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Evaluating the Need for Seatbelts in Auto Rickshaws: A Comparative Analysis of
Passenger Acceleration and Safety Measures in Indian Road Transport
Suhaani Sriram

Background Information:

An auto rickshaw, also known as an auto, rickshaw, or tuk-tuk, is a three-wheeled motorized
vehicle commonly used for transportation in many countries, particularly in India and other
South Asian countries. Auto rickshaws play a vital role in urban transportation systems,
especially in developing countries, by providing an affordable and efficient means of travel.
Usually used for short distance travel and last mile connectivity in both urban and suburban
areas. Usually having an open cabin with bench seating the question of auto rickshaw safety is
an extremely imperative one. Safety belts have become a necessity in recent years in all modes
of transportation including cars, buses, airplanes etc. The use of seatbelts has grown
dramatically since the introduction of the 3-point seatbelt in 1959. Yet seatbelts are still not
available in one of the most widely used modes of transport, autorickshaws.

Problem Statement:

Despite the extensive use of rickshaws in urban areas such as Gurugram these vehicles have
no safety mechanism for passengers or drivers.

In 2018 5.9% of all road accidents in that year were attributed to auto Rickshaw related
collisions (Road Accidednts in India - 2018.cdr, 2019). 56% of all accidents were a result of
‘Head on collision’, ‘Hit and Run’ or ‘Hit from the Back’. Vehicle to vehicle collisions made up
52.2% of the cases of accident related deaths. The public perception of auto rickshaws is
mainly unsafe under 2 major categories which is unsafe structure and unsafe vehicle dynamics
(Priye & Manoj, 2020, #). Unsafe structure refers to the lack of stable structure, railings,
coverings and lack of rear-end protection. Unsafe dynamics refers to the fear of over-turning
and reckless driving by auto rickshaw drivers. A study conducted in 2017 on the awareness of
maximum permissible speed limit of e-rickshaws in Burdwan Municipality indicated that 78.2%
were unaware of speed limits (Goswami et al., 2018, #). Hence the need for seatbelts in auto
rickshaws in pertinent as the use of auto-rickshaws and e-rickshaws in predicted to grow in the
future.(insert stat backing this claim)

Method of Data Collection:

Data was collected using the Phyphox app, specifically utilizing the acceleration monitor feature,
which excludes acceleration due to gravity. Acceleration data was recorded along the x, y, and z
axes while the vehicles were in motion and displayed as line graphs. The acceleration monitor
was used during travel in both cars and auto rickshaws on various types of roads, including
highways, wide roads, and uneven roads with potholes.
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The collected data was then exported to Excel sheets, where the focus was primarily on the
acceleration along the x-axis. The data for cars and auto rickshaws was monitored and
compared to analyze the differences in acceleration experienced by passengers in these
vehicles

Objectives and Research Questions:

The obijective of this research paper is to highlight and analyze the differences in linear
acceleration experienced by a passenger when riding in an auto rickshaw compared to a
commercial car. In 2018, there were approximately 27,400 road accidents in India involving auto
rickshaws (Government of India, 2018). By analyzing the acceleration data and comparing it
with that of a car, which is equipped with safety features and provides a smoother ride, | aim to
emphasize the necessity of seatbelts in auto rickshaws.

Abstract:

The lack of safety features in Auto rickshaws poses a huge problem as they serve as the main
‘last mile’ or short distance transportation vehicles. The lack of basic protective features such as
seat belts which are seen in more secure vehicles such as cars and buses highlights the lack of
proper consideration amongst manufacturers for the necessity of seatbelts in Auto Rickshaws.
This study focuses on highlighting the jerks and accelerations experienced by a passenger in an
Auto rickshaw and serves to further provide perspective by comparing similar distance and route
accelerations experienced by passengers in cars. The data was collected using the acceleration
monitor in 3 axes available through the phone app Phyphox. Data was collected in collaboration
with Rapido from an auto driver commuting chiefly in Gurugram. Over the course of 48 hours.
This data was compared to data collected from various car passengers traveling in similar areas
as that of the auto. The results show significantly higher jerks experienced by a passenger in an
Auto rickshaw traveling the same route compared to a passenger traveling in a car. Data
highlights that the change in acceleration experienced in an auto ride is also significantly higher
than in a car. This research demonstrates the higher risk to human safety and health posed by
an Auto rickshaw when compared to a car and hence emphasizes the necessity for seatbelts in
Auto rickshaws to reduce road accident related injuries and improve the public perception of
safety in autos.
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Methodology:

