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Abstract 

 
This paper describes an attempt made to evaluate the pedestrian's road crossing facility at midblock to 

relate with pedestrian road crossing behaviour and identify the variables influencing pedestrian road 

crossing decisions. The decision of pedestrians on road crossing depends on many other elements like 

yielding behaviour of a driver, vehicle speed, roadway width, traffic volume etc. Pedestrians road crossing 

data collected through videographic survey at Kozhikode city, Kerala, India were used to evaluate the 

pedestrian crossing facility. Regression model has been developed considering the pedestrian waiting time 

as dependent variable and vehicle speed and volume as independent variable. Further, a computational tool 

is developed to derive suitable criteria for regulating the number of pedestrian phases based on the  

percentage of vehicles in the queue formation for varying levels of interruptions and vehicle arrival rate. 

The criteria has been derived such that the negative force exerted by vehicles and drivers during pedestrian 

road crossing to a minimum level, through the implementation of signal control using Intelligent Transport 

System (ITS) technologies. Further, the queuing analysis results helps to identify the criteria for proposing 

grade-separated crossing based on the threshold value of the percentage of vehicles in the queue formation. 

From the queuing analysis, it was found that, the percentage of vehicle in queue has been increased from 

19.44% to 38.89% for the arrival rate of 1200v/h when the number of pedestrian interruptions per hour is 

increased from 20 to 40. Also, it is observed that when the arrival rate increases from 1200 to 1800 v/h the 

percentage of vehicle in queue increases 19.44% to 77.78% for 20 number of pedestrian interruptions. The 

prediction tool developed may help the transportation policymakers and highway officials to evaluate the 

field conditions and to identify suitable control measures for the pedestrian facility with improved 

pedestrian safety and vehicular traffic efficiency. 
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1. Introduction 

Pedestrians road crossing is one of the important elements in the urban traffic system; 

facing serious conflict with motorised vehicles while crossing. According to WHO (2022) 
statistics, more than half of all road traffic deaths are among vulnerable road users like 

pedestrians, cyclists and motorcyclists. Further, pedestrians must face safety risks when 
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crossing at an uncontrolled section due to their unpredictable behaviour. Also, WHO 

(2022) finds that distracted driving, like using a mobile phone, increase crash by four 

times more than drivers not using mobile phones. Understanding vehicle and pedestrian 

behaviour is necessary to make the system work effectively with safety. But it is also 

known that the behaviour of humans is unpredictable and probabilistic. Also, the 

behaviour of pedestrians varies based on the associated activity during the crossing. The 

decision of a pedestrian will be influenced by several factors related to the nature of the 

trip they are associated at that moment. The earlier scenario shows traffic congestion is 

another problem that may lead to extra carbon emissions and reduce transport efficiency 

(M Fouladgar et al.,2017). Hence, the application of Intelligent Transport Systems (ITS) 

establishes communication between infrastructure and vehicles or among vehicles (S 

Sharma and S K Awasthi,2022) and improves the existing system's efficiency. Also, ITS 

technology could alert the drivers, pedestrian and other road users to improve safety. So 

there is a need to understand road user behaviour by applying social psychology theory 

to study pedestrians' interaction with vehicles at the crosswalk. So, the outcome of this 

research is to understand pedestrian behaviour and to frame a policy for pedestrian road 

crossing facilities. The rest of the article is structured as follows. Section 2 describes the 

literature study on vehicle and pedestrian interaction, followed by psychological factors 

that decide their road crossing decision and its application on ITS. 

Further, the methodology steps and concept of field theory is briefed in section 3. 

Section 4 discusses results based on pedestrian-vehicle interaction and methods for 

improving the facility, which elaborates with findings and interpretation of results. 

Section 4.3 and 4.4 demonstrates queuing analysis and tool development. Finally, section 

5 focuses on conclusive remarks with findings and future research. 

2. Literature Study 

The following section summarises the previous studies relating to pedestrian-vehicle 

interaction, field theory and ITS.  

