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Abstract

In this task we've evolved a steering control system for a self-riding vehicle. In-order to make
the automobile steer whilst it's miles critical to influence toward the path that it's far required
to influence and secure to influence. This system is implemented in a 4-wheel Electric Micro
car. In order to track the path an algorithm called Pure Pursuit algorithm which is used to
calculate the required steering angle. Given the general success of the algorithm over the last
few years, it appears likely that it will be used again in land-based navigation issues. “Path
tracking” is finished using an “Pure pursuit path tracking set of rules”. Though the set of
rules is used to song the direction, the records is taken from the lane tracking process that's
done using photograph processing method and that very identical data is used to offer the
inputs in-order to get the steerage wheel to influence at the velocity it required to receives
steer so that it will turn the automobile at the speed which it is travelling.

After the required steering angle is obtained, to steer the car a closed loop stepper
motor is used to persuade the steering wheel from the inputs which can be taken from the on-
board micro controller. The car is tested at different speeds (of
10kmph,15kmph,20kmph,25kmph) and based on the assessments the above structures had
been analysed and vital modifications have to be carried out.

Keywords—self-riding, pure pursuit algorithm, closed loop stepper motor.
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. INTRODUCTION

Majority of the collisions of automobiles that occur is a result of slow reaction of the driver
towards the brakes and poor sensing of the environment. The driver’s inaccurate judgment for
braking at a safe distance is the primary reason to cause an accident in the highway traffic
system. According to WHO ‘Every year the lives of approximately 1.35 million people are
cut short as a result of a road traffic crash. Between 20 and 50 million more people suffer
non-fatal injuries, with many incurring a disability as a result of their injury'. There are many
reasons that led to the commencement of collisions and primarily grounds on futility of the
driver. Hence it is recognized as a Global issue and as a serious health problem. No matter
what, Life is more precious hence Driver assistance systems are introduced to assist drivers in
panic situations.

With advancements in information and communication and vehicle techniques, the
competition to develop and commercialize intelligent Advanced Driver Assistance System
(ADAS) and Autonomous Vehicles has intensified. The aim of these vehicles is to secure
vehicle stability and driver ease, as well as to enhance traffic efficiency.

An autonomous vehicle has to be controlled both longitudinally and laterally. To control a
vehicle autonomously different sensors and an onboard computer is required.

In order to track the path a geometric path tracking algorithm is used. The geometric
path-racking method is one of the most popular methods, following pure pursuit, vector
pursuit, and the Stanley method. The pure pursuit method is relatively easy to implement and
is robust to large disturbances. However, this method has a problem of cutting corners at high
speed, because the look-ahead distance increases along with an increase in vehicle speed. In
addition, steady-state errors occur at high speed. The pure pursuit method is used to apply
path tracking to an autonomous vehicle, is easy to implement, and is robust to large
disturbances.

To follow the path generated by path tracking algorithm we need control the steering of the
vehicle using external devices. For this a closed loop stepper motor was installed on the
steering column of the vehicle where the motor is controlled by motor driver which receives a
command from a micro controller.

1. PURE PURSUIT ALGORITHM

Pure pursuit is a tracking algorithm that works by calculating the curvature that will
move a vehicle from its current position to some goal position. The whole point of the

algorithm is to choose a goal position that is some distance ahead of the vehicle on the path.
The pure pursuit approach is a method of geometrically determining the curvature that will
drive the vehicle to a chosen path point, termed the goal point. This goal point is a point on
the path that is one look ahead distance from the current vehicle position. An arc that joins
the current point and the goal point is constructed. The chord length of this arc is the look
ahead distance, and acts as the third constraint in determining a unique arc that joins the two
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points. Consider the look ahead distance to be analogous to the distance to a spot in front of a
car that a human driver might look toward to track the roadway.

