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INTRODUCTION:

» |ntelligent and automated guided vehicles have always gained the interest of
researchers all across the globe.

®» Reduction in traffic congestion and over all number of accidents in the recent past
can be aftributed to the progress in the development of active safety measures.

Path guided vehicle conftrol systems with the presence of driver commands is more
realistic explanation of vehicle path tracking problems.

» Mathematical models are developed for autonomous steering controller using PID
controllers.



Vehicle Model:




Steering Control System Model:

Steering
Wheel

Control
Unit

Torque
Sensor
Motor

Gear
Box

Wheel Wheel

Pinion

Source: hitp://www.intfechopen.com/books/advances-in-mechatronics/integrated-control-
of-vehicle-system-dynamics-theory-and-experimenticle-system-dynamics-theory-and-
experiment&psig=AFQICNHF VKHdfbD8pxVUoONWKD755WngSA&ust=1460796582284373




Steering Control System Model:




Steering Control System Model:




Schemaftic models:
Single Track Vehicle Model R
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1, : Look ahead distance,
f; : Longitudinal and lateral forces,

C,, C, and C, are controllers.

Source: Integrated driver and Active steering control for vision-based lane keeping; Riccardo, Stefano, Mariana




Confirollers:

» The control design is divided into three sub-systemes:
o C, :PI active front steering control system.

&; = -Ky1(r-ry)- Kaq; Qg it is the additional state infroduced by the dynamic control.

o C, : PID control system.

sidering the yaw rate reference signal (ry) as a controlled input, we need to
e the additional lateral offset measure fo drive the signal e, (y4-Y,) to zero.

The dynamics of road curvature (o) are important to design the desired yaw rate

=> No driver action resulfs in y,=0 and e, is driven to zero.

&= -K,, ,— K;; a,-K;3 a;- Ky e, 4 O, is necessary fo obtain zero steady stafe tracking

a;=e,a,=a;;a;=-a;/A+e ey =1/A(a;). e : lateral offset measurement



Confirollers:

» The control design is divided into three sub-systemes:

o C, : PID control system.

To obtain a complete control over of the vehicle lateral dynamics when:
Ay #0; Goalis achieve e, = 0.

e, =YqY=0;

P, ; K = Design Parameter (It depends on rise time, settling time

overshoot); P, = Transfer function betweenry and y,
=(d;S3+d,$2+d,S+d;)/(S2)(-S2+c,$2+c,S+cy):;



Mathematical Modelling:

v, = -v sin (W ) +u cos (V,);
v, = usin (W) + v cos (V);
YIa’ = Vy sin (wR)+ (Vy+ Xla wv,) COS (qJR) 3

~ YIa’ =v+tu va +Xla tl"v, ’

/

m(v,” —r v,) = fi; cosO+ f;sinO+ f ;
m( v,” +r v, ) = fi;sinO; - f; cosO; - £, ;

Jr' = 1; (f;¢ sind; - £ cosO; )+ 1.1, ;

(Note: ¢ means differential)




Mathematical Modelling:
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Vehicle Parameters for linear model:

All dimensions and coordinatas
F'y ara in millimeatars

P

Height for
animatar: 1800 i
0 Lateral coordinate ot sprung mass center: Lateral coordinate
Wiclth for of hitch
animatar -— 1180 —.'1 0l
hass center of sprung mass
1875 _®
' A —
- = 720 = +
Left Fight Left Fight 675
390 3580 380 360 #
X -
Sprung mass
coordinete system - ag5 () -
. 4220 '
The inartial properties are for the sprung mass inthe design configuration, with Achranced settings (optional license reguired)
no additional loading. Sasic [+
Sprung mass: 15490 ki E dit radii of gquration
Fall inertiz (b [ NEEEE kg-m2. Fox: 0.750 i
Pich ineria () 2bE71 kig-mé Ry 1.300 m
e inertia {lzz): ZBEY kg-m2 Rz 1.300 m
Froduct (b 0 kg2
) Inertia and radius of gyration ara
Froduct (ka): o kg-ma related by the eguation: | = ME*E
Froduct (ke): 0 kig-mg

C; = 2.864e+5 (N/rad); C, = 1.948e+5 (N/rad)




RESULTS:
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RESULTS:
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RESULTS:

Global Y coordinate - m
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Conclusions:

» There are a lot of fluctuations in the steering angle when we are not using P!
controller. But with the infroduction of Pl controller it became smooth.

» |n the absence of the controller, actual velocity falls way below the target velocity

By changing the K, and K, parameters, the error in the speed is reduced
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