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ABSTRACT: Wired systems arecomplex, heavy, less seaure and epensive. Hence,in today's 21st century wireless
technology has beengradwally adopted by automobile manufacturers. A vehicle has various control units which were
connected using tradtional point-to-point wiring architecturdn oldendays. Thesewere redacedby a CAN bus later.
This paper uses WiréessCAN (WCAN) to intercanect various cantrol units. This has several important advantages
such as system flexiility, messagerouting, filtering, mutticast,togetherwith dataconsisteng. This paper proposes a
drive-by- wireless tetinique for vehicle control and monitor functions using Wireless Controller Area Network.
Traditional hydradic or medanical methods of steerig, braking and acckerating of a vehcle will be replaced by
Drive-by-Wireless Techique. Also, traditiond vehicle monitoring methods are done in a wireless manner. The
algorithm includes Unique Identification Codes which is sent with al the transactions involving wireless
communication packets toreduce interference from adjacent drive-by-wireless system.
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[.INTRODUCTION

Drive-by-wireless tebniquesreplece the mecharical andhydraulic connedions between the diver and the asociated
vehicle actuators with eectronic communication systams. These systes transmit electronic messages to direct a
vehide comporent based orthe action talen by the driver of the vehicle, e.g, tuning a steaing whed, pressing a
brake peda, or pressing an accelerator pedd [1]. In the past the vehicle bus communication used point to point
communiction wiring systems which caugs complexity, bulkiness, is expgngve with increasing eectronics and
controller deployed vehicles. Theabundnceof wiring requiredmakesthe whole circuit complicated. CAN solvesthis
complexity by udng twisted pair cables that is shared throughout the control. Not only does it reduce the wiring
complexity but it also madeit possible to interconnect seweral devices using only single pair of wires and alowing
them to have simultaneous data exchange. WCAN has sverd importart advantages such as system fexibility,
messagerouting, filtering, multicast, together with data consstency [2].The new WCAN is proposed to exploit the
advantages of CAN and il providing wireless acoess.

The rest of the papr is organizd as bllows; secton Il outlines the related work and Drive-by- wireless techique,
section  1ll descrbes the block diagram of the system, section 1V briefs on the canponents used, section V
preserts the circuit diagram of the system, setion VI discusses algorith, secton VIl presnts thehardware ouput
andsedion VIII briefs the corclusion.

II. RELATED WORK AND DRIVE -BY-WIRELESS TECHNIQ UE

Stahleet. Al [1] investigated the so-called drive-by- wireless, i.e., usng a wireless network to control steering,
braking, accderating and other functions within an adomohile. Mary et.al [2] showed that WCAN is suited for real
time control applications gving maximum throughput for minimal latengy for an optimized number of nodes. Iturri et.
Al [10] showedthat ZigBee isa viale tetinology for sucessfuly deploying intra-car wireless sesor networks. Lin
et. Al [3] proposed an Intra-car Wireless Sensor Network (WSN) to eliminate the amount of wiring hamess and
simplify the wiring structure. Lin et. Al [6] evaluaed the performance of intra-vehicular wireless sensr networks
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(IVWSNSs) undr interference from WiFi and Bluetoath devices. Torbitt et. Al [7] aralysed the surface wave
hypothesis at different frequencies in intra-vehicuar environments. Ahmed et. Al [8] invegigated the issuesaraund
replacing the current wired datalinks betveen eectrical control units (ECU) andsersors/svitchesin a vehicle, with
wirelesdinks.Lin et. Al [9] proposd a newwireesstechnology known as Blietooth Low Enegy (BLE) and outlined
a new architecture for IVWSN. This paperpropasesDrive-by- wirelesstechniqueusing WCAN.

Drive-by-wire technology in the autortige industry is the use of electrical or eleetnechanical systems for
performing vehicle functions traditionally achieved by mechanical linkages. This technology rep&acesditional
mechanical control systems with electronic control systems us@tty@mechanical actuators and hurmaachine
interfaces such as pedal and steering feel emulators. Thelyriviee system used point to point communication
wiring systems as shown in Figure 1. This causes complexity, heaviness and is expensive.

