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ABSTRACT

In this research, the designed system is implemented to
measuring voltage, current, resistance, frequency, and temperature
measurement, based on a PIC microcontroller. The main theories for
designing this system revolve around using rearrangements of Ohm’s
law for measuring the three basic electric properties: voltage, current,
and resistance, along with voltage dividers for extending measurement

range.

Temperature sensing is achieved by connecting an LM35 sensor
to an ADC pin and measuring its voltage output. Frequency
measurement is achieved by using the built-in counter directly to
count signal pulses that occur in a unit time with no need for
additional conversion circuitry. All measurement results are displayed on

an alphanumeric LCD.

Microcontroller program coding was done by using MikroC
compiler, and then Proteus simulation environment was used to

simulate the system prior to physical programming on hardware.



S..~ S‘

3yl all As jag caa yill A glaall ¢ Ll cagad) (bl eu&.'a Camlati g pianal Al sl 13 Lﬁ
(82 oSae e laldie )

Ualbad PRyt u.n\,gﬂ e}i u}.ﬂﬁ s f EJ\L‘\ d}; e eUa.‘d\ Jaa (s:\Aaaﬂ :g..w\..w\)_” C’_ﬂ_}‘)k.\j\
() (U gl g i e el giall 5 il cagadl Aauld 450 ,eS

Blad (e Jsaall Gkl VM35 Gasad Sl Ja ) A (e 31 adl da o Gaad g
Cluad madall alaall aladiuly 5 il 23 Al b8 Baatys Lo gl = )3 Gl a8
RS e o Alial Josadl) s alaiul (e0 ecpa il Ban s o Caand Ll o JLaY) cilias

ol A8LE aad e bl il

Blaall 4y elld axy Caeddindy ¢ MIKrOC an il aladinly aSaidl mali y 4US
5 3y S Llagl) Aaa yll Jas alall 3Slaal (Proteus)



TABLE OF CONTENTS

A XA Error! Bookmark not defined.
DediCation ......ccccoovvveeiiiiee e Error! Bookmark not defined.
ACKNOLWLEDGEMENT .......cooviiiiiiiiieeeiiie, Error! Bookmark not defined.
ABSTRACT ..t Error! Bookmark not defined.
oalRiuall e, Error! Bookmark not defined.
TABLE OF CONTENTS ...t Error! Bookmark not defined.
LISTOF FIGURES ...t Error! Bookmark not defined.
CHAPTER ONE: INTRODUCTION.........ccvvvveennns Error! Bookmark not defined.
1.1 Preface.....cooovviiiiiiiiiie e, Error! Bookmark not defined.
1.2 Problem Statement:...........ccccoccvveenee. Error! Bookmark not defined.
1.3 Proposed solution:..........cccceevvvveennnen. Error! Bookmark not defined.
1.4 Methodology: .....cccovvvvveiiiiiiiiee, Error! Bookmark not defined.
1.5 Research Outlines: ...........cccceevvvveennnen. Error! Bookmark not defined.
CHAPTER TWO: LITERATURE REVIEW ............ Error! Bookmark not defined.
2.1 Introduction:.......ccccoevvveiiiie e, Error! Bookmark not defined.
2.2 Microcontroller structure: .................. Error! Bookmark not defined.

2.2.1 Central Processing Unit (CPU): ...... Error! Bookmark not defined.
2.2.2 Input/output ports (I/0 Ports): ..... Error! Bookmark not defined.

2.2.3 MEMOIY: ..ccoiiiiiiieeiiiie e Error! Bookmark not defined.

7



2.2.4 Timers and Counters:.................... Error! Bookmark not defined.
2.2.5 Watchdog Timer: ......cccccevvvveennnen. Error! Bookmark not defined.
2.2.6 Analog to Digital Converter (ADC): Error! Bookmark not defined.

2.2.7 Digital to Analog Converter (DAC): Error! Bookmark not defined.

2.2.8 Oscillator: .......ccocoovvevviieee, Error! Bookmark not defined.

2.2.9 INterruptsS:.....cccvveeeiiiiiie e Error! Bookmark not defined.

2.2.10RESEL: ...oevieiiiiiiie e Error! Bookmark not defined.
2.3 Microcontrollers programming:........... Error! Bookmark not defined.
2.4 Types of Microcontroller: .................... Error! Bookmark not defined.

a. Memory: .....cccooii Error! Bookmark not defined.

b. Instruction Set:..........ccccvvvveeiiinnnns Error! Bookmark not defined.
2.5 PIC Microcontrollers: .............ccoveennee. Error! Bookmark not defined.

2.5.1 Advantages of PIC Microcontrollers:.......... Error! Bookmark not

defined.

2.5.2 PIC 1OF877A ..o Error! Bookmark not defined.
CHAPTER THREE: SYSTEM DESIGN ............ Error! Bookmark not defined.
3.1 Voltage Reading:.........ccocvevvivreniinnnnnne Error! Bookmark not defined.
3.2 AMMETLEr: ..o Error! Bookmark not defined.
3.3 0hmmeter: ..o Error! Bookmark not defined.
3.4 Frequency Meter: .......ccccceevvvvveeeeennnne Error! Bookmark not defined.
3.5 Temperature meter: ............cccceeeeenee Error! Bookmark not defined.



