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Resume
This study explores the significant role of three-wheelers (3W) on urban 
road traffic, focusing on the reduction in average vehicle speeds and its 
consequential impact on the Level of Service (LOS) of the road. Data 
collected from various traffic volumes reveal significant speed reductions 
ranging from 4 % to 35 % due to the movement of 3Ws on the road. To 
model this phenomenon, Artificial Neural Network (ANN) is employed. The 
resulting reductions in speed, induced by the 3W, trigger LOS degradation, 
leading to congestion and delays. A noteworthy finding is that the traffic flow 
naturally gravitates towards the LOS C, underscoring the substantial role 
played by the 3W in diminishing the overall LOS of the road. This research 
offers critical insights into the dynamics of urban traffic influenced by the 
3W, providing a valuable foundation for traffic management and urban 
planning efforts.
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India, being a  developing country has seen a  wave of 
rapid growth in the road infrastructure over the last few 
years [9-10]. The major objective of constructing new 
and wider roads is usually to reduce the time of journey 
between any two locations, while also keeping in view the 
safety of the road users. However, in developing countries 
like India, the problem of heterogeneity or mixed traffic 
acts as an obstruction in achieving these objectives 
completely [11]. On the roads of developing countries, 
various categories of vehicles like two-wheelers, cars, 
and heavy vehicles are observed. One such category, 
which is predominately observed as public transport in 
developing countries are the auto-rickshaws or three-
wheelers (3W). While these vehicles offer advantages 
such as affordability, maneuverability, and accessibility, 
they also raise concerns regarding their impact on traffic 
flow. The 3Ws have several advantages as they can 
easily change lanes [12], are much more affordable, and 
can provide door-to-door service, which is not possible 
for other public transportation systems. However, their 
frequent stop-and-go feature, along with less operating 
speed as compared to the traffic stream, along with 
an appreciable composition in traffic flow, makes it 
a  potential cause for reducing the overall quality of 

1	 Introduction

The world‘s urban landscapes are constantly 
evolving, with transportation playing a  pivotal role in 
shaping the dynamics of cities and the flow of traffic 
[1]. Among the diverse array of vehicles that traverse 
the streets of bustling metropolises and tranquil towns, 
the three-wheelers hold a unique position. These small 
vehicles with three wheels are commonly found in 
parts of the world with a unique impact on traffic 
flow. Understanding how three-wheelers affect the 
traffic is essential for city planners, policymakers, and 
commuters alike. 

Urban transportation systems are continuously 
evolving, and one essential aspect of this transformation 
is the role of three-wheelers (3W) in influencing the 
traffic dynamics [2]. This study sets the stage for a 
comprehensive exploration of how the 3W impacts urban 
road traffic. The study delves into the reduction in 
average vehicle speeds caused by 3W and its subsequent 
repercussions on the Level of Service (LOS) of roads.

Increase in buildings over the years have increased 
pressure on the existing infrastructure leading to the 
building of new roads, flyovers, and expressways [3-8]. 
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are positive, however, unlike the study, in developing 
countries heavy vehicles are not the only slow-moving 
vehicles. Further, their study was limited to hilly terrain 
only. A similar study suggested providing passing bays 
every 2-4 km for slow-moving agricultural vehicles on 
2-lane rural roads [23]. Garvey (2003) [24] addressed 
the shortcomings of the SMV emblem that was used as 
a  safety feature for more than 40 years in the US. He 
interviewed over 100 male and female drivers on the 
identification of the SMV emblem, which surprisingly 
showed that although older drivers understood the 
meaning of the safety emblem, the understandability of 
younger counterparts was under 30 %. The study was 
meant for developed countries and talked about poor 
driver education. Its utilization in developing countries 
seems to be sparse. Sylla (2021) [25] proposed a model 
to understand the effect of SMVs on traffic. However, 
the model although accurate was hugely dependent on 
the downstream traffic density. Further, the SMVs were 
defined as vehicles moving in bottlenecks only. Gaur 
and Sachdeva (2022) [26] opined that SMVs reduce the 
capacity of the road. The study reported that an increase 
in HVs from 5 to 15 % on the road reduces the capacity 
of the road by 20 %. Another literature [27] studied the 
effect of SMVs on young drivers at night in Malaysia. All 
the literature seems to address only HVs or agricultural 
vehicles as SMVs, whereas, in developing countries like 
India, selective 3Ws are also SMVs as their average 
speeds are usually less than 40 km/h. Similarly, machine 
learning (ML) and deep learning methods have not been 
used much to study the aspect of SMVs. 