The pure pursuit algorithm consists of geometrically calculating the curvature of a circular
arc that connects the center of the rear axle to the goal point on the path ahead of the vehicle.
The goal point is determined from the look-ahead distance (l). The desired steering wheel
angle of the vehicle is determined using angle a between the heading angle of the vehicle and
the look-ahead vector. The pure pursuit geometry is shown in below figure.

Reference
path

.
Circular arc

)
l R
2sin(a) cos(a) cos(a) (2)
l
sin(@) ZR (3)
K = 2 sin(a) (4)

!
where K is the curvature of the circular arc. Applying an Ackerman model with two degrees

of freedom, the steering angle is given as
§ = tan"!( kL), (5)

where L is the wheel base. Using (4.) and (5), the desired steering angle can be written as
31 (t)=tan~! (ZLL(“(O)) (6)

The pure pursuit is influenced by the look-ahead distance, which is dynamically
adjusted with the velocity. A characteristic of the pure pursuit is that a sufficient look-ahead
distance will result in cutting corners while tracking a curved path. To improve this
characteristic and steady-state error, we use the lateral offset (error) between the vehicle and
path. The examples of lateral offset are shown in Fig.. To the left is the cutting corners
phenomenon, and to the right is the steady-state error. To reduce the lateral offset, we apply
proportional integral (PI) control theory, as in equation (7) below.
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The desired steering angle according to the lateral offset de (t)is the sum of the
proportional term Pe (t)and integral term Q(x(t))fe dt where and Q(k(t)) are the proportional
and integral gains, respectively; both of which are positive values.

Se(t)=Pe(t)+Q (x(1)) Jedt ()

The proportional term performs the role of reducing the lateral offset by reducing the target
steering in the cutting corners phenomenon. On the other hand, the integral term is useful
when a path has a small curvature and eliminates the residual steady-state error.

The integral gain is a function of the road curvature.The total desired steering angle, dt, is
given in following equation:

3= O1+ de (8)
Where 6l is the desired steering angle by look ahead distance.

o Goal point
77777 Vehicle trajectory
— Reference path

I.METHODOLOGY
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I1l.PROCEDURE
A. TORQUE ON STEERING WHEEL

Wheel Base 162 cm
Track Width 95cm
Weight 228 kg
| e
Weight on front axle 79.8 kg
Weight on rear axle 148.2 kg
Pivot Distance 68 cm
Scrub 7¢cm
Mechanical Trail 3cm
Tie rob inclination 35 degrees
Pinion Radius 2cm
Steering Wheel radius 15cm

Fig.3 Specifications of Electric Micro Car

Turning inner radius(R;) =

wheel base Track width—pivot distance

sin(@) 2
)
_ 162 0.95-0.68

— =2.70m

" 057 2

wheel base  Track width—pivot distance

Turning outer radius(Ro) = -

sin(0) 2
(10)

_ 162 0.95-0.68

0.5 2
=3.105m

Average turning radius = RI+Ro _ 2'70“;3'105 =2.90 (12)
Lateral force = Ws x (V2/R) x Mechanical Trail (12)
= 79.8x 22x0.03
2.90
=57.29N

Ws— weight on front wheels
R — turning radius
V — maximum speed
Traction force = mass of vehicle x g x coefficient of traction
=228 x9.81x 0.7
= 1565.67N
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Total torque = (lateral force x Trail) + (Traction force x

scrub) (13)
=(1909.69 x 0.03) + (1565.67 x 0.07) = 166.88 Nm
_ Total torque
Force = steering arm length (14)
=205 - 1335.04 N
0.125
Torque on pinion = force on rack x pinion (15)

=1093.60 x 0.02 =21.87/Nm

Torque on steering wheel = torque on pinion
Torque on steering wheel (16)

Steering effort =

steering wheel raius
_ 2187

~ 015

=145.81 N
Based on these calculations it is clear that to control the steering using a motor, then that
motor should have a minimum torque of 21.87 Nm .
B. Motor and controller selection:
To motor should have the following specifications for controlling the steering:-
e Should be able to produce a torque upto 40Nm
e Should deliver high torque at low RPM
e Can be controlled using an Rasberry Pi or Arduino i.e, the controller should take the input
signals of 5v
e Should be operated with 24v to 46v DC power source
e Should give the position feedback
e Angle should be controlled precisely
e The output shaft should have a key slot to connect to a gear or pulley
Based on the above specifications Servo motor and closed loop stepper motor are the
most suitable types of motor for this application.

