
CHAPTER3 

Auxiliary Functions: 
Synthesis of Controller 

3.1 Veh icu lar Control lers 

There are two main vehicular onboard controllers: braking controller and 

steering controller. Both the controllers are based on the ANFIS and each are having 

four input variables and one output variable. 

The primary sensory information cannot be straightaway fed into the controllers. 

The controllers need some secondary level information, as well. Therefore, in order to 

process the primary sensory information to get the secondary level information, some 

auxiliary functions are used. Fig. 2 gives the schematic diagram for the main 

controllers and the auxiliary functions. 

Auxiliary Components 

Fig. 2 Control system block diagram and information f low (vehic le-1) 

16 



3.2 Auxi l iary Funct ions 

Fig. 2 shows the auxiliary functions that are used to feed information to the two 

main controllers. These auxiliary functions process the primary sensor information 

and other related data to give the secondary level information. The following 

description explains in detail about each of the auxiliary function being used. 

3.2.1 Collision Condition Function 

This function is to detect whether the adjacent vehicle, irrespective of the 

distance between them, is in line of collision with the selected vehicle. The relative 

velocity paradigm is extensively used in determining this [17]. Here, a geometric 

construction as given in Fig. 3 is used for the analytical work. The points, O, and 0 2 

respectively, give the approximate centers of gravity (c.o.g.) of the vehicle-1 and 

vehicle-2. The Euclidean distance between O, and 0 2 gives the relative distance 

between the two vehicles. (Relative Distance Function gives more details). 

Let VRbe the velocity of vehicle-1 relative to vehicle-2 and the angle that VR 

makes with the x-axis be rj. VR is calculated by each vehicle using the two speeds of 

the vehicles. Self speed is obtained using the speedometer onboard and that of the 

adjacent vehicle through IYC [14]. The vehicle direction information, i.e., the yaw 

angles, £, and s 2 , are measured using the onboard digital compass and shared through 

IVC. WhenF„, £{ and s2 are known, rj can easily be calculated. 

r is the radius of the smallest circle that can be drawn around the dimensions of 

twice the size of the participating vehicles, y/ is the half-apex angle that is subtended 

by the given circle at the approximate c.o.g. of vehicle-1. This can be calculated using 

r and the distance, 0 , 0 2 . $ is the angle subtended w.r.t. the x-axis by 0 , 0 2 . The 

Relative Distance Function gives more details. 

The vehicles are identified as merely in line of collision when: 

(fi + y/ > rj 

and 

<j)-y/ < r) 
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Fig. 3 Detection of collision condit ion, for instance, f rom the perspect ive 
of vehicle-1. 

In other words, the above condition is satisfied when the vector VR falls within 

the 'collision cone' of AO,B. The collision condition can be explained in rigorous 

terms as follows. An extended collision cone is defined by adding /r /18 [rad] from 

either side of the collision cone, AO,B. If the collision cone area is denoted as, 

Cc =[<t>-y/ ,<t> + ys] , then the extended collision cone can be described as, 

Cc+ =\<l>-Y-nl\8,^ + ̂  + ^/18], 

If r/eCc, it can be said, the two vehicles are 'in line of collision'. But, if 

T] e Cc+ f | C'c, where C'c is the complement of Cc , the situation is identified as 'in 

line of likely collision'. To that end, if T] <£ Cc+, then it will be concluded the vehicles 

are 'not in line of collision' whatsoever. 

These different situations are now quantified and then be fuzzified to be used by 

the ANFIS controllers. The situation, 'in line of collision' is assigned the value o f ' -3 ' . 

The situations 'in line of likely collision' and 'not in line of collision' are assigned '-

1.5' and '0', respectively. These values are used to initialize the centers of the 

Gaussian membership functions in the Fuzzy Logic. 

The Fig. 5(a) and 7(a) give the membership functions before being trained for 

the braking controller and the steering controller. Fig. 6(a) and 8(a) give the 

membership functions after being trained for the braking and steering controllers, 

respectively. 
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3.2.2 Relative Distance Function 

This is the Euclidean distance between the c.o.g. s of the two vehicles as given 

in terms of the coordinates of the c.o.g. of the two vehicles: 

RelativeDistance = xl - x2 )2 + (y, - y2)2 ^ . (16) 

Relative Distance, RD , normally can take the range, RD = [0,co] . But 

wheni?D <5.0[m], the two vehicles are considered to have 'collided'. Here, the 

distance, r = 5.0 [m] is the minimum radius of the circle, that can be drawn around 

twice the size of the vehicle (Collision Condition Function gives more details). 