2.1 Pedestrian Vehicle Interaction at Crosswalk 

The interaction of pedestrians with vehicles creates more conflict at crosswalks. Earlier 

research on pedestrian behaviour found that pedestrian delay due to pedestrian and 

vehicle interaction is less at crosswalks (Ling et al., 2012; Xie et al., 2012). Hamed (2001) 

studied and found that pedestrian expected waiting time has a greater influence on the 

number of attempts needed to cross the road. A finding by Leden (2002) shows pedestrian 

risk decreases with increased pedestrian flow and increases with an increase in vehicle 

flow. Earlier research shows that the pedestrian crossing choice was significantly affected 

by traffic flow and road type (Jamil et al.,2015). Another study by Ferenchak (2016), 

concentrates on the relationship between pedestrian behaviour and vehicles. The study 

found that waiting time increases as pedestrian gets older. Also, the elderly pedestrian has 

a lesser conflict with vehicles. Andrew HW (1991) identified that the crossing behaviour 

of pedestrians is affected by traffic volume and other conditions like weather and 

darkness. Based on these previous studies, pedestrian crossing behaviour is influenced by 

several factors like vehicle flow, age and weather conditions. So to further understand the 

effect of waiting time on pedestrians, traffic volume and vehicle speed are considered as 

the variables for predicting waiting time. 
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2.2 Field Theory 

In psychology, there is a social behavioural theory called Field Theory. It is used to 

understand social situations to find how variation in decisions happens due to other 

influencing factors.  

Based on Lewin's (Field Theory) theory, individual behaviour is not based on a past 

event or future expectations. Based on Burnes (2004), field theory is completely based on 

the interaction between the individual and the current environment. Field Theory of 

learning allows individuals to sort out and understand a complex environment (Lewin, 

1947). 

Based on the concept of field theory, the essential social interaction can be constructed 

considering individuals as a pedestrian involved in the road environment to perform road 

crossing. The field or environment has stimuli with different positive and negative forces; 

the effect of different forces guides the pedestrian to cross the road. Also, the impact of 

various forces diverts a person from performing the choice or neglecting the choice. 

2.3 ITS application for pedestrian facilities 

In the field of traffic management system, automation has played a broad role in 

making the system work effectively and increasing safety. The pedestrians’ red light 

crossing increases the risk of road users’ safety. It is found that the red light crossing is 

increased with a longer waiting time, particularly during the last few seconds before 

crossing (H. Guo et al., 2011) & (O. Keegan and M. O’Mahony, 2003). When compared 

with traditional traffic lights, countdown displays can improve pedestrian signal 

compliance (Lipovac et al., 2013). Further, the application of ITS includes a set of 

technological solutions designed to coordinate, improve and increase the safety of road 

users (Lewicki et al., 2019) & (Lozano et al., 2020). ITS technology reduces the number 

of incidents and increases the comfort and satisfaction of pedestrians (Šimunoviæ et al., 

2009). Recent research shows Vehicle to Pedestrian (V2P) based protection system 

always requires pedestrians to carry handheld devices, which is practically impossible for 

children, ages and illiterate pedestrians. A Vehicle to Vehicle (V2V) communication 

system is recommended using ITS technology (Hamdani et al., 2020). Another road safety 

concept is employing detectors and sensors along the road to predict crashes based on 

instantaneous traffic dynamics (Hossain et al., 2019). Different warning systems using 

personal devices for a pedestrian in road traffic have been reviewed in recent research 

(Andrei et al.,2020). 

Further, an intelligent vehicle based on Pedestrian Detection System (PDS) is 

equipped to support the driver's safety (Kołodziej et al.,2022). A roadside pedestrian 

warning system detects pedestrians crossing via roadside sensors and warns drivers with 

a flashlight embedded on the pavement near road crossings (Hakkert et al.,2002; Høye et 

al., 2019). Understanding the working principle of ITS can improve the manoeuvre of the 

existing system more safely.  

3. Materials and Methods 

The following section describes the methodological steps adopted in the study with a 

detailed description of the methods adopted, followed by psychological theory for road 

crossing activity. 
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3.1 Methodology 

The study primarily investigates pedestrian and vehicle interaction at the crosswalk. 