Epicyclic Gearbox gear
ratio 1:15

Stepper Motor
Nema 23

Rotary position encoder

Fig.3 Stepper motor with gearbox
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C. Design of motor mount:
This mount has to hold the motor on the steering column.
e Mount has to be restricted in all the three directions .
e The steering column should rotate freely inside the mount.
e Vertically the motor mount is hold on the column using a radial ball bearing .
e A 5mm mild steel plates are selected for this mount.
e The maximum torque acting on the mount is 45 Nm .
e Mount is also designed to hold the motor in position with the column so as to mate the gear.

Fig.4 Side view and Isometric view of Steering mount

D. Motor Assembly;
In order to allow the column to rotate freely on the column a bearing is used in this assembly.
The gears on the motor shaft and column shaft are hold together using keys.The motor mount
is attached to the chasis of electric micro car using bolts where a special tabs are designed
and joined with the motor mount using Arc welding.

VOLUME 21 : ISSUE 11 (Nov) - 202257 Page N0:822



YMER || ISSN : 0044-0477 http://ymerdigital.com

g~

Fig 5. Exploded view of Steering motorassembly

IV.RESULTS AND DISCUSSIONS

The ultimate goal was to develop a steering control system which can be retrofitted in a 4
wheeler at lowest cost possible. This was the main reason to select closed loop stepper motor
over servo motor..The stepper motor couldn't rotate more than one revolution (gearbox
output). When the steps generated by the micro controller are more than one revolution then
the motor out shaft would rotate one revolution only which is not suitable in steering from
one end to other. Later the issue was resolved by reducing the micro stepping to 1/16 th of the
previous that is set in the motor driver RMCS-1110.The driver has an inbuilt PID algorithm
with well-tuned Kp ,Ki and Kd gains based on the motor characteristics .These gains are to
adjusted within a range in order to obtain results as expected .The tests that are to be
conducted on this vehicle couldn’t be done due to the pandemic. But the expected results that
we would get when tested are known from previous study. The below graphs are the expected
results from this control system.

10O

Position error (m)

- ==~ Proposed guidance
Trajectory shaping +=-+= Pure pursuit

Nonlinear guidance

Fig 6 Path tracking in a straight line
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Fig 7 Path tracking a circle

V. SUMMARY AND CONCLUSION
The system is retrofitted in electric micro car so an onboard electric power can be used to
control the steering. The existing steering in the electric micro car is mechanical, so it is
converted to an electric power steering. The steering motor should be able to controlled
precisely and easily. Based on the requirements servo motor and closed loop stepper motor
were most suitable for this application. Considering cost, holding torque stepper motor was
well suited rather than servo. A Nema 23 standard closed loop stepper motor with gearbox is
selected and a suitable motor driver which can be controlled using an Arduino is selected.
This steering motor is to be directly attached to the steering column using gears which are
directly meshed. So the column has specially designed and manufactured which holds the in
position relative to the gear on the motor shaft. To hold the motor in position with the column
and gear amount is designed and manufactured. The on board 48V Dc power is used to
control the motor.
This entire system will give better results only when the lane data is accurate. In this system
the vehicle is considered as neutral steer condition i.e, neither understeer nor oversteer .But in
real conditions the vehicle is in either oversteer or under steer condition with speed. Since the
vehicle is tested in low speed these conditions are neglected. This system can be retrofitted in
any vehicle considering the vehicle speed and conditions. This is very suitable for the
vehicles which run in a controlled environment like airports, industries which reduces human
labor and thereby reducing the running costs.
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