and +10.0%, the equation below 
could be used to adjust the impact of grade. 
 

 

 
where Pg is the approach grade for the corresponding movement group (%). 
 
Adjustment for Parking 
 
This factor is used to calibrate the case that a lane or adjacent lanes have vehicles parked. 
If parking is present, the chance of blocking or speed down will increase. If no parking 
is present, this factor is 1 instead. 
 

 

 
where 
Nm – parking maneuver rate adjacent to lane group (maneuvers/h), and 
N – number of lanes in lane group (ln) 
 
Adjustment for Bus Blockage 
 
This factor in factor is similar to parking adjustment, and the calculation method also 
reflect the similarity. 
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where 
Nb – bus stopping rate on the subject approach (buses/h) 
N – number of lanes in lane group (ln) 
 
Adjustment for Area Type and Adjustment for Lane Utilization 
 
Busier area has more frictions of participants, thus reduce the flexibility of the 
movement. When the area is CBD, usually use value of 0.90. However, according to 
the geometry and design of the intersection, the headway or gaps may different, this 
value can be changed, too. 
 
For lane utilization, it is used to estimate saturation flow rate for a lane group with more 
than one exclusive lane. If the lane group has one shared lane or one exclusive lane, 
then this factor is 1.0. 
 
3.4.2 Factor of Conflict with Pedestrian 
 
Since the study object is the conflicts between pedestrians and vehicles, the factor of 
conflict with pedestrian is one of the main factor should be determined. HCM 2010 
gives a model to determine the factor of pedestrians and bicycles in Chapter.31. In the 
situation studied in this thesis, very few bicycle pass the intersection, thus the impact 
of bicycle is ignored.  
 
Pedestrian Flow Rate during Service 
 
This calculation needs signal cycle time, each phase duration, and the pedestrian flow 
rate. The equation is expressed as below: 
 

 

 
where 
vpedg – pedestrian flow rate during the gped (p/h) 
vped – pedestrian flow rate in the subject crossing (walking in both directions) (p/h) 
C – cycle length (s), and 
gped – pedestrian service time (s). 
If the phase providing service to pedestrians is actuated, has a pedestrian signal head, 
and rest-in-walk is not enabled, then the pedestrian service time is equal to the smaller 
of (a) the effective green time for the phase or (b) the sum of the walk and pedestrian 
clear settings [i.e., gped = min(g, Walk + PC)]. Otherwise, the pedestrian service time 
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can be assumed to equal the effective green time for the phase (i.e., gped = g). 
 
Average Pedestrian Occupancy 
 
After calculated pedestrian flow rate during service, the average pedestrian occupancy 
is computed, which is used to express the proportion of the time when blocking area is 
occupied. 
If the pedestrian flow rate during the pedestrian service time is 1,000 p/h or less, then 
the pedestrian occupancy is computed with Function 3.16. 
 

 

 
where OCCpedg is the pedestrian occupancy, means the proportion of time that 
pedestrians occupies the conflicting area. 
Alternatively, if this flow rate exceeds 1,000 p/h, then Function 3.17 is used. 
 

 

 
A practical upper limit on vpedg of 5,000 p/h should be maintained when this equation is 
used. 
 
Since no bicycle effect is discussed, the calculation of bicycle flow rate during service 
and occupancy is omitted. 
 
Blocking Area (or named Conflict Zone in HCM) Occupancy 
 
Without bicycle effect, the computation of conflict zone occupancy is simplified. 
 

 

 
This equation is under two assumptions, (a) pedestrian crossing activity takes place 
during the time period associated with gped and (b) no crossing occurs during the green 
time period g – gped, when this time period exists. And, if the pedestrian service time is 
assumed to equal the effective green time, OCCr = OCCpedg. 
 
Unoccupied Time 
 
The unoccupied time is the time vehicles could pass the blocking area, and the adjusted 
factor of pedestrian is related to this variable directly. 
If the number of receiving lanes is equal to the number of turning lanes, it is unlikely 
that vehicles would maneuver around pedestrian to pass the blocking area, else if the 
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receiving lanes exceeds the turning lanes, the action of maneuver around pedestrian 
may happen, and the effect of pedestrian blocking will be weaken. The equations are 
expressed as below: 
 

 

 
The choice of the equation should be based on field observation for illegal turning or 
parking vehicles on the way. 
 
Finally, the factor of pedestrian effect is fRpb = ApbT for permitted right-turn operation 
in an exclusive lane. If a protected phase existed, the factor is 1 instead. Since the case 
that the right turning phase vehicles are still affected by pedestrians in Sweden, the 
calculated one is adopted. 
 
3.4.3 The Saturation Flow in a Shared Lane 
 
The approach in 3.4.1 only fits to exclusive direction lanes, when involved shared lane, 
another model is used instead. This model is introduced in Chapter.31 of HCM 2010. 
Similar to model before, only the part will be used in the thesis is introduced here. 
 
Average Demand Flow Rate Per Through Lane 
 
Although only right-turn vehicles are cared, the flow rate of other lanes still have effects 
on turning vehicles indirectly. To calculated saturation flow rate of the right-turn shared 
lane, the average demand flow rate per through lane should be calculated before. There 
are two cases to calculate this variable. One is shared lane only involves through, and 
the other is shared right-turn and left-turn. Since the other one is unrelated to our case, 
it is omitted here. 
 

 

 
where 
vlt – left-turn demand flow rate (veh/h) 
vth – through demand flow rate (veh/h) 
vrt – right-turn demand flow rate (veh/h) 
Nsl – number of lanes in shared left-turn and through lane group (ln) 
Nt –number of lanes in exclusive through lane group (ln) 
Nsr –number of lanes in shared right-turn and through lane group (ln) 
 
Probability of Changing Lane 
 
The reason to calculate average flow rate per through lane is that vehicles have chance 
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change lanes before they pass the intersection. The average flow rate is used to calculate 
probability that vehicles may change their lanes. 
 

 

 
where 
slc – maximum flow rate in which a lane change can occur (= 3600/tlc), veh/h/ln 
tlc – critical merge gap (= 3.7), s 
Modified Through Car Equivalent For a Protected Right-turn Vehicle 
 
To find an equivalent value to transfer right-turn vehicle to through vehicle, a new 
parameter should be calculated because of the shared lane effect. ER is used as the 
equivalent parameter when calculate exclusive left turn lane. 
 