Further, the challenges faced while implementing ITS technology are overcome by 

queuing analysis to formulate criteria for grade-separated crossing. The sequential steps 

followed in the methodology are described in the following sub-section. 

3.1.1 Case Study Location 

The selected location is near a bus terminal from Kozhikode city, Kerala, India. The 

state of Kerala in India is located in the southwestern end of the Indian subcontinent, 

which lies between the Arabian Sea in the West and the Western Ghats (Sahyadris) in the 

East with an area of 38863 sq. km (Government of Kerala, 2022). Kozhikode is also 

known as Calicut second largest metropolitan city State of Kerala (Government of Kerala, 

2022). Since the study location is at the main bus terminal (Indira Gandhi Road), it has 

the characteristic of having regular pedestrian and vehicle volume. The selected study 

location map is shown in Fig.1. 

 

Figure 1: Survey Location in Kozhikode City 

3.1.2 Data collection and extraction 

 Data collection is done using videographic survey by placing the camera at a suitable 

vantage point. Further, the video is recorded during the peak hours in the morning and 

evening for 3 hours. The total recorded duration, including morning and evening, is 6 

hours, peak hour refers to the time at which more number of peoples are commuting for 

office or other purposes. Waiting time, speed and volume need to be extracted from the 

video to study the relationship between the pedestrian and vehicles. The data extraction 

process is accelerated by using a custom-made video player to save the data to excel 

format. The saved data contains pedestrian waiting time, vehicle speed and volume. 
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Further, the 5 minutes average value of each pedestrian and vehicle (speed and volume) 

is tabulated for further analysis. 

3.1.3 Finding a relationship between vehicle and pedestrian 

The consolidated 5 minutes set of data helps in understanding the vehicle and pedestrian 

interaction using a regression model. Further, the regression model results are used to 

perform sensitivity analysis by assuming a constant value for one variable and an 

incremental value for another variable. Sensitivity analysis derives relationships among 

the variables, which helps better interpret the regression model results. 

3.1.4 Field Theory for Pedestrian Road Crossing 

Field theory's conceptual idea is correlated to pedestrian road crossing decisions 

because the decision on pedestrian road crossing is influenced by several imaginary forces 

acting around them. The effect of positive and negative influencing forces on pedestrian 

road-crossing decisions is studied. 

3.1.5 Evaluating the existing traffic control system and ITS-based improvement 

The working principle of the existing traffic control system is studied, and the need for 

an automated system using ITS is studied by considering the interruptions encountered 

by pedestrians and vehicles at crosswalks. 

3.1.6 Queuing system for formulating recommendations 

If the encountered interruption is continuous at the traffic control system, there will be 

a constant queue which interrupts the traffic flow. Further, queuing analysis is performed 

using the regression model's output to formulate criteria for grade-separated crossing, 

which effectively regulate the ITS-based control system. 

3.1.7 Tool for policymakers 

The developed criteria for grade-separated crossing is made into a windows-based tool 

for policymakers. To analyse the output of the working tool, variables with fixed and 

varying inputs are given as input in the software tool for evaluating the performance. 

3.2 Field Theory for identifying variable influencing Pedestrian Road Crossing 

decision 

The field theory study shows that the behaviour of the individual's decision is based on 

the environment associated with the current situation. Hence, field theory can be 

correlated with the pedestrian road-crossing decision. Several factors influence the road 

crossing decision by the pedestrian at the crosswalk is initiated based on the imaginary 

force acting around. These imaginary forces are generated based on the interaction 

between the vehicle and the road-crossing environment. This imaginary force can be a 

positive force or a negative force, i.e., a positive force can encourage the pedestrian to 

cross the road through creating a favourable environment for safe crossing of the road. 

