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Chapter 2 

Obstacle Avoidance of Unmanned Ground Vehicles 

2.1 Sensor selection for prototypes 

The proposed vehicular prototype has ultra-sonic range sensors to detect collision 

conditions encountered by the prototype, a digital compass module to obtain the 

heading angle, optical shaft encoder modules to get the position of the prototype, RF 

transceiver module for communication, servo drivers, and a micro controller to 

process the information and to give the control signals to the actuators. A block 

diagram representation of the complete system is given in Figure 2.1. 

The main objective of the developed prototypes is to test, fine tune, and 

experimentally validate intelligent collision avoidance algorithms for ground vehicles. 

So, the features expected in the vehicular platforms should be identified at the initial 

stage of the project. Individual prototypes should include a suitable controller which is 

capable of implementing the collision avoidance computational intelligence 

algorithms. The motors selected need to be easy to control. Most importantly, the 

prototypes should be able to communicate each other. The heading angles of the 

vehicles are vital information in order to realize successful collision avoidance 

maneuvers. 
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Figure 2.1 - Basic Block Diagram of the System 

2.2 Development of prototypes 

2.2.1 Digital Controller Selection 

... :;·~~;(;.;. 
~-:~ f":: 
~:." ~ ·=~ 
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Digital controller is the heart of the system and should be carefully chosen. The 

controller should have a good memory capacity and a very high frequency. Most 

importantly, the programming of the controller should be straightforward. In this 

application, the onboard controller controls two motors, while executing the other 

instructions. 

The OOPic-R [3] was selected for the project. It provides 16 digital l/0 lines 

including power and ground connection. Its smaller size suits well for prototype 

development. 
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The speaker onboard OOPic-R is useful in the developmental stage. The speaker can 

be used to take required outputs and warning signals at the development stage. All the 

modules were tested separately before integrating. The speaker was deployed to check 

the output values of those modules successfully. 

ec network connector of OOPic-R can be used to network two or more OOPic-R s. 

Multiple power lines are provided to use different power consuming modules (Figure 

2.2). The jumpers onboard can be used to set the different power outputs. OOPic-R 

contains 3 onboard LEDs having different colors. They are internally com1ected to 

three different IO lines. Those LEDs are used in the development stage for debugging 

and monitoring. The RS232 serial port connector can be used to communicate with PC 

via MAX 232 chip. A separate three-pin connector provided direct and easy 

connection for the LCD displays. The green LED connected near the programming 

connector is lit brightly when power supply is good. It is a good indicator of supply 

battery level. Reset button on the board can be used to reset the controller when that 

becomes stuck. 

OOPic has an object-oriented operating system that has been pre-programmed into a 

Microchip PIC. It also provides an object-oriented language model design to interact 

with the electrical hardware components that are attached to the PIC. Hardware 

interface is designed using programming software by creating objects and setting their 

properties to define their behavior and interaction with the hardware. These objects 

can also be interconnected to form a virtual circuit and then utilize this hardware 

interface and its associated virtual circuits by writing a program that controls and 

responds to hardware events that occur. 
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Figure 2.2 - OOPic R Micro controller board 

2.2.2 Digital Compass Module Selection 

Path of the vehicle travels should be mapped to analyze the workability of the theories 

.There are two major options to map those paths. They are GPS mapping and 

employing a suitable dead reckoning algorithm. GPS module is needed for GPS 

mapping. But even differential error correcting GPS has an error around 5m [16]. But 

as each prototype developed is 30cm x 20cm in size, GPS mapping is not an option 

and a dead reckoning algorithm is adopted for path mapping. 

A digital compass and an optical encoder were used in the dead reckoning algorithm. 

The CMP 03 digital compass module by Devantech Ltd was selected for this study 

(Figure 2.3 ). Especially, together with the optical encoders, this compass is meant to 

be used for dead reckoning purposes. The CMP 03 digital compass uses the Philips 

KMZ51 magnetic field sensor, which detects the Earths magnetic field. The output 

from the two of them mounted at right angles to each other is used to find the heading 

angle. The compass readings can be obtained both from the ec channels as well as a 

PWM signal. The resolution of the compass is 0.1 degrees. 

The compass needs to be calibrated in the area it is being used. 
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Figure 2.3 -Digital compass module 

I2C object in the OOPic multi-language compiler was used to access the digital 

compass. ec node address was set to OxCO. Location 1 in the compass module was 

access to take heading angle value from 8 bit value. The value that came from the 

module was between 0 to 255. This was mapped to the 0-360 degree range. 