 

 
where 
ER – the equivalent number of through cars for a protected right-turning vehicle (= 1.18) 
 
Saturation Flow Rate of Shared Lane 
 
The shared lane’s saturation flow rate is based on an exclusive through lane without 

interference with pedestrians or bicycles. The equation is expressed as below: 
 

 

 
where 
ssr – saturation flow rate in shared right-turn and through lane group with permitted 

operation (veh/h/ln) 
sth – saturation flow rate of an exclusive through lane (= base saturation flow rate 

adjusted for lane width, heavy vehicles, grade, parking, buses, and area type) 
(veh/h/ln), which is introduced in 3.4.1. 

PR – the proportion of right-turn vehicles in the shared lane 
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4 Data Processing and Analysis 

This chapter mainly discuss the process of selecting observing sites, data collection, 
data reduction and data analysis. 
 

44.1 Site Selection and Site Information 
To achieve as more precise and accurate as possible analysis, a good observed site 
should be satisfy the following conditions: 
� Enough flow of pedestrians 
� Enough flow of vehicles 
� Enough conflicts between the vehicles and pedestrians 
� At least one lane with right turn and go through 
� Pedestrians’ green phase and right turn vehicles’ green phase are at the same time 
� An enough wide area to erect the video tower or enough high level to observe the 

intersection. 
 
After general searching on maps, there are four candidates: intersection of Götgatan 
and Folkungagatan, intersection of Fleminggatan and Sankt.Eriksgatan, intersection of 
Fridhemsgatan and Drottingholmsvägen and intersection of Hamngatan and 
Regeringsgatan. Following are the detail choices and analysis of these intersections. 
 
4.1.1 Intersection of Götgatan and Folkungagatan 
 
This intersection located at the south of the Stockholm and Götgatan is also a main lane 
of the area. There are enough motor vehicle traffic flow at this intersection. And, the 
intersection has metro stations at the northeast and northwest corner, the pedestrian flow 
rate meet the requirement, too. Considering the locations of the metro station, the 
observing crosswalk should be better on east or west. And the signal phase meets the 
requirements, too. However, the lanes in north and south bounds’ right turn direction 
are separated with through direction, and there is a bicycle lane between them. In this 
case, the variable psv mention before turns to be 1, and in this case the situation becomes 
a special case of general ones, i.e. all vehicles turn right, the percentage is 100%. This 
will simplify the study too much. Another problem of this sites is it hard to find a place 
to erect video tower. Although it may possible to ask people live in the building of the 
intersection if the balcony is available, it is not convenient to bother them every day. 
Finally, this site is excluded. 
 
The 3D map below shows the information discussed above. The direction of north is 
signed on the right corner of the top; metro stations in blue circles and lanes marked in 
red circle: yellow arrows for motor vehicle, and green for bicycle. And the pavement is 
too narrow to park van to erect tower. 
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FFigure 5 Intersection of Götgatan and Folkungagatan 

 
4.1.2 Intersection of Fleminggatan and Sankt.Eriksgatan 
 
This site actually is the first site chosen to be candidate. The geometry of the 
intersection is very good. As main streets of the area, all bounds’ flows are enough, and 
with metro entrances on the corners (see figures below, with blue circles), and bus stops 
on Fleminggatan, there are sufficient pedestrian flow to be observed. 

 
Figure 6 Intersection of Fleminggatan and Sankt.Eriksgatan 
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The mark on the street is clear, although right turn and trough lanes separated on the 
approaching, they are in the same lane before, and the percentage of the right turn 
vehicles is still available to calculate. Next, the signal phase also meets the demand. 
The only problem is the observing point. One of the corner is a shopping mall, and the 
rest buildings even have no balcony. And there is no place to park van on the street, 
either. Although a very good site, it’s too hard to conduct observing. 
 
4.1.3 Intersection of Fridhemsgatan and Drottingholmsvägen 
 

 
FFigure 7 Intersection of Fridhemsgatan and Drottingholmsvägen 

 
Strictly speaking, this is not an intersection, however, the geometry still meets the 
requirement. A metro entrance on northeast corner and a bus stop on west approaching. 
There is enough area on opposite of the street to erect tower, too. It seems a good site 
to conduct observation. However, there is a problem of pedestrian flow. After general 
observing this crossing’s pedestrian flow, the flow is highly correlated to the arriving 
metros and buses. Because there is no other places attract people in this place, people 
come to this place mainly for transferring. In this case, it is not good to analysis the 
impact of conflict because people will grouped and seldom single pedestrian has 
conflict with vehicle, which is the main focus of the study. And the geometry of 
crosswalk is also not easy for calculation. 
 
4.1.4 Intersection of Hamngatan and Regeringsgatan 
 
This site located at east of Centralen in Stockholm. With several shopping mall around 
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the intersection, there is a large quantity of pedestrian flow and motor vehicle flow in 
this intersection. All of the directions’ lanes meets the requirement, and signal phase is 
good, too. The pavement in south approaching has an enough wide area to erect video 
tower, and two approaches could be observed in this place (Figure 8). This site finally 
is chosen to be study area, and the detail geometry information is demonstrated in the 
next paragraph. 
 

 
FFigure 8  Intersection of Hamngatan and Regeringsgatan 

 
4.1.5 The Geometry Information of the Selected Intersection 
 
 According to the model 
mentioned before, the data needed 
of this intersection includes length 
and width of the crosswalk, cycle 
time, green time of the 
pedestrians, pedestrian flow, 
motor vehicle flow and right turn 
share of the lane. From the 
geometry data, the two crosswalks 
length and width are maresured. 
 
For north crosswalk, including 
island in the middle of street, the 
length is 14.7m and width is 8.2m. 
For West crosswalk, including Figure 99 DDetail Information of Selected Intersection 



24 
 

island in the middle of street, the length is 24m and width is 5.8m. Some other data 
could be used are demonstrated in the figure below. 
 

44.2 Field Observing 
 
Data observing is conducted in a fine weather. 3 days observation are planned to 
conduct observing. The data observing using a van with video tower, and the video clips 
are recorded by the two DV recorders inside the van. 
 