A study at a small roundabout in Hlohovec, Slovakia 
[28], reflected that changing the traffic organization 
would result in shorter travel times, better traffic flow 
permeability, and fewer collision points. The study 
also highlighted the impact of the proposed changes on 
traffic characteristics, such as stop times, speed, and 
travel times. Lizbetin and Stopka (2016) [29] proposed 
a  solution for a  specific traffic operation in the city of 
Pilsen. They focused on analyzing traffic survey results 
in the field. The goal of their study was to increase 
traffic fluency, safety, and environmental protection 
in urban areas. Neural networks has also been used 
in a  study to forecast the number of road accidents 
and the authors opined that neural networks are an 
effective tool to study traffic scenarios [30]. In a dated 
study [31], the authors reviewed and suggested various 
traffic scenarios/contexts, which should be studied in 
detail; and one of them was to address the travel time by 
various categories of vehicles. Another research studied 
the two types of behaviours exhibited by drivers: one 
being aggressive and another being cooperative. While 
aggressive behaviours might lead to crashes, excessive 
cooperative behaviours can lead to long queues and 
congestion [32]. These drivers need to be studied as 
they always slow down the traffic stream. Although the 
study by Metelski (2018) [33], examined various traffic 
events on the road, the researcher has opined that it 

service on roads, thereby increasing the probability of 
congestion and delays to road users [5, 13-16]. 

Therefore, in the present study, the effect of the 
3Ws as slow-moving vehicles (SMVs) has been assessed 
utilizing artificial neural network (ANN). Data is 
collected across various traffic volumes and proportions 
of vehicles influenced by 3W unveil a significant slowing 
of traffic, with cars and two-wheelers experiencing 
the most substantial speed reductions. The modelling 
of this phenomenon is facilitated by Artificial Neural 
Networks (ANN). Further, the consequences of these 
speed reductions reflect through congestion and delays, 
altering the LOS of roads. The present study leads to 
a  deeper understanding of the role of three-wheelers 
in the broader traffic ecosystem, which is essential for 
crafting effective urban transportation policies and 
planning for a more sustainable and efficient future of 
mobility.

2	 Literature review

Not many studies have been found to address the 
effect of 3W as slow-moving vehicles on the traffic 
stream in developing countries. However, there are 
some studies [11, 17-18], which have studied the traffic 
congestion in developing countries and have indirectly 
considered the effect of slow-moving vehicles (SMVs) 
like 3W, and heavy vehicles (HVs) while analyzing the 
congestion or calculating heterogeneity index. Pinzke 
and Lundqvist (2004) [14] conducted a  comprehensive 
study on accidents involving slow-moving vehicles on 
Swedish roads. Another research studied the patterns 
of elephant racing at moving bottlenecks and explained 
the non-linear features of complex interactions among 
vehicles. However, the authors did not specify any 
single category of vehicle [19]. Slow-moving vehicles 
are defined as vehicles, which move at speeds between 
10-40 km/h [20]. The authors developed a  macroscopic 
model to assess the effect of slow-moving vehicles on 
traffic congestion where the input parameters consisted 
of the flows in both directions, the percentage of trucks, 
the speed and journey length of the slow-moving vehicle; 
and the outputs provided by the model are number of 
overtakes; size and duration of disturbance; number of 
affected vehicles and their delay, etc. Although the speed 
is a  better parameter to judge slow-moving vehicles, 
developing one model might not apply to different 
categories of vehicles. Wickes and Nelson (2000) [21] had 
described the complete physics behind the slow-moving 
vehicles, their requirement, the necessary emblems 
to be put on them to prevent hazards and their speed 
limits. However, since the study was conducted 23-25 
years ago, it considered only farm vehicles as slow-
moving vehicles. Recently, Del Serrone et al. (2023) 
[22] assessed the effectiveness of providing climbing 
lanes to slow-moving vehicles while climbing hills using 
VISSIM. Although the results exhibited by the authors 
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different time intervals for a comprehensive analysis. 
Temporary road markings were applied to the road 
section, as depicted in Figure 1. For the study, data 
were acquired through video recording techniques, and 
subsequently retrieved with the aid of Kinovea software, 
ensuring accuracy and efficiency in the extraction 
process. The recorded videos were played back on a 
monitor using Kinovea video editing software, and the 
following parameters were extracted.
a)	 Traffic Volume.
b)	 Operating speeds of vehicles
c)	 Composition of vehicles.

The extracted data were subjected to various 
statistical analyses to study the effect of 3W on other 
categories. The detailed methodology of the study is 
presented in the form of a  flow chart in Figure 2. To 
identify vehicles following the 3-wheelers (3Ws) for the 
study, certain criteria were established. This included 
identifying vehicles that consistently followed 3Ws 
without the availability of space for overtaking them 
and exhibited a  regular pattern of brake light usage, 
observed through the tail lamp lights. Additionally, in 
instances where a queue is formed, vehicles within the 
queue were considered only if the leading vehicle was 
a  3W. Analyzing the speeds of both regular vehicles 
and those following 3Ws offered valuable insights into 
the impact of 3Ws on the traffic flow, presenting an 
intriguing avenue for research.