Compass---~ 

Figure 2.4 -The way of mounting the compass to the prototype 

The mounting position of the compass was very important due to its high magnetic 

field sensitivity. Because the DC servos used to power the wheels generate magnetic 

fields which may interfere with the digital compass, the digital compass was mounted 

as far as possible from the DC servo motors as shown in Figure 2.4. 
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2.2.3 Digital Encoder and Encoder Wheel 

The optical encoder module has three chmmel incremental encoders with a code wheel 

is choosen as shown in Figure 2.5 [3]. The speed of the two wheels of the prototype is 

intended to be measured using this. Optical encoder outputs together with that of the 

digital compass can be used for dead reckoning in navigation purposes of the 

prototypes. 

·~V R=2.71o:O 

Q 
TO OUTPUT LOGIC 
!ONE. TTl lOAD 
PER OUTPUT) 

Figure 2.5 - Connection arrangement of the encoder 

Qencode encoder object was used to get data from the digital encoder. Position 

property of the Qencode object was utilized to take the encoder position. Channel A 

and Channel B were connected to IO lines on the OOPic and the numbers of the IO 

lines were set to the Qencode object properties. 

The encoder wheel and the Optical sensors should be mounted with care to have a 

good alignment as shown in Figure 2.6. 

Encoder Wheel 

Figure 2.6 - The way of mounting the encoder to the prototype 
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2.2.4 Servo Motors 

The HS-422 standard deluxe servomotors, by Hitec RCD Inc., are 3-pole ferrite type 

motor attached with an in-built potentiometer. Such a motor is shown in Figure 2.7. 

These motors are with the control system of pulse width 1500,LLS neutral type [11]. 

Figure 2. 7 - HS-422 Servo Motor 

The potentiometer \Vas removed from the servo and a gear wheel adjustment was done 

for continuous run. The practical speed of the prototype was quite below the required 

speed. So the controlling circuit of the servo was removed and power was directly 

given to the motor through a motor driver (L298N) chip. A supply voltage of 7V was 

given to the servo when maximum speed was required. 

2.2.5 Ultra-Sonic Range Sensors 

Sensing the obstacles around each vehicle prototype while moving, is important. The 

SRF235 ultrasonic range sensors are chosen for that. Those by Devantech Ltd., are for 

the purpose of detecting obstacles. The ultrasonic sensors are not meant to identify the 

other vehicle prototypes in close proximity .The adjacent prototypes are meant to be 

identified, by each other, with the RF communication between them or by adding a 

shield to prototype (minor adjustments). 
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The selection of this type of ultra-sonic sensor with a narrow beam pattern, as 

indicated in Figure 2.8, gives the opportunity to detect the obstacles, but not the floor 

as an obstacle, a false alarm. Mounting arrangements of these sensors were also 

considered with special concern. 

0 

2701 \ I l ~~ J l I f J90 

180 

Figure 2.8 - Beam pattern of the SRF235 'Pencil beam' ultrasonic sensor 

The ultra-sonic sensor is with a single transducer for both transmit and receive. 

Therefore, there is a blanking zone of 1 Ocm, so the effective range is 1 Ocm to 1.2m. 

Communication with the SRF235 ultrasonic rangefinder is via the I2C bus. Therefore, 

this is easily connected to the OOPic R+ with its capability of I2C. In order to connect 

these sensors to the OOPic R+, the address of the sensors have to be changed. Figure 

2.9 is the picture of SRF235. 

+5v-
SO,D.,--
SCL 

No Connect/On 
Ground (Ov) 

Figure 2.9 - SRF235 Pencil beam ultrasonic sonar sensor 
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2.2.6 Inter Vehicular Communication scheme 

Inter vehicular communication was the most important part of the system. ER400 

radio modules, shown in Figure 2.1 0, were used for that. Few important features like 

several channels, low power consumption, very stable operating frequency and good 

bandwidth for data transmission, reliable communication and good data rates were 

expected from the RF module. Several Channels were needed to establish a good 
-

communication. The chosen modules can have 10 different channels, which meet our 

requirement. 
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Figure 2.10- LPRS ER400 Radio Modules 

The programming software, which can download from the web, was used to grve 

commands to the module as shown in Figure 2.11 [ 4]. 

? 