But the negative force may prevent the pedestrian from crossing the road through making 

an unfavourable condition for the pedestrian for safe crossing. Table 1 shows an example 
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of positive and negative forces which influence the crossing decision. The examples of 

positive force can be driver yielding behaviour, the presence of fewer vehicles in the road, 

the presence of a signal, and the presence of zebra markings. An example of negative 

force can be an increase in speed of the vehicle, higher vehicle volume, no yielding 

behaviour of drivers, and increase in width of the road. The combination of forces 

influences the decision on the road crossing positively or negatively. When the road width 

is higher but there is a median available, the combination of positive force can influence 

the pedestrian to make a crossing decision. In general, when a pedestrian tries to cross the 

road, these negative and positive forces combinations act virtually on them, resulting in 

deciding to cross the road or make a decision to prevent road crossings. The influence of 

choosing to crossroad depends on the positive and negative forces acting around the 

pedestrian. Fig.2. shows the imaginary forces acting around pedestrians and vehicles for 

a mid-block location. The force can be positive or negative, depending on the pedestrian's 

environmental factors.  

 
Figure 2: Forces around pedestrian at the midblock crossing. 

However, the decision of a pedestrian depends on the number of vehicles and their 

speed on the road. If hindering forces dominate, the pedestrian decides to wait or 

sometimes decides to cross up to the median and then further decides to cross based on 

the road traffic. The concept of field theory is framed as a model by adding a complex 

situation with the effect of forces around them.  
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Table 1 Forces acting around road crossing pedestrians 

Pedestrian Road 

Crossing Decision 
Positive influencing forces Negative influencing forces 

Road Geometrics 

Road width is lesser Road width is higher 

Presence of median Absence of median 

Straight Road Presence of Sharp curves 

Environmental 

Factors 

Day, presence of street light Fog, Rain, Night 

City Roads Highways 

Traffic Controls 
Presence of Zebra Marking Absence of Zebra Marking 

Presence of Signal Absence of Signal 

Vehicles 

Speed is lesser Vehicle crossing with high  speed 

Volume is lesser High volume 

Driver yielding yes Driver Non-Yielding 

Pedestrian 

Characteristics 

Higher walking speed,  

Crossing in a group 
Old, Poor vision, with luggage 

4. Results and Discussions 

The results of the developed model with the methods to improve existing facilities are 

discussed in the following section. 

 

4.1 Analysing vehicle-pedestrian interaction 

 

A multiple linear regression model was developed to analyse pedestrian interaction 

with the vehicle. From the extracted data, the pedestrian volume is found to be 618, and 

the corresponding average waiting time is 2.78 seconds. The volume of the vehicle for 

six hours is 10,955, and the average vehicle speed is 5.3 m/s. From the 5 minutes average 

data, a regression model has been developed to predict the waiting time for the 

pedestrian as the dependent variable, with vehicle speed and volume as the independent 

variable. The outliers that create extreme variation in values are removed from the 

dataset to improve the model's predictability. A regression equation was developed with 

(F (2,64) = 114.87, p<0.05) and an R square of  0.782. Pedestrian waiting time predict 

equal to 0.253 + 0.013 (Traffic Volume) + 0.076 (Vehicle speed) in seconds when traffic 

volume count average is calculated for 5 minutes, and vehicle speed (average for 

5minutes) is measured in m/s. The model summary and prediction results are shown in 

Table 2 and Table 3. A similar trend was observed from a previous study with increasing 

waiting time for increasing traffic volume (Avinash et. al,2020). Further, the regression 

model result is used for sensitivity analysis by assuming a suitable base condition. 

 

Table 2 Model summary 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate 

1 .884a .782 .775 .60788 

a. Predictors: (Constant), SPEED (m/s), TRAFFIC VOL 
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Table 3 Regression model 

Model 

Unstandardised Coefficients 

Standardised 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 0.253 .413  .613 .542 

Traffic Volume 0.013 .001 .846 11.603 .000 

Speed (m/s) 0.076 .091 .061 .837 .406 

 Dependent Variable: Waiting Time 

Fig.3. shows the prediction of pedestrian waiting time for fixed vehicle speed and 

incremented vehicle volume. The vehicle volume is increased by ten units from 60, and 

for each vehicle's speed, the waiting time of pedestrians is predicted. Also, Fig.4. shows 

the prediction of pedestrian waiting time for increasing vehicle speed. From the analysis, 

it is observed that waiting time has a positive trend over vehicle volume. A similar 

increasing trend was observed for pedestrians waiting time and vehicle speed. 