Remark 3.1: For simplicity, the two vehicles under this study are assumed to have 

same dimensions. 

Relative distance can easily be calculated using positional data obtained through 

the GPS sensors [1], [26], The positional details of the other vehicle are received 

through the IVC. It can reasonably be assumed that the absolute position error of GPS 

is cancelled off when calculating the relative position between two GPS receivers. 

93949 
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3.2.3 Safety Speed Limit Function 

The safety speed of the vehicle is defined in terms of the 'braking critical 

distance'. The speed of the vehicle is said to be safe when the relative distance 

between the vehicles is more than the braking critical distance. 

The braking critical distance, dbr, is defined as follows for the three categories 

of collisions: 

Where, v is the speed of the vehicle, vrel is the relative velocity of the vehicle w.r.t. 

the other, and a is the maximum deceleration of the vehicle. 

A clear criterion for correct identification of the three different collision scenarios, 

mentioned in (17), is important. For correct identification of head-on and rear-end 

collision cases, a cone area is defined using the forward longitudinal-axes directions 

of the two vehicles. 

I fU - £ \ e A h o = [11^/12,13^/12] , the case is taken as a head-on collision, 

where ex,e2 are yaw angles of the vehicle-1 and vehicle-2, respectively. 

If |f , - s 2 \ e A r e = [ - ; r / 1 2 , /r/12], the collision scenario is a rear-end collision. 

Otherwise, i.e., when|f , -E
2
\<£ (A

RE
{J A

HO
), it is considered to be one of side-end 

collision situations. 

The vehicle will be in the 'manual (driver controlled) mode' if the relative 

distance, R
D
 > dbr + ks, where ks is a constant. But if R

D
 < 6 [m] , the mode will 

always be switched to collision avoidance mode, irrespective of the other conditions. 

If R
D
 < dbr + ks, i.e., when the speed is 'unsafe' (while 77 e Cc+ when R

D
 < 25 [m]), 

the vehicle is decelerated until RD>dbr+ks, i.e. until the 'safe' speed condition is 

satisfied. Once again, it can be said that if R
D
 > 25 [m], the mode of control of each 

vehicle will unconditionally be in the driver control mode. 

— (v2 +(v-v r e / ) 2 ) , for head-on collisions 
2 a^ ' 

— ( v 2 - ( v -v r e / ) 2 ) , for rear-end collisions 
2a ^ ' 

——, otherwise 
. 2 a 

otherwise 

(17) 
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Two Gaussian membership functions (MFs), 'safe speed' MF with '1' being the 

center and 'unsafe speed' MF with '0' being the center are used to fuzzify the "Safety 

Speed" function. This function is used only with the braking controller. Fig. 5(d) 

gives the membership function for the case before being trained, while Fig. 6(d) gives 

the membership function for the trained case. 

3.2.4 Master-Slave Function 

This function identifies the control hierarchy of the two vehicles. There are a 

number of criteria to determine which vehicle is the 'master', and thereby, which is 

the 'slave'. In this study, the vehicle that moves faster at the moment will be taken as 

the master for simplicity. For instance, one may adopt other criteria to better suit the 

locations of the vehicles (say, for instance, at a roundabout) based on GPS and a 

geographic information system (GIS). The Master-Slave block generates a signal that 

is fed to the ANFIS controller for decision making. Within each vehicle, the Master-

Slave statuses are calculated, exchanged and agreed upon with an acknowledgement 

by each vehicle with 'handshake' signals through IVC. 

As given earlier, the vehicles are said to be in definite collision if 

Rd < dbr +ks <25 [m], and the relative velocity of the vehicles are inside the collision 

cone, i.e., 77 g Cc+. A special case arises, when RD <6 .0[m] , where the control is 

always switched on to collision avoidance mode. Whenever, the vehicle is in collision 

avoidance mode, the 'master' or 'slave' states will soon be realized by the vehicles. 

Fig. 4 gives a state diagram in which different states of the vehicle and 

conditions for changes from one state to another are given. As discussed in the Safety 

Speed Function, v,and v2 are the speeds of the vehicle-1 and vehicle-2, respectively, 

and dhr is the braking critical distance. 

