
CHAPTER6 

Prototype Realization 

6.1 Component Selection 

The following components have been selected for realization of two prototypes 

intended for studying intelligent interactive collision avoidance studies in smart 

vehicular systems. 

6.1.1 Controller Board - Oopic R+ 

Fig. 14 Oopic R+ Controller board 

Oopic R+, by Savage Innovations, Inc., is a new kind of controller board which 

is programmable in the object oriented style. This enables to rapidly develop or 

change the programs that interact with the hardware components attached to the 

Oopic R+ controller board. For all testing, the 'Basic' style programming was used. In 

Oopic R+ language, all functionality and processing are confined to the specially 

defined objects. This reduces the number in the instruction set making it easy to use 

for applications. These objects are specifically addressing some of the known 

functions of the hardware components, e.g. oPWM object generates a modulated 
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pulse as specified by the other properties of the object. In this development, the Oopic 

R+ firmware used is of the version B2.2+. The microcontroller used is based on the 

Microchip's PIC16F877 microcontroller. The 31 number of input lines can be 

connected to the given hardware options. There are 5 steps involved in creation of an 

application in Oopic R+: 

1. Starting the Oopic Software development kit 

2. Designing a hardware interface 

3. Writing code 

4. Connecting the hardware 

5. Downloading and running the application 

The I2C connectivity, a versatile IC connection bus, is facilitated by the Oopic 

R+ board enabling effective networking with some sensors and hardware components 

which are featured with the same facility. This adds to easy interface made already 

effective by the relevant object types [15]. 

6.1.2 Servo Motors 

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

type attached with an in-built potentiometer. These motors are with the control system 

of pulse width 1500// s neutral type. 

The operating voltage range is 4.8v to 6.0v. The speed of operation varies from 

0.21sec/60° at no load to 0.16sec/60° at no load. The stall torque lies between 

Fig. 15 Hitec HS-422 standard deluxe Servo Motors 
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3.3kg.cm (45.82oz.in) to 4.1kg.cm (56.93oz.in) with the two voltage extremes, 

respectively [5], 

The EasyRadio (ER) ER400TS Transmitter, ER400RS Receiver, by LPRS Ltd., 

were used to give a high performance communication link between the central PC and 

the prototypes. These RF devices can transfer data over a range of up to 250 metres 

Line Of Sight (LOS), even though this much of range is not required in this 

application. For this kind of application, these devices can be optimized with 

frequency, data rate and power output. The embedded software reduces design and 

development time significantly, together with the vendor-supplied programming and 

testing platform [4], 

6.1.4 Ultrasonic Sensors 

These ultrasonic sensors, by Devantech Ltd., are for the purpose of clearly 

identifying obstacles around each vehicle prototype, while moving. The ultrasonic 

sensors were 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). 

With the selection of this type of ultrasonic sensor with a very low beam pattern, 

as indicated in Fig. 16, gives the opportunity to detect the obstacles accurately around 

it against detecting the floor as an obstacle with a false alarm. Mounting arrangements 

of these sensors were also considered with special concern [3], 

6.1.3 Radio Frequency Modules (Transmitter/ Receiver) 

Fig. 16 RF communication Modules: Receiver and Transmitter 
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Fig. 17 Beam pattern of the SRF235 'pencil beam' ultrasonic sensor 

The ultrasonic sensor is with a single transducer for both transmit and receive. 

Therefore, there is a blanking zone out to 10cm, so the effective range is 10cm 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. The Appendix G gives more details. 

Fig 18 SRF235 'pencil beam' ultrasonic sensor 



6.1.5 Digital Compass 

This digital compass module, by Devantech Ltd., simply can be used as an aid 

to navigation in the prototypes. Especially, together with the optical encoders, this 

compass is meant to be used for dead reckoning purposes of the prototype. The 

compass uses the Philips KMZ51 magnetic field sensor, which is sensitive enough to 

detect the Earths magnetic field. The output from two of them mounted at right angles 

to each other is used to compute the direction of the horizontal component of the 

Earth's magnetic field. The compass readings can be obtained both from the I2C 

channels as well as a PWM signal. The resolution of the compass is 0.1 degrees. 

The compass is required to be calibrated before it can be used in the area being 

used [3]. 

Pin 9 • Ov Ground 
Pin 8 - No Connect 
Pin 7 - 50/60HZ 
Pin 6 - Calibrate 
Pin 6 - No Connect 
Pin * - PWM 
Pin 3 • SDA 
Pin 2 • SCt 
Pin 1 -

Fig. 19 Digital Compass and the external pin connections 
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6.1.6 Optical Encoder Modules 

These optical encoder modules, by Agilent Technologies, Inc., are with three 

channel incremental encoders with a code wheel. The speed of the two wheels of the 

prototype is intended to measure using this. Optical encoder outputs together with that 

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

prototypes. 

