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Abstract 
 
The aim of the study is to assess the mobility of an urban road through examining the performance parameters. 
Different parameters such as volume, capacity, spot speed, delay study, congestion Index etc. were discussed to 
examine the performance of the urban transportation system. This paper proposed a methodology for assessing 
the mobility of the Notun Rasta-Gollamari road section in Khulna city at different time periods (weekdays, 
weekends, peak hour, off-peak hour). Speed study survey statistics were accrued through moving observer 
method and counting vehicles. A regression model was developed to represent the relation between mobility and 
other parameters. It was found that the level of service of the study area is C which indicates that the route is a 
stable flow zone. Finally, from F-test, it was observed that mobility is highly dependent on the percentage of 
Non-Motorized Transport (NMT) and the volume of the vehicle per hour. 
 
Keywords: Capacity, Level of service, Congestion, Mobility, Regression. 
 
 
1 Introduction 
 
Mobility means the movement of goods and services. In general, mobility refers to the capability of moving 
based on roadway and roadway users’ characteristics. Transport mobility reflects the overall transportation 
performance of a particular route (Cadar, et al., 2017). Mobility demand of urban people is increasing day by day 
due to rapid urbanization and industrialization. Nowadays almost in all cities, people use different types of 
motorized and non-motorized vehicles to fulfill their mobility demand (Cirillo, et al., 2011). Travel time, travel 
speed, travel distance, user’s behavior, and travel costs are important factors in transport mobility (Boitor, 2014). 
Mobility is higher when travel time and travel cost are low. For sustainable mobility change in road users 
behavior is an important issue. Khulna is the third largest and known as the industrial city of Bangladesh. It has a 
gross population density of about 18,000 per sq. km. and a population growth of 3.8% (BBS, 2015). The 
communication facility of Khulna has developed based on the Dhaka-Jashore-Khulna Highway, with the city 
expanding linearly along both sides of the road (Fazlur, 2004). Mobility has a great impact on urban 
development. Industries have a great influence on urban road mobility in Khulna city. Higher mobility can make 
a greater change in the urban economy. This study is about the assessment on the mobility of the road section, 
different factors that impact on mobility and the factors relation with mobility. 
 
 
2 Literature Review  
 
The effortless moving of transport is considered as the mobility of transportation. It also concerns with the 
number of trips a person made in a day because it shows the efficiency on a road also represents the transport 
demand (Litman, 2003). The mobility of a road reflects the overall image of the transport system and it stands as 
a quantifier of urban activities (Moeinaddini, et al., 2015). In a study at Rourkela city in India presented the 
variation in speed of NMT, fundamental diagram of traffic flow and the effect of NMT on lateral occupancy of 
non-motorized vehicles and motorized vehicles and the mobility of an urban road. Data was collected by the 
video coverage and played in KM player for analyzing the data. The observed parameter to identify the mobility 
of the road section was volume, speed, density, and flow and congestion. (Purohit, et al., 2014). Another study 
named Urban Mobility and Road User Behavior Assessment was conducted in the city of Cluj-Napoca of 
Romania. Travel times, distances and vehicle speeds data were collected for 306 days period with a GPS 
technology based urban mobility management system. The analysis was based on descriptive statistics. Finally, it 
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was found that drivers socio-economic and traffic conditions have a great impact on road user behavior (Cadar, 
et al., 2017). 
 

2.1 Traffic Volume 
A number of vehicles passing the particular point of the roadway during a unit time, traffic volume is expressed 
as vehicle/ day or vehicle/ hour.  
 
2.2 Level of services 
Level of service (LOS) is a quality measure describing operational condition within a traffic stream. Six LOS is 
defined for each type of facility that has an analysis procedure available. Letters designate each level, from A to 
F, with LOS A representing the best operating conditions and LOS F the worst condition (Kadiyali, 1987). 
 
2.3 Congestion Analysis 
According to Lindley, the volume capacity ratio of an intersection must be same or less than 0.77 for an efficient 
run of the vehicle so that no congestion occurs in that road. But if the value is greater than 0.77 it indicates that 
there exists congestion in the intersection Lindley’s index is calculated based on the traffic volume data. Once 
the volume profile is calculated then it is compared to the capacity of the road.  
 
2.4 Regression Analysis 
For Regression analysis, Mobility is used as dependent variable and percentage of Non-Motorized Transport, 
volume per hour, speed and volume capacity ratio are used as the independent variables. 
 
