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Abstract

This project describes how to implement a digital controller algorithm like P1 controller in
real time using a simple yet effective digital control device-ATMEGA32 microcontroller for
controlling a prototype model of a liquid level control system. A liquid level sensor(rotary
potentiometer) detects the present level of the liquid in the tank in terms of the voltage across
the potentiometer and feeds it to the microcontroller and the control action generated by the
microcontroller is amplified through a suitable amplifier that actuates the actuator(the pump)
and finally controls the flow output of the pump. The operator has to set the desired level in
the microcontroller and accordingly the feedback control in the real time will get operated for
achieving the desired level.

In the present project work , a dicretized model of the liquid level system is developed using
Pl controller and is simulated in MATLAB Simulink so as to observe the nature of the PI
controlled system output. It is also compared with the uncontrolled liquid level system model
simulation output so as to see the advantage of using a PI controller. Also, an attempt has
been made for developing a dummy representation of the actual prototype model for
automatic controlling the liquid level so as to know the proper functioning of the algorithm.

The hardware is set up and the devices like the microcontroller, D/A, power amplifier are
interfaced with each other .The devices are also tested for their proper functioning. The PI
controller is developed in discrete domain and its parameters are determined using the open
loop Ziegler Nichols tuning method. The dicretized control algorithm is then implemented in
the microcontroller using C language for coding. The nature of the controller is observed and
results are shown . Also the experimental results are compared with the simulated results to
show the similarity and accuracy of the controller.

This liquid level study will be useful for several industrial and household applications like
boiler level control , household supplies and many more.

Keywords: Control, Proportional and Integral(P1), microcontroller, analog, digital, sensor

[iv]



Acknowledgement

I am indebted to my mentor, Prof. Bidyadhar Subudhi, Head of Department of Electrical
Engineering, for giving me an opportunity to work under his guidance. Like a true mentor, he
motivated and inspired me throughout the entire duration of my work.

I am also greatful to Mr.Ayaskanta Swain of Electronics and Communication Engineering
department and Mr.Raja Rout of Electrical Engineering department for assisting me and
guiding me throughout the project and furthered the project till this extent. I also extend my
thanks to the supportive staff for providing me all the necessary facilities to accomplish this

project.

Last but not the least, | express my profound gratitude to the Almighty and my parents for
their blessings and support without which this task could have never been accomplished.

Amruta Patra

[v]



Contents

Title Page No.
CERTIFICATE e, [iii]
ABSTRACT o [iv]
ACKNOWLEDGEMENT ......oi e [v]
CONTENT S i e e e e e e e e e e e [vi]
LISTOF FIGURES ... e [viii]
LISTOFTABLES ..., [xi]
1. INTRODUCTION ..., 1
1.1 MOBIVALION ...ttt et e et e e et e e et e e et e e e e 3
1.2 WOIK SUMMAIY ...ttt e e e e e e e e e e e e et e e ee e 4
1.3 REPOIt OrganizZatiOn ... .......i.uieiieiie it e e e et e et e e e aaeeaeeae e aenn 5
1.4 Liquid level system desCription ...........oieiniiniiii e e e 5

2. SYSTEM MODELING, DISCRETIZING AND SIMULATION....... 8

2.1 SYStEM MOUEIING ...ee et e e e e 9
2.2 SYStemM DISCIetiZatiON .......vii it it e e e e e e e e e 11
2.3 SYStemM SIMUIALION ..o e e 13

3. COMPONENTSUSED IN THE PROJECT ..ot 19
3.1 ATMEGAS32 MIiCroCoNtroller ... ....c..ouuieiie it 20
3.1.1 Features Of ATMEGASZ ... oonie i e e e e e e 20