3.6 Capacitance meter:.........ccccccveevvveenne. Error! Bookmark not defined.

CHAPTER FOUR: SIMULATION AND CIRCUIT............. Error! Bookmark not

defined.

4.1 SIMUIAtioN: ..o Error! Bookmark not defined.

A.2 CIFCUIT: woveiiiiee e Error! Bookmark not defined.
4.2.1Voltmeter: .....coccvveeeiiiiieeiiee, Error! Bookmark not defined.
4.2.2 AMMETEr: .ovviiiiiiiiie e Error! Bookmark not defined.
4.2.30hmmeter: .....cccccocvviviieeeiiieeene, Error! Bookmark not defined.
4.2.4 Temperature meter: ..........ccce....... Error! Bookmark not defined.
4.2.5 Frequency meter:..........ccocveeernnnee Error! Bookmark not defined.

CHAPTER FIVE: CONCLUSION AND RECOMMENDATIO Error! Bookmark not
defined.

5.1CoNncClusioN: .......oovviiiiiiiie e Error! Bookmark not defined.
5.2 Recommendations:............ccceevvveenne Error! Bookmark not defined.
REFERENCES .......ooiiiiiiiieee e Error! Bookmark not defined.
APPENDIX ... Error! Bookmark not defined.



Figure No.

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
3.1
3.2
3.3
3.4

3.5

LIST OF FIGURES

Figure Title

Microcontroller structure
Input/output ports (I/0 Ports)
Timer and counter.

Watchdog Timer

Analog to Digital Converter
Simple diagram for oscillator connection
Reset circuit diagram

PIC16F877 pin layout

Voltage divider

Current measurement diagram
Resistance measurement diagram
Frequency measurement concept

LM35 temperature sensor

10

Page No.

11
12

13

16
20
22
22
25
26

27



3.6

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

555 Timer used for capacitance

Measurement
Simulation Circuit.

Hardware implementation of the

circuit

Simulation circuit for voltage

measurement
Hardware voltage reading

Simulation circuit for current

measurement

Hardware current reading
Simulation Circuit of Ohmmeter
Measurement of 330 Ohm Resistor
Measuring 1000 Ohm Resistor

Temperature measurement simulation

circuit
Practical temperature reading

11

28

31

32

33

33

34

34

35

36

36

37

37



4.12 Simulation circuit for frequency meter 38

4.13 Practical frequency reading 38

12



13



CHAPTER ONE: INTRODUCTION



CHAPTER ONE

INTRODUCTION

1.1 Preface

Measurement is the assignment of numbers to objects or events.
A measurement has two major criteria values: magnitude and
uncertainty. These values enable comparisons to be done between

different measurements and reduce confusion. [1]

A multimeter is an electric device that can measure various
properties of physical quantities of electric components and
current. They are basically digital voltmeters that contain several
conversion circuits that allowing different measurement such as

voltage, current and resistance within one instrument.

Traditionally, electric measurement devices were built on
electro-mechanical and analog circuits that were generally
imprecise, and required regular calibration to insure acceptable level
of accuracy. Moreover, these analog devices had high cost and were

generally heavy in weight, making portability difficult.

With the advent of integrated circuits, digital electronic
measurement devices replaced analog ones due to their numerous
advantages. Additionally, they provide ease of integration of
multiple functions within one relatively small device. Digital
multimeters have been developed to satisfy the need for higher
measurement accuracy and a faster speed of response to voltage

changes than that which can be achieved with analog instruments.
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The aim of this project is to build aversatile, low cost, high

precision digital multimeter using microcontrollers.

1.2 Problem Statement;

There is a need for versatile measurement instruments for
electric components and signals that can provide accuracy and

flexibility in choice of measurement functions.

1.3  Proposed solution:

To develop a measurement system based on microcontroller
technology, taking advantage of microcontroller’s ability to connect
with various chips and components that aid in the measurement
process, its precision of calculation, rapid response and ease of

implementation.

1.4  Objectives:

e To identify physical principles to be used for measurements and
related equations for each type of measurement.

e To design simulation code for each measurement function, and
test it in software.

e To build the physical circuit according to the simulation circuit,
while minimizing component cost.

e To testand calibrate the hardware implementation for
measurement accuracy.

1.5 Methodology:
The design principles are based on the natural laws of
physics regarding electrical circuits, namely, Ohm's law and various

rearrangements thereof, in order to measure the different electrical
16



guantities. The proposed design coded and compiled with MikroC
and is then simulated in Proteus simulation environment, to insure
that it conforms to the microcontroller's specification. After wards,
the design is implemented in hardware, while being calibrated in

software to account for errors.

1.6 Research QOutlines:
e Chapter 2: General overview of microcontrollers and discusses
their typical structure.
e Chapter 3: Principles and basic theory regarding the design of the
system.
e Chapter 4: Details the simulation circuit and describes hardware
implementation

e Chapter 5: Conclusion and recommendations
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