 
3 Methodology 
 
3.1 Study Area Selection 
The study area is the Notun Rasta to Gollamari road section of Khulna 
city. The study area is located to the southern part of the main city. It can 
be termed as the edge of the main Khulna city. The road section (5 
subsections) covers a distance of 7.54 kilometers. 
a) Different time periods were fixed such as peak hour and off-peak 

hour. The volume of different vehicles was counted at just after the 
intersection points.  

b) The spot speed of the vehicles was measured at four times in two 
days. One peak hour and one off-peak hour each day. To calculate the 
spot speed, a suitable distance of 100m at every link was selected at 
the area of free flow of road. 

c) Moving observer method has been used to determine journey speed 
and delay study. From the collected data, flow per lane has calculated 
separately for each lane.  

d) The Level of service of the road was determined by using the design 
speed and volume to capacity ratio of the road to know the comfort 
level and to see whether the service is easily available and cost-
effective or not. 

e) For analyzing congestion, Lindley’s Index has been used for five 
different segments of the study route. 

 
f) In regression analysis, a correlation matrix was produced by using Correlation tool into excel and how 

mobility was affected by the independent variable like road width, NMT percentage of the road, it was 
evaluated through below linear regression model. 

 
         Linear Regression Model, Y = a0 + a1 X1 + a2 X2 + ….. ar Xr + εo 
 
Where Y= Mobility, ao= Constant, ar= Coefficient associated with each attribute, ε0= Error term, X1, X2, X3… = 
Independent variable 
The coefficient associated with each attribute was evaluated by below equation. 
 

                                                      
 

Figure 1. Notun Rasta to Gollamari road section. 
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Where Xi and Yi are an observation of X and Y.  X’, Y’ mean value of X and Y. 
For evaluating how a good relationship between X and Y. This has been done by determining a statistic which 
called Coefficient of Determination R2 as follows. 
 

 
 
4 Analysis and Interpretation 
 
4.1 Roadway Geometry 
Cross-sectional elements have a great impact on the speed of the vehicles. If the cross-sectional elements like 
Right of way, Carriageway, Sidewalk, Shoulder, Parking space are kept in the road, then the smooth and efficient 
flow will be ensured.  

 
Table 1. Roadway geometry at a glance. 

 
 
 
 
 
 
 
 
 
 
 
4.2 Vehicle Composition 
 
Easy bike, Bus, Rickshaw were the most popular vehicle in the road section for their comfortless and availability 
though they were costlier than others. As a result, congestion is created in the stream though total PCU value 
generated from these two vehicles was not so much. Again, the speed of these two-wheelers was also low which 
created congestion because of passenger departure anywhere at any place. On the other hand, public transport i.e. 
bus was lower for the local passenger. Most of the Bus and mini Bus carried an inter-district passenger so the 
local passenger could not use the public service, in number though these could be helpful in fulfilling majority 
public demand with its higher speed as well as lower cost. 
 
4.3 Hourly Variation of PCU 
The peak hour PCU of the section was higher than the off-peak hour PCU. It was about 900-1000 (PCU). The 
off-peak hour PCU varies from 550-800. In (5:30 – 6:0) pm and (8:30-9:00) pm PCU was higher than other time 
because most of the office going people come to the home and local people come out from home for the different 
purpose. At (8:30-9:30) people got to office, workplace, and the student goes to school and college so this time 
PCU was higher than other peak and off-peak time. 
 
4.4 Spot Speed Analysis of Motorized and Non-Motorized Vehicle 
From the field survey, it was found that most of the motorized vehicle speed lies between 15 to 40 KPH. 
Motorcycle and passenger car spot speed was higher than Bus, Mini Bus, and Truck, Mahindra etc. Cycle, 
Rickshaw, and Pushcart are the main non-motorized vehicle of this section. The spot speed of rickshaw was 
between 12 KPH to 16 KPH. Moreover, when students of the residential area go to school and college they used 
to cycle this cycle and rickshaw decrease the speed of the motorized vehicle and also decrease mobility of the 
road because there was a no different lane for NMT. Some pushcart moving on the road pushcart spot speed 
varies from 3.5 KPH to 6 KPH.  
 
4.5 Speed and Delay Analysis of Motorized and Non- motorized Transport 
Most of the delay in the study area has occurred for congestion and speed breaker. By moving observer method 
there have been used passenger car the journey speed of the car was 31.57 KPH. According to this speed on the 
road, it is indicated LOS C (Table 2). 
 