Figure 1. Exiging System

The Driveby-wireless system ensures less weight, safety and comfort. The position of the sensor, motor lagel the w
for the proposed Drivey-wireless system is shown in Figure 2.

Figure2. Drive-by-wirelessSystem

lll. BLOCK DIAGRAM OF THE PROPOSED SYSTEM

The block diagram of the system is presented in Figure 3. The system has four microcontroberduBiitgiBee over
802.15.4 protocol is used for wireless communication. The Steering, Brake, Accelerator senssacite avith the
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Engine Control Unit. The Dashboard unit contains the LCD, the D.C. Motor unit contains a D.Cwitio@motor
drive and a temperature sensor. Finally, the Servo Motor Unit contains a Servo Motor and adevel sen

Temp Sensor

DC Motor
Control Unit

@

ADC
Steering Control
Unit

- IEEE 802.15.4 Network 2.4 GHz —

-

Engine Control
Unit

Steering Brake Accelerator
Angle Pedal Pedal
Sensor Sensor Sensor

Dashboard Unit

SPI

Figure3. Block Diagram

IV.COMPONENTS DESCRIPTION

PIC18F45K22 is the microcontroller used in the project. Circular potentiometers are used ferABcakeration and
Steering. Servo Motor and a level sensor is used for the Servo Motor Unit and DC Motor unit @mamsnoor
with a motor drive and a temperature sensor. LCD Display is used for displaying the wrgperature and fuel
levels.

A. PIC18F45K22- PIC18(L)F45K22 has 32k program memory, 1%86es of SRAM and 256bytes of EEPROM. It
has threeB-bit timers and far 16-bit timers.All of the devices inthe PIC18(L)F2X/4XK22 family offer ten different
oscillator options, allowing users a wide range of chditeeveloping application hardware. These include:

* Four Crystal modes, using crystals or ceramic resanator

» Two External Clock modes, offering the option of using two pins (oscillator anplia divideby-4 clock output)or
one pin (oscillator input, with the second pin reassigned as general I/O)

» Two External RC Oscillator modes with the same pin optathe External Clock modes

» An internal oscillator block which contains a 16 MHz HFINTOSC oscillator and a 31 kHz LFINTOS$atosc
which together provide eight user selectable cliveuencies, from 31 kHz to 1dHz. This option frees the two
oscillator pins for use as additional general purpose I/O.

* A Phase Lock Loop (PLL) frequency multiplier, available to both external and internal osciltates mvhich allows
clock speeds of up to 64 MHz. Used with the internal oscillator, the PLL givesauseraplete selection of clock
speeds, from 31 kHz to 64 MHzall without using an egtnal crystal or clock circuit.

B. Potentiometers A potentiometer is a three terminal resistor witlsliding contact forms an adjustable voltage
divider andonly twoterminals are uskone end and the wiper actsaagariable resistor or rheostat. Electric potential is
measured by potentiometer device.

C. LCD Display- The HD44780U dematrix liquid crystal displagontroller and driver LSI displays alpimamerics,
Japanese kana charadd, and symbols. It can lmenfigured to drive a dematrix liquid crystal displayunder the
control of a 4 or 8-bit microprocessor. Since ate functions such asgfilay RAM, character generatemd liquid
crystal driver, requiredor driving a dotmatrix liquid crystal display arenternally provided on one chip, minimal
sydem can be interfaced with thisntroller/driver. A sigle HD44780U can display up tme 8character lie or two
8-character lines. ThelD44780U has pin fuction compatibilitywith the HD44780S which allow the user to easily
replace arLCD-Il with an HD44780U. The HD44780U characigenerator ROM is extended to generate 208 5x8 dot
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character fonts and 32 5 x#0t character fonts for a total 240 differen character fonts. ie low power suppl{2.7V
to 5.5V) of he HD44780U is suitable for ampprtable battergriven product requiring low powelissipation.

D. DC Motor - A DC motor has a two wire connection. All drigewer is supplied over these wires. 8M®C motors
arepretty fast of about 5000 rpm. The DC motor speeambigrolled by a technique called pulse width modulation
PWM.

E. Servo Motor The function of the servo is to receive a control siginal represents a desired output position ef th
servo shaftand apply power to its DC motor until the shaft turnghtat position. It uses position sensing device to
rotate theshaft. The shaft can turn a maximum of 200 degree so back and forth.

