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Abstract 
An autonomous vehicle is a vehicle which has the capabilities to move from 
one location to another with the help of inputs from various sensors connected 
to a computer which are used to plan the path for the vehicle, without any 
human intervention. The goal of this project is to make an autonomous vehicle 
for Indian roads, and provide last mile connectivity in India for everyone.

The vehicle being currently used is a Electric Rickshaw which runs on three 
48V DC Batteries.

This project is the first step toward making the rick autonomous. Controlling 
the rick involves controlling three components: steering, throttle and brakes. 
Here we have controlled two out of these three components, the throttle and the 
steering. 

The steering is controlled by a Roboteq Next Generation controller and the 
throttle is controlled by a simple circuit comprising of few wires, capacitors and 
an Arduino board.

The whole process works on the Robot Operating System (ROS), where with 
the help of a Lidar sensor coordinate values are obtained and on the basis of 
these values and an occupancy matrix(generated using obstacle cloud 
information), the planner publishes control values to the rick’s steering and 
throttle to move it to the next goal, until the final goal is reached.
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Work Done
• Modification of the obstacle detection code to incorporate multiple waypoint 

following.

• Correction of rotation issue in the obstacle detection code

• Testing and debugging the updated versions of code.

• Clamp on the car roof for the sensors.
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1. Introduction & Vehicle Platform

Electric rickshaws have recently become very popular in metro cities, the 
reason for this could be the ease of user experience they provide. It is very easy 
to hop on and hop off from it since there are no doors. Moreover the technology 
the rickshaw uses is very simple and easy to understand.

The electric rickshaw runs via a DC motor which is powdered by three 48V DC 
batteries. The rick’s motor has a two way switch which can be toggled to 
change the direction of motion (both forward and backward). It has a bicycle 
steering, onto which the controls such as the throttle and the direction toggle 
switch are mounted.

The rick has three brakes in total that being: brakes for the front wheel 
(mounted on the steering), brakes for the rear wheels (controlled by driver’s 
right foot) and a handbrake (for parking purposes).

Currently a Lidar sensor is being used for localisation and obstacle avoidance.
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2. Controlling the Rick
Controlling the rick requires controlling three components:

• Throttle

• Steering

• Brakes

In this project we have controlled the throttle and the steering, the brakes have 
to be applied manually.

2.1 Throttle Controller 
The throttle is connected to an Arduino board, the circuit is simple with a few 
wires, resistors and capacitors. The value of throttle ranges from 0 to 200, 
where 200 is the maximum throttle. This circuit was designed by Dr. Alexander 
Fell.

The basic purpose of this circuit is to apply a low pass filter on the PWM values 
so as to remove the sudden change in values. So instead of a digital signal, the 
arduino now sends an analog signal. This has been done to improve the life of 
the rick’s motor, because a digital signal is either high or low which means that 
the motor is being turned on and off again and again, This is removed by 
applying a low pass filter.



2.2 Steering Controller
The steering controller is connected to the rick’s steering via a hydraulic wire, 
this wire is connected to a brushless DC Motor, which is controlled by a 
Roboteq Next Generation controller.

The motor pulls and pushes the hydraulic wire causing the steering to move left 
and right respectively.

The steering controller runs in two modes:

• Open Loop Mode:

In this mode there is no control on the relative position of the steering, the 
motor either pushes the wire or pulls it.

• Closed Loop Mode:

In this mode the controller pulls or pushes the wire by an exact value, which is 
user defined. This causes the steering to move with a particular angle, this mode 
gives us total control on the steering. This mode works with proportional 
control, the new steering value is compared with the feedback from the 
controller and accordingly the hydraulic wire is pulled/pushed.

Hydraulic Wire



3. WayPoint Following Rick

The way point flowing rick following rick uses either a Lidar sensor or a GPS 

sensor to get information about its current position co-ordinates and follows the 

set of predefined sequential goal coordinates to navigate its way to reach the 

final goal. The rick can be made to follow any kind of path if the Lidar map of 

the surroundings is provided and there are no obstacles.
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4. Occupancy Grid 

An occupancy matrix is a n x n matrix which represents clear and obstacle cells 
with different colours. The obstacle detection code publishes obstacle clouds, 
which is used as input for the occupancy matrix. All the obstacle points are 
padded with the size of the vehicle to prevent collision. The centre of the 
occupancy grid is the Lidar sensor.

The size of the grid 101 x 101 cells. And each cell is 20 x 20 cm in the real 
world. The grid hence formed is 20 x 20 m in size. The size and resolution of 
the grid can be by changing variables in the code.

Here a sample of the occupancy grid is shown with the camera view.

Camera View
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5. Obstacle Avoiding Rick

5.1 Problem Outline
An obstacle can be anything ranging from a pot hole to an automobile on the 
road. These obstacles are taken into account and an occupancy grid is made 
with the vehicle in the centre. The global goal coordinates inputted by the user 
are converted to the matrix co-ordinates and a trajectory is found which makes 
the rick reach the goal while avoiding the obstacles, This process is repeated 
until the final goal is reached.

Here we control two out of the three components required to control the rick, i.e 
the steering and the throttle.



5.2 Implementation
The whole system works on ROS, every subject in this chart become a node. 
Robot operating system has a publisher and subscriber network, the sensors 
nodes publish their values and the code nodes subscribe to this value. The 3D 
mapper publishes the position co-ordinates and rotation values of the rick. The 
occupancy grid code subscribes to these values and creates a occupancy matrix. 
A new goal and a new occupancy matrix is calculated for every new position 
value. Once the new goal is calculated a trajectory is made by the planner. After 
this the direction to the goal is calculated and the control commands are 
published by the planner. The steering and the throttle controllers subscribe to 
these control values and the rick follows the trajectory.

The code starts and receives the goal, the global position coordinate and the 
obstacle clouds. The occupancy grid code uses this information to form an 
occupancy grid of the vehicle’s surroundings. This occupancy grid is rotated 
and translated to ailing the matrix with respect to the global coordinates and the 
direction of the vehicle’s movement.

Once the matrix has been aligned, new goal coordinates re found with respect to 
the matrix’s frame of reference. The vehicles home coordinates and the new 
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goal coordinates are fed into the planner which outputs the trajectory 
coordinates. The planner then follows then calculates the angle by which the 
rick should move to reach the goal and the angle is inputted to the steering 
controller. The throttle is also calculated with respect to the goal and the 
steering angle. The throttle is reduced if the steering angle if greater than a 
certain angle and throttle is given the maximum value is the steering angle is 
zero.

This whole process is repeated until the final goal has been reached. Once the 
rick is with 5 meters of the final goal the throttle is reduced to 0 and the rick 
stops eventually.



6. Experimental Observations

• The occupancy grid had to be rotated because the Lidar is placed on the E-
Rick at a 15° angle.

• The rick should be in motion for the 3D mapper to give accurate readings.

• The Rick has a natural tendency to turn towards the right, so some bias on 
the left side had to be added.

• Initial throttle values need to be large so as to move the rick from a 
standstill.

• The 3D mapper has some issues and returns incorrect Rotation Matrix 
sometimes, hence proper testing of the Rick can’t be done.



7. Future Work

• To integrate inputs from various sensors such as radars, cameras 
etc.

• Traffic light detection, lane detection and curb detection.

• Setting up the Reva E20 for the same.

• The flow chart below explains how the process will look.
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