'~ 

I r_vcJ~r,w-«::akn~l,,,h,; 

MvJ)~ F1~-l'Jo>:'IK\' ~'ludtJ~ fttx-

:. EHGO l5 

•• ,{<) fo.J1'c<;J>Je8ALV.:>Ifle 

~ fPIJil 

~C.xrw.-!>!d: 

5q{yj(,'nYf1"lfl<l 

"''" (R_CMD#lJ 

14+00 
lR .. lMO#!J 

1"1100 
!H LMO#T:l 
[-R--lMD#13 

"' 

fRJMO#lJ':l 
LH .. t:MO#IJ3 
ACK 
FRJMO#O 
II(_(MO.#(I 
lR.CMO.<tU 
fRJMD#O 
.t.n:: 
U> ·ljiiW 1 -..MiJ)'- 1 fULJ:J•~)' 
[ll._(MOI'M? 
(R_CM[),rtJ 

Figure 2.11 - Evaluation Software 
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That software was used to change the baud rate, power level and channels of the 

modules. The baud rate was set to 9600.The channels of RF modules were set 

according to the requirements and to avoid jamming as shown in Figure 2.12. 
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Figure 2.12 - Communication Channel Dedication 

2.2.7 ER400RS Receiver 

The Block diagram of the receiver module is given in Figure 2.13. Pin numbers 6 was 

used to give commands to micro processor to change the internal settings of the 

module. A programming software was used to give commands to the module [ 4]. 
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Figure 2.13-Receivcr 

It was quite easy to work with these modules, because feedback characters were 

received after every command. Thus, the verification of the changes was 

straightforward. 

2.2.8 ER400TX Transmitter 

These transmitter modules do not provide any feedback to the programming software. 

Only the serial data transmission line was provided as seen in Figure 2.14. So it was 

quite difficult to change and verify the settings of the transmitter modules. Two 

software windows were employed to change the settings of those transmitter modules. 

One window connected to com 1 serial port was used to send serial data while the 

other window connected to com2 serial port was used to receive data from the receiver 

module. The RF Channel setting commarnds are presented in Table 2.1. 

Initially, 19200bps baud rate was used to give command to the module. That baud rate 

can be change by sending baud rate setting command. An unambiguous baud rate has 

to be used when dealing with transmitter modules. The baud rate differences were 

caused data corruptions. 

; j , 1 t1 ... I 
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Figure 2.14 - Transmitter 

Table 2.1- RF Channel setting commands 

Channel 
Command Frequency 

number 

ER CMD#CO 0 433.23 MHz 

ER CMD#C1 1 433.30 MHz 

ER CMD#C2 2 433.45 MHz 

ER CMD#C3 "\ 433.55 MHz .) 

ER CMD#C4 4 433.68 MHz 

ER CMD#C5 5 433.83 MHz 

ER CMD#C6 6 433.88 MHz 

ER CMD#C7 7 434.00 MHz 

i ER_CMD#C8 8 434.15 MHz 

I ER_CMD#C9 9 434.35 MHz 

2.2.9 Serial Interface Circuit Design 

RS232 serial work with 0 to 15V logic levels while RF modules work with 0 to 5V. 

The MAX232 chip was used to do the level conversion. The circuit diagram of the 

serial interface circuit is given in Figure 2.15. 
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A two-way switch was employed in the circuit to change data transmission mode to 

setting changing mode. Because the data transmission line from the serial port had to 

connect to serial data transmission pin via chip when data transmission was need and 

it had to be connected via chip to serial data input of the receiving module when the 

settings change was needed. 

The 7805 regulator was used to give power to the RF transmitter and receiver 

modules. The RF modules were mounted to the board as shown in Figure 2.16. The 

regulator module was used to achieve a smooth power supply to the transceiver, hence 

minimized the error signals that can be caused by varying input power. 

1N4148 

PCAT 

Figure 2.15 - Serial Interface Circuit 

DCD 
DSR 
RXD 
RTS 
TXD 
CTS 
DTR 
Rl 
GND 
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Receiver 

Transmitter 

Figure 2.16- The way of mounting Transceiver module 

2.2.10 Integrating Sensors to the Controller 

Integrating sensors to the controller was done using the I2C bus. Different 

hexadecimal addresses were assigned to different components to access through the 

I2C bus. Five modules were connected to the I2C bus. Power for those modules was 

given directly from the 5V regulator. Side elevation and plan of the proposed 

prototype is presents in Figures 2.17 and 2.18. OOPic Basic Program for Vehicular 

Prototypes is given in appendix A. 
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Figure 2.17 - Proposed Prototype (Plan) 

Ultrasonic Sensor 
Tr~1 

OOPic R Bot:HG 

o.·.······""· 
~ 

Aerials of l rar 
Module 

r.·iodt,:!e I Ultrasonic Sc:nsor 

Drivin:J 
VVheel 

Figure 2.18 -The proposed prototype (Side elevation) 
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The actual implementation of the prototype can be present as follows (figure 2.19). 