 
 

Name of the intersection Right of 
way 
(m) 

Carriage
way 
(feet) 

Side
walk 
(m) 

Shoulder 
(m) 

Median 
(m) 

Notun Rasta -BN School 18 7.5 1 - 1 
BN School-Boyra Bus Stand 18 7.5 1 - 1 

Boyra Bus Stand-Khulna Medical 18 7.5 1 - 1 
Khulna Medical- Sonadanga 18 7.5 1 - 1 

Sonadanga -Gollamari 28 10 1 2 2 



M. R. Kabir, M. M. Hasan, R. Hossain & P. C. Das 
ICPACE 2019 

 

4 

Table 2. Speed and Delay analysis by the Moving observer method. 
 

 
 
4.6 Congestion Index 
4.6.1 Lindley Index 
 Lindley’s index is calculated based on the traffic volume data of peak hour.  
 

Lindley’s Index =  

 
Table 3. V/C ratio at different road section at Peak and off-peak Hour. 

 
Section No. 

(Notun 
Rasta -

Gollamari) 

Average 
Volume at 
Peak Hour 
(PCU/Hr.) 

Average 
Volume at 
off-peak 

Hour 
(PCU/Hr.) 

The 
capacity 

of the 
road in 

PCU 

Volume/Capacity 
(Peak Hour)   

Volume/Capacity  
(Off-peak Hour)  

1. 966 895 1240 0.779 0.723 
 
According to Lindley’s Index when volume to capacity ratio is greater than 0.77 then the congested flow begins. 
The V/C ratio of that road section is higher than 0.77 at peak hour. So, the traffic flow is congested. The main 
reasons were roadside parking, encroachment, violation of rules, passenger departure and boarding of the easy 
bike. In an off-peak hour, three road section v/c ratio is less than 0.77. According to Lindley index, there has less 
congestion (Table 3). 
 
4.7 Level of Service (LOS) 

From table 4, it is shown that the whole route is in the B, C, and D category of LOS. Los B indicates reasonably 
free flow but speeds are beginning to restrict by traffic conditions and C category of LOS indicates that the route 
is stable flow zone, but most drivers are restricted in freedom to select their own speed. LOS D indicates an 
unstable flow of traffic. The average LOS of the road is C. 
 

 From Notun Rasta to Gollamari 
Sl 
no 

Distance Control 
Points 

Journey 
Time 

Delay 
Time 

Cause of 
Delay 

Overtaking 
Vehicle 

 

Overtaken 
vehicle 

 

The 
vehicle 
in the 

opposite 
direction 

km meter 
Min Sec Min Sec 

1 0 0 Notun 
Rasta 

0 0 0 0 Starting 
point 

17.5 84.5 371.1 

2 1 340 BN School 3 12 0 39 Congestion 
and Speed 

breaker 
3 03 120 Boyra bus 

Stand 
7 15 1 0 Congestion 

and Speed 
Breaker 

4 4 270 Khulna 
Medical 

9 20 1 17 Congestion 

5 5 780 Sonadanga 15 20 2 0 Congestion 
and Speed 
Breaker, 

Link road 
6 7 580 Gollamari 20 50 2 50 Link road, 

Congestion 
 Summary 
Travel 
time 

Delay Time(s) 
 

Running 
Time 

Running 
Speed 

Journey Speed LOS 

Min Min Min KMPH KMPH 
20min 
50sec 

2min 50 sec 18min 
0sec 

36.20 31.57 C 
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Table 4. Level of Service of the road. 
 

Intersection Time Lane Volume/Cap
acity 

 

Range 
(Kadiyali
, 1987) 

Level of 
Service (LOS) 

Average 
LOS 

Notun Rasta -
BN School 

8:30-9:30 am 2 0.76 >=.70 C  
 
 
 
 
 
 
 
 
 
 

C 
 
 

10:30-11:30 am 2 0.72 >=.70 C 
12:00-12:30 pm 2 0.78 >=.70 C 

3:00-3:30 pm 2 0.65 >=.60 B 
5:30-6:00 pm 2 0.85 >=.80 D 

BN School-
Boyra Bus 

Stand 

8:30-9:30 am 2 0.73 >=.70 C 
10:30-11:30 am 2 0.67 >=.60 B 
12:00-12:30 pm 2 0.71 >=.70 C 

3:00-3:30 pm 2 0.65 >=.60 B 
5:30-6:00 pm 1 0.81 >=.80 D 

Boyra Bus 
Stand-Khulna 

Medical 

8:30-9:30 am 2 0.73 >=.70 C 
10:30-11:30 am 2 0.67 >=.60 B 
12:00-12:30 pm 2 0.71 >=.70 C 