3.1	 Artificial neural network

Artificial neural networks (ANN), recognized as one 
of the foremost data mining techniques for addressing 
intricate challenges across diverse fields such as fluid 
mechanics, signal processing, transportation studies, 
nanotechnology, and atomic physics [36], serve 
as prevalent nonlinear estimation models [37]. The 
ANN methodology involves data processing through 

does not delve into all the types of traffic problems 
related to various categories of vehicles. Authors of [34] 
presented that cars emit maximum Carbon Di-Oxide 
to the environment. They also found that standing 
vehicles and at speeds below 15th percentile speeds 
produce much higher CO2 to the environment and the 
reason is attributed to intersections and SMVs. An 
increase in EVs and autonomous vehicles can decrease 
the proportions of SMVs like 3-wheelers, which impact 
the traffic flow, [35]. Therefore, it can be said that 
many researchers have directly or indirectly addressed 
the problems faced by SMVs on the road, but have not 
much assessed it as their objectives were different. 
Further, with advancements in active learning (AL) 
and machine learning, the studies need to apply them 
to make evaluation easier on roads. Therefore, the 
present study attempts to evaluate the effect of 3Ws 
in Indian conditions on urban road traffic scenarios  
utilizing ANN.

3	 Site selection, data collection  
and methodology

Data from various mid-block sections on 6-lane 
divided urban roads within the city of Bhubaneswar, 
India, were gathered via video recording technique. 
Bhubaneswar, classified as a tier-II smart city, boasts 
a population of approximately 1.5 million residents. 
The selection of this city for our study is based on its 
representation of a typical tier-II city in India, sharing 
similar demographic characteristics with many other 
cities in this category. The test sections were specifically 
chosen to ensure that the traffic flow at these locations 
remains unaffected by factors such as horizontal 
curvature, the presence of intersections downstream 
or upstream, bus stops, parked vehicles, pedestrian 
activity, or any form of side friction. Data was collected 
from various locations at mid-block sections within the 
urban area, and these collections were carried out at 

Figure 1 Snapshot from one of the sites illustrating the temporary road markings
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and enhancing their capacity to model complex real-
world data. 

Given the intricate nature of the data handled 
by ANNs, introducing non-linearity into the model is 
crucial, which is achieved through activation functions. 
These functions facilitate the neural network in 
emphasizing pertinent information, while disregarding 
irrelevant data points. Various sigmoid activation 
functions, including TanH, linear, and Gaussian, can 
be utilized in developing ANN models. TanH non-
linearity is commonly favored, particularly when the 
data structure is entirely unknown. In the present 
study, ANN has been utilized to estimate the speed of 
the traffic stream at different traffic volumes, based on 
the categories of vehicles and the percentage of vehicles 
following 3Ws. This in turn can accurately determine 
how LOS is being affected due to the presence of slow-
moving 3Ws.

interactions among virtual neurons, arranged in 
a  layered structure with numerous interconnections 
[38]. Each neuron’s output in each layer serves as 
input to multiple neurons in the subsequent layer, 
thus establishing the transfer functions applied to each 
neuron’s input signal.

Numerous studies attest to the ANN’s adeptness 
in accurately predicting various traffic incidents, 
establishing its reliability [39]. Typically, the ANN 
configurations with two hidden layers are widely 
employed in transportation engineering problem-solving. 
However, inappropriate neuron counts in hidden layers 
may result in over-fitting or under-fitting, compromising 
the network’s performance and accuracy. Shallow 
networks with one or two hidden layers represent the 
most fundamental ANN structures. With more than one 
hidden layer, ANN models transition into deep models, 
enabling the learning of multiple representation levels 

Figure 2 Flowchart for methodology
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other 2 categories of vehicles, which is in similar lines 
with the objective of the present study. The proportion of 
HVs is much lesser (0.5-1 % of total traffic), as compared 
to other categories and HVs mostly comprises city buses 
and school buses in the present study. However, out of 
every 100 vehicles on the studied road, 11-12 vehicles 
are 3Ws, and therefore they affect the flow of other 
vehicles more, as compared to HVs due to their inherent 
lesser operating speed and higher traffic composition. 
Secondly, it is observed that due to bigger dimensions, 
buses are visible from a distance and that is why other 
road users take appropriate measures while driving, 
from a  distance (like lane changing manoeuvres, or 
overtaking manoeuvres) based on the traffic condition. 
The same does not apply in the case of vehicles following 
the 3Ws. Moreover, due to their design of 1 wheel in 
front, they suddenly change their lane towards the 
curb side for picking up passengers or drop them off. 
Before divulging that assessment, Table 2 showcases the 
average change in speed as compared to 3W for various 
categories of vehicles across different volumes.

The positive values in Table 2 represent an increase 
in speed over 3Ws, while a  negative value represents 
a  decrease in speed. As can be seen from Table 2, the 
2W and cars and jeeps have higher speeds as compared 
to 3Ws at any traffic volume. The difference in speeds 
is bigger at lower traffic volumes. As the traffic goes 
towards higher volumes and congestion, the difference 
in speed decreases. Although the 3Ws are the slowest 
vehicles on the road, in 3 instances, HVs have shown 

4	 Results and analysis

The study revolves around the assessment of 
operational effects of 3-wheelers on the flow of traffic on 
urban roads. To examine this effect, first the classified 
traffic volume along with speeds of various motorised 
category of vehicles have been extracted as mentioned 
in section 3. The data has been knowingly collected 
during the working hours of 8 AM to 8 PM, when the 
most of the public is active to ascertain the true effect of 
3-wheelers. During this time, the lowest volume on the 
studied locations has been found to be around 1500-2000 
v/h, which can reach up to 5000 v/h. The consolidated 
data of average speeds of various categories of vehicles 
during different traffic volumes is presented in Table 1.