The app used to collect the acceleration data is: Phyphox (physical phone experiments) is a free
app that turns smartphones into scientific instruments using built-in sensors. It allows users to
conduct experiments in physics, engineering, and related fields by measuring acceleration,
sound, light, and other data. It's widely used for educational and research purposes. Using the
‘acceleration without ‘g’ feature on the phone, data was collected from both cars as well as auto
rickshaws. The "Acceleration without g" experiment in Phyphox measures linear acceleration
while excluding the effect of gravity. Normally, smartphone accelerometers measure both the
forces of motion and gravity, which can be challenging to separate. This experiment isolates the
motion by subtracting the gravitational component. The process followed is: 1)Data Collection:
The phone’s accelerometer records the total acceleration (including gravity) in three axes (x, v,
z). 2)Gravity Removal: The app applies an algorithm to remove the gravitational acceleration
(9.81 m/s?). This is done by identifying the gravity vector based on the phone's orientation.
3)Linear Acceleration: Once gravity is subtracted, the remaining values represent only the
acceleration caused by movement, allowing for pure motion analysis. The Phyphox app has
been utilized in many previous studies for example; to measure the moment of inertia of a
hollow cylinder (Yasaroh et al., 2021, #). Additionally, it was also applied to perform collaborative
experiments at the college level including measurement of the frequency of oscillation in a
spring experiment (Staacks et al., 2022, #). In this paper the app has been used in 2 vehicles
over the course of 7 days; i)Bajaj Re Compact 4 seater Petrol Auto Rickshaw 236.2 Cc Engine
And 8 Liter Tank Capacity ii) Toyota Innova Crysta 7-8 seater 65 liter capacity petrol vehicle with
2393 cc, 147.51 bhp, and 343 Nm of torque (The Economic Times, 2019). The phone used to
collect data on the car was an iphone XR |IOS 16.6.1 and the phone used to collect data in the
auto was a One+ 3 Android 6.0.1. The phone in the car was placed on the rear seat adjacent to
the passengers' legs allowing it to experience each ‘jerk’ and acceleration equal to that
experienced by a rear-seat passenger. In the auto the phone was placed on a holder next to the
steering of the auto so the motion measured is most close to the acceleration experienced by
the driver of the auto. The data collected was plotted in real-time on 3 individual graphs the x,
y,z graph; the horizontal,vertical and lateral respectively. This paper will focus primarily on the
horizontal and vertical acceleration graphs (i.e. the x and y graphs) The y graph denoted the
acceleration experienced due the braking, and gear shifting. The z graph denotes the
acceleration experienced due the road bumps, speed breakers and is a direct indicator of the
effectiveness of the suspension system of the car and auto-rickshaw.



..--""""'-nr
Ramanrch-Arcitmof where bright minds share their learnings
¢ Rising Scholars (preprint

Parameters for Ride Comfort and Safety:

All modern cars including the Toyota Crysta are designed with certain common features
responsible for improving ride comfort and safety. Ride comfort primarily refers to the vehicle
vibrations in the range of 0.5-25 Hz which is a result of road roughness and it is transmitted to
the passenger via shock absorbers, tires, suspension and seats (Wu et al., 2023, #).

Listed below are the key features of the Innova Crysta responsible for improved safety
and comfort:

Seatbelts:

Seat belts are essential safety devices in cars that secure occupants during sudden stops or
collisions. They reduce the risk of injury by restraining passengers, preventing impact with the
vehicle's interior, and minimizing movement. Seat belts have proven highly effective in lowering
fatalities and serious injuries in car accidents (Chaubey et al., 2018, #).