 
Figure 10 Observing Van 

 
After connecting all of the cables, the date and time should be set to the current ones. 
The following figures displayed the set time on the bottom at left corner. The recorded 
time and the time remained of the tape is displayed on the top at right corner of the TV 
inside. 
 
The first 3 hours are treated as a pilot study of the area, which are used to test instrument 
and whether the data meet the demands. And the results turned out to be good, and the 
data observation continues at that place. The vision that observed from television is 
shown below: 
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FFigure 11 Vision Example 

 
The video tapes are digitalized to mpg format and analyzed in software SAVA which 
will be introduced in the next part of the chapter for the first model. For second model, 
since only flow data is needed, a simple Excel VBA UserForm is programmed as a 
counter to record the flow. 
 

4.3 Data Reduction 
 
4.3.1 Data Reduction for Gap/Lag Model 
 
The first model required data of gap/lag for vehicles pass in front of or between 
pedestrians at the blocking area. The reduction process using a software named SAVA, 
which is an assist program to record the time of an object when it reach a certain point 
observed. The program requires windows XP environment to run, and only .mpeg 
and .avi formats are accepted to play in this program. The detail configuration is 
demonstrated below. 
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Synchronize the Time 
 

 
FFigure 12 Synchro Time 

 
Adjust recording time with mouse wheel to change the time to an as accurate point as 
possible, then apply the changes. And the time on the top at left corner will be 
synchronized to the time set when conducted observation. 
 
If distance is required, the distance configuration can be set in Coord Calibration, by 
setting a distance data of a quadrangle with diagonal, a unique flat plane and observing 
angle will be determined. To test if the coordination is good, the function of Dist 
Calculation is helpful. This thesis doesn’t need this function, and it is omitted here. 
 
Setting Virtual Line 
 
Open Virtual Lines window to set virtual lines on screen. Each virtual line has its own 
id and the format of the line can be changed in the box opened at the bottom at right 
corner. When vehicles or pedestrians reach the virtual line, the data will be recorded 
manually, the record includes participant type, participant id, virtual line id, and time. 
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FFigure 13 Virtual Line Drawing 
 
Data Input and Output 
 
Click Input and Output to open 
input and output window. To 
record an item, first step is to 
click the input object, and then 
click the virtual line id it reached, 
the related data will be 
automatically recorded at the 
output window shown on the 
right. Be attention that only the 
most recent recorded or certain 
id’s object’s data can be deleted. 

It’s better to track one object and 

start another when this one is 
finished. 
 
After saving the data, the data 
could be loaded from the last 
entry position, or it will take a 
very long time to finish one tape. Figure 114 DData Input and Output 
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Application 
 
The virtual lines needed are demonstrated on the figure below. For vehicles, only the 
time reach blocking area and time leaving blocking area are needed. When a right turn 
vehicle reach line 2, record the time of turning vehicle and the nearest pedestrian (if 
exists) at virtual line 5 or 3 (it doesn’t matter where the line located), and when the 

pedestrians reach the blocking area’s border, record his or her time at line 4 or 6; before 
the vehicle reach line 7, leaving the blocking area, all the across pedestrians’ tracks are 

traced. Finally, according to the time recorded of vehicles, the gaps or lags are computed. 

 

FFigure 15 Gap/Lag Reduction 
 
4.3.2 Data Reduction for Saturation Flow Model 
 
Since only traffic flow of pedestrians and vehicles, and share of right turn vehicles are 
needed, to increase efficiency, a player with accelerate function is used to increase or 
decrease playing speed, since the flow is easy to capture; and a simple Excel VBA 
UserForm is programmed as a counter to record traffic flow. 
 
According to the model mentioned in the previous chapter, the two model require 
different data. Some are overlapped, but still need distinguished. All of the data needed 
to calculate the saturation flow is listed in the chart below. 
 
Since the video clips are available, the flow data are all collected after digitalized the 



29 
 

tapes. Other geometry data are collected at field directly. 
TTable 1 Data Collection Demand 

Swedish Model HCM 2010 Model 
Right turn flow of shared lane Right turn flow of shared flow 
Through flow of shared lane Through flow of shared lane 

Pedestrians flow (both directions) Pedestrians flow (both directions) 
Cycle time Cycle time 
Green time Green time 

Crosswalk length and width  
Acceptance gap/lag  

 Effective green time 
 Lane width 
 Buses schedule 
 Area type 
 Parking condition 

 
Now that only flow data is collect from video clips, a player can change play speed is 
used to help data reduction. When flow is large, the speed can be reduced to 1/2 and 
when flow is small, 3 times speed instead. For easier collect flow data, a simple Excel 
VBA program is applied. 
 

 
Figure 16 Excel VBA Assist Program 

 
Here is the code, for example: 
Private Sub CommandButton1_Click() 
[d2] = [d2] + 1 
CommandButton1.Accelerator = "p" 
End Sub 
 

4.4 Output Analysis 
After obtaining the data, follows the analysis of them. 
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In this part, calculation and analysis of gap/lag acceptance is discussed first; and two 
saturation flow model are compared. 
 
4.4.1 Weibull Distribution of Gap/Lag Acceptance 
 
Within the observation of the pedestrian flow in these days, the gap or lag data are 
collected and calculated. 825 gaps/lags are collected and these data are demonstrated in 
the table and figure below: 

TTable 2 Acceptance and Reject Gap/Lag Observation Result 

Gap/Lag(s) Reject Accept Percentage 
0-1 86 0 0.0000% 
1-2 247 1 0.4032% 
2-3 173 1 0.5747% 
3-4 78 17 17.8947% 
4-5 32 31 49.2063% 
5-6 9 41 82.0000% 
6-7 1 46 97.8723% 
7+ 1 61 98.3871% 

 

 
Figure 17 Smooth Line of Gap/Lag Result 

 
As the method introduced before, the data are plotted as scatter to show the tendency. 
The final plot comes out as the figure shown above. However, only the tendency line is 
not enough, the estimated Weibull function is necessary. This step needs to estimate the 
parameters, α and β, of the function mentioned before: 
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There are many methods to estimates the parameters, such as maximum likelihood 
method, Bayes methods and power density method. Here a simple method is adopted, 
graphical method. By transforming the function to a liner format, the parameter could 
be fixed easily. The detail steps are shown below: 

 

 

 
 

 

 

 
The plot of ln[-ln (1-F(x))] against lnx demonstrates a straight line with a slope of β 
and an intersection with the x-axis of β*ln(α). This logarithmic transformation is the 
basis of the graphical method. 
 