3.1.2 ATMEGAS32 architeCture.........ccoiiiiiieee e e e e e eeeeeee 23

3.1.3  PORT SY S M. .. i e et e e e e e e e 23

3.1.4 Analog to digital CONVEIer....... ..o e e 24

3.1.5  TIMEr SUDSYSIEM. ... ettt e e e e e e e e e e 26

3.1.6  INterrupt SUDSYSTEIM. .. ... ettt e e e e e e e e 30

3.2 AD7302 Digital-to-analog CONVEIEr........ccoui i e e 31



3.3 LMGB75 power amplifier..... ..o e e 33

34 WALl PUM o e e e e e e 34
3.5 Liquid eVEl SENSOT ... e 34
4. TESTING AND INTERFACING OF THEDEVICES.................... 36
4.1 TeStiNg OF QEVICES ... ettt et e e e e e e e e e e e e 37
4.1.1 Testing Of ATMEGASBZ ...onieie e e e e 37
4.1.2 Testing 0Of ATMEGASB2 ADC .....viiiii e e e e 39
4.1.3  ADT302 tESTING +.eeue it et ettt et e e e e e e 41
I S VG =T 1 T P 42
4.2 Interfacing Of ABVICES ... ou et e e e e e e e e e 44
4.2.1 Interfacing of AD7302t0 ATMEGASZ ....iiiiniii e 44

4.2.2 Testing of the interfaced AD7302 and ATMEGAS32 circuit with a
small algorithm ... 45
4.2.3 Interfacing of LM675t0 AD7302 ....c.uiviiiiieie e i 50
5. DEVELOPMENT OF DISCRETE PI CONTROLLER.................... 51
5.1 Controller realization in discrete domain.............covveiieiieiie e, 52
5.2 Determination of controller coefficients ..o, 53
5.3 Discrete time Pl algorithm..........oeoi e, 58
6. IMPLEMENTATION OF CONTROLLER ALGORITHM................ 61
7. RESULTS AND CONCLUSION ..., 70
7.1 RESURS et e e e e e 70
4 O Tod 1115 o o PP 72
REFERENCES ... e 74
AP PEND X L 75

[vii]



Figure No.
11
1.2
2.1
2.2
2.3

24

2.5
2.6

2.7

2.8

2.9

2.10

3.1
3.2
3.3

3.4
3.5

LIST OF FIGURES

Title

A Typical liquid level control system ........................
Schematic of the liquid level system ........................
Block diagram of the liquid level controller system........

Block diagram representation of the discretized plant

Reduced Block diagram representation of the discretized
plantmodel...........ccoi
Block diagram representation of the plant model in
discrete domain.........oovvi i
Uncontrolled discretized plant in MATLAB Simulink....
Nature of output of Discretized plant as observed in
MATLAB Simulink...........ocooiiiii e,
PI controlled Discretized plant model in MATLAB
SIMUINK. ... e
Nature of output of PI controlled discretized plant model
as observed in MATLAB Simulink........................

Nature of control signal from the PI controller as
observed in MATLAB Simulink...................c

Nature of error signal generated as observed in
MATLAB Simulink..........cooooii e,
PINOUt ATMEGA 32, ..o,
ATMEGA 32 microcontroller................oooeiiiiiiiinnns
ATmega32 port configuration registers: (a) port-
associated registers and (b) port pin configuration.........
ADC REQISIEIS. .. ettt e e e
TIMerO RegIStErS. .. .cu it

12

12

13
14

14

15

16

17

18
22
22

23
24
27



3.6
3.7
3.8
3.9

3.10
3.11
3.12
3.13

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

4.9

4.10

4.11

4.12

4.13

4.14

5.1

5.2

TCCRO Register configuration..............ccoveeininnnn.
Modes of operation of Timer0................cooiveiininis
Atmel AVR ATMEGA32 Interrupts........ccovveevenennn.