Figure 2.19- Developed vehicle 

2.2.11 Interfacing Software for Prototypes 

Interfacing software was developed to give control signals to the vehicle. Visual Basic 

6 was used to develop the software interface for the prototype. GMS ActiveX 

controllers vvere used as joysticks and digital compass .. It has the ability to view the 

current position of the prototypes in its sketch pad, the current heading angle of each 

prototype, current coordinates of each prototype in sketch pad, communicate with 

each prototype, give control signals to prototypes via the established RF link through 

the serial port, and draw the path followed by each prototype in the sketch pad. 
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2.3 Experimenting with prototypes 

Two identical prototypes were developed to carryout the testing process of obstacle 

avoidance and inter vehicular collision avoidance. 

2.3.1 Position Tracking Algorithm 

As GPS is not an option because af the small distances involved in the experiments 

with scaled down prototypes, the following dead reckoning algorithm is adopted for 

position tracking. The speed of the prototype was calculated within the program by 

using the input values of two encoders and averaging its value similarly as m 

equations 2.1 and 2.2. The x(k) and y(k) positions calculated as below. 

x( k) = x( k - 1) + x x sin( B) x ( llt) 

y( k) = y( k -l) + x x cos( 0) x ( !lt) 

----------------------- (2.1) 

----------------------- (2.2) 

Where, B is the heading angle of the prototype. 

Figure 2.20 elaborates this further. 

----.,---------
; 
; 

' 
' ' 
' 

Path of the 
vehicle 

Figure 2.20 - Position Tracking with Compass 

x (m) 
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Figure 2.21 shows the program that is executed in OOPic, which used to maneuver the 

Yehicle with the compass. The program begins with initialization of the objects that 

are used to represent the vehicle. Basically, the sensors and the objects are needed for 

communication purposes. After that, inputs from the sensory devices are fed to the 

execution through the input-output lines that are already set. Position manipulation 

takes place after the inputs are analyzed to minimize the errors that can occur due to 

wrong input values. Then, the program transmits the calculated current position of the 

vehicle to the other vehicle, or to the computer via the RF link . 

2.3.2 Peripheral Obstacle Avoidance 

This obstacle avoidance algorithm is for stationary obstacles such as walls and other 

barriers. This mode activates when the distance to the obstacle is less than 15 em [32]. 

The algorithm used in this study can be presented as follows. 

If Obstacle on Left and distance decreasing, then Turn Right for 3 [ s] 

If Obstacle on Right and distance decreasing, then Turn Left for 3 [ s] 

If Obstacle on Front & Left and distance decreasing, then Turn Right for 3 [s] 

If Obstacle on Front & Right and distance decreasing, then Turn Left for 3 [ s] 

If Obstacle on Front then Stop, Reverse for 2 [ s ], Stop and Turn Right for 3 [ s] 

If Obstacle on Back then Stop (if Reversing) and Turn Right for 3 [ s] 

2.3.3 Collision A voidance 

This algorithm applies when the relative distance of the vehicles is less than or equal 

to 30 em. This requires advance inference techniques, that processed by fuzzy based 

inference engine.If a prototype in Collision situation then Stop and take a "right turn" 

for 3 [ s]. If still in collision situation Stop and take a "left turn" for 3 [ s] Else 

"reverse" the platform for 3 [ s] . 

2.3.4 Position Tracking without the Digital Compass 

The compass module plays a vital role in the position tracking algorithm. But some 

errors may occur due to the magnetic fields generated by servo motors. This can often 

be the case in experimenting with the physically scaled down prototypes as keeping an 
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adequate distance between the motors and the digital compass is not practical. Here, 

we present a method to calculate the heading angles to be used when the compass 

readings are not reliable [36]. 

Figure 2.22 shows a typical path that the vehicle follows and the footprint of its tires. 