F. Pressure SenserThe MPX5010/MPXV5010G series gaioresistivetransducers are stapé the-art monolithic
silicon pressursensors designed for a wide range of applicationgdtitularly those employing a microcontroller or
microprocessor with A/D inputs. This transducer combines advanced micrommgctigchniques, thifilm
metallization, and bipolar processing to provide an accurate, high level analog output sigsgbribdritional to the
applied pressa. It's features are

* 5.0% Maximum Error over 0° to 85°C

* Ideally Suited for Microprocessar MicrocontrollerBased Systems

 Durable Epoxy Unibody and Thermoplastic (PB8jface Mount Package

» Temperature Compensated over .40° to +125°C

G. Temperature Sensoihe LM35 seriesr@& precision integratedrcuit temperature sensorshese outptivoltage is
linearly proportional to the Celstu(Centigrade) temperature. Thi&l35 thus has an advantage over linear tempezatur
sensors calibrated in ° Kefy as the user is not requiréa subtract a large cormt voltage from its output tobtain
convenient Centigade scaling. The LM35 does n@quire any external dakation or trimming to provideypical
accuracies of £3°C at room temperature and 23gbver a fulli ~ ®4150°C temperature range. Lowost is assured
by trimming and calibratiorat the wafelevel. The LM35'’s low atput impedance, linear outpatnd precise inherent
calibration make interfacing t@adout or control circuitrgspecially easy. It can be useith single power spplies, or
with plus and minusupplies. As it drawsrd\ $ IURP LWV VWY B0 selfhédtingDas than 0.1°C in
still air. TheLM35 is rated to operate overia f oW150°Ctemperature range, whileé¢ LM35C israted ford [ WR
+110°C range { [ HlLimproved accuracy). The LM3eries isavailable packagd in hermetic T&16 transistor
packages, whilehe LM35C, LM35CA, and LM35D aralso available in the plastitO-92 transistor package. The
LM35D is also availablenian 8lead surface mount smallitline package and a plastic 7220 packge.

H. CAN MCP2515 It is a StandAlone CAN Controller with SPInterface, 18 pin I.C.

» Implements CAN V2.0B at 1 Mb/s:-08 byte length irthe data field, Standé and extended data and remioéenes
» Recéve Buffers, Masks and Filter§wo receivebuffers with pioritized message Storage, &% bit filters and Two
29-bit masks

 Data Byte Filtering on the First Two Data Byt@ppliego standard data frames)

» Three Transmit Bufferwith Prioritization and Aborffeatures

* High-Speed SPI Inteate(10 MHz): SPI modes 0,and1,1

» OneShot modeensures Message TransmissioAttempted Only One Time

* Clock-Out-Pin with Progammable Prescaler: Can liged as a clock source for other device(s)

« Startof-Frame Signais Available for Monitoring theSOF Signal: Can be usdor timeslot-based protocoland/or
bus diagnostics to detect early bus degradation

V. CIRCUIT DIAGRAM

The system comprises of four control units whidmmunicate with eachtleer using Zigbee over 802.15xotocol.
The four modles are Engine Control Unit, D.®Jotor Unit, Servo Mobr Unit and the Dashboard Unithe input
220V A.C. pwer supply is converted to 12V.C. by an adapter. Vaus units in the modules requioaly 5V D.C
and 3.3 V D.C. power supply. Henceegulatoris used fo this purpose. The PIC18F45Kg&#crocontroller is a 40 pin
I.C. There are 5 ports. Port B, C and D have 8 pins édawhile Port E has 3 pins. Themaining 5 pins arased for
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MCLR, VDD and GroundThe ICSP (In Circuit SeriagProgrammer) is & pin devicewhich is used by PitKiB to
dump the program from theomputer to the micramntroller. Pin 1 of the ICSP innected to a higvoltage to erase
any previougprograms, Pin 2 is the dhk, Pin 3 is the data, Pihis connected to Groundhile Pin 5 is connected to
VDD.

The Dashboard Made circuit diagram is shown figure 4 It consists of a 16x2 LCD display.