R/2R network for converting digital value to analog

Pin configuration of AD7302.........ccoiviiiiiiiiiinieen.
LMGB75 Pindiagram..........cooouiininiiieie e
Water pump used in the project

Rotary potentiometer liquid level sensor used in the

01 0] =T P
A sample of IDE Windows...........c.ccoviiiiiniiieenn e,
A snapshot of a program being simulated....................
LMG675 application circuit diagram...............ccoeveenn e,
LMG675 circuit used in the project.............coveiiininenne
LMGB75 Circuit testing.........vvvvieiieiii e e
1/0 characteristics plot for LM675.............ccccoivvinnes
ATMEGAS3?2 interfaced with AD7302.....................
Circuit for the dummy representation of the actual liquid
level control

(0] (ol |

Dummy representation of the actual liquid level control
circuit using LED in place of pump.............coooeiniain.
Varying and fixed voltage supplies being fed to the

(01 oD |
A simple control algorithm flowchart........................
LED OFF as i/p voltage below mid-value...................
LED ON as i/p voltage above mid- value...................
Interfacing of LM675 with AD7302...........c.ccovvvennen.
Circuit diagram and Hardware set up to record the open
100D SLEP FESPONSE. ... ee et eee et et e
Output of the open loop step response test..................

[ix]

28
29
31

32
32
34
34

35
38
39
42
42
42
44
44

45

46

47
48
49
49
50

54
56



5.3

5.4
6.1

6.2
6.3
6.4

6.5

7.1

7.2
7.3

Experimental determination of Pl parameters from the
open loop step response test.........oovveveveineninanns
Flowchart for the discrete PI algorithm......................
Circuit diagram and hardware set up for the closed loop
liquid level control system...........ccocevviiiiiiiininnann.n.
A snapshot of the circuitry used in the project ............
A snapshot of the Liquid level system model...............
A snapshot of the Liquid level system interfaced with the
control circuit and being controlled implementing the
controller algorithm...........cooooii i
Flowchart for the liquid level control system program.....
Closed loop response of the liquid level control system
recorded in LABVIEW..........co oo e
Closed response of PI controlled liquid level system......

Comparison of experimental and simulated results.........

[x]

57
59

62
63
63

63
65

70
71

72



Table No.

4.1

4.2

4.3
5.1

LIST OF TABLES

Title Page No.

Observations for output of ADC of ATMEGAS32 for varying

input given at ADC channel 0 of ATMEGA32................. w0
Observations for outputs of DAC for different combinations a
of its binary INPUES.......oo o

Observations for outputs of LM675 for varying inputs...... 43
Open loop Ziegler Nichols settings...........cccovviiinnnann. 58

[xi]



B.Tech Project Report 2011

CHAPTER 1

INTRODUCTION

Dept. of Electrical Engineering
N.I.T. Rourkela Page 1l



B.Tech Project Report 2011

CHAPTER 1
INTRODUCTION

The liquid level digital control system automatically maintains the desired level of water in a
tank/container, i.e., it switches on the pump when the water level in the tank/container goes
below a predetermined maximum level and switches it off as soon as the water level reaches
the pre-determined maximum level in the tank/container to prevent it from overflowing, thus
maintains the water level at a fixed level always .The user has the flexibility to decide by
himself the water level set-points for operations of pump. It ensures no overflows there by
saves electricity and water. Moreover the system consumes very little energy and hence is
ideal for continuous operation.

Level
Sensor

Controller P
<

T

Setpoint

Pump

Fig 1.1 : A Typical liquid level control system
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1.1 MOTIVATION

In the modern world of today, automation is encompassing nearly every walk of life.
Automation  solutions are more accurate, reliable and flexible and so have replaced human
efforts right  from  agriculture to  space technologies, may it be for monitoring a
process, recording its parameters, analyzing the trend of output or controlling the desired
parameter. These days plant automation is  the  necessity  of the manufacturing
industries to survive in the globally competitive markets. For any process to be

automated , we need most essentially a real time automatic controller.