According to the calculation in Excel, the two parameters are given at the 95% 
significant level. 
 

TTable 3 Significant Result 

Multiple R 0.962666895 
R Square 0.926727551 

Adjusted R Square 0.908409439 
 

Table 4 Regression Results 

 Coefficients Std.v t Stat 
Intercept -11.48367726 1.554720603 -7.386328605 

ln(x) 6.561870124 0.922554326 7.112719479 
 
Accordantly, α and β are 5.7549 and 6.5619. Adopting these parameters to the function, 
the figure obtained is shown below: 
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FFigure 18 Regression and Observing Results 

 
To be frank, apart from the beginning and the ending, the result is very poor. Return to 
coefficients output part, including the differences of standard deviation, the ranges of 
the parameters are: 
 

Table 5 Estimated Parameters Range 

original Max Min 
α 5.75495746 5.816314993 5.709154142 
β 6.561870124 7.48442445 5.639315798 

 
For α, the range is not very large, but β. By using the different ranges, two extreme 
estimated curves and observed curve are compared. 

 
Figure 19 Range of the Probabe Results 
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It is obvious that max pair does not fit the observed function. Since there actually is not 
very much difference between maximum and minimum α, the original calculated α is 
kept, and the new β will be calculated by Solution function in Excel. 
 
The estimated β turned out to be 5.4416, and the Weibull cumulative curve is shown 
below: 
 

 
FFigure 20 Final Result of Fitted Distribution 

 

 
 
With this function, the inverse function of x could be obtained as: 
 

 
 
and thus the gap/lag a vehicle may pass through pedestrians at 50% probability turns 
out to be 5.38s. 
 
4.4.2 Swedish Saturation Flow Model 
 
Using the gap obtained in the last step, the corresponding saturation flow rate are 
calculated. Following are the geometry data and signal data involved. 

Table 6 Geometry and Signal Data of the Intersection 

 North West 
Crosswalk length (m) 14.7 24 
Crosswalk width (m) 8.3 5.8 

Cycle time (s) 97 97 
Green time (s) 58 27 
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And the base saturation flow rate is 1800 pcu/h 
After data reduction, the 19 hours’ pedestrian flow and vehicle flow data in each 

direction are listed in the appendix. 
 
Since the method is introduced before, the variables are substitute into the model, and 
the saturation flow in each time period are obtained. For easy observing, the data are 
plotted to be scatters to find trend.  
 
However, not only pedestrian flow affect the result. Another very significant variable 
is the share of turning vehicle of the lane. From the last function of the model, if do a 
simple transformation, the function turns to be: 

 

 
It seems using a large Psv will get a small result, but other variables like Nr (calculation 
of Spsv=1) also involves this variable, it’s not a good option to judge this variable only 

from the format of the function. Here introduce a method of Scatterplot Matrix to help 
analysis. 
 
From the two figures below, it is clear that saturation flow decreases with the increasing 
of pedestrian flow. And, although not very clearly, with Psv’s decrease, saturation flow 
rate increases. This increase is different from the case when analysis the relationship 
with pedestrian flow. The change is close to linear. The north case does not have a good 
shape because the cases are too converge, nearly all portions are between 0.15 and 0.30. 
 

 
FFigure 21 Scatter Matrix of the Observing Result (SV) 

 
Thus the scatter in north case could reflect the relationship between pedestrian flow and 
saturation flow more. 
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4.4.3 HCM 2010 Saturation Flow Model 
 
According to the HCM model introduced before, the saturation flow rate under the 
impact of pedestrians are calculated. Following chart lists the involved variables and 
parameters of the model. 
 

TTable 7 Data Demand of the Model 

Variable/Parameter Value (N/W) Variable/Parameter Value (N/W) 
Cycle Time 97   
Green Time 58/27   

S0 1900   
fw 1   

fHV -   
fg - Pg 3.6/2.6 
fp - Nm 5/0 
fbb - Nb 4/0 
fa 0.9   

fLU 1   
 
First step is to calculate the adjusted saturation flow rate for one lane. For North case, 
 

 
 
in which fHV, fp, fg, fbb, are calculated from the percentage of heavy vehicle, grade and 
the parking condition of the segment. 
 
The second step is to calculate the occupancy rate of the conflict area. According to the 
HCM, this value depends on the flow of the pedestrian and the green time of the 
intersection. 
 
The third step is to calculate shared lane’s saturation flow rate with the impact of 

pedestrian. With consideration of lane change, percentage of turning vehicle, the final 
saturation flow rate is calculated. The results are presented in Appendix 3. 
 
When analysis the results, similarly, the scatter matrix is adopted again. From the figure 
below, the similar pattern is presented, saturation flow rate decreases as pedestrian flow 
increases. Since flow demand is a variable in HCM model, the flow demand is used as 
a comparison variable. Flow demand is related to pedestrian flow, since people may 
have similar choice when they go trips, it is reasonable that pedestrian and vehicles 
have the similar pattern. And since they are correlated, it is hard to say how vehicle 
demand affect the saturation flow rate simply from the scatter below. 
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FFigure 22 Scatter Matrix of the Observing Result (HCM) 

 
From the pedestrian’s aspect, a high volume of pedestrian flow will result to a lower 

saturation flow. 
 
4.4.4 Impact Analysis 
 
According to the model demonstration above, both model indicates that increasing 
pedestrian flow will result to a reduction to the saturation flow of turning lane. This part 
focus on what the degree of reduction will be present with impact of pedestrians’ 

disturbance. 
 
After getting the results of the two model, the results are plot into scatters in the figure 
below. For north case, the two model have a good consistency, the scatters are 
distributed paralleled. For west case, it could be the reason that the poor consistency of 
percentage of turning vehicle, the results show a high degree of fluctuation. Thus it is  
hard to analyze the west case. 

 
Figure 23 Scatters of the Two Models Results (North) 
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FFigure 24 Scatters of the Two Models Results (West) 

 
Although the two model don’t get a very same result, the trend of the results are the 

same. Both of them indicates that, for every 500 pedestrians increasing, the capacity 
will reduce nearly 100 pcu/ln/h. 
 