The data provided in Table 1 is a  compilation of 
more than 20000 vehicles across various traffic volumes 
at different times of the day. It can be observed that 
the average speeds remain statistically the same up to 
3500-4000 v/h (p > 0.05 for speed values from 1500-4000 
v/h in t-tests comparison). However, at traffic volumes 
above 4000 v/h, the road is moving towards congestion, 
therefore the average speeds decrease suddenly in the 
range of 25-37 %. The t-test comparing speeds of vehicles 
within 1500-4000 v/h and >4000 v/h also gave similar 
results as the p-value was obtained to be <0.05. The 
effect of traffic congestion is seen more in the case of 
cars, jeeps, and HV as compared to 2W and 3W due to 
the dimensions of vehicles. From Table 1 can be observed 
that the 3-W and HVs have lesser speed as compared to 

Table 1 Descriptive statistics of classified speeds at different traffic volume levels

Volume (v/h)
Average Speeds (km/h)

2W 3W Cars and Jeeps HV

1500-2000 34 27 40 27

2000-2500 33 26 39 26

2500-3000 35 28 40 27

3000-3500 35 30 41 30

3500-4000 36 32 41 27

4000-4500 29 24 29 23

4500-5000 27 24 26 23

Table 2 Percentage increase of operating speeds as compared to 3W

Volume (v/h)
% of increase/decrease of speed as compared to 3W

2W Cars and Jeeps HV

1500-2000 25.93 48.15 0

2000-2500 26.92 50 0

2500-3000 25.00 42.86 -3.57

3000-3500 16.67 36.67 0

3500-4000 12.50 28.13 15.63

4000-4500 20.83 20.83 -4.17

4500-5000 12.50 8.33 -4.17
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which follow the 3W, and are not able to overtake them. 
The speeds of various category of vehicles, which are 
exclusively following the 3W, at different traffic volumes, 
are presented in Table 4.

It is obvious that every category of vehicle shall 
move at a speed near to or slower than the average speed 
of 3W, for any specific traffic volume, and this is evident 
from Table 4. For example, at 2000-2500 v/h, the average 
speed of 3W was found to be 26 km/h and therefore the 
vehicles following 3W are observed to be moving at 
similar average speeds i.e., between 25-28 km/h. Now, if 
we see the average speed of a regular car (From Table 
1) is found to be 39 km/h at 2000-2500 v/h. Thus, the 
average reduction in speed of cars is around 11 km/h 
(39-28 km/h), which amounts to a  reduction of 28.2 %. 
The reduction in speeds of each category of vehicles due 
to following a 3W is provided in Tables 5-8.

smaller speeds than 3Ws. However, this speed decrease 
of 3-4 % as compared to 3W is statistically insignificant 
at 5 % significance level. Moreover, the number of these 
HVs is very small due to which this observed smaller 
speeds can be analysed to be the same as that of 3Ws’ 
speeds. Post this initial analysis, Grubb’s outlier tests 
were performed to delete outliers (if any) present in the 
data. It is observed that only one speed variable in 2W 
(a speed of 80 km/h) was an outlier. Table 3 showcases 
the results of Grubb’s test where it can be observed that 
the p value > 0.05 for all the other categories except for 
2W. The result for the 2W after, removing the outlier, 
is also shown in Table 3. The outlier charts, based on 
Grubb’s test, are shown in Figure 3.

Since the present study has attempted to examine 
the effect of slow-moving vehicle (SMV) i.e., 3W, the 
data was extracted to calculate the speeds of vehicles, 

Table 3 Grubb’s test to determine outlier speed values for different categories of vehicles

Mean Speed (km/h) Std. Deviation Min. Max. G P

2W 34.05 9.80 14.75 80.00 4.69 0.001

3W 28.50 7.28 13.00 50.70 3.05 0.703

Cars and Jeeps 36.55 8.72 16.36 63.16 3.05 0.746

HV 31.11 9.22 8.43 54.55 2.54 0.406

2W (post outlier removal) 33.70 8.98 14.75 66.67 3.67 0.073

(a) (b)

(c) (d)

Figure 3 Outlier charts for speeds of different categories of vehicles
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Table 4 Average speeds of vehicles exclusively following 3W

Volume (v/h)
Average Speeds (km/h) while following 3W

2W 3W Cars and Jeeps HV

1500-2000 28 26 29 25

2000-2500 28 25 28 26

2500-3000 26 28 29 27

3000-3500 28 28 29 26

3500-4000 27 30 31 26

4000-4500 22 23 23 23

4500-5000 21 23 22 22

Table 5 Comparison between speeds of regular 2W and 2W following 3W

Volume (v/h) Average Speeds (km/h)
2W regular speed 2W following 3W % reduction in speed