Most of the process industries involve liquid at some point or the other of its production
process. So it is highly essential for accurate liquid level measurement and control at a desired

level in most process industries like -

% Food Processing, Dairy and Beverages Industry.
¢+ Chemical production, processing and storage Plants
% Petroleum and Petro chemical Industry.
% Water and Waste Water Treatment Plants.
¢ Pollution control plants.
% Textiles, Pulp and Paper Industries.
% Energy and Power generation Plants.
¢ Shipping and Marine Industry.
And many morepg; 107 and so comes the need for a liquid level controller.

Also with population blooming each day, water scarcity is a global concern, which needs to
be immediately taken care of else drastic circumstances would have to be faced since we all
know life without water is impossible. With plenty of water available the problem is not with
its scarcity but its undue wastage. Normally in the houses, water is first stored in an
underground tank (UGT) and from the UGT, water is pumped up to the overhead tank (OHT)
located on the roof. People generally switch on the pump when their taps get dry and switch
off the pump when the overhead tank starts overflowing. This results in the unnecessary
wastage of water by tank overflow and sometimes non-availability of water in the case of

Dept. of Electrical Engineering
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emergency due to drying of overhead tank. So come the need of an automatic water level

controller.

Earlier humans used to do control manually but this always involved errors. So these
controllers had to be automated. With the advent of digital electronics and hence invention of
microprocessors and microcontrollers, came the concept of automation. The controllers
developed, could be implemented in real time with the help of these microprocessors or
microcontrollers. Hence we could control the level of a liquid at a desired set point with the
help of a proper controller using an embedded device like microprocessor or microcontroller
to implement the control algorithm.

1.2 WORK SUMMARY

The classical controller - PI controller is used for this liquid level control system as PI is the
most widely used controller in process industries due to its simple structure, assured
acceptable performance and their tuning is well known among all industrial operators.
ATMEGAS32 microcontroller is chosen for implementing this algorithm in real time as it has
inbuilt ADC, timer/counter and so simplifies external circuitry and it is 10 times faster than
conventional microcontrollers like 8051. At first the system and the controller are modeled
and simulated to get an idea of their behavior. Then the set up is made, also the circuit
connections are made. The set up is interfaced with the circuitry and then the control
algorithm is implemented in real time with the help of the microcontroller. Hence we can list
down our objectives as follows :

% Modeling the Liquid level system

¢ Discretization of the liquid level system model

% Simulation of the system without and with the PI controller in MATLAB

% Analysis of the controller performance

s Development of the prototype model

e Planning for hardware implementation

e Constructing the liquid level system

Dept. of Electrical Engineering
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e Selection of hardware devices microcontroller, D/A, Power Amplifier, Pump,
Sensor
e Testing and interfacing the hardware devices
% Development of controller for maintaining a desired liquid level
% Implementation of the control algorithm in the model with the help of the
microcontroller

% Analysing experimental Results
1.3 REPORT ORGANISATION

Chapter 1 deals with the introduction to this project narrating the motivation, objectives,
summary of the project and the description of the liquid level system. Chapter 2 deals with the
modeling and discretizing the liquid level plant and its simulation results of MATLAB
Simulink with and without a PI controller. Chapter 3 describes the components used in the
project and explains(in italics) the need and method for using them. Chapter 4 narrates the
procedure and results of testing and interfacing the devices. Chapter 5 deals with development
of the PI controller in discrete domain and determining its coefficients by Ziegler Nichols
open loop test tuning method. The discrete domain PI control algorithm is also shown and a
simple code is given for implementing it. Chapter 6 deals with the development of the final
set up of the controller and then implementation of the control algorithm in real time,
programming ATMEGA32 in C. Chapter 7 narrates the and explains the experimental results
obtained and compares it with the simulated results and gives the conclusion of the project .
At the end there is the list of references followed by the list of prices of components used in
the project.