From a more direct aspect, the average passing time of the turning vehicles are 
calculated to illustrate the impact directly. According to 6 peak hours’ data from the 

observing video clips in north crosswalk, 342 cases of time of passing vehicle are 
recorded. The detail data and the range are shown in the table and figure below: 

Table 8 Vehicle Passing Time 

Case Cases Average Travel Time (s) 
Direct Pass 174 4.34667 

Blocked Pass 168 13.93262 
All Cases 342 9.05556 

 

 
Figure 25 Passing Range 
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With the blockage of pedestrians, the longest time to pass the intersection is even 14 
seconds. Averagely speaking, the passing time increased by 108.33% because the 
blockage of pedestrians. 
 
Apart from these figured results, some observed phenomena are also interesting. 
 
When a vehicle has waited for a long time before the blockage area, the vehicle then 
starts to move very slowly to try to across the blockage although there are still many 
pedestrians. 
 
It seems pedestrians from different direction will have different impact on drive 
behavior, this viewpoint has been mentioned in some research before, during the 
process of data reduction, this phenomenon also appears. However, since the work did 
not design to analysis this situation, it is omitted in this thesis. 
 
In Sweden, pedestrians has the priority to pass, thus vehicles must wait until pedestrian 
passes. However, some pedestrians may stop a moment when they are going to conflict 
to vehicle, which in turn to cause a longer passing time for the vehicle because at most 
cases the vehicle will wait until pedestrian passes. 
 
At last, return to the model, a same intersection and same dataset, but different result. 
The comparison of the two models are summarized below. 
 
SV model focuses on a relative microscopic relationship between pedestrians and 
vehicles. A good indication of the model is the gap/lag is taken into consideration to 
calculate the saturation flow rate. And the geometry data like the length and width of 
the crosswalk, waiting area and pedestrian walking speed are all taken into account. As 
it shows in the Figure 23, two models have different result. The difference is reasonable 
because SV model describes pedestrian behavior more specifically. As the Figure 4 
shows, SV model consider pedestrians’ group crossing behavior thus it will give more 

time for motor vehicle passing intersection. And this is also what the model values. 
 
For HCM 2010 model, on the contrary, a relative macroscopic model. This model only 
consider the demand flow rate and the occupancy rate of the conflict area. Although 
some detail such as lane change, the impact of the environment like parking condition, 
buses blockage, and even grade, they are all fixed variable for the whole macroscopic 
model calculation. The model can’t well reflect the behavior of the participant of the 

traffic. This model may better when used to do the general analysis. 
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5 Conclusions and Further Study 

This thesis mainly analysis the impact that conflicts between pedestrians and motor 
vehicles at signalized intersection. According to the two models calculation, the 
saturation flow rate of the vehicles turning to north from east and to west from north 
are obtained. And the conclusions obtained from the work are summarized below. 
 
According to the analysis of impact of pedestrians blockage, the conclusion that every 
500 increases of pedestrians will bring a 100 reduction of saturation flow rate in general. 
The relationship between pedestrian flow and saturation flow rate is similar to linear, 
but not completely. Since SV model consider grouped crossing pedestrians, the result 
of saturation flow would be higher than HCM model. 
 
The acceptance gap/lag of a vehicle to pass between/before pedestrian(s) is 5.4416 at 
50% probability. And the obtained Weibull distribution function of acceptance gap is 
also a conclusion of the work. And the general probability of acceptance gap/lag 
probability function is: 

 
 
According to the results obtained, a general comparison is conducted to the two models. 
Both of the model are good, although they analyze the intersection from different scopes, 
the general results of them are correct. 
 
During the data reduction, some interesting phenomena are observed. These 
phenomena are recorded in the Chapter.4. They reflect the behavior of pedestrians and 
drivers, and they are also the parts which are not taken into consideration when 
conducting analysis. 
 
After the work done, there are some directions which could go further. 
 
The acceptance gap/lag of vehicle. In the research of JSPS (2013), the author category 
the gap and lag into 5 different type. Although some of them are very similar, it is true 
that by that way he will get a more accurate result. Followings are the method provided 
from JSPS’s research. 
 
Case A, the successive pedestrians from near side. 
Case B, the successive pedestrians from far side. 
Case C, two pedestrians each from near side and far side. 
Case D, one approaching pedestrian from near side. 
Case E, one approaching pedestrian from far side. 
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FFigure 26 5 Categories of Gap/Lag 

 
And, although the two model are all good. There should be a more specific model to 
describe pedestrian behavior and driver behavior. Actually there are lot of changes 
when a crossing or cutting in behavior such start, break, and even mental change, 
happens. And it is true that it not an easy job to work out the model. 
 
Besides above all, a simulation could be taken into consideration also to simulate the 
behavior of pedestrians and drivers. However, existing programs could not well 
describe them. If possible, Matlab or Java can be chosen to program it. 
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Appendix 1 Data of Gap/Lag 