1500-2000 34 28 17.64

2000-2500 33 28 15.15

2500-3000 35 26 25.71

3000-3500 35 28 20.00

3500-4000 36 27 25.00

4000-4500 29 22 24.14

4500-5000 27 21 22.22

Table 6 Comparison between speeds of regular 3W and 3W following 3W

Volume (v/h)
Average Speeds (km/h)

3W regular speed 3W following 3W % reduction in speed

1500-2000 27 26 3.70

2000-2500 26 25 3.84

2500-3000 28 28 0.00

3000-3500 30 28 6.67

3500-4000 32 30 6.25

4000-4500 24 23 4.17

4500-5000 24 23 4.17

Table 7 Comparison between speeds of regular cars and jeeps and those following 3W

Volume (v/h)
Average Speeds (km/h)

Cars and Jeeps regular speed Cars and Jeeps following 3W % reduction in speed

1500-2000 40 29 27.50

2000-2500 39 28 28.21

2500-3000 40 29 27.50

3000-3500 41 29 29.27

3500-4000 41 31 24.39

4000-4500 29 23 20.69

4500-5000 26 22 15.38
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of 2W do  not change much with increase in volume, 
therefore, the higher reduction in speeds is observed 
at higher volumes. However, due to bigger size, the 
regular speeds of cars and jeeps decrease with increase 
in volume. Therefore, their forced reduction is higher at 
lower traffic volumes. The HVs are usually not seen to 
be following the 3W. Even when the HVs follow 3W, due 

As can be seen from Tables 5-8, the vehicles are 
forced to slowdown when following a 3W. The cars and 
jeeps, being the fastest are affected the most, followed 
by 2W. While the cars and jeeps are forced to reduce 
their speeds in the range of 15-29 % while following a 3W 
forcibly, 2W have to reduce their speeds in the range of 
15-26 %. It is also observed that since the regular speeds 

Table 8 Comparison between speeds of regular HVs and those following 3W

Volume (v/h)
Average Speeds (km/h)

HV regular speed HV following 3W % reduction in speed

1500-2000 27 25 7.41

2000-2500 26 26 0.00

2500-3000 27 27 0.00

3000-3500 30 26 13.33

3500-4000 27 26 3.70

4000-4500 23 23 0.00

4500-5000 23 22 4.35

Figure 4 Proportion of various category of vehicles

Table 9 Proportion of vehicles affected by 3-Wheelers (forcibly following 3W)

Traffic volume
(v/h)

Percentage of vehicles affected (%)

2W 3W Cars and Jeeps HV

1500-2000 17.5 13.3 20.2 10

2000-2500 22.6 17.6 22.8 -

2500-3000 23.8 22.4 23.4 -

3000-3500 23.6 28.6 24.6 16.6

3500-4000 21.2 30.9 25.1 14.4

4000-4500 20.5 30.8 25.3 -

4500-5000 20.2 31.1 25.2 15.6

Average 21.3 25.0 23.8 8.1

NB - Since number of HVs are too small on the studied road, the percentage values of HVs affected by 3W is on a higher side.
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that with increase in traffic volume, the proportion 
of affected vehicles increases, as well. For 2W, this 
number increases with volume, but up to a  certain 
extent. Thereafter, the number marginally decreases 
and remains constant. Since, the vehicles who follow the 
3W also affect the regular speeds and their proportion 
is not less, therefore, it can be noted that without 3W 
on the road, or the vehicles that are not following the 
3W, the average speeds of the vehicles shall increase, 
which can be calculated based on the available data. If 
the average regular speed of ith category of vehicle is Vir , 
the average forced reduced speed of same category of 
vehicle is Vi

f , and the proportion of affected vehicles is 
Pi , then the average unaffected speed of the ith category 
of vehicle Viu^ h  can be obtained by applying:

V P
V P V
1i

u

i

i
r

i i
f

$
= -

-d n 	 (1)

The regular and forced reduction in speed is already 
provided in Tables 5 to 8. Tables 10 to 13 provide an 
addition to the above data where the unaffected average 
speeds of each category of vehicles are also presented.

From Tables 10 to 13 can be observed that the 
average speed of each category of vehicles is affected 
by the presence of 3W. The speeds of 2Ws and cars and 
jeeps reduce in the range of 18 % to 35 % and are the 

to their regular speeds being smaller, they do not usually 
get affected by them. Similar is the case of 3W following 
3W. The present study is conducted on an urban arterial 
road where the highest allowable speed is marked at 50 
km/h for cars and jeeps, and 40 km/h for motorised 2W. 
For urban arterials, the LOS can be determined based 
on operating speeds (OS) as percentage of free flow 
speeds (FFS) [40-41]. 