The change of angle from the previous position can be approximated using the wheel 

movements and simple geometry as elaborates in equation 2.3 and 2.4. 
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Figure 2.21- Executed program in OOPic 
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Figure 2.22 - Position Tracking without Compass 

-------------------------------------------------------------------(2.3) 

-------------------------------------------------------------------(2.4) 

Where Sis the traveling distance of the wheel. r is length between two wheels. 

Therefore, the total angle change within the course relative to the initial direction can 

be obtained by considering the above instantaneous angular changes. The OOPic reads 

the encoder readings every 2 seconds and executes the algorithm as illustrated in Fig 5 

where Encl and Enc2 represent the readings of encoder 1 and 2, respectively .. One 

limitation of this method is that floating points may occur during the execution 

requiring some offset actions to minimize the errors caused by this. 

If the difference between two encoder values is less than 20, previously calculated 8 

value was fonvarded to the next step assuming a straight motion of the prototype or 

the prototype is not moving. This program segment can be present in a flow layout as 

in figure 2.23. 
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2.3.5 Fuzzy Based Controlling 

The position information obtained via the methods explained previously is sent to the 

central PC that implements the fuzzy controller. Position information was processed 

and the fuzzy base controlling signals were given to both prototypes via RF link. The 

block diagram of components including fuzzy inference engine is given in figure 2.24. 

Enc=Enc1-Enc2 

e Up(bte 

Position 
Update 

Enc=Enc2-Enc 1 

Same El e Upd<1te 

Figure 2.23 - Position Tracking without Compass (block diagram) 

The encryption module therein acts as a converter of defuzzyfied output to the code 

that the communication module can understand. 

The fuzzy based controlling functions were developed by means of MatLab 

simulation software simulink. ANFIS tool box was employed for that. The input 

membership functions were defined initially. 
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Figure 2.24 - Fuzzy Based Controlling 

2.3.6 Collision Condition Function 

This as the name implies, to identify the vehicles are in collision states to trigger the 

collision avoidance scenario. The theory of relative velocity between two vehicles was 

employed for this process. The program virtually creates the inertial frame with 

respect to one vehicle and check whether the vehicles are in collision condition by the 

aid of the relative distance and velocity. By means of the path of a vehicle relative to 

the other, some collision situations can be defined. 

If the collisions between two vehicles occur in line, means that a direct collision, that 

state was defined as 'in line collision'. The other two states, named as 'in line oflikely 

collision' and 'not inline collision' following the same methodology that was 

previously stated. This is essential to quantify the inputs, which needs for fuzzification 

process. The range of valnes for the collision condition function was taken as -3 to 0, 

and decided the center of the Gaussian membership function as follows[24]. 

Table 2.2 - Centers of Gaussian Membership Functions 

Collision Situation Center of the Gaussian 

membership function 

In line collision -3 

In line of likely -1.5 

collision 

Not inline collision 0 
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2.3.7 Relative Distance Function 

This is the Euclidian distance between the vehicles, in an inertial frame of one vehicle. 

A virtual circle is drawn around the vehicles such that it covers the whole parts of the 

vehicle. The collision state can be stated as follows. 

If the distance between the centers of the virtual circles is less than or equal to the 

diameter of a virtual circle, then the vehicles are in collision state (Equation 2.5). 

RelativeDistance = ( (x1 - x2 )
2 
+ (y1 - y 2 )

2 )!i 
---------------------------(2.5) 

Therefore the breaking critical distance ( dbr) can be present as 

2~ ( v2 +( v-vret )
2 
), for head-on collisions 

dbr = ~ 2~ ( V 2 
- ( v- vrel )

2
)' for rear-end collisions 

1 v2 

otherwise 
2 a' --------------------------(2.6) 

Where v is the velocity of the vehicle and Vrel is the relative velocity of the vehicle 

with respect to the other. a is, the maximum possible deceleration of the vehicle as 

shown in equation 2.6 [3]. 

2.3.8 Master Slave Switching 

This function is mainly for hierarchical controlling of the vehicles. This assigns the 

labels 'Master' and 'Slave' for the vehicle and it is depends upon the current situation 

of the vehicles. The 'Master vehicle' has more power relative to the 'Slave vehicle'. 

