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Abstract— On-board diagnostics, or OBD, is an automotive term which refers to a vehicle's self-diagnostic and reporting capability. These 

systems give the vehicle owner or a repair technician access to state of health information for various vehicle sub-systems. The amount of 

information available via OBD has varied widely since its introduction in the early 1980s. Early instances of OBD would simply illuminate a 

malfunction indicator light, or MIL, if a problem was detected but would not provide any information about the nature of problem. This 

project proposes the development of vehicle diagnostics system based on low cost microcontrollers which can provide real-time readings 

of vehicle subsystems, which allow one to rapidly identify and remedy malfunctions within the vehicle. The proposed system  has  a  

microcontroller   based  processing  system  which consists of transducers installed at different parts of vehicle for observation of various  

parameters, microcontroller unit for processing  the output of sensors and signal conditioners, calculate the real- time values of vehicle 

parameters  and give output to display systems. The system will be able to diagnose faults in parameters, abnormal abrupt changes and 

notify user of any abnormal condition.  The system is basically intended for vehicles that do not have built-in OBD systems. It is a user 

friendly system with LCD display, MIL, GSM and Keypad interfacethroughwhichusercanviewparameter values, warning notifications and 

defines custom limits for different parameters according to vehicle. 

Index Terms— Automobile Transducers, Data logging system, Global System for Mobile Communication, Graphical User Interface, 

Microcontrollers, Onboard Diagnostics System, Signal Conditioners.   

——————————      —————————— 

1 INTRODUCTION                                                                     

HE On-Board Diagnostics systems [1] used standardized 
protocols for communicating with scan tools through a 
standardized data link connector (DLC) located in an easi-

ly accessible location near dash board. Due to improved tech-
nology and resolving compatibility issues in communication, 
manufacturers are now phasing in a common communication 
protocol: Controller Area Network (CAN). The CAN commu-
nication system operates over two wires in the DLC [9] at 
much faster rates than any previous communication protocol. 
Vehicles communicating with CAN are capable of providing 
over 200 data parameters with a greatly increased update rate. 
The OBD II hand-held scan tool can be connected to the DLC 
and can communicates with the OBD system using trouble 
codes and then displays the information on its LCD. The limi-
tation of these hand-held tools is that whenever they com-
municate with the OBD system, they send the trouble codes 
and in return get information which was previously stored by 
the system. It does not give real-time values and does not 
mention the time when the information, being displayed, had 
occurred in the vehicle. It does not provide any repair guid-
ance.  Every time MIL indicates a warning, the handheld OBD 
scanner has to be used to diagnose the problem. The OBD 
scanner [3] is a costly device and is mainly owned by work-
shops. In this paper a system is proposed in which standard-
ized scan codes are not used. Fault scanning is done within the 
system itself, fault is recorded in a data logging system, real-
time parameter values are communicated to the user via LCD 
Display and MIL. An additional feature of reporting engine 
faults via GSM is also incorporated.  

2    BASIC BLOCK SCHEMATIC 

Major sections of the system are shown in figure 1. The main 
objective of an automobile system is to analyze emission from 
engine. But it is not directly measured. A system built around 
microcontroller monitors the performance of emission-related 
[2] components for malfunctions. For that it uses information 

from various sensors. The programme loaded in the microcon-
troller continuously runs in the background, monitors various 
parameter values from sensors, compare it with the set limits 
and displays error reports if the read values goes beyond.  

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

The system consists of various types of sensors like Coolant 
temperature sensor, Coolant flow sensor, Battery voltage level 
sensor, RPM sensor, Speed sensor and Fuel level sensor [6]. 
More number of parameters can be included if the number of 
ADC channel of system is increased. The outputs of sensors 
are in the form of analog signals or pulse of various voltage 
levels. In order to apply these signals to a microcontroller, it 
must be converted to lower voltage and current levels. For this 
purpose we are using signal conditioners. 