It is evident from Tables 5 to 8 that due to the 
prevalence of 3W, the 2W, 3W, cars and jeeps are forced 
to reduce their speed to an extent, which will certainly 
cause a reduction in LOS leading to undesirable delays 
and congestion. However, the magnitude of the effect of 
this forced reduction on traffic flow completely depends 
on the number of vehicles that are getting affected/
have to forcefully follow 3W. If more vehicles are getting 
affected by 3Ws, then the regular speeds of 2W and 
cars and jeeps will also increase if 3W are removed 
from road or are provided a special lane. Therefore, the 
composition of traffic, the unaffected percentage, and 
the affected percentage (following 3W) must be obtained. 
Figure 4 showcases the average proportion of vehicles on 
the road. Next, Table 9 shows the percentage of affected 
vehicles, which forcibly follow 3W.

Table 9 provides an insight that on an average 
20-25 % of vehicles across all categories of vehicles 
(except HV) are getting affected by 3Ws. For 3W 
and cars and jeeps, general trend can be observed 

Table 10 Comparison of speeds for regular 2W, unaffected 2W, and 2W following 3W

Volume (v/h)
Average Speeds (km/h)

2W regular speed 2W following 3W 2W unaffected % Reduction in unaffected speed percentage as 
compared to following 3W speed

1500-2000 34 28 35.3 20.68

2000-2500 33 28 34.5 18.84

2500-3000 35 26 37.8 31.22

3000-3500 35 28 37.2 24.73

3500-4000 36 27 38.4 29.69

4000-4500 29 22 30.8 28.57

4500-5000 27 21 28.5 26.32

Table 11 Comparison of speeds for regular 3W, unaffected 3W, and 3W following 3W

Volume (v/h)

Average Speeds (km/h)

3W regular speed 3W following 3W 3W unaffected
% Reduction in unaffected speed 

percentage as compared to following 3W 
speed

1500-2000 27 26 27.2 4.41

2000-2500 26 25 26.2 4.58

2500-3000 28 28 28 0.00

3000-3500 30 28 30.8 9.10

3500-4000 32 30 32.9 8.81

4000-4500 24 23 24.5 6.12

4500-5000 24 23 24.5 6.12
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better performance for multi-layer neural networks [42-
43]. Random Holdback validation technique is used for 
the validation. Figure 5 showcases the general ANN 
framework followed by the statistics for training and 
validation in Table 14.

Values from Table 14 show how good the model is at 
predicting the reduction in speed. The R-square values 
are more than 0.95 for both training and validation. 
Similarly, the values of Root Average Squared Error 
(RASE) and mean absolute deviation are in the range 
of 1 and 2. While calculating the average percentage 
reduction in speed, the calculated error, as compared 
to the field data, is in the range of 1-2 % only. Figure 6 
shows a screenshot of the profiler for determining the 
percentage reduction in speed utilising the independent 
variables. The vertical red lines can be adjusted 
dynamically to get the speed reduction values. The 
figure also shows how Cars and Jeeps is the category 
that are forced to reduce their speed by a higher margin 
as compared to other categories. The first graph shows 
that at lower volumes the speed reduction is high since 
the regular vehicular speeds are high at low traffic 
volumes. The regular speed decreases with increase 
in volume, which reflects in the graph that the speed 
reduction also decreases. For example, a car travels 
at 45-50 km/h at 2000-2500 v/h whereas it travels at 
around 40 km/h at 3000 v/h. Thus, when following 3W 
in both volumes, if the car’s speed reduces to 30 km/h, 

most affected by the presence/movement of 3Ws on road. 
Even other 3Ws and HVs on the road also get affected 
by the slow moving 3Ws on few instances where they are 
forced to reduce their speeds to 15 % for HVs following 
3Ws and 9 % for 3Ws following 3Ws. The speeds of cars 
and 2W are drastically reduced as they usually travel 
faster on roads, while 3W and HV are affected less. 
This phenomenon not only affects their travel times and 
contribute to congestion, but also decreases the overall 
LOS of the road. Further, the results obtained are only 
for the present study area and will differ from place to 
place, with different proportions of 3W on the road. 

To present this reduction in speed via a  model, 
Artificial Neural Network (ANN) has been used, where 
percentage reduction in speed for any category of vehicles 
can be predicted by knowing the average traffic volume 
on the road and how much percentage of that category of 
vehicles are affected by 3W (or following 3W). The JMP 
SAS software has been used to conduct the ANN. For 
the analysis, 3 hidden layers were considered. Shallow 
networks were not considered, since 3 independent 
variables, where one of them is nominal (category of 
vehicle), have been used for prediction. TanH activation 
function, which is the default activation function in the 
software has been directly employed. This is because the 
TanH provided very good prediction accuracies in the 
first attempt, and secondly TanH is usually preferred 
over other activation functions, like Sigmoid, as it gives 

Table 12 Comparison of speeds for regular Cars and Jeeps, unaffected Cars and Jeeps, and Cars and Jeeps following 3W

Volume (v/h)

Average Speeds (km/h)