              
r 0.00 r 0.72 r 0.92 r 1.16 r 1.32 r 1.52 r 1.60 
r 0.08 r 0.72 r 0.92 r 1.16 r 1.32 r 1.52 r 1.60 
r 0.24 r 0.72 r 0.92 r 1.20 r 1.36 r 1.52 r 1.60 
r 0.24 r 0.76 r 0.92 r 1.20 r 1.36 r 1.52 r 1.64 
r 0.28 r 0.76 r 0.92 r 1.20 r 1.36 r 1.52 r 1.64 
r 0.32 r 0.76 r 0.96 r 1.20 r 1.36 r 1.52 r 1.64 
r 0.32 r 0.76 r 0.96 r 1.20 r 1.36 r 1.52 r 1.64 
r 0.36 r 0.76 r 0.96 r 1.20 r 1.36 r 1.52 r 1.64 
r 0.36 r 0.80 r 1.00 r 1.20 r 1.36 r 1.52 r 1.68 
r 0.36 r 0.80 r 1.00 r 1.20 r 1.36 r 1.52 r 1.68 
r 0.36 r 0.80 r 1.00 r 1.20 r 1.36 r 1.52 r 1.68 
r 0.36 r 0.80 r 1.04 r 1.24 r 1.36 r 1.52 r 1.68 
r 0.40 r 0.80 r 1.04 r 1.24 r 1.36 r 1.56 r 1.68 
r 0.40 r 0.80 r 1.04 r 1.24 r 1.40 r 1.56 a 1.68 
r 0.40 r 0.80 r 1.04 r 1.24 r 1.40 r 1.56 r 1.68 
r 0.40 r 0.80 r 1.04 r 1.24 r 1.40 r 1.56 r 1.68 
r 0.44 r 0.80 r 1.04 r 1.24 r 1.40 r 1.56 r 1.68 
r 0.44 r 0.80 r 1.04 r 1.24 r 1.40 r 1.56 r 1.72 
r 0.44 r 0.80 r 1.04 r 1.24 r 1.40 r 1.56 r 1.72 
r 0.44 r 0.80 r 1.04 r 1.24 r 1.40 r 1.56 r 1.72 
r 0.44 r 0.80 r 1.08 r 1.28 r 1.40 r 1.56 r 1.72 
r 0.44 r 0.84 r 1.08 r 1.28 r 1.40 r 1.56 r 1.72 
r 0.48 r 0.84 r 1.08 r 1.28 r 1.44 r 1.56 r 1.72 
r 0.48 r 0.84 r 1.08 r 1.28 r 1.44 r 1.56 r 1.72 
r 0.48 r 0.84 r 1.08 r 1.28 r 1.44 r 1.56 r 1.72 
r 0.56 r 0.84 r 1.08 r 1.28 r 1.44 r 1.56 r 1.72 
r 0.60 r 0.84 r 1.12 r 1.28 r 1.44 r 1.56 r 1.72 
r 0.60 r 0.84 r 1.12 r 1.32 r 1.44 r 1.60 r 1.72 
r 0.60 r 0.84 r 1.12 r 1.32 r 1.44 r 1.60 r 1.72 
r 0.60 r 0.88 r 1.12 r 1.32 r 1.44 r 1.60 r 1.72 
r 0.64 r 0.88 r 1.16 r 1.32 r 1.44 r 1.60 r 1.76 
r 0.64 r 0.88 r 1.16 r 1.32 r 1.44 r 1.60 r 1.76 
r 0.64 r 0.88 r 1.16 r 1.32 r 1.44 r 1.60 r 1.76 
r 0.64 r 0.88 r 1.16 r 1.32 r 1.48 r 1.60 r 1.76 
r 0.68 r 0.88 r 1.16 r 1.32 r 1.48 r 1.60 r 1.76 
r 0.72 r 0.92 r 1.16 r 1.32 r 1.48 r 1.60 r 1.76 
r 0.72 r 0.92 r 1.16 r 1.32 r 1.48 r 1.60 r 1.76 
r 0.72 r 0.92 r 1.16 r 1.32 r 1.48 r 1.60 r 1.76 
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r 1.76 r 1.92 r 2.04 r 2.20 r 2.44 r 2.64 r 2.92 
r 1.76 r 1.92 r 2.04 r 2.20 r 2.44 r 2.64 r 2.92 
r 1.76 r 1.92 r 2.04 r 2.20 r 2.44 r 2.68 r 2.92 
r 1.76 r 1.92 r 2.04 r 2.20 r 2.44 r 2.68 r 2.92 
r 1.76 r 1.92 r 2.04 r 2.20 r 2.48 r 2.68 a 2.96 
r 1.80 r 1.92 r 2.08 r 2.24 r 2.48 r 2.68 r 2.96 
r 1.80 r 1.96 r 2.08 r 2.24 r 2.48 r 2.68 r 3.00 
r 1.80 r 1.96 r 2.08 r 2.24 r 2.48 r 2.68 r 3.00 
r 1.80 r 1.96 r 2.08 r 2.24 r 2.48 r 2.68 r 3.00 
r 1.80 r 1.96 r 2.08 r 2.24 r 2.48 r 2.72 r 3.04 
r 1.80 r 1.96 r 2.08 r 2.24 r 2.48 r 2.72 r 3.04 
r 1.80 r 1.96 r 2.08 r 2.28 r 2.48 r 2.72 r 3.04 
r 1.80 r 1.96 r 2.08 r 2.28 r 2.48 r 2.72 r 3.04 
r 1.84 r 1.96 r 2.08 r 2.28 r 2.52 r 2.72 a 3.08 
r 1.84 r 1.96 r 2.08 r 2.28 r 2.52 r 2.72 r 3.08 
r 1.84 r 1.96 r 2.08 r 2.28 r 2.52 r 2.72 r 3.08 
r 1.84 r 2.00 r 2.08 r 2.28 r 2.52 r 2.72 r 3.08 
r 1.84 r 2.00 r 2.08 r 2.32 r 2.52 r 2.76 r 3.08 
r 1.84 r 2.00 r 2.08 r 2.32 r 2.52 r 2.76 r 3.08 
r 1.84 r 2.00 r 2.08 r 2.32 r 2.56 r 2.76 r 3.12 
r 1.88 r 2.00 r 2.12 r 2.32 r 2.56 r 2.76 r 3.12 
r 1.88 r 2.00 r 2.12 r 2.32 r 2.56 r 2.76 r 3.12 