Fig. 20 Optical Encoder and code wheel 

6.2 Testing of Individual Components for Realization of Prototypes 

6.2.1 RF Module Testing 

The following circuit was realized for connecting to a central PC for 

communicating with the onboard RF modules on the two prototypes. The circuit is 

with the Max232 communication chip. With the 12V range operating with the RS232, 

the RF modules (with operating range of 5 V) cannot be directly connected without 

the circuit given in Fig. 20 [4]. 

As shown in the Fig. 20, the Transmitter/Receiver programming switches are 

selected i.e., either 1 or 2, in accordance with the requirement of programming of 

Receiver or Transmitter, respectively, while the RS232 socket is being connected to 

the central PC. 
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Receiver 

Fig. 21 Circuit diagram for RF communication between onboard RF modules 

The central PC is installed with the 'Easy Radio Evaluation software v2.07'; a 

vendor supplied programming environment in PC platform that is required for 

programming the RF modules. The most important steps of programming the RF 

modules are given below. 

easyf&dio Evaluation Software 11,01 
Pie Help 
Module Setting j Commuxcatnn Mode ; 

Module Frequency 
• ER40Q 

Module Type: r TS Find Module BAUO Rate ; 
Manual Command: 

pR'lociT? 
Send Command 

600 

£R_CMD#T3 
1200 

ER_CM0#T3 
2400 
ER_CMD#73 
4800 
ER_CMD#T3 
9600 
ER_CMD*T3 
14400 
ER_CM0#T3 
19200 ER CMD#T3 ER_CM0#T3 ACK ER400TRS 

Module BAUD Rate: 19200 
I-02V2.01.8 

RS232 PORT; COM! 

Fig. 22 Checking for existing baud rate of the receiver 

The Fig.22 shows how the existing baud rate of the receiver is checked. It has 

been verified that it is currently at 19200 bps. 

Programmif g 
Switch GND 

PC AT 

Vin = 8-12V DC 
1N4148 

XT 
100n 
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| jn-.y!l..(l t VdlgdIIOn S&ltV. itr- »,' t) I 
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Send Command 
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0 1 HER S E I I I N G S 

I f>: j:MO#h1 (Handshaking ON) - | Update | 

TEST MODES 

. CMO*TQ CHb*i Skis Carrier 01 • | JJpdateJ 

Testing 8AU0: 
SENT: 

Test ing BAUD: 
SENT: 
RECEIVED: 
SENT: 
RECEIVED: 

9600 ER_CMD#T3 

19200 
ER_CMD#T3 
ER_CM0#T3 
ACK 
ER400TRS 

Module BAUD R a t e : 19200 

-02V2.01.8 
SENT: 
RECEIVED: 
SENT: 
SENT: 
RECEIVED: 
SENT: 
RECEIVED: 
SENT: 
RECEIVED: 
SENT: 
RECEIVED: 

ER CMD#U3 
ER_CMD#U3 
ACK 
ER_CMD#C? 
ER_CMD#C1 
ER_CMD#C3 
ER CMD#C3 
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u»~06wvra*'~*f<iQ • <y 
ER_CMD#C? 
ER CMD#C3 

RS232 PORT: COM I 

Fig. 23 After adjusting the baud rate to 9600 bps and changing the channel to 
#3 for the receiver 

Fig 23 shows, how a particular baud rate is adjusted for the Receiver. It is 

shown that a baud rate of 9600 bps was adjusted in the Receiver. It also shows that the 

channel of the Receiver has been adjusted to #3 in the consequent step. 

The main controlling program for testing communication with the prototypes 

that is supposed to be residing in the central PC is given in Appendix E [4]. 

6.2.2 Calibration and Testing of Servo Motors 

First, the servomotor was adjusted to rotate fully without any hindrance by 

removing the mechanical stopper attached to the motor-shaft coupled main nylon gear 

wheel [5]. By reversing the leads to the left side motor, the control relationship 

between both the left and the right becomes the same, i.e., forward or reverse motion 

looks the same for both the motors [15]. 

The programs in Oopic R+ for motor calibration are given in the Appendix F. 
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6.2.3 Ultrasonic Sensor Testing 

Initially, each of the ultrasonic sensors were connected one by one to the I2C/ 

programming socket, in order to change the address of each sensor so that they could 

be identified individually, by the main program. 

A qualitative testing was done in order to see whether the particular sensor 

identifies a given point with producing a beep by the controller board, exactly at the 

right point [3], 

The program for changing the address of each ultrasonic sensor is given in the 

Appendix G. 

6.2.4 Digital Compass Testing 

The compass has a 16 byte array of registers. Each register can be individually 

accessed. Register 15 is used to calibrate the compass. The compass was calibrated 

before it was used [3]. 

The testing program for qualitative detection of a given bearing is given in the 

Appendix H. 