ABS(Anti Lock Braking System), EBD, BA:

Anti-lock Braking System (ABS) is a safety technology in vehicles designed to prevent the
wheels from locking up during braking. This helps maintain traction between the tires and the
road, allowing drivers to maintain steering control even in emergency braking situations. ABS
automatically adjusts the brake pressure to prevent skidding, improving safety on slippery or
uneven road surfaces. It is especially useful in preventing accidents by reducing the likelihood of
losing control during hard braking or sudden stops, making vehicles safer and more stable in
various driving conditions. (Qasem & Abdullah, 2024, #)

Electronic Brakeforce Distribution (EBD) is a system that works alongside ABS to automatically
vary the braking force applied to each wheel, based on road conditions, vehicle load, and
speed. It ensures optimal braking efficiency by distributing more force to wheels with greater
traction, improving stability and reducing stopping distances. (Grover et al., 2018)

Brake Assist (BA) is a safety system that helps drivers apply maximum braking power during
emergency stops. It detects when the driver is braking suddenly but not with full force and
automatically increases brake pressure to reduce stopping distances. BA enhances overall
braking performance, especially in critical situations.

Steel Constructional Material for Car Body:

The car body is mainly made up of steel due to its high strength and energy intensity. Energy
intensity refers to the ability to absorb impact energy on collision. Multiple types of steels are
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used along with many other alloys and plastics serving particular purposes. (Hovorun et al.,
2017, #)

Airbags:

Airbags are essential safety devices in vehicles designed to protect occupants during collisions.
They inflate rapidly upon impact, cushioning passengers and reducing the risk of serious
injuries. Common types include frontal, side, and curtain airbags, each targeting specific areas
to enhance

Double-wishbone Suspension at the Front and a Four-link Suspension at the Rear:

The Double-wishbone suspension present in the front is also known as the ‘double A arm’
connecting the wheels to the chassis. It consists of two ‘A’ shaped arms with shock absorbers
and coils in between responsible for reducing the vertical movement of the car while also
improving car cornering. (Shrivastva et al., 2019, #)

The Four-link rear suspension provides for greater adjustability to the car depending on road
roughness while also increasing traction and stability due to multiple points of contact between
the wheel and the chassis.

Picture by Simiprof (talk) - Own work, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=25750309)

Figure 1: An illustration of double-wishbone suspension

The causes for lack of comfort in auto-rickshaws include:

Leaf Spring Suspension System in the Rear
(Shirinzadeh et al., 2009, #):

This consists of flat strips on metal “metal leafs”
with an elliptical shape placed on top of each
other with a gradation in their sizes. These
absorb large forces and thus reduce vertical
motion of the vehicle. They are considered
suitable mainly for commercial transport
vehicles and trucks. The design is relatively
simpler than the double wishbone suspension
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used in cars, and are considered less comfortable due to interleaf friction. Leaf spring
suspension has a much higher effective-ride stiffness and are more stiff compared to wishbone
suspension providing a rougher ride especially over uneven roads as seen mainly in India
(Tevema, 2024)

Figure 2: An example of leaf spring suspension

Picture By Jim Gill http://www.flmvpa.org/articles/armymotors_gill.htm, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=2230192

Lightweight and Rigid Frame: Auto-rickshaws are designed to be lightweight for fuel efficiency
and easy maneuvering in urban areas. However, this light frame can amplify vibrations and
make the vehicle more susceptible to instability when encountering bumps, potholes, or when
carrying heavier loads.

Single Front Wheel Steering: The single front wheel is responsible for both steering and
stabilizing the vehicle, reducing its ability to grip the road during turns, particularly when carrying
passengers or cargo in the back. This design makes three-wheelers more likely to skid or lose
control compared to four-wheeled vehicles.

Weight Distribution While Turning: The weight of the front axle is significantly less than the
weight on the rear as the passengers and battery box are placed at the rear while the front is
driven by a singular wheel. Due to this while turning the vehicle is very easily liable to oversteer
as the speed increases the steering angle continually decreases making it very easy for the
vehicle to overturn at speeds where a car would remain stable. (Austin et al., 2015, #)

Higher center of gravity: Through experimentation it has been found that the center of gravity
of a 3-wheeler auto-rickshaw is behind the neutral steering point causing oversteer. Additionally
for better stability according to Patrick F, (2010), On The Golden Rule of Trike Design(Austin et
al., 2015, #).The center of gravity should ideally be at a height less than half the track length
(the distance between centrelines of wheels attached on the same axle). In reality the center of
gravity is at a height much higher than half the track width making it unstable.