MSSwitch function has three variables, viz., master, slave, and driver control. In 

order to quantify these variables, 'master' is assigned '1 ' while the 'slave' is assigned 

with '0' . The value given to 'driver control' is '5 ' . As discussed before, these values 

are taken as the initial centers of the Gaussian membership functions of the 

corresponding fuzzy variables. The Fig. 5(c) and Fig. 7(c) give the membership 

functions before the training process for the braking and steering controllers, 
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respectively. Fig. 6(c) and 8(c) give the membership functions after they have been 

trained, for the two controllers, respectively. 

remains 

Master 

remains 

Driver 
Control 

Fig. 4 State diagram for change of control for veh ic le - l (veh ic le -2 ) 
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3.2.5 Steering Direction Function 

This function enables to clearly identify the steering directions for both 'master' 

and 'slave' vehicles in order to avoid a collision. The demarcated steering regions by 

each vehicle are identified based on the following criteria. Without loss of generality, 

the absolute value of steering angle can not be greater than 40 degrees [8]. In order to 

reduce the chances of rollover in a high speed emergency maneuver, in our study, the 

range for the steering angle, 8, is taken as 8 = \-n / 6 , n / 6]. 

The steering of the master and slave vehicles is realized based on the following 

criteria. If j f , - £ 2 | < ; r /2 , the range of the steering angles for the 'master' is 

S
M
 - (0,/r/6] and that for the 'slave' is 8

S
 = \-NT 6 ,0 ) . Therefore, the vehicles steer 

in opposite directions. W h e n | f , - s 2 \ > nil, both 'master' and 'slave' take the same 

range, i.e., 8m = [0,TT/6] and£s = [0 ,^ /6] , That is, the vehicles steer in the 'same 

direction'. It is obvious that always8S,8m c 8 . 

Two Gaussian membership functions (MFs), 'same direction' MF with '0 ' as 

the center and 'opposite direction' MF with '1 ' as the center are used to fuzzify the 

"SteerDirection" function. 

Remark 3.2: The yaw angles are always taken as 4-quadrant angles. The Collision 

Condition Function gives more details for obtaining yaw angles. 

3.3 Contro l l er A lgor i thm 

The overall control procedure that includes the high level logic control parts for 

collision avoidance control, is elaborated as follows: 

If R
D
 e (25 ,40] [m], 

Start checking IVC information. The vehicular systems alert 

on this condition. But no action is taken, i.e.,FM ,FS e 0 <=> F° e Fn . 

Else-If R
D
E (6 , 25] [m], 

when, Rd < dbr + ks and 77 e Cc+, 

F
M

 G F
B
 and F S e F

B
. But F M

 ,F
S e F

S
 . 

23 



when, Rd < dhr + ks and 7 g C c + , 

FM ,FS e 0 o F d e Fn. 

when, R d > dhr + ks and 77 e Cc+, 

Fm ,Fs e 0 o F°e F„. 

/?De [0,6][m], V r j , W b r , 

F
M

, F s e F b a n d , 

F
M

, F
S

E F
S
. i . e . , 

I f , If,-£-2j < , steering angle of master, 

= [ 0 , ^ / 6 ] and that of slave, = [ - ^ / 6 , 0 ] , 

F/s^, i.e., -£"2| > TT/2 , for master and slave, 

= [ 0 , ^ / 6 ] a n d ^ = [ 0 , ^ / 6 ] , 

Note 3.1: The set of selectable control functions in a vehicle is given by F
N
 = { F

B
, F

S
} , 

whereF
B
,F

S
 are the braking and steering functions, respectively. F

M

 a n dF
S

g i v e the 

control functions selected by the master and the slave, respectively, 

i.e., F
M

 , F
S

, F° C F
N
, where F

D

 is the driver control function. 

Note 3.2: The selected states for the collision avoidance criteria are, Ss = {Master, 

Slave}, (normally main states of the vehicles, S= {Master, Slave, DriverControl}, 

where Ss c S). 

Note 3.3: Ss, Sm c 5 = [-n / 6, n 16], where 5 is the normal range of steering angles. 

3.4 S u m m a r y 

In this chapter, a detailed description on the auxiliary functions, i.e., the 

secondary level functions which were used to process the primary sensory data, is 

given. At the end of the chapter, the main controller algorithm is elaborated. 
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