1.4 LIQUID LEVEL SYSTEM DESCRIPTION

The liquid level system consists of two water tanks, a water pump, a liquid level sensor, a
microcontroller with inbuilt ADC , a D/A converter and a power amplifier. The schematic
block diagram of the system is as follows :

Dept. of Electrical Engineering
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l setpoint PUmp
Microcontroller »| D/A converter »| Power Amp
ATMEGA32 AD7302 LM675

A

Height
of liquid

A

Microcontroller | Rotary
inbuilt ADC Potentiometer
as Sensor

Fig 1.2 : Schematic of the liquid level system

The description of the liquid level system components are as follows —

Water tank - This is the tank inside which the level of the liquid has to be controlled. Water
is pumped to the tank from a pipe coming down into the tank from above and a rotary
potentiometer type liquid level sensor measures the height of the water inside the tank. The
microcontroller controls the pump so that the liquid is stopped at the desired level. The tank
used in this project is a plastic container with measurements 18cm x 10cm x 18cm.

Water pump- The pump is a small 12V water pump which draws around 3A current when it
operates at the full-scale voltage.

Level sensor - A rotary potentiometer type level sensor is used in this project. The sensor
consists of a floating arm connected to the sliding arm of a rotary potentiometer. The level of
the floating arm, and hence the resistance of the rotary potentiometer changes as the liquid
level changes inside the tank. A voltage is applied across this potentiometer and the change of

Dept. of Electrical Engineering
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voltage is measured across the arm of the potentiometer, which is the source of analog input
for the microcontroller.

Microcontroller - An ATMEGA32 type microcontroller is used in the project as the digital

controller.

D/A converter - An 8-bit AD7302 type D/A converter is used in the project.

Power _amplifier - The output power of the D/A converter is in the range of few hundred

milliwatts, which is not capable of driving the water pump. So an LM675 type power
amplifier is used in this project to increase the power output of the D/A converter so as to be
capable of driving the pump. The LM675 can provide around 30W of power.1j 2]
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CHAPTER 2

-

SYSTEM MODELING,
DISCRETIZING AND
SIMULATION
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CHAPTER 2

SYSTEM MODELING, DISCRETIZING AND
SIMULATION

2.1 SYSTEM MODELING

The system is modeled as a first-order system. The tank acts as a fluid capacitor where fluid
enters the tank(behaving as charged particles entering a capacitor) and leaves the tank.
According to mass balance relation between the incoming fluid and outgoing fluid,

Qin=Q + Qout (2.1)
where Qj, is the flow rate of water coming into the tank, Q the net rate of water storage in the
tank, and Qo is the flow rate of water going out from the tank. If A is the cross-sectional area
of the tank, and h is the height of water inside the tank at any instant, Equation (2.1) can be

written as

Qin=A % + Qout (2.2)
where % is the rate of change of height of water inside the tank.
The net flow rate (Qoyut) of water coming out of the tank depends on the discharge coefficient
of the tank, the height of the liquid at any instant inside the tank (h), the gravitational constant
(9), and the area of the tank outlet (a),and can be expressed as

Qout = CaaN(2gh) (2.3)

where Cy is the discharge coefficient of the tank outlet, a is the area of the tank outlet, and g is

the gravitational constant (9.8m/s?).
From (2.2) and (2.3) we obtain

Qin= A S+ Cy al(2gh) (2.4)

Dept. of Electrical Engineering
N.L.T. Rourkela Page 9



B.Tech Project Report 2011

As we can see from equation (2.4) , it is a nonlinear relationship between the inflow rate (Qin)
and the height of the water inside the tank(h).This equation can be linearized for small
perturbations about an operating point.
When the input flow rate Qi, becomes constant i.e. water comes in a constant rate, the flow
rate of water coming out from the tank through the orifice would reach a steady-state value
Qout = Qo, and the height of the water h becomes a constant value hy, and we can write

Qo = Cq aV(2gho) (2.5)

If we now consider a small perturbation ( dQin )in input flow rate around the steady-state

value Qo, we obtain
60in=Qin — Qo (2.6)
and, as a result, the fluid level h will be perturbed around the steady-state value hy by
oh=h—hy (2.7)