Cars and Jeeps 
regular speed

Cars and Jeeps 
following 3W

Cars and Jeeps 
unaffected

% Reduction in unaffected speed 
percentage as compared to 

following 3W speed

1500-2000 40 29 42.8 32.24

2000-2500 39 28 42.3 33.81

2500-3000 40 29 43.4 33.18

3000-3500 41 29 44.9 35.41

3500-4000 41 31 44.4 30.18

4000-4500 29 23 31.0 25.81

4500-5000 26 22 27.4 19.71

Table 13 Comparison of speeds for regular HV, unaffected HV, and HV following 3W

Volume (v/h)
Average Speeds (km/h)

HV regular speed HV following 3W HV unaffected % Reduction in unaffected speed percentage 
as compared to following 3W speed

1500-2000 27 25 27.2 8.09

2000-2500 26 26 26 0.00

2500-3000 27 27 27 0.00

3000-3500 30 26 30.8 15.58

3500-4000 27 26 27.2 4.41

4000-4500 23 23 23 0.00

4500-5000 23 22 23.2 5.17
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as compared to higher volumes (4750 v/h). Similarly, 
though cars and jeeps are the ones whose speed reduces 
the highest, however at higher volumes, speed of 2W is 
reduced more as opposed to other category of vehicles. 
This is because of the flexibility to change lanes while 
manoeuvring is high for 2W, which significantly 
decreases with an increase in traffic volume. The same 
phenomenon is observed in the first graph of the second 
row of Figure 7.

The ANN can be used effectively to determine the 
average reduction in speed for each category, at different 
traffic volumes and the percentage of vehicles getting 
affected by 3W. Utilising this speed, and proportion of 

the reduction is higher at lower traffic volume. The last 
graph tells the major point that higher the vehicles that 
get affected by 3W, higher is the reduction in speed. 
Indirectly, it hints towards the fact that, higher the 
number of 3W on road, more vehicles will get affected by 
them, ultimately leading to higher reduction in overall 
speed of traffic. 

Figure 7 shows the interaction profilers, representing 
the trends in a very clear way. The figure shows the 
trends for 2 extremes of traffic volumes and percentage 
of vehicles getting affected by 3W/following 3W. As 
can be seen from the first row of Figure 7, at lower 
volumes (1750 v/h), speed reduction for vehicles is high 

Figure 5 ANN architecture for predicting percentage reduction in speed

Table 14 Statistical values for ANN training and validation

Training (70 % data) Validation (30 % data)

Measures Value Measures Value

R-Square 0.954 R-Square 0.968

RASE 2.262 RASE 2.150

Mean Absolute Deviation 1.861 Mean Absolute Deviation 1.332

Figure 6 Profilers to determine the reduction in speed
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where: 
ORS=  Overall percentage reduction in speed of traffic 
flow,
Pi =  Proportion of ith category of vehicle in the traffic,
RSANNi =  Percentage reduction in speed for ith category 
of the vehicle obtained from ANN model.

This reduction in speed due to 3W shall cause 

vehicles, the overall average reduction in speed on any 
road stretch, at any time of the day can be obtained by 
a simple equation as provided in:

ORS P RS P RS

P RS P RS&&

W W
ANN

Cars Jeeps

W W
ANN

Cars Jeeps
ANN

HV HV
ANN

2 2 3 3$ $

$ $

= + +

+ +_

^ ^

^

h

i

h

h
	 (2)

Figure 7 Interaction Profilers to determine the reduction in speed

Table 15 LOS for urban roads

LOS Percentage of free flow speed

A > 84

B 83-76

C 75-59

D 58-41

E 40-22

F < 22

Table 16 Average LOS at different traffic volumes

Average Traffic Volume (v/h) Average operating speed (km/h) % of free flow speed (60 km/h) Designated LOS

1500-2000 36.9 0.62 C

2000-2500 35.9 0.60 C

2500-3000 37.6 0.63 C

3000-3500 38.4 0.64 C

3500-4000 38.9 0.65 C

4000-4500 30.0 0.50 D

4500-5000 28.0 0.47 D
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number of vehicles are affected by them, resulting in 
a  more substantial overall reduction in traffic speed. 
This reduction in speed, attributable to the presence 
of 3Ws, invariably leads to a  decrease in the Level of 
Service (LOS) of the road, resulting in congestion and 
undesirable delays. It is noted that the road typically 
operates at LOS C for most traffic volumes, gradually 
transitioning to LOS D at peak traffic volumes. Had 
there been less 3Ws on the road, the other categories 
could also have travelled at higher speeds (4-35 % higher 
than forced reduced speeds), and LOS levels would not 
have gone down so much.

6	 Conclusion

The presence of three-wheelers in urban traffic 
systems is a  phenomenon that warrants careful 
examination due to its multifaceted impact on traffic 
flow. The presented study explored the dynamic influence 
of three-wheelers on traffic flow, encompassing both the 
positive and negative repercussions of their integration 
into urban transportation networks. Three-wheelers 
often provide essential last-mile connectivity, reducing 
the need for private car usage for short trips and 
thereby potentially easing congestion. Additionally, their 
smaller footprint demands less parking space, which can 
alleviate the burden on urban parking infrastructure. 
However, a surge in the number of three-wheelers in 
certain regions can contribute to traffic congestion and 
safety concerns due to their lower engine capacities 
leading them to travel at a lower speed as compared to 
other categories. 

