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Rezumat. Scopul acestei lucrări este sa se obţină o soluţie integrată pentru diagnosticarea diferiţilor senzori  de 
motoare auto. Articolul se referă la senzori pentru măsurarea urmĂtorilor parametri: temperatură, debitul masic 
de aer. Funcţionarea diagnozei se bazează pe compararea valorilor măsurate date de aceşti senzori cu câteva 
valori limită, care sunt stocate in memoria microcontrolerului 68HC11. Funcţionarea autotestării rulează simultan 
şi în paralel cu alte aplicaţii cum ar fi controlul aprinderii şi al  injecţiei. Se propune un sistem de diagnoză a 
senzorilor folosiţi în industria auto. Astfel, pe un ecran cu şapte segmente şi două cifre se va indica starea de lucru 
a senzorilor. Acest dispozitiv este proiectat să analizeze doi senzori, starea acestors fiind afişată din două mesaje 
care indică dacă senzorii funcţionează sau nu.   
Cuvinte cheie: Senzor arbore cotit, Senzor aprindere, Senzor debit de aer, Temperatura  

Abstract. The aim of this paper is to design a measurement system of the automotive engine’s parameters. This 
system allows a user to monitor the performance of an automobile engine by viewing data collected from several 
engine-mounted sensors as tempreture and  air mass flow. The diagnosis is based on the comparison of  the 
measured values with some limit values which are stored in the memory of the microcontroller 68HC11. 
Autotesting operation can be performed simultaneosly and in parallel with other applications like ignition or 
injection. It will display the information on a seven segments display and 2 digits which will indicate the sensor 
functionality. This device is design to analyse 2 sensors and the status of these sensors will be diplayed with  
2 messages which will tell you if the serors are wotking or not.  
Keywords: Crankshaft sensor, Ignition sensor, Mass Air Flow sensor, Tempreture  

1. INTRODUCTION 

The diagnosis system  allows users to tune their 
cars more precisely by monitoring and recording 
engine data as the car is being driven. This is 
usually not possible using traditional measurement 
and diagnostic equipment.  

 
2. DATA ACQUISITION FOR ENGINE 

CONTROL AND MEASUREMENT 
SYSTEM 

An engine control and measurement system 
must monitor many different engine parameters. 
Some parameters of interest are engine load (intake 
manifold pressure and throttle position), engine 
speed (RPM), ignition timing (spark advance and 
dwell angle), and critical temperatures (air and 
coolant). The measurement system monitors these 
parameters so that it can be extended into a full 
engine control system. 

3. IMPLEMENTATION WITH 
MICROCONTROLLER 68HC11 

A Motorola 68HC11 microprocontroller serves 
as the controller for the system. The PD 68HC11 

evaluation board interfaces the microprocessor to 
external devices.  

The PD 68HC11 board is configured in 
expanded mode, which allows the microprocessor 
to access the external 32 kilobytes of RAM used 
for program storage and data logging. The analog 
to digital converter (A/D) and input capture (IC) 
features of the microprocessor are used to interface 
the engine sensors. The function of the PD8HC11 
board is based on the existens of the next software 
components: monitor Buffalo in EPROM’s of the 
board, on IMIITC monitor as file in S on PC, 
INTROL package on PC and a serial comunication 
program. 

The housing of the system in a metal chassis 
shields which protect the system from engine 
noise, that may interfere with the digital circuitry. 
The microprocessor and signal conditioning board 
are mounted in a aluminum chassis. This housing 
also contains a power switch and a switch for 
booting up the board in run mode or maintenance 
mode. Maintenance mode allows the programmer 
to modify the program and data tables in memory 
using Motorola's BUFFALO monitor program in 
the 68HC11's ROM.  
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The secondary housing contains the PC.  
A diagram of the housing layout is illustrated in 

Fig. 1. 
 

 
 

Fig. 1 . Housing Diagram. 
 

The measurement system has two main 
functions:  

1) to display the engine data in real time; 
2) to log engine data to memory for future 

analysis.  
 
4. CONDITIONING SIGNALS 

4.1. Ignition signal (IGN) 

The source of the ignition signal is the breaker 
contacts of a traditional ignition system.  

When the breaker contacts are closed, the 
ignition coil builds up energy (the ignition coil’s 
primary winding, generating a powerful magnetic 
field in which the energy in stored). 

When the contacts are open, a high voltage is 
induced in the secondary coil winding, which 
creates a spark across the spark plug gap. Spark 
dwell angle is the number of degrees of distributor 
rotation that the breaker stays closed. The 
measurement system calculates dwell angle by 
measuring the signal from the camshaft sensor. 

Spark advance is the CAD (Crank Angle Degree) 
between the time a spark plug fires, and the time that 
the piston in that cylinder reaches top-dead-center 
(TDC). Spark advance mechanism is done by 
centrifugal advance system which adjust the ignition 
timing in response to changes in engine speed. This 
is also converted to a duty cycle and scaled. 