Now, substituting (2.6) and (2.7) into (2.4) we obtain
dsh R
A—— + Cya/2(8h + ho) = 8Qin + Qo.
dt (2.8)
Equation (2.8) can be linearized by using the Taylor series and all terms are neglected except

the first term. From Taylor series,

d x - d x — x0)?
f(x):f(.m)-l—% _ l,x0)+ dx",_j o 2]’“’)
lx=xy ’ X=Xy * (29)
Considering only the first term,
d
f@ - fan~ L = x0)
Ax |y
(2.10)
Or
d
Sf(x) =~ —f 5x.
t d'x X=Xxp
PR (2.11)
Now linearizing Equation (2.8) using Equation (2.11), we obtain
djf o 2Q]—“3h =B
" (2.12)
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Taking the Laplace transform of Equation (2.12), we obtain the transfer function of the tank
for small perturbations about the steady-state value as a first-order system:

his) . 1
Qin(s)  As + Qo/2ho’

(2.13)
The pump, level sensor, and the power amplifier are simple units and can be approximated to
have just proportional gains and no system dynamics. The input—output relations of these
units can be written as follows:

For the pump,

Qp = KpVi;
for the level sensor,

V=K h;
and for the power amplifier,

Vo = KpVi.

Here Qpis the pump flow rate, V, the voltage applied to the pump, V, the level sensor output
voltage, V, the output voltage of the power amplifier, and V; the input voltage of the power
amplifier; Ky, K, Ko are constants.

The D/A converter can be approximated to have a transfer function of %('“)

So the block diagram of the level control system can be obtained as shown in Figure 2.1

below.
- Water tank

D/A Converter Amplifier Pump

Microcontroller 1 — e(—st) K K —1 00
b~ 4 > Ko p Kp >

AJD converter s A5+ 2ho

A
Ki |

Level Sensor

Fig 2.1 : Block diagram of the liquid level controller systempy
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2.2 SYSTEM DISCRETIZING

As we are dealing with discrete domain, we convert the palnt model in s-domain to z-domain
to get the discretized plant and then to simulate the discretized plant in MATLAB simulink.
Zero-order-hold equivalent method is used to dicretize the Liquid level system i.e. to convert
G(s) to G(z) , where is G(s) is the combined transfer function of the three blocks of amplifier
pump and the water tank ,i.e.

_ KoKp _ KoKp/A
G( ) "~ As+Qo/2ho  s+Qo/2Aho (2.14)
A zero order hold transfer function is represented by ZOH = G(s)
1- —sT
GO(S) = M (2.15)

S

Now to discretize the plant model (G(s)) , a Zero order hold is followed by the plant as shown
in the block diagram as follows

uU(s)

—>

ZOH Plant Y(s)

|

Go(S) G(s)

Fig 2.2 : Block diagram representation of the discretized plant model

The above block diagram can be reduced to a single block by combining the two transfer
functions G,(s) and G(s) in s-domain and converting the s-domain transfer function to z-

domain, gives the dicretized transfer function model of the plant as follows.

U(z) Y(2)

—— Z[Go(8) GE)] —>

Fig 2.3 : Reduced Block diagram representation of the discretized plant model
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Assuming T = 1 sec, and all coefficients and constants are assumed to be =1, we get

0.63
z—0.37

Z[Go(s) G(s)] = (2.16)

Now the controlled plant model can be represented by the following diagram

Ysp Discretized plant
+ E@) U@ | Z[Go(s) G(s)] = Y@)
4>Q—> PI controller » 0.63 .
z—0.37
Sensor

A

Fig 2.4 : Block Diagram representation of the plant model in discrete domain

2.3 SYSTEM SIMULATION

The final block diagram representation shown at the end of the previous section is simulated
in MATLAB Simulink to see the behavior of Y(z), U (z) and E(z) with time. With repeated
trial and error process, the Pl constants are tuned and at the end the proportional constant is
fixed at 1.9 and integral constant is fixed at 0.2 and the nature is recorded. The set point value
ysp IS fixed at 3.8 (i.e. 3.8 volts is the corresponding voltage across the rotary potentiometer
liquid level sensor for the desired height of the liquid level in the tank till which we want to
fill the tank), i.e. the height of the liquid in the tank has to be controlled to be restricted at this
level and beyond this level the pump should stop thus preventing overflow of the tank.