Thus, the above concepts lead one to believe that auto-rickshaw rides would show a much
greater ‘roughness’ or discomfort in comparison to cars. The same has been validated in the
graphs below comparing the acceleration in x,y axis between an Innova Crysta and a Bajaj RE
Auto.
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Acceleration Graphs and Analysis

The app Phyphox was used in both the Innova Crysta and the Bajaj RE Auto and acceleration
data was collected in both along the x, y, z axis.

The device was fixed such that the y-axis of the phone was in line with the axis of the vehicle.
The y axis graph indicates the acceleration recorded during forward or backward straight line
motion of the vehicle thus, it provides a metric of the acceleration and de- acceleration
experienced in the vehicles in the driving direction. The x-axis graph indicates the lateral
acceleration of the vehicle perpendicular to the driving direction in the horizontal plane, thus it
highlights the acceleration irregularity during turning. The z-axis documents the vertical
acceleration and thus gives an effective measure of the ‘jerks’ experienced due to road
conditions and suspension effectiveness. (Wang, 2020)

Assuming limits in accordance with ‘Standards for passenger comfort in automated vehicles:
Acceleration and jerk’ (de Winkel et al., 2023, #) the upper limit for what passengers perceive
comfortable for lateral acceleration is taken as 0.98 (m/s”*2). The limit for passenger comfort for
longitudinal acceleration is taken in accordance with ‘A survey of longitudinal/linear acceleration
comfort studies department of transportation’ (Hoberock, 1976)Thus, for linear acceleration the
upper limit for comfort is taken as 1.47 (m/s”*2). Since vertical acceleration is an inherently
unfavorable condition to comfort as it quantifies the ‘bumpy-iness’ of the ride, it has been
compared between the car and auto purely based on the amplitude and magnitude of
irregularity.

The assumed values of threshold acceleration have been taken from 2 individual research
papers on linear and lateral passenger comfort standard, yet these values vary from those given
in other literature based on the method of research, passenger demographic and subjectivity of
the research thus, these values are not universally standard but for the purpose of this paper the
following values have been assumed.

Figure 3: Indicating
the orientation of

the axes on the

phyphox app
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Auto:

Acceleration Graph Along y-axis i.e.Linear (along direction of motion) Acceleration

Figure 4:Graph generated by Phyphox app of y-axis acceleration in auto

Description:

The graph indicates both positive and negative peaks with majorly steep slopes between
successive fluctuations. The lines appear extremely condensed thus indicating that the number
of fluctuations in linear acceleration per second is extremely high thus the frequency of
fluctuation (i.e acceleration change) is extremely high. The positive region of the graph
highlights when the auto is speeding up (the speed is increasing); the negative region indicates
when the auto is slowing down (speed is decreasing). When the acceleration is zero the auto
can be assumed to be moving with a constant velocity. From the graph it is clear that the auto is
almost never moving at a constant speed instead constantly alternating between accelerating
and decelerating thus subjecting the passenger and driver to constantly changing conditions.
From the graph it is clear that the extent of deceleration is very high with some peak values
including -21.61 and -24.13 (m/s”s) additionally the slope of the lines is tending to zero
indicating that the acceleration was not gradual.
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Acceleration Graph Along x-axis i.e.Lateral (turning) Acceleration

Figure 7:Graph generated by Phyphox app of x-axis acceleration in auto

Description:

The graph indicates the acceleration experienced during lateral motion, thus it highlights the
fluctuations in speed during over-takes, lane changing and turning motion of the auto. The
positive region of the graph indicates acceleration while the negative part indicates deceleration.
The lines appear extremely condensed thus indicating that the number of fluctuations in lateral
acceleration per second is extremely high thus the frequency of fluctuation (i.e acceleration
change) is extremely high.The slopes of each peak line tends to zero thus the change in
acceleration is not gradual or smooth be extremely sudden or abrupt. The graph indicates
momentary extremes in acceleration which can be attributed to extremely sudden movement of
the vehicle resulting in changes in its lateral acceleration i.e. swerving or jerk-motion. Peak
values including 13.05 and 20.13 (m/s”"2)

10
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Acceleration Graph Along z-axis i.e.Vertical (upward-downward) Acceleration

Figure 10:Graph generated by Phyphox app of z-axis acceleration in auto

Description:

The acceleration along the z-axis indicates the acceleration experienced due to change in
velocity during an up-down motion similar to that experienced by a passenger when traveling
over a speedbump through a pot-hole or on uneven road. Thus, the major spikes in the graph
can be correlated to road ‘roughness’. The density of the lines uptill the 400s mark in the graph
clearly indicates that the rate of change of vertical acceleration with time is extremely high, thus
the passenger experience can be assumed to be ‘bumpy’.