6.2.5 Optical Encoder Testing 

The HEDS-9040 is a three channel optical incremental encoder module, i.e., 

two channel quadrature output with a single index output with a 90 electrical degree 

high true pulse. Using together with the code wheel, this can detect the rotary motion 

and translate that into three channel digital output. The resolution of this encoder is 

2000 CPR (Counts per Revolution). No signal adjustment is required for the encoder. 

ro oumn tocac tow irt ie»o 
ftn out*\/S! 

Fig. 24 Pull-up resistors on HEDS-9040 encoder module outputs. 
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Fig. 23 gives the pin arrangement and the pull-resistors required to connect 

them to the Oopic R+. 

This encoder is TTL-compatible with a single 5 V supply. When the code wheel 

rotates in the direction of the arrow on top of the module, channel A will lead channel 

B. If the code wheel rotates in the opposite direction, channel B will lead channel A. 

Thus the reverse motion can be identified separately [16]. A qualitative testing 

program for the optical module is given in the Appendix I. 

6.3 Development of an Algorithm for Collision Avoidance Studies 

with Prototypes 

Fig. 25 Prototype platforms with assembled components 

The Fig. 25 shows the assembled platforms for the two prototypes. 

The following algorithm is developed for enabling the study of collision 

avoidance emergency intervention maneuvers for the two prototypes. 

The prototype is planned to be worked in two modes: 

1) Peripheral Obstacle Avoidance Mode (OA); with obstacles 

2) Collision Avoidance Mode (CA); with the other prototype 
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The Obstacle Avoidance Mode is supported by four numbers of 'pencil beam' 

type ultrasonic sensors fixed onboard the prototype at the sides. This mode is 

activated whenever the prototype is in collision with an external obstacle when it 

detects it within 15 [cm] distance. 

The Collision Avoidance Mode is supported by the RF modules and through it 

the positional and the heading angle information of the prototype is exchanged with 

the other prototype. The Collision Mode activates when the two prototypes are in line 

of collision when the distance between the two prototypes becomes less than or equal 

to 30 [cm], 

6.3.1 Algorithm for the Prototype 

The essential facts for an algorithm for the vehicles prototype are 

explained below. 

6.3.1.1 Peripheral Obstacle Avoidance (OA) Module 

OA mode activates when distance to the obstacle is 15 [cm] or less 

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

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

(iii) If Obstacle on Front & Left and distance decreasing, then Turn Right for 

3 [s] 

(iv) If Obstacle on Front & Right and distance decreasing, then Turn Left for 

3 [s] 

(v) If Obstacle on Front then Stop. Reverse for 2 [s]. Stop and Turn Right for 

3 [s] 

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

A Dead Reckoning (DR) algorithm to be used in the prototype is given below. 

Using the speed of the prototype, obtained from the two optical encoders (two speeds 

are averaged) and the heading angle, obtained from the digital compass, the following 

x and y positions are calculated. 

Prototype Position (x) = Last (x) Position + Prototype's Speed* 

cos (Heading Angle)*Time Step (34) 

69 



Prototype Position (y) = Last (y) Position + Prototype's Speed* 

sin (Heading Angle)*Time Step (35) 

Initially, the time step is taken as 100 [ms]. After performing a few trials, an 

approximate time step can be verified for the studies. 

6.3.1.2 Collision Avoidance (CA) Module 

CA mode applies when the distance to the other prototype is 30 [cm] or less. 

The description of facts for the CA module goes follows: 

When the prototype detects that it is in collision situation, it stops for 3 [s]. Then 

it takes a 'right turn' for 3 [s]. If it still cannot move, it will turn to the 'left' for 3 [s]. 

As the final solution, reversing will follow for the same period of 3 [s]. 

According to the distance values taken, OA mode overrides the CA mode. 

Therefore, if the CA mode fails, the OA mode can take up and avoid any possible 

collision either with an obstacle or with the other prototype. 

Remark 6.1: An algorithm for sensor fusion based on fuzzy logic is preferred for 

fusing the ultrasonic sensors. 

Remark 6.2: Positions and heading angles are exchanged between the prototypes 

through the RF communication link via a central PC. 

Remark 6.3: The speed of the prototype is assumed approximately constant for the 

maneuvers. Thereby, the relative velocity is approximately calculated by each 

prototype. Here, a 30 [deg] collision cone is always assumed for the prototypes. 

Remark 6.4: Turning of the prototype is done by lowering the speed of the servo 

motor of the same side to which the prototype is required to be turned. By pulse width 

adjustments in software, approximately a 0.5 [m] radius fixed turning curve can be 

defined for the general turning events of the prototype. 

Remark 6.5: The default turning side is to the 'right'. In all above cases, if it is not 

possible to turn to the right, the 'left' turn is selected. If still not possible to recover, 

the prototype is reversed (for 2 [s]) in order to escape from the deadlock. 

Remark 6.6: The prototype detects that the other prototype is in collision terms when 

it is in the collision cone, while the distance between them is 30 [cm] or below. 
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