r 1.88 r 2.00 r 2.12 r 2.36 r 2.56 r 2.76 r 3.12 
r 1.88 r 2.00 r 2.12 r 2.36 r 2.56 r 2.80 r 3.12 
r 1.88 r 2.00 r 2.12 r 2.36 r 2.56 r 2.80 r 3.12 
r 1.88 r 2.00 r 2.12 r 2.36 r 2.60 r 2.80 r 3.12 
r 1.88 r 2.00 r 2.12 r 2.36 r 2.60 r 2.80 a 3.16 
r 1.88 r 2.00 r 2.12 r 2.36 r 2.60 r 2.80 r 3.16 
r 1.88 r 2.00 r 2.16 r 2.36 r 2.60 r 2.84 r 3.16 
r 1.92 r 2.00 r 2.16 r 2.36 r 2.60 r 2.84 r 3.16 
r 1.92 r 2.04 r 2.16 r 2.36 r 2.60 r 2.84 r 3.16 
r 1.92 r 2.04 r 2.16 r 2.36 r 2.64 r 2.84 r 3.16 
r 1.92 r 2.04 r 2.16 r 2.40 r 2.64 r 2.84 r 3.20 
r 1.92 r 2.04 r 2.20 r 2.40 r 2.64 r 2.88 r 3.20 
r 1.92 r 2.04 r 2.20 r 2.40 r 2.64 r 2.88 r 3.24 
r 1.92 r 2.04 r 2.20 r 2.40 r 2.64 r 2.88 r 3.24 
r 1.92 r 2.04 r 2.20 r 2.40 r 2.64 r 2.88 a 3.24 
r 1.92 r 2.04 r 2.20 r 2.40 r 2.64 r 2.88 r 3.28 
r 1.92 r 2.04 r 2.20 r 2.40 r 2.64 r 2.88 r 3.28 
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a 3.28 r 3.68 a 4.08 a 4.76 a 5.54 a 6.50 a 7.12 a 7.78 
r 3.28 a 3.68 a 4.08 a 4.76 a 5.61 a 6.53 a 7.13 a 7.80 
r 3.28 r 3.68 a 4.08 a 4.80 a 5.64 a 6.55 a 7.13 a 7.80 
r 3.28 r 3.68 r 4.08 a 4.80 r 5.64 a 6.55 a 7.14 a 7.80 
r 3.28 r 3.72 a 4.10 r 4.84 a 5.66 a 6.56 a 7.14 a 7.81 
r 3.28 r 3.72 r 4.12 r 4.84 a 5.72 a 6.58 a 7.15 a 7.82 
r 3.28 r 3.72 r 4.12 r 4.84 r 5.72 a 6.59 a 7.15 a 7.83 
r 3.28 r 3.72 a 4.16 a 4.87 a 5.75 a 6.63 a 7.16 a 7.88 
r 3.32 r 3.76 r 4.16 a 4.88 a 5.75 a 6.71 a 7.18 a 7.91 
r 3.32 r 3.76 r 4.16 a 4.88 r 5.76 a 6.72 a 7.21 a 7.93 
r 3.32 r 3.80 r 4.16 r 4.92 a 5.76 a 6.72 a 7.21 a 7.97 
r 3.32 a 3.84 r 4.20 a 5.02 a 5.76 a 6.75 a 7.22 a 7.98 
r 3.32 r 3.84 a 4.20 a 5.08 a 5.76 a 6.76 a 7.26 r 8.01 
r 3.36 r 3.88 a 4.20 r 5.12 a 5.82 a 6.79 a 7.27   
r 3.36 r 3.88 a 4.31 a 5.16 a 5.84 a 6.79 a 7.27   
r 3.36 a 3.92 r 4.32 r 5.16 r 5.84 a 6.80 a 7.28   
r 3.36 a 3.92 r 4.32 a 5.16 a 5.85 a 6.80 a 7.35   
r 3.40 a 3.92 a 4.38 a 5.17 a 5.90 a 6.81 a 7.37   
r 3.44 r 3.92 a 4.44 a 5.17 a 5.92 a 6.84 a 7.39   
r 3.44 r 3.92 a 4.45 r 5.20 a 5.97 a 6.85 a 7.41   
r 3.44 a 3.92 r 4.48 r 5.24 a 5.99 a 6.86 a 7.43   
r 3.48 a 3.92 a 4.48 a 5.25 a 6.00 a 6.90 a 7.44   
r 3.48 r 3.96 r 4.48 a 5.26 a 6.00 a 6.91 a 7.48   
a 3.48 r 3.96 r 4.48 a 5.27 a 6.01 a 6.91 a 7.53   
a 3.48 a 3.96 a 4.50 a 5.29 a 6.12 a 6.91 a 7.54   
r 3.52 a 3.96 r 4.52 a 5.30 r 6.16 a 6.92 a 7.55   
r 3.52 r 4.04 a 4.56 a 5.32 a 6.17 a 6.95 a 7.60   
r 3.52 r 4.04 r 4.60 a 5.32 a 6.18 a 6.96 a 7.60   
a 3.52 a 4.04 a 4.60 a 5.34 a 6.21 a 6.97 a 7.61   
r 3.52 r 4.04 a 4.61 a 5.35 a 6.23 a 7.00 a 7.64   
r 3.56 a 4.04 r 4.64 a 5.35 a 6.25 a 7.04 a 7.65   
r 3.56 r 4.04 r 4.68 a 5.39 a 6.30 a 7.05 a 7.66   
r 3.56 a 4.04 a 4.68 a 5.40 a 6.32 a 7.08 a 7.66   
a 3.56 a 4.06 r 4.68 a 5.40 a 6.33 a 7.09 a 7.69   
r 3.56 r 4.08 r 4.72 a 5.48 a 6.35 a 7.10 a 7.70   
r 3.60 r 4.08 a 4.73 a 5.49 a 6.41 a 7.10 a 7.73   
r 3.60 r 4.08 r 4.76 r 5.52 a 6.44 a 7.10 a 7.74   
r 3.64 r 4.08 a 4.76 a 5.53 a 6.47 a 7.11 a 7.75   
r 3.64 r 4.08 a 4.76 a 5.54 a 6.48 a 7.12 a 7.78   
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Appendix 2 Observed Flow Data 