 

Figure 3. Relationship between vehicle volume and waiting time for different arrival 

speed 

 
 

Figure 4. Relationship between vehicle speed and waiting time 
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4.2 Improving existing traffic control systems using ITS technology 

The conceptual idea of field theory helps us understand the influence of different 

imaginary force that acts during pedestrian crossing activity. The existing traffic control 

systems, like signals and signboards, are the primary elements that control road traffic 

movement. The existing system is not automated and operates continuously with a 

specified interval of time. This system considerably impacts on driver's workload to scan 

every time while passing on the road section to make safe travel. About 64% of drivers 

in India on average, have regretted missing road traffic sign boards during their driving. 

Also, 24% of drivers in India follow google maps applications without making attention 

to the on-road traffic sign boards (Hatolkar,et al,2017). So the safety of every road user 

depends on the attention of driver on the road. The safety of pedestrians also depends on 

the decision by drivers. A driver approaching the zebra marking area should search for 

signboard, signal and pedestrian movement. When there is a chance of pedestrian 

movement, the driver should reduce speed and yield to pedestrians. Since the system has 

many elements, the driver approaching a crossing location should be very cautious. Also, 

the signal is operated at a regular interval of time which stops the vehicle drivers even 

when there is no pedestrian. Also, the pedestrian may tend to cross the road with high risk 

while motor vehicle drivers are not yielding. This scenario can be effectively regulated 

by converting the manual system to an automated system (ITS application) to help 

regulate the positive and negative forces acting around the pedestrian. The automated 

system will create an easy way for pedestrians to cross the road. The hindering forces 

which prevent the pedestrian's decision to cross can be channelised by the application of  

ITS. The current system of road crossing is operated with a fixed interval of signal timing, 

i.e., operated with a regular interval of time. The disadvantage of the system is that the 

signal will be operated without considering the variation in pedestrian and traffic volume. 

The system can be redesigned using ITS technologies called vehicle-actuated signals, 

which are operated based on pedestrian and vehicle demand. Designing a pedestrian 

signal on demand will make the system automated; the signal will be red for vehicle 

drivers only when there are pedestrians. Also, this eliminates the need for the installation 

of signboards, and drivers do not have to search for zebra marking signboards; vehicle 

drivers should yield only when there is a red signal. This automated signal prevents the 

driver from scanning for pedestrians on the road every time. Earlier research works are 

performed to study how the automated signal system can improve the working of the 

existing system (Zhao et al., 2012). When the system has an automated signal, the number 

of interruptions per hour will be greater, when the volume of pedestrians are high during 

peak hours. Due to this reason, the vehicle may be interrupted many numbers of times in 

the given duration with an increase in pedestrian volume. This increase in interruptions 

will also lead to the formation of a queue in road traffic. To avoid queue formation in the 

traffic system, the automated system is programmed with a fixed number of interruptions 

per hour based on the threshold values of pedestrian interruptions and vehicle volumes. 

The following section explores the design of an automated signal for a defined signal 

interval. This also helps to develop a criterion for grade separation based on vehicle 

percentage in a queue. 

4.3 Development of criteria for a grade-separated pedestrian crossing facility 

When the pedestrians and traffic volume exceeds the threshold values, queue 

formation arises for motor vehicles, resulting in a greater delay for pedestrians and motor 
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vehicles. There is a need to redesign the signal control to avoid the formation of a queue 

on the road. Due to the increased number of interruptions by pedestrians because of the 

automated signal, the queue will be continuous. Grade-separated crossing eliminates the 

conflict between drivers and pedestrians. Also, grade-separated crossing can be provided 

when there are more positive forces (more pedestrians trying to cross the road, forcing 

the driver to yield), interrupting the regular traffic flow. 

Further, a criterion has been framed using Queuing system to redesign a crossing 

facility to elevated or subway. The criteria create a threshold value for the pedestrian 

interruption and vehicle volume using queuing performance equations for signalised 

intersections (May, 1990). To use the queuing technique, the signal green time for 

pedestrians has to be calculated based on the assumption that the pedestrians are crossing 

at an average speed of 1m/s. So the time taken by the pedestrian to cross the 14m road 

width is 14 seconds. 