The present study has illustrated several key 
findings that shed light on the effect of 3W on the 
traffic ecosystem. The analysis, based on data collected 
at various traffic volumes and proportions of vehicles 
affected by 3W, has revealed substantial reductions in 
average speeds, ranging from 4 % to 35 % for the vehicles 
following 3W, which are unable to change their lanes. 
Notably, vehicles like cars and two-wheelers experience 
the most significant speed declines due to their typically 
higher speeds on the road. This phenomenon has 
been effectively modelled using the Artificial Neural 
Networks (ANN), exhibiting the high levels of prediction 
accuracy. By quantifying these speed reductions, it 
becomes possible to ascertain the broader implications 
on the on-road performance. The decrease in speed 
instigated by the presence of 3Ws invariably results in 
a degradation of the Level of Service (LOS), leading to 
congestion and delays.

These findings carry critical implications for the 
traffic management and urban planning. Recognizing 
the significant role of 3Ws in shaping the traffic 
dynamics enables policymakers to devise strategies that 
enhance the road efficiency, mitigate congestion, and 
improve overall transportation systems. As urban areas 
continue to evolve, understanding and addressing the 

a  decrease in the Level of Service of the road leading 
to congestion and undesirable delay. According to [40], 
the LOS for urban roads can be determined using the 
operating speed as a percentage of free flow speed. Table 
15 presents the LOS levels for urban roads.

On the studied road, the safe speed limit or the 
85th percentile speed is 50 km/h. The observed free-flow 
speed on the road is around 60 km/h. Based on those 
numbers, it can be said that the road usually remains 
under LOS C for most traffic volumes, which slowly goes 
towards LOS D at very high traffic volumes. Details 
about the same is provided in Table 16.

Applying the unaffected speed data, it is observed 
that the traffic stream naturally goes to LOS C, but not 
worse, like up to LOS D, which proves the fact that 3Ws 
decrease the speed of whole traffic, thereby decreasing 
the overall LOS of the road.

5	 Discussion

The focus of the present study lies in evaluating 
the operational impact of the three-wheelers on urban 
road traffic flow. To investigate this impact, the study 
initially extracted data concerning the classified traffic 
volume and the speeds of various categories of motorized 
vehicles across weekdays during the active hours of 8 AM 
to 8 PM, when the public is most engaged. Observations 
reveal that the average speeds exhibit consistency up 
to traffic volumes ranging from 1500 to 4000 vehicles 
per hour (v/h), with minor fluctuations likely attributed 
to the diversity of vehicles and varying times of the 
day. However, beyond the 4000 v/h threshold, as traffic 
congestion becomes more apparent, average speeds 
undergo a  sudden decline within the range of 25 % to 
37 %. Notably, it becomes evident that three-wheelers 
(3Ws) and heavy vehicles (HVs) tend to operate at 
much lower speeds, compared to the other vehicle  
categories. 

It was observed that when vehicles follow a  three-
wheeler, they are compelled to reduce their speeds 
forming a  queue in the process if a  lateral gap for 
overtaking is not available. Cars and jeeps, which are 
the fastest category, experience the most significant 
impact, with speed reductions ranging from 15 % to 
29 % when tailing a  3W. Similarly, two-wheelers (2W) 
need to reduce their speeds by approximately 15 % to 
26 % when following a 3W. These reductions inevitably 
result in a  decrease in the Level of Service (LOS), 
causing undesirable delays and congestion. Artificial 
Neural Network (ANN) has been employed to model and 
quantify this speed reduction. The ANN model predicts 
the percentage reduction in speed for any vehicle 
category, based on knowledge of the average traffic 
volume on the road and the proportion of that category 
affected by 3W, with high accuracy (R-square > 0.95 for 
both training and validation). It is worth noting that 
as the number of 3Ws on the road increases, a  larger 
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road. Further, the studies can be expanded to include 
the results for rural roads and roads with other lane 
configurations.
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complexities introduced by 3Ws will be instrumental in 
fostering efficient and sustainable mobility solutions for 
the future. Introducing more public buses can reduce 
the number of 3Ws on the road, which should help in 
improving road traffic conditions. Similarly, 3W can 
be given a specific lane towards the kerb side for their 
manoeuvres, so that they do not interfere with the 
general flow of traffic. Although the study has assessed 
all the vehicles following a 3W, which are not able to 
overtake the vehicle, the study has not talked about the 
queues, which might form because of more than one 
vehicle where the leader might not be a 3W but may be 
a direct follower is a 3W. Similarly, the congestion due to 
the presence of 3Ws is not directly measured and can be 
determined in future studies. Lane changing behaviour 
of 3Ws can also be studied in the future, which should 
provide more insights into their movement on the 
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