The system consists of various types of sensors like Coolant 
temperature sensor, Coolant flow sensor, Battery voltage level 
sensor, RPM sensor, Speed sensor and Fuel level sensor. More 
number of parameters can be included if the number of ADC 
channel of system is increased. The outputs of sensors are in 
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Fig. 1. Basic Block Schematic 
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the form of analog signals or pulse of various voltage levels. In 
order to apply these signals to a microcontroller, it must be 
converted to lower voltage and current levels. For this pur-
pose we are using signal conditioners. 

User interface provided are Keypad, Malfunction Indica-
tion Light, MIL [2] – a set of LEDs and LCD Display. The key-
pad is a 4X4 matrix keyboard which can be used to enter user 
data. Some additional Push button switches are provided to 
obtain error report via SMS and tochange set values of param-
eters at any time by invoking external hardware interrupt. 

3 SYSTEM OVERVIEW 

The system is built around a PIC18F452 [5] high performance, 
low cost microcontroller, which is having an in-built 8 channel 
Analog to Digital converter. Most of the sensor outputs are in 
the form of analog voltages. These analog inputs are applied 
to the controllers built-in ADC. Parameter reading is taken in a 
Time Division Multiplexing format. ie at a time only one 
channel is selected and the parameter corresponding to sensor 
connected to that particular input channel is converted to digi-
tal value. After getting the parameter value in the 10 bit for-
mat, it is copied to the internal data RAM location correspond-
ing to the particular parameter and displayed through LCD 
panel. In this way all the sensor values are read and displayed. 
The process happens in such a fast rate, that we get the real 
time values of all sensors in the same LCD panel at the same 
time. Some of the sensor outputs are in the form of pulses (for 
example rpm and speed sensor outputs). So we need to count 
these pulses to get the parameter value. For that we connect 
these inputs to built-in counter units of microcontroller. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To display the highest and lowest readings of each readings 

of a particular trip, two more set of variables are used whose 
values areinitialized with the minimum and maximum possi-

ble values respectively. These values are continuously checked 
with the current readings. As the variable for storing highest 
values are initialized with lowest possible value and the vari-
able for storing lowest values are initialized with highest pos-
sible value, when the system starts these values will be re-
placed by the first reading. For the next time the same parame-
ter is checked, the current reading is compared with these two 
updated values, and if found lesser or greater, the correspond-
ing low and high value of the trip are replaced. 

To indicate a malfunction via Malfunction Indication Light, 
we need to know the upper and lower operating limits of each 
parameter. For this purpose another two sets of variables are 
used and their values will be automatically taken from the 
internal ROM at the time of start or user can enter user de-
fined data during operation, at any time. Current readingsare-
continuously compared with upper and lower limits and cor-
respondingMIL is activated. 

Thewhole processis repeated in an infinite loop and the real 
time values are displayed in the LCD display. Two push but-
ton switches ―SHigh Value‖ and ―Slow Value‖ are used to see 
the highest values and lowest values. If these buttons are 
pressed the corresponding screen will appear for around 8 
seconds and go back to the real time value display screen au-
tomatically.  

If we need to change the upper and lower limits of parame-
ters, we have to press the switch ―SChange Parameters‖ which 
is attached to one of the external interrupts. When this switch 
is pressed, authorized persons can access the change parame-
ter window, by keying in a preset password. Now the person 
can enter parameters one by one following displayed instruc-
tions. 

Another advantage of the system is the capability to send 
parameter readings via sms to user’s mobile number. This 
process also runs within an interrupt service routine for which 
we use the switch ―Ssend SMS‖ which is attached to another 
external hardware interrupt. The sms report consists of real-
time values, trip low and trip high values. 

4 SENSOR SECTIONS 

Fuel Pressure Sensor: If the fuel lacks in either pressure or 
volume the vehicle may "starve", causing poor performance or 
possible internal engine damage [3]. To ensure this does not 
happen, fuel pressure testing is performed. The fuel pressure 
sensor is usually screwed into the common fuel rail. It signals 
the pressure in the fuel rail to the microcontroller. Fuel pres-
sure can run between 25 to 60 psi of pressure depending on 
the vehicle and manufacturer. 
      Coolant temperature Sensor: Resistance thermometers, also 
called resistance temperature detectors RTDs [6], are sensors 
used to measure temperature by correlating the resistance of 
the RTD element with temperature. Most RTD elements con-
sist of a length of fine coiled wire wrapped around a ceramic 
or glass core.The RTD element is made from a pure material, 
platinum, nickel or copper. The material has a predictable 
change in resistance as the temperature changes. It is this pre-
dictable change that is used to determine temperature. RTD 
sensors (eg: PT-100, PT 200) are located inside coolant passage 