Based on the assumption of a crossing time of 14 seconds, the number of 

interruptions per hour is considered as 20 to 60 with an increment of 2 for further analysis. 

A sample calculation is performed to estimate each interruption with an assumed arrival 

and service rate. The analysis results will show that the percentage of the vehicle will be 

in the queue for the given vehicle arrival rate and the number of interruptions, as shown 

in Table 4.  

Table 4. Queuing analysis for varying vehicle arrival rate and number of interruptions 
Interruption Pedestrian 

Green 

Time  

(s) 

Time per 

interruption 

 (s) 

Vehicle 

Green per 

interruption 

(s) 

Arrival 

Rate 

v/h 

Service 

Rate 

v/h 

A.R/ 

S.R 

No of 

vehicle  

per 

cycle 

%  of 

vehicles 

queued 

20 14 180.0 166.0 500 2000 0.25 25 10.3 

22 14 163.6 149.6 500 2000 0.25 22 11.4 

24 14 150.0 136.0 500 2000 0.25 20 12.4 

26 14 138.4 124.4 500 2000 0.25 19 13.4 

28 14 128.5 114.5 500 2000 0.25 17 14.5 

30 14 120.0 106.0 500 2000 0.25 16 15.5 

32 14 112.5 98.5 500 2000 0.25 15 16.5 

34 14 105.8 91.8 500 2000 0.25 14 17.6 

36 14 100.0 86.0 500 2000 0.25 13 18.6 

38 14 94.7 80.7 500 2000 0.25 13 19.7 

40 14 90.0 76.0 500 2000 0.25 12 20.7 

42 14 85.7 71.7 500 2000 0.25 11 21.7 

44 14 81.8 67.8 500 2000 0.25 11 22.8 

46 14 78.2 64.2 500 2000 0.25 10 23.8 

48 14 75.0 61.0 500 2000 0.25 10 24.8 

50 14 72.0 58.0 500 2000 0.25 10 25.9 

52 14 69.2 55.2 500 2000 0.25 9 26.9 

54 14 66.6 52.6 500 2000 0.25 9 28.0 

56 14 64.2 50.2 500 2000 0.25 8 29.0 

58 14 62.0 48.0 500 2000 0.25 8 30.1 

60 14 60.0 46.0 500 2000 0.25 8 31.1 
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Fig. 5 shows the percentage of vehicles queued when there is a variation in the 

arrival rate (500 v/h to 1500 v/h) with a fixed service rate of 2000 v/h. It shows that the 

percentage of vehicles in the queue increases with an increment in the number of 

interruptions and vehicle arrival rate. 

From queuing analysis (Mannering and Washburn, 2012), 

𝐴𝑟𝑟𝑖𝑣𝑎𝑙 𝑅𝑎𝑡𝑒

𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝑅𝑎𝑡𝑒
 > 1, the queue will be continuous. 

The queue will be formed when the arrival rate is higher than the service rate. The 

criterion can be formulated for different arrival and service rate with pedestrian green 

time. Development of such criteria will be helpful for policymakers and traffic 

management officials in deciding to provide appropriate pedestrian crossing facility with 

due consideration for pedestrian safety and traffic efficiency.  

 

Figure.5. Percentage of vehicles in the queue for the varying interruption and arrival 

rates. 

4.4 Tool to predict the vehicle queue formation at Midblock 

A windows-based tool has been developed to use vehicle speed, volume, pedestrian 

speed, road widths, and service rate as input to find the criteria for grade-separated 

crossing. The image of the developed tool is shown in Fig.6 and Fig.7. The tool was 

developed based on the concepts used in the previous sections, 4.1 and 4.3. The combined 

result of both sections helps in identifying the criteria for grade-separated crossing. The 

prediction tool is designed with vb.net by the authors, and it can be used with any 

windows operating system. The application is a portable version that can be used without 

installation by transferring and using any copying device. This application can be used 

only at midblock sections, with the presence and absence of a signal. An example analysis 

using the prediction tool for varying input data (Fig.7) gives output on the percentage of 

the vehicles in the queue based on proposed road width, arrival rate, service rate and other 
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pedestrian variables. Also, the tool uses the regression model equation from Table 3 as 

an input to find the waiting time of pedestrians. 