Figure4. The Dashbard Module

SP1 and SP2 of the PIC18F45K22 are pins A5, C3054nd A6, C3, CAC5respectively. A5 and A6 are tiimable
Pin, C3 is the clockC4 is the Data Input and C5tise Data Output. UART and UART2 are pins 25, 26 a6, 30
respectively. 25 ah29 are for transmission whigs and 30 are fareception. In CAN, CANL is fotransmission and
CANH is for reception. In Zigbee Pinig for transmission and Pin 3 is for eption. As shown in Figure 5Pin 1 of
Port C is used for thmotor drive circuit whilePin 1 of Port A is used for th@essure sensor.

Figure 5 The D.C. Motor Module

As shown in Figure 6Pin 1 of Port C is connectad the servo motor while Pin 1 obR A is connected tthe
temperature sensor.

Figure 6 The Servo Motor Module
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In Figure 7 the firg three pins of Port A areonnected to the Acaalator Sensor, Brake Sensor &tdering Sensor
respectively.

Figure 7 The Engine Control Module

VI. ALGORITHM

Some of the pseudmdes for various control units aseown belav. MPLAB IDE is the development platformsed
for coding.
tostring(adcvaluel, dispstring);
cantx(‘A’);

cantx(dispstring[0]);

cantx(dispstring[1]);

cantx(dispstring[2]);

cantx(dispstring[3]);

cantx(dispstring[4]);
In the above pseudmde, the data obtainday varioussensor units in the Engir@ontrol Unit are converted intiring
and transmittedsing CAN. Before transmissiadentification characteristics like ‘A’, ‘B’etc are alstransmitted.

if(adcvaluel > adcvalue2)
{ accelerator = adcvalueladcwalue?2;

}

else

{

accelerator =0
The above conditionare followed in the D.C. motamit.

adcvaluel = map(adcvaluel , 0, 1023, 1, 150);
temp = adcvaluel;
anglel_act =temp;
anglell = anglel_act/10;
datareceivedbit = 0;
The above conditioms followed inthe Servo motounit. The ADC valuesbtained by the engine contrwlodule
steering sensosimapped as 1 for 0 and 150 1623 and the servo motor is driven.

VII. HARDWARE OUTPUT
The Servo Motor Mdule is shown in Figure. & consists of a Servo Motend a Level SensorhelLevel Sensothat
acquire the dataeed to be interfaced with timeicrocontroller. This would ensaithat the output of the senssrin a

forma recognized and understood by the microcontrolfdus we interface the ADQ\ext, thedata acquired by the
ADCs needs to be passed on from the microcontroller to the Tarasuuléthrough WCAN using serial
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communication. Hence we do serial communicatidtialization and set baud rate at 9600bp#Hen the Steering
Sensor of the ECU is ratted the Servo Motor moves towards left or right direction accordingly

Figure 8. The Servo Motor Moduleincludes Servo Motor and Level Sensor
The Engine Combl Module (ECU)is shown in Figure 9t consists of three sensaramely the accelerator senghe

brake sensor and the steering sensbe steering sensor controls the Servo Motor and the other two sensors controls
the DC Motor.

Figure 9 The Engine Control Modulhich includes 3 ADC sensors, WCAN and Tarang RF Module

The Dashboard Bduleis shown in Figure 10. ltonsists of a 16x2 LCD displaiyCD interfacing isdone for the LCD
used in the dashboard modulée LCD displays the output of the Level Sensor and the Temperature Sensor.

Figure 10 The Dashboard Modulghich includes the 2& LCD display
The D.C. Motor Mdule is shown in Figure 11t consists of a D.C. Motor and a Temperature Senstien the

AcceleratorSensor of the ECli$ rotated the DC Motor begins to rotemilarly when the brake sensor of the ECU is
rotated the DQMotor begins to stop.
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Figure 11 The D.C. Motor Moduléncludes the DC Motor and the Temperature Sensor

VII'l. CONCLUSION

With the above experimesitthat the concept of driey-wireless is feasible. Emraletection is also made eadising
this techique. Saéty of the automobile systemasso guaranteed. Complgx bulkiness and heavinesstbe system
is reducd. The system is also made legpensive.
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