 

Fig. 2. System Overview 
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in the engine. The normal operating temperatures are around 
the 80-90 degrees Celsius and 120 is the absolute maximum.  
 Measurement of Fuel level, Engine oil Level and 
Coolant level in reservoir: The sending unit is located in the 
fuel tank of the car. It consists of a float, usually made of foam, 
connected to a thin, metal rod. The end of the rod is mounted 
to a variable resistor. A resistor is an electrical device that re-
sists the flow of electricity. The more resistance there is, the 
less current will flow. In a fuel tank, the variable resistor con-
sists of a strip of resistive material connected on one side to 
the ground. A wiper connected to the gauge slides along this 
strip of material, conducting the current from the gauge to the 
resistor. If the wiper is close to the grounded side of the strip, 
there is less resistive material in the path of the current, so the 
resistance is small. If the wiper is at the other end of the strip, 
there is more resistive material in the current's path, so the 
resistance is large. These changes in resistance value is con-
verted to voltage variations using signal conditioners and giv-
en to controller for processing and displaying fuel level 
through LCD display. 
 Speed Sensor: The speed sensor [4] gives off an elec-
trical signal when rotated that is used by the microcontroller 
to calculate speed. This signal is transferred to the digital dis-
play to illustrate speed. It can be re-calibrated to compensate 
for differences in tires and final gears. The speed sensor is sit-
uated in the tail housing of a conventional rear wheel drive 
vehicle. In front wheel drive vehicles, it is situated on the top-
side of the transmission on the differential housing near the 
drive axles. 
 RPM Sensor: Hall Effect based RPM sensors can be 
used for getting RPM pulses and it can be applied to micro-
controller timer unit to count the number of pulses per mi-
nute. Another easy way to find out the RPM of engine is to 
count the number of pulses produced by the negative terminal 
of ignition coil in every one second. For a four cylinder engine, 
the count per second is multiplied by 60 giving counts per 
minute and each pulse produces a spark in one cylinder pro-
ducing one crankshaft revolution. So the count per minute is 
actually revolution per minute. Ignition coil produces pulses 
of 12 volts which are converted to 5volts using opamp com-
parator. Internal counter of the microcontroller is used for 
counting purpose. After each second, the previous count value 
is stored and then count is refreshed for next reading. 
 Battery status: Standard power backup systems in 
automobiles rely upon a 12 volt rechargeable battery system 
which consists of a dynamo, inverter, regulator and a battery 
recharging system. If vehicle is off, battery terminal must have 
12 to 12.5 volts and lesser voltage shows weak battery. In run-
ning condition the terminal voltage must be 13 to 15 volts and 
lesser values shows fault in charging system. This voltage is 
firstly brought down to a range executable by the built-in ana-
log to digital conversion unit of micro-controller. For this pur-
pose, a simple voltage divider followed by a voltage buffer is 
used and output of buffer goes to the input ADC pin of con-
troller. Controller produces a 10-bit result and displays the 
value in the display device.  
 Coolant Flow sensor: The "typical coolant flow rate 
range" is between about 2 and 14 gallons per minute. Flow 

sensors [8] (eg. Koolance's inline flow meter - INS-FM17N) 
provides electronic indication of real-time coolant flow rate. 
Another simple, cost effective way is to use reed switch based 
flow sensor (eg. MC-1425 and SM-1322) which can be connect-
ed in the coolant line of automobiles. As long as the coolant is 
flowing, the reed sensor does not actuate. If by chance, there is 
a block or if the coolant valve malfunctions, an indication is 
given to the microcontroller.  