Further traffic volume input from the regression model is used to predict the vehicle 

queue formation for various interruptions and other variables. Also, the Fig.8. shows an 

output of different variables with the vehicle arrival rate ranging from 50 to 200 

Vehicles/5 minutes. The above range of vehicle arrival rate results in the maximum hourly 

flow of 2400 v/h. When the service rate is 2000v/h, the ratio of arrival rate to service rate 

results in an output of 1.2, which is greater than 1. This result shows that there will be the 

formation of a continuous queue at the midblock. Policymakers can use this tool to decide 

on grade-separated crossing or signalised crossing. If the tool shows the queue is 

continuous, the decision is to use grade-separated crossing for the pedestrian to avoid 

congestion in the road network. In the next section, the input value for different variables 

is changed to analyse the output of the software tool. 

 

 
 

Figure.6. Application to predict the vehicle queue formation at midblock 

 

 
 

Figure.7. Vehicle queue status at higher arrival rate 
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4.5 Analysing the output from Queue formation software 

 

An analysis is done to study the predicted output from the tool using different input 

values. The details of fixed input variables is shown in Table 5. Vehicle arrival for every 

5 minutes is given as varying input with starting value of 10 vehicles per 5 minutes with 

a fixed increase of 10 counts on preceding inputs shown in Table 6. 

Table 5 Variables with fixed values for queuing analysis 
Variables Values 

Vehicle speed 5 m/s 

Pedestrian speed 1 m/s 

Road width 14 m 

Pedestrian Interruption per hour 10 

Service rate 2000 v/h 

 

The output of the percentage of vehicles in the queue is calculated for different vehicle 

arrival rates. The results' details are shown in Table 6, and the graphical representation is 

shown in Fig.8. The analysis shows an increasing trend in the percentage of vehicles in 

the queue with an increasing arrival rate. Since the arrival rate is increasing for the fixed 

service rate, the percentage of the vehicle in the queue is observed to increase with an 

incremental arrival rate. When the vehicle arrival rate for every five minutes is more than 

160, it will result in giving a continuous queue formation. The decision to redesign the 

existing facility or design a new facility can be made based on the output from the criteria 

for a grade-separated crossing facility. 

Table 6 Sample input and output from the prediction tool 
Vehicle 

speed m/s 

Vehicle 

arrival 

every 

5 minutes 

Pedestrian 

Speed m/s 

Road width 

m 

Pedestrian 

Interruptions 

A.R 

v/h 

S.R 

v/h 

% Vehicle in 

Queue 

5 10 1 14 10 120 2000 4.14 

5 20 1 14 10 240 2000 4.42 

5 30 1 14 10 360 2000 4.74 

5 40 1 14 10 480 2000 5.12 

5 50 1 14 10 600 2000 5.56 

5 60 1 14 10 720 2000 6.08 

5 70 1 14 10 840 2000 6.71 

5 80 1 14 10 960 2000 7.48 

5 90 1 14 10 1080 2000 8.45 

5 100 1 14 10 1200 2000 9.72 

5 110 1 14 10 1320 2000 11.44 

5 120 1 14 10 1440 2000 13.89 

5 130 1 14 10 1560 2000 17.68 

5 140 1 14 10 1680 2000 24.31 

5 150 1 14 10 1800 2000 38.89 

5 160 1 14 10 1920 2000 97.22 

5 170 1 14 10 2040 2000 Queue is 

continuous 5 180 1 14 10 2160 2000 
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Figure.8. Prediction on percentage of vehicles in the queue at midblock 

4.6 Discussion 

Pedestrians are among the vulnerable road users as their behaviour is unpredictable in 

different circumstances. The discussion of results and their outcomes are presented in this 

section. 