The data from the above graph was then exported to Excel where the data stamp per second
was recorded individually.

Using the maximum, minimum, average and standard deviation functions in excel the following
values from the data were collected and displayed to be

12
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compared with the corresponding data from the car.

Figure 11: The data of acceleration on
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Car:

The car was then driven over the same route as the auto while the Phyphox app was used to
record acceleration data.

Acceleration Graph Along y-axis i.e.Linear (along direction of motion) Acceleration

Figure 12: Graph generated by Phyphox app of y-axis acceleration in car
Description:

The graph indicates the acceleration experienced during lateral motion, thus it highlights the
fluctuations in speed during over-takes, lane changing and turning motion of the car. The
positive region of the graph indicates acceleration while the negative part indicates deceleration.
The lines appear condensed but less so than the same displayed for the auto rickshaw. The
general range of the graph on the acceleration axis is significantly lesser than that of the auto
rickshaw graph with most readings between 5 to -5 m/s*2 in contrast to the range of 10 to -10
on the auto-rickshaw graph. This indicates that the magnitude of linear acceleration fluctuation
in the car is significantly lesser than the auto rickshaw. The acceleration experienced by the
passenger due to braking, gear change and slowing down and speeding up is thus significantly
lesser in the car than in the auto.The graph indicates momentary extremes in acceleration which
can be attributed to extremely sudden movement of the vehicle resulting in changes in its lateral
acceleration i.e. swerving or jerk-motion. Peak values including 6.73 and 10.14 (m/s”2)

14
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Acceleration Graph Along x-axis i.e.Lateral (turning) Acceleration

Figure 14: Graph generated by Phyphox app of x-axis acceleration in car
Description:

The graph indicates the acceleration experienced during lateral motion, thus it highlights the
fluctuations in speed during over-takes, lane changing and turning motion of the car. The
positive region of the graph indicates acceleration while the negative part indicates deceleration.
The lines appear condensed yet less so than the auto rickshaw graph indicating a rate of
change of acceleration with time which is less than that for auto rickshaws. Additionally the data
lies primarily in the range from 5 to -5 (m/s”*2) while the data for the auto had been majorly
between 20 and -20 (m/s*2) Thus, it is clear that the extent of acceleration experienced while
turning, changing lanes or generally in lateral motion in the car is lesser. Peak values including
8.9 and -5.7 (m/s"2)

The data from the above graph was then exported to Excel where the data stamp per second
was recorded individually.
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Acceleration Graph Along z-axis i.e.Vertical (upward-downward) Acceleration

Figure 16: Graph generated by Phyphox app of z-axis acceleration in car
Description:

The acceleration along the z-axis indicates the acceleration experienced due to change in
velocity during an up-down motion similar to that experienced by a passenger when traveling
over a speedbump or through a pot-hole or on uneven road. Thus, the major spikes in the graph
can be correlated to road ‘roughness’. Unlike the auto graph the acceleration here remains
relatively constant throughout the ride with no major regions where the graph spikes higher.
Additionally the majority of the readings lie between 3 to -3 (m/s*2) while in contrast the
readings in the auto-rickshaw graph lie majorly between 5 and -5 (m/s*2). Peak values include
11.22 and 10.03 (m/s"2)

The data from the above graph was then
exported to Excel where the data stamp per
second was recorded individually.

Using the maximum, minimum, average and

standard deviation functions in excel the following -+ :iomenions
values from the data were collected and - s sskiors
& bt 2 weawcaren

R _;:-
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displayed to be compared with the corresponding data from the auto.