5 ALGORITHM 

Main Programme: 
Step1: Load stored parameter limit values from internal 
memory (EEPROM) 
Step2: Initialize Lowest and Highest value display variables 
with Highest and Lowest possible values. 
Step 3: Initialize various ports and pins according to inter-
faced devices or signals (Display, Keypad, LEDs, Analog sig-
nals, Pulses etc) 
Step4: Set a timer for providing 1 Second delay 
Step5: Configure another two counters to count rpm and 
speed pulses. 
Step6: Call ADC programme to read parameters 
Step7:  Read counter values to get number of pulses 
Step8: Covert read analog values and pulse counts to proper 
values based on properties of transducers. 
Step9:  Compare these current values with lowest and high-
est value display variables andif found lesser or greater, re-
place with current values.    
Step10: Display values through LCD panel. 
Step11: Call MIL programme to compare read values with set 
limits and activate corresponding MIL if some values are 
found beyond limits. 
Step12:  Check status of switch S Low Value, if not pressed go 
to step 14 
Step13:  Display lowest values of the trip for 8 seconds. 
Step14:  Check status of switch S High Value, if not pressed go 
to step 16 
Step15:  Display highest values of the trip for 8 seconds. 
Step16:  Go to step 6 
Step17:  End 
 
Interrupt Programme 1 (for Changing Parameter Limits): 
Step1:  Display ―Enter Password‖ 
Step2:  Check entered password with stored password and if 
incorrect display ―Invalid password‖ and go to main pro-
gramme  
Step3:  Display messages to enter various limits one by one. 
Step4:  Enter limits one by one. 
Step5:  Return from interrupt to main programme. 
Step6:  End 
 
Interrupt Programme 2 (for sending sms report): 
Step 1: Initialize gsm module with proper baud rate, mode of 
operation and message centre number using AT commands. 
Step2:  Send command to modem for sending sms to stored 
mobile number  
Step3:  Output parameter names and values by calling serial 
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data write programme. 
Step5:  Send the sms using proper AT command. 
Step6:  Return from interrupt to main programme. 
Step7:  End 

6 SIMULATION RESULTS USING MIKROC AND PROTEUS 

MikroC PRO for PIC was used for writing and debugging 
code for the system and the circuitry was simulated using Pro-
teus. The hex code generated by Mikro C was loaded in to the 
PIC using Proteus and the operation was successfully simulat-
ed. The outputs of most of the parameters are in the form of 
analog voltage variations. To test these, output from varistors 
are used and calibrated based on the actual sensor outputs. 
Only temperature sensor is available as such in Proteus for 
simulation. For testing speed and rpm sensors, analog pulses 
are applied to PIC and calibrated based on the actual sensor 
outputs. The simulated output is shown in figure3.  

 
 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
To test the operation of gsm module using proteus, one 

COM port is connected to RXD and TXD pins of PIC [5] and 
the COM port is linked to the actual COM port of computer 
using Proteus COM port settings. The SIM300 modem is con-
nected to computers COM port. To send the sms switch 
―Ssendsms‖ was pressed and the message was successfully 
sent to stored mobile number. Message sent to the stored mo-
bile number using proteus is given in figure 4. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7 CONCLUSION 

As the systems monitors vehicle performance while the vehi-

cle is being operated, it provides real-time diagnostics infor-

mation to the user. It is a low cost diagnostic system which is 

mainly intented for vehicles without any factory fitted OBD 

systems. It can be fitted to the vehicle without much modifica-

tion to the vehicle parts. User can access the real time report of 

system parameters at any time to his mobile in the form of 

SMS. So no need of any standard fault codes, communication 

protocol, connection hardware, and the scan tools to check the 

system - the user can directly show the error report to techni-

cians. So this system has a reduction in the complexity and 

cost compared to the existing OBD systems. As a future devel-

opment, touch screen graphic displays can be incorporated 

which can avoid the need of Keypad and more information 

can be displayed. If an extrnal data memory is interfaced with 

the system, all the instantaneous values can be logged and we 

will be able to get detailed report. Main limitation is the num-

ber of available ADC channels in the system. But the number 

of parameters under observation can be increased by interfac-

ing an external multichannel ADC with the PIC Controller. 
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Fig. 3. Simulation result displaying real time readings. 

 

 

Fig. 4. Sending SMS report of parameters – Simulation result 
using Proteus.  
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