3:00-3:30 pm 2 0.65 >=.60 B 
5:30-6:00 pm 2 0.81 >=.80 D 

Khulna 
Medical- 

Sonadanga 

8:30-9:30 am 2 0.80 >=.80 D 
10:30-11:30 am 2 0.72 >=.70 C 
12:00-12:30 pm 2 0.78 >=.70 C 

3:00-3:30 pm 2 0.70 >=.70 C 
5:30-6:00 pm 2 0.83 >=.80 D 

Sonadanga -
Gollamari 

8:30-9:30 am 2 0.81 >=.80 D 
10:30-11:30 am 2 0.79 >=.70 C 
12:00-12:30 pm 2 0.75 >=.70 C 

3:00-3:30 pm 2 0.77 >=.70 C 
5:30-6:00 pm 2 0.85 >=.80 D 

                       
4.8 Mobility 
In workday, the mobility increases in peak hours where occupancy of the easy bike, Bus, Mini Bus is maximum. 

 
Table 5. The mobility of the study road in peak and off-peak hour. 

 

 
But the NMT occupancy rate decreases in peak hours; people prefer MT vehicle in rush hours more than NMT. 
Moreover, there also the mobility is higher in peak hours (Table 5).  
 
4. 9 Regression Model 
i) Regression Model with Mobility as Dependent Variable 
From the table 6 & 7, it is illustrated that the percentage of NMT (%NMT) and volume is more positively 
correlated with mobility than other factors because the value of %NMT and volume nearer to the value of 
mobility which is 1. Apart from those two, the value of three factors Road width, Speed and V/C are far from the 
Mobility value 1 and they are below 0.5 negative as well. The regression model for the accident, therefore, has 
become as follows: Mobility = 4144.606+10X1 +0.929 X2 
Where, Mobility = Movement of people or goods in an hour, X1 = Percentage of NMT, X2 = Volume. 

 
 

 Notun Rasta -
BN School 

BN School-
Boyra Bus 

Stand 

Boyra Bus 
Stand-Khulna 

Medical 

Khulna 
Medical- 

Sonadanga 

Sonadanga -
Gollamari 

 Peak Off-
peak 

Peak Off-
peak 

Peak Off-
peak 

Peak Off-
peak 

Peak Off-
peak 

Weekend  4349 3792 3989 3759 4502 4184 4552 4552 5039 4288 

Weekday 
(Person/hr.) 

4829 4124 4688 4177 4923 4493 5050 4529 5853 4780 
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Table 6. Correlation matrix for mobility analysis. 
 

 
Table 7. Regression results for accident analysis. 

 

 
ii) Hypothesis 
Null Hypothesis: Mobility does not depend on the percent of NMT and Volume of the vehicle per hour. 
Alternative Hypothesis: Mobility depends on the percent of NMT and Volume of the vehicle per hour. 
iii) Correlation coefficients: Since all the values of R, R square and adjusted R square are very high (0.958839, 
0.919372 and 0.896335 respectively) and very close to 1.0, the dependent variable Mobility is explained well by 
the independent variable. 
F test 
From F-distribution table at significance level 0.05 (a. =0.05) 
 F, k, [n-(k+l)] = F (.05), 2, 7       t= 4.74 
Computed F-value, F=39.90914  
As, Fcalculated > Fcritical; so, the null hypothesis Ho is rejected at a significant level 0.05 
 
 
5 Conclusions 
 
The mobility studies of a road section connecting Notun Rasta to Gollamari of Khulna city are necessary 
because of the high level of service facilities provided in the area. The study shows the relationship among 
mobility, volume study, travel time, travel speed, travel distance, level of service and identifies the operational 
cases of this transportation system. From volume study, the problems requiring traffic demand, traffic flows are 
identified. Different analysis methods are used in this study regarding volume study which can be used for 
further policy imposing or changing. Directional traffic stream and the fluctuation of traffic will be useful to 
impose policy regarding separated lane installation, banning or time staggering of slow-moving vehicles.  
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 Mobility % NMT Volume Road width Speed V/C 
Mobility 1      
% NMT 0.601678 1     
Volume 0.921835 0.389072 1    

Road width -0.28006 -0.09627 -0.30847 1   
Speed -0.23649 -0.64706 -0.13291 -0.604082731 1  
V/C -0.12736 -0.20993 0.217396 -0.038456757 0.153226 1 

 Coefficients Standard Error t Stat 
Intercept 4144.60 136.26 30.41 
% NMT 10.49 4.27 2.45 
Volume 0.929 0.133 6.95 