 
East to North 

 
HEAVY 

 
HEAVY 

 
HEAVY 

Ped. 

49 4 165 4 144 2 361 
54 2 214 3 156 1 516 
68 5 170 4 165 3 422 
69 7 172 7 154 6 551 
95 2 201 14 200 4 1115 
83 3 213 19 192 6 1120 
83 1 228 21 176 8 1291 
70 6 214 19 202 6 862 
68 4 191 11 210 9 1660 
69 4 201 33 221 10 2349 
64 6 262 20 170 5 2056 
49 3 312 18 247 6 2161 
59 4 287 15 279 3 1996 
50 7 225 40 155 9 637 
64 2 222 43 136 14 1310 
61 2 251 37 149 12 2022 
57 0 286 22 264 8 1599 
66 2 279 21 265 6 1526 
60 0 245 17 216 3 1416 
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North to West 

 
HEAVY 

 
HEAVY 

 
HEAVY 

 
HEAVY 

Ped. 

9 1 31 3 24 1 36 2 199 
26 4 46 3 32 3 50 2 266 
23 2 40 4 17 1 49 2 211 
54 2 18 1 21 3 41 4 461 
46 3 16 0 33 2 52 2 694 
45 4 18 3 31 3 62 7 838 
42 1 34 2 29 2 54 2 614 
35 4 33 3 35 3 54 5 325 
36 3 36 4 23 3 68 3 926 
35 4 34 4 30 3 58 4 1188 
51 1 27 4 49 2 54 1 846 
64 1 44 4 50 1 61 2 873 
46 0 49 4 52 2 70 1 1023 
33 4 34 4 30 5 54 5 361 
39 3 35 4 30 2 56 2 787 
23 3 27 6 22 3 44 1 1270 
51 0 39 2 50 3 48 1 740 
35 1 50 4 40 2 55 1 729 
37 1 66 4 58 2 51 1 898 
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Appendix 3 Model Calculation Results 

SV Model (West) 
Date Time Result 

2014/4/8 07:00-08:00 1703.662 
2014/4/8 08:00-09:00 1593.569 
2014/4/8 09:00-10:00 1633.345 
2014/4/8 10:00-11:00 1250.87 
2014/4/8 11:00-12:00 1086.276 
2014/4/8 12:00-13:00 1039.317 
2014/4/8 13:00-14:00 1287.285 
2014/4/14 10:00-11:00 1479.662 
2014/4/14 11:00-12:00 1181.813 
2014/4/14 12:00-13:00 1064.787 
2014/4/14 15:00-16:00 1094.619 
2014/4/14 16:00-17:00 1126.141 
2014/4/14 17:00-18:00 1176.586 
2014/4/22 10:00-11:00 1474.831 
2014/4/22 11:00-12:00 1222.146 
2014/4/22 12:00-13:00 1125.384 
2014/4/22 15:00-16:00 1214.118 
2014/4/22 16:00-17:00 1368.739 
2014/4/22 17:00-18:00 1365.332 
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SV Model (North) 
Date Time Result 

2014/4/8 07:00-08:00 1629.93 
2014/4/8 08:00-09:00 1605.272 
2014/4/8 09:00-10:00 1562.513 
2014/4/8 10:00-11:00 1504.105 
2014/4/8 11:00-12:00 1264.41 
2014/4/8 12:00-13:00 1324.757 
2014/4/8 13:00-14:00 1302.957 
2014/4/14 10:00-11:00 1447.046 
2014/4/14 11:00-12:00 1181.659 
2014/4/14 12:00-13:00 1123.624 
2014/4/14 15:00-16:00 1276.994 
2014/4/14 16:00-17:00 1486.367 
2014/4/14 17:00-18:00 1367.592 
2014/4/22 10:00-11:00 1602.555 
2014/4/22 11:00-12:00 1404.014 
2014/4/22 12:00-13:00 1342.561 
2014/4/22 15:00-16:00 1461.293 
2014/4/22 16:00-17:00 1395.149 
2014/4/22 17:00-18:00 1411.541 
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HCM Model (West) 
 

Date Time Result 
2014/4/8 07:00-08:00 1487.183 
2014/4/8 08:00-09:00 1356.051 
2014/4/8 09:00-10:00 1465.237 
2014/4/8 10:00-11:00 1507.4 
2014/4/8 11:00-12:00 1442.445 
2014/4/8 12:00-13:00 1311.18 
2014/4/8 13:00-14:00 1297.783 
2014/4/14 10:00-11:00 1379.152 
2014/4/14 11:00-12:00 1075.207 
2014/4/14 12:00-13:00 876.3839 
2014/4/14 15:00-16:00 1212.779 
2014/4/14 16:00-17:00 1091.152 
2014/4/14 17:00-18:00 893.221 
2014/4/22 10:00-11:00 1357.286 
2014/4/22 11:00-12:00 1188.132 
2014/4/22 12:00-13:00 843.799 
2014/4/22 15:00-16:00 1200.937 
2014/4/22 16:00-17:00 1108.803 
2014/4/22 17:00-18:00 914.0217 
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HCM Model (North) 
Date Time Result 

2014/4/8 07:00-08:00 1295.084 
2014/4/8 08:00-09:00 1227.022 
2014/4/8 09:00-10:00 1220.364 
2014/4/8 10:00-11:00 1134.351 
2014/4/8 11:00-12:00 962.1381 
2014/4/8 12:00-13:00 1001.74 
2014/4/8 13:00-14:00 982.5166 
2014/4/14 10:00-11:00 1079.342 
2014/4/14 11:00-12:00 922.9821 
2014/4/14 12:00-13:00 735.2449 
2014/4/14 15:00-16:00 869.1905 
2014/4/14 16:00-17:00 955.6053 
2014/4/14 17:00-18:00 929.111 
2014/4/22 10:00-11:00 1185.55 
2014/4/22 11:00-12:00 1049.777 
2014/4/22 12:00-13:00 913.8263 
2014/4/22 15:00-16:00 1052.461 
2014/4/22 16:00-17:00 1016.953 
2014/4/22 17:00-18:00 1054.049 

 





EXAMENSARBETE INOM TRAFIK OCH TRANSPORTPLANERING
STOCKHOLM, SWEDEN 2014

KTH
SKOLAN FÖR ARKITEKTUR OCH SAMHÄLLSBYGGNADwww.kth.se

TSC-MT 14-013

Analys av 
pendelbåtsresenärers
preferenser i 
Stockholmsområdet
Från ett passagerarperspektiv

ANTON VAN BERLEKOM

Degree Projekt in HigHway anD railway engineering 
stockHolm, sweDen 2014

KTH royal insTiTuTe of TecHnology
SCHOOL OF ARCHITECTURE AND THE BUILT ENVIRONMENTwww.kth.se

TSC-MT 14-019

Fish Oil in Icelandic Road 
Constructions
A case study of bituminous binder  
mixtures modified with bio-oil

ARNAR ÁGÚSTSSON

DEGREE PROJECT IN TRAFFIC AND TRANSPORT PLANNING
STOCKHOLM, SWEDEN 2014

KTH ROYAL INSTITUTE OF TECHNOLOGY
SCHOOL OF ARCHITECTURE AND THE BUILT ENVIRONMENTwww.kth.se

TSC-MT14-006 

The Analysis of the Impact 
between Motor Vehicles
and Pedestrians at 
Signalized Intersection
DIAN JIANG