Dept. of Electrical Engineering
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The block diagram of the uncontrolled discretized plant in MATLAB Simulink is as follows:

simout

To Workspaos

o N
' | zoar 1

Constant Disorstized Flant

iz}

Fig 2.5 : Uncontrolled discretized plant in MATLAB Simulink

This on simulation gives the following nature of the output Y(z) :

Bl =

4 5
Time(in sec)

ime offzet; 0O

Fig 2.6 : Nature of output of Discretized plant as observed in MATLAB Simulink
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Now the Discretised plant being controlled by a PI controller looks as follows is MATLAB

Simulink :

|:| |:| —  zimout
BiZ) u'z) To Wakspace
Q.63
38 P - s g L]
=037
Constant Wz

Discrete
PI Contraller

Discretized Plant

O—>

Clock

To Wokzpaced

Fig 2.7 : Pl controlled Discretized plant model in MATLAB Simulink
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This on simulation gives the following nature of the output Y(z) :

40 Al a0 a0 1000
Time (sec)

ime offzet: 0O

Fig 2.8 : Nature of output of PI controlled discretized plant model as observerd in MATLAB
Simulink
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The nature of the control signal U(z) from the PI controller is as follows :

40 B0
Time(sec)

itne offzet. 0

Fig 2.9 : Nature of control signal from the PI controller as observed in MATLAB Simulink
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The nature of the error signal E(z) generated in the plant model is as follows :

40 B0 Gl 50 100
Time(sec)

ime offzet; 0O
Fig 2.10 : Nature of error signal generated as observed in MATLAB Simulink

Thus by comparing the simulation results of an uncontrolled discretised plant and a Pl
controlled discretised plant , we observe that by implementing a PI controller the desired set
value in the output is reached more steadily with less deviations and fluctuations . Hence we
use a Pl controller algorithm in our project to control the liquid level plant system to prevent
overflowing of the tank.
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CHAPTER 3
COMPONENTS USED IN THE PROJECT

3.1 ATMEGA32 MICROCONTROLLER

ATMEGAS32 microcontroller was chosen as it has many benefits in comparison to other
microcontrollers. Its features and benefits over other microprocessors are as follows:

3.1.1 Features of ATMEGAS32 g

* High-performance, Low-power AVR 8-bit Microcontroller

» Advanced RISC (reduced instruction set computer) Architecture

— 131 Powerful Instructions — (Most instructions operate in 1 clock cycle, and this leads to
an almost 10-times performance improvement over conventional processors (e.g., the 8051)
operating at equal Clock frequency)

— 32 x 8 General purpose working Registers (A large register set means that variables can
be stored inside the CPU rather than storing the variables in memory, as accessing memory,
is time expensive. Thus the program will run faster)

—Wide range of inbuilt Clock frequency between 0 - 16 MHz

— on-chip hardware for 2-cycle Multiplier ( In many other microcontroller architectures,
multiplication typically requires many more clock cycles)

* High Endurance Non-volatile Memory segments

— 32 K bytes of In-System Self-programmable Flash program memory

— 1024 Bytes EEPROM

— 2 K bytes of internal SRAM  (the EEPROM and the RAM is seen as DATA memory for
storing constants and variables and SRAM is used for stack)

— Write/Erase Cycles: 10,000 times for Flash memory and 100,000 times for EEPROM
— 20 years of data retention at 85°C/100 years at 25°C
— Optional Boot Code Section with Independent Lock Bits

Dept. of Electrical Engineering
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-In-System Programming by On-chip Boot Program (This means we don’t have to have
external EPROMs or ROMs containing your program code. Also, the program memory can
be programmed while the processor is in the target without removing it. This allows faster
and easier system software upgrades.)