This was used in the decision making process, inside the inference engine. A typical 

label assignation criterion is the speed of the vehicle. When in Inter vehicular 

communication mode, the master-slave status were calculated, transmitted and 

acknowledged by each vehicle. When the communication scheme is through the 

computer, it assigns the master-slave states to the vehicles by analyzing the motions of 

them, according to pre programmed algorithm [32]. 
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Master-Slave switching (MSSwitch) function has three variables. They are master, 

slave, and driver control. In order to quantify these variables, 'master' is assigned 'l' 

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. 

2.3.9 Controlling Function 

These input membership functions were trained using 650 pairs. Those data pairs were 

generated employing spread sheet program accordance with the controller algorithm, 

considering the ranges of the input and output variables . The generated data set 

enabled to train the ANFIS so that it mimics the behavior of an expert. The trained 

input functions were taken from the MatLab software. The shapes of those functions 

were adjusted at the learning according to the training data. 

The Takagi-Sugeno type 54 output functions after training, for the braking controller 

were taken and they are given below [15]. 

.h = 1.85 xJ + 1.566e-8Xr2.79e-21X3 -2.1894e-15 X4-1.48 

J; = 0.0019X1- 0.039Xr 5.655e-23x1- 4.72e-17X4- 4.225 

~ =-0.311 X1-2.892e-6 Xr5.577e-25X3 -5.667e-18 X4+0.0921 

-----------------(2.7) 

/~4=-1.710e-15 X1+4.911e-18 X2-4.910e-14 X3+5.677e-15 X4+5.679e-15 

The Takagi-Sugeno type 54 output functions after training, for the steering controller 

was taken and they are given below [32]. 

J; = -0.322 X1+ 0.0036X2+ 5.798e-22 X3+ 0.00459 X4+ 0.233 

f; = -0.0141XJ + 0.00321X2+ l.069e-22X3+ 0.00021 X4+ 0.621 

.~ = -0.151 xJ +0.000659 X2 + l.996e-23X3 +0.0039x4+0.0652 

------------------(2.8) 

/ 54 = 2.69c-24 X1+ 1.755e-24 X2 -3.911e-25 X3 + 2.691e-23x4-1.217e-23 
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In the prototype experiments, the above 108 (54X2) functions were implemented in 

the PC by means of Microsoft Visual Basic 6 IDE. The position, heading, and speed 

information from the prototypes was transmitted and taken via a serial port to the 

central PC. This information is required to assess the input membership values [32]. 

The controlling signals generated were transmitted to the prototypes via the RF link. 

Figure 2.25 to 2.27 illustrates the input membership functions after training. These 

illustrations were created in the MatLab environment; with the aid of the ANFIS edit 

tool, and Simulink. 
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Figure 2.25 - Collision Condition Function after Training 
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Figure 2.26 -Relative Distance Function after Training 
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Figure 2.27- Master-Slave Switching Function after Training 

2.4 Results 

Trajectories of the prototypes were taken from the graphical user interface of the 

developed software. It was developed using shape objects in Visual basic 6 and 

Joystick objects of Global Magic Software's. Predefined co-ordinate system was used 

to map the prototypes. Two joysticks were used at the manual driver mode. When the 

vehicles recognize a possible collision scenario, the joystick commands are simply 

ignored and the automatic collision avoidance controller turns on. It is automatically 

changed in to manual mode after avoiding collision scenarios. 

Fig 28 represents a screenshot that was taken in a typical test case of the study that has 

been carried out with the two prototypes. It illustrates the paths followed by the 

prototypes and the encrypted data that has been received. 
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Figure 2.28 - Screenshot of the developed GUI 

The speed of the prototypes was quite low due to the performance of the de servos. 

But it was healthy with the whole system. Because of the serial communication, ec 
bus and OOPic were mainly introduced delays to whole system. But those can be 

minimizing by using appropriate hardware when this system is going to be 

implemented for genuine vehicles. 

This concept can be extended for multiple vehicles by considering them as 

parrs. 

2.5 Summary 

This chapter has presented and experimentally validated an interactive intelligent 

collision avoidance controller via testing on vehicular prototypes. A master-slave 

mechanism is engaged to effectively negotiate the cooperative maneuvers by the 

vehicle on the verge of a collision to optimally avoid the collision. The control 

strategy was developed based on ANFIS fuzzy and has been thoroughly validated via 

computer simulations in for all possible collision scenarios. The central 

communication PC was used to avoid memory constrains in the digital controller 

(OOPic) at the cost of some delays in the whole system. A better DSP can eliminate 

the central PC to easily overcome this problem in practical implementation. 
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