Engine speed is calculated by reading the signal 
from  the speed sensor from the cranckshaft which 
monitors the crankshaft revolution per minute 
(rotation speed). It then forwards this information 
on the cranckshaft position, that is, the piston 
position of all cylinders. An additional information 
is coming  from the camshaft position 

The ignition signal is very noisy, due to the 
large inductance of the ignition coil. Because of 
this noise, the signal is heavily filtered before it 
gets to the microprocessor. The filtering consists of 
clipping the negative peaks off of the original 

signal with a diode, low-pass filtering the signal 
with an RC filter, and then limiting the voltage to 
5 volts with a zener diode. The signal is then buffered 
and cleaned-up with a 74HC14 Schmitt trigger 
before entering the 68HC11 via an input capture 
pin. The ignition schematic is shown in Fig. 2. 

 

 
 

Fig.2 . Ignition filter. 
 

4.2. Crank position (CRK) sensor 

The purpose of the crank sensor is to determine 
the position of the engine’s crankshaft. This 
measurement is required to determine the spark 
advance of the ignition signal. The standard 
reference for engine position is when the piston in 
cylinder 1 is at top-dead-center (TDC). The CRK 
sensor is an infrared emitter/detector pair that 
senses a mark on the timing pulley. The CRK 
sensor is mounted in the engine in the housing of 
the flywheel, close enought to the tooth from the 
flywheel. The mark on the flywheel is placed at 
about 60 degrees before TDC. A diagram of the 
sensor's mounting location and bracket are 
presented in Fig. 3.  

 

 
 

Fig. 3. Crank sensor. 
 

We analyze the following sensors, for which 
the functioning characteristics are given in the 
following tables.  
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Table I 

Correlation between tempreture and 
voltage/Corelatie dintre temperatura si tensiune 

Temperature [oC] Sensor Voltage [V] 

120 0.25 

100 0.46 

80 0.84 

66 1.34 

60 1.55 

40 2.27 

30 2.60 

20 2.93 

0 3.59 

-20 4.24 

-40 4.90 
 

Table 2 

Correlation between air mass flow and voltage 

Mass Airflow [gm/sec] Sensor Voltage [V] 

0 0.2 

2 0.7 

4 1.0 

8 1.5 

15 2.0 

30 2.5 

50 3.0 

80 3.5 

110 4.0 

150 4.5 

175 4.8 

5. HARDWARE IMPLEMENTATION 

Electronic control unit is a 68HC11 micro-
controller. This microcontroller, built in HCMOS 
technology, with noise immunity is usually used in 
many automotive applications. 

The analog to digital converter and input capture 
features of the microcoprocessor are used to 
interface the sensors. The A/D system is an 8 
channel, 8 bit, successive approximation converter 
with 1/2 least significant bit accuracy over the 
complete operating temperature range. 

For acquisition of the engine signals one uses a 
sensor interface circuitry for signals conditioning 
arriving from these sensors. One can use for 
example a seven segment display with two digits 
for indicating the functioning status of the sensors. 
A parallel port might be used to send the appropriate 
character codes to seven segment display. 

HCMOS technology, applying noise immunity, 
is usually used in many automotive applications. 

The analog to digital converter and input capture 
features of the microcoprocessor are used to inter-
face the sensors. The A/D system is an 8 channel, 
8 bit, successive approximation converter. The block 
diagram of diagnosis system is shown in Fig. 4. 

 

 
 

Fig. 4. Block diagram of diagnosis system. 
 

The signals from the sensors are connected to 
PORT E. The reference high and reference low 
inputs of the A/D are set at +5 V and 0 V 
respectively. 

The A/D result register is ADR1, an 8 bit 
register that contains one of 256 possible values. 

The limit values of the sensors are stored at 
known locations. The compare routine makes 
possible to compute the difference between the 
measured values and limit values of the sensors. If 
the measured values are not in this interval, the 
sensor is not working correctly. 

The DISPLAY routine calls the compare routine, 
which determines the number that will be displayed. 
When the polling routine finds the appropriate 
match, the data to turn on the segments for that 
particular number is stored in PORT A. The infor-
mation from PORT A is routed to the seven 
segment display for visual monitoring (Fig 5).  

Fig. 5 shows the interfacing requirements for 
the seven segment display. 

 

 
Fig. 5. Display status. 

 

The result of the comparation can be displayed 
on a portable PC, too. 
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The first digit of the display shows the number 
of the sensor that is analyzed at this time. Because 
we use a single digit for identifying the sensor, it 
means that we can process the information from a 
maximum number of ten sensors. 

The second digit of the display shows the 
functioning status of the sensor, which is referred 
by the number displayed with the first digit. 

There are two possibilities: 
 If the sensor is in good status of operation, 

the second digit displays the character shown in 
Fig. 6a; 

 If the sensor is in bad status of operation, 
the second digit displays the character shown in 
Fig 6b. 

 

 
Fig. 6: 

a) good status of the sensor; b) bad  status of the sensor. 

6. RESULTS AND CONSLUSIONS 

The diagnosis system of the automotive sensors 
displays all the sensors readings and makes the 
comparation between the measured values pro-
vided by these sensors with some limit values, 
which are stored in the memory of the 68HC11 
microcontroller.  

The described system allows to an user to 
monitor the signals received form the sensors in 
real time conditions; this is very important for a 
complex functioning systems such as an electronic 
fuel injection or automatic spark control.  
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