4.6.1 Pedestrian vehicle interaction 

The regression model result identifies that the waiting time of pedestrians positively 

influences vehicle volume. Also, the waiting time positively influences the speed of the 

vehicle. This model helps in understanding the factors that influence the waiting time of 

pedestrians based on a motor vehicles on the roads. This waiting time prediction is used 

as an input for queuing analysis tool to predict the vehicle queue formation at midblock. 

4.6.2 Application of ITS for traffic control system 

During a travel activity, drivers need continuous attention on the road for various 

signboards and signals for decision-making. This prolonged continuous attention makes 

the driver get fatigued and frustrated, leading to traffic incidents. But this can be 

overcome by ITS technologies, which reduce the driver scanning time on the road for 

signs or signals. ITS application reduces the impact of imaginary positive and negative 

forces acting on vehicles and pedestrians. It is also observed the interruption will be 

continuous as the number of pedestrians and vehicle volume increases. 

4.6.3 Queuing analysis for vehicle-pedestrian interaction 

The fixed-time pedestrian crossing signals provided at the mid-block create frequent 

interruptions to the vehicular traffic leading to the formation of queue. The frequency and 

duration of the pedestrian signal decide the queue length and delay of the vehicles. 

Providing an automatic signal system with the required number of pedestrian 

interruptions based on traffic volume and number of pedestrians per unit time minimises 

the delay for both pedestrians and motor vehicles. A queuing analysis tool is developed 

to predict the vehicle queue formation on the road with a different number of pedestrian 

interruptions. This tool can be used as a guiding tool for policymakers in designing the 
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automation system at a midblock. Further, if this tool predicts a continuous queue, it is 

recommended to have a grade-separated crossing. 

5. Conclusion 

This study analyses pedestrians' road crossing behaviour by identifying positive and 

negative forces exerted by vehicles, driver behaviour, and environmental factors. The 

nature of influence by the significant variables are evaluated through the regression 

model. Further, the vehicular traffic movement efficiency and pedestrian safety of the 

crossing facilities can be enhanced through the implementation of ITS technology-

enabled traffic control systems by reducing the negative force acting on the environment. 

Based on the technology, vehicular traffic movement will be interrupted only when 

pedestrians try to cross the road. Otherwise, the signal indication allows the continuous 

movement of vehicular traffic. When the pedestrian volume increases, the number of 

interruptions to the vehicles also increases, leading to increased delay and queue 

formation. Hence, queuing system analysis is carried out to calculate the threshold value 

for the percentage of vehicles queued for different number of interruptions and vehicle 

volumes. From the above analysis, it is observed that the percentage of the vehicle in 

queue increases from 19.44% to 38.89% when the number of interruptions per hour is 

increased from 20 to 40 for the arrival rate of 1200v/h. Also, it is noted that the percentage 

of vehicles in queue increases from 19.44 % to 77.78% when the arrival rate increases 

from 1200 to 1800v/h with the 20 number of interruptions per hour . Based on queuing 

analysis, the percentage of vehicles in the queue varies based on pedestrian interruptions 

and vehicle arrival rate. The increase in pedestrian interruption per hour and the ratio of 

vehicle arrival and service rates will increase the percentage of vehicle 

queues.Developing similar criteria for varying road width and traffic volume can facilitate 

policymakers and highway officials to decide on the appropriate crossing facility required 

for the given situation. Also, this will help in prioritising the up-gradation of at grade 

crossing facility to a grade-separated one under limited resource scenario. The developed 

prediction tool can be used as a guiding resource for policymakers to choose grade-

separated crossing based on the prevailing field conditions. The earlier studies shows that 

pedestrians are reluctant to use grade-separated crossing due to longer road crossing time 

(Ribbens, Hubrecht ,1996). But, when the grade separated pedestrian crossing facility is 

proposed based on the field conditions which mandate, the grade-separated pedestrian 

facility usage will be more and also improve the vehicular traffic movement with 

minimum delay and queue formation. The work can be extended in the future by studying 

pedestrian behaviour at crosswalks due to changes in weather conditions, i.e. rain and 

night time road crossing movement. The difference in environmental conditions has a 

considerable effect on the hindering force acting on the pedestrians. 
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