Figure 17: The data of acceleration on z-axis as displayed on excel, after applying the given

functions
Analysis
Uncomfortable Comfortable
Auto Linear/Longitudinal 4633 60903
Acceleration
Car 834 60008
Auto Lateral 39579 25956
Acceleration
Car 3162 57679

The above table indicates the number of times the acceleration along x-axis(lateral) and along
y-axis(linear) exceeded the threshold limits as defined in the paper. The data when exported to
Excel sheets recorded each individual acceleration value for each 0.01 second and using the
‘IF’ function each value was compared to the threshold limits. When the value was greater than
the threshold it was labeled uncomfortable and when the value was less than threshold it was
labeled comfortable.

From the data above we can clearly calculate what percentage of the total readings for both
auto and car come as uncomfortable.

Auto linear acceleration:

Total readings: 65,536 readings (categorized as ‘comfortable’/’'uncomfortable’)
Readings categorized as uncomfortable: 4633+65536=0.07069

Percentage value of ‘uncomfortable’: 0.07069 x 100= 7.069%

Car linear acceleration:

Total readings: 60,842 readings (categorized as ‘comfortable’/’uncomfortable’)
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Readings categorized as uncomfortable: 834--60842= 0.01370

Percentage value of ‘uncomfortable’: 0.01370 x 100= 1.370%

Auto lateral acceleration:

Total readings: 65,535 readings (categorized as ‘comfortable’/’uncomfortable’)
Readings categorized as uncomfortable: 39579 +-65535=0.60393

Percentage value of ‘uncomfortable’: 0.60393 x 100=60.393%

Car lateral acceleration:

Total readings: 60,841 readings (categorized as ‘comfortable’/’'uncomfortable’)
Readings categorized as uncomfortable: 3162+60841= 0.051971

Percentage value of ‘uncomfortable’: 0.051971x 100= 5.197%

Auto vertical acceleration:
. . 2
Maximum value of acceleration: 21.79 m/s

Minimum value of acceleration (maximum deceleration): -14.37 m/s”

Car vertical acceleration:
. . 2
Maximum value of acceleration: 13.057 m/s

Minimum value of acceleration (maximum deceleration) : -11.18 m/s’
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Conclusion

The percentage of linear acceleration in a 3-wheeler auto-rickshaw that can be categorized as
uncomfortable for a passenger is 7.069% which is significantly higher than that of cars which is
1.370%. Cars with a more comfortable suspension system, ABS and various other safety and
comfort features show a significantly more positive trend in terms of comfort and safety. This
helps emphasize the necessity of more safety and protective measures in auto rickshaws as
one of the most popular last mile vehicles in India. The level of passenger discomfort in an
auto-rickshaw is significantly greater than a car yet cars contain seatbelts for the purpose of
securing passengers to their seats to provide greater comfort and safety, while auto-rickshaws
with a lower comfort rate still have no seatbelt option for passengers.

The percentage of discomfort experienced by a passenger during lateral motion in an auto
rickshaw (60.393%) is significantly higher than that in a car(5.197%), which further proves the
necessity for seatbelts in auto-rickshaws to make them more safe and comfortable for
passengers. Due to the lack of doors in auto rickshaws a fear of falling out significantly
contributes to the public perception of autos as ‘less safe’ this is further backed by the data
above that clearly shows that the acceleration experienced by a passenger during tuning
motions in autos is very high. Thus the motion of turning in an autos already severely displaces
the passenger; the lack of seatbelts further aggravates the possibility of falling out.

The maximum vertical acceleration experienced in the car in this study is 13.057 m/s” While on

the same route the maximum vertical acceleration in an auto rickshaw is 21.79 m/s” Vertical
acceleration is a direct result of road ‘roughness’ as it records the upward and downward motion
of the vehicle on the road. Thus, the vertical acceleration is also dampened based on the
comfort of the suspension used. Since the suspension used in auto-rickshaws is less
comfortable than that used in cars it is clear that the ‘bumpy-ness’ experienced in autos is
greater. To help passengers feel more secure and reduce their displacement of the auto bench a
seatbelt would be the ideal solution.

Therefore my research demonstrates that auto rickshaws experience significantly irregular
accelerations compared to cars, which have robust suspensions and better protection. Given
these jerky movements, passengers are more prone to sudden impacts, increasing the
likelihood of injuries in abrupt stops or collisions. Seatbelts could mitigate these risks, providing
essential restraint to reduce passenger injuries and improve comfort. Implementing seatbelts in
auto rickshaws would enhance overall passenger safety, aligning with evolving public safety
standards.
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