— Programming Lock for Software Security

* Peripheral Features

— Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes

— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture Mode

— Real Time Counter with Separate Oscillator

— Four PWM Channels

— 8-channel, 10-bit ADC

— Byte-oriented Two-wire Serial Interface

— Programmable Serial USART

— Master/Slave SPI Serial Interface

— Programmable Watchdog Timer with Separate On-chip Oscillator (This is used to recover
in case of software crash but can also be used for other interesting applications)

— On-chip Analog Comparator

» Special Microcontroller Features

— Power-on Reset and Programmable Brown-out Detection

— Internal Calibrated RC Oscillator

— External and Internal Interrupt Sources

— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby and
Extended Standby

* 1/O and Packages

— 32 Programmable 1/0 Lines

— 40-pin PDIP, 44-lead TQFP, and 44-pad QFN/MLF

* Operating Voltages

— 4.5V - 5.5V for ATmega32

* Speed Grades

—0-16 MHz for ATmega32

» Power Consumption at 1 MHz, 3V, 25°C for ATmega32
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— Active: 1.1 mA
— ldle Mode: 0.35 mA

— Power-down Mode: <1 pA

PDIP
Ny
(XCK/TO) PBO ] 1 40 [0 PAO (ADCO)
(T1) PB1 O] 2 39 [0 PA1 (ADC1)
(INTZZAINO) PB2 ] 3 38 [0 PA2 (ADC2)
(OCO/AINT) PB3 ] 4 37 [ PA3 (ADC3)
(53)PBa 5 36 [0 PA4 (ADC4)
(MOSI) PB5 ] 6 35 [0 PA5 (ADC5)
(MISO) PB6 [ 7 34 O PAG (ADCE)
(SCK) PBT ] 8 33 [0 PA7 (ADCT)
RESET ] 9 32 [ AREF
vCC O 10 31 O GND
GND o 11 30 O AVCC
XTAL2 ] 12 29 [0 PCT (TOSC2)
XTAL1 O 13 28 [0 PC6 (TOSCT)
(RXD) PDO ] 14 27 O PC5 (TDI)
(TXD) PD1 ] 15 26 [0 PC4 (TDO)
(INTO) PD2 ] 16 25 [ PC3 (TMS)
(INT1) PD3 o 17 24 [ PC2 (TCK)
(OC1B) PD4 O 18 23 O PC1 (SDA)
(OC1A) PD5 ] 19 22 [0 PCO (SCL)
(ICP1) PDE ] 20 21 [0 PD7 (OC2)

Fig 3.1: Pinout ATMEGA 32 g

Timer

Oscillator Watchdog
Timer
t— UART
(Serial Port)

;

%

ems| ||  CPU

Program
|
Memory

femme| RAM

8-bit DATA Bus

<

|
Analog I/O
Port

Digital /O
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¢

Fig 3.2 : ATMEGA 32 microcontrollerpg
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3.1.2 ATMEGA32 Architecture

The Atmel ATmegal6 is a register-based architecture. The processor is designed following
the Harvard architecture format. That is, has separate, dedicated memories and buses for
program and data information. The register-based Harvard Architecture coupled with the
RISC-based instruction set, allows for faster and efficient program execution and allows the

processor to complete an assembly language instruction every clock cycle py;.

3.1.3 PORT system

The Atmel ATmega32 is equipped with four 8-bit general-purpose, digital 1/0 PORTSs
designated as PORTA, PORTB, PORTC, and PORTD. All of these ports also have alternate

functions as well.

Port x Data Register - PORTx

T 0

Port x Data Direction Register - DDRx

7 0
Port x Input Pins Address - PINx

7 0
b)
DDxn | PORTxn | /O Comment
0 0 input | Tri_state (Hi-Z)

0 1 mput | source current if externally pulled low

1 0 output | Qutput Low (Sink)

1 1 output | Qutput High (Source)

x: port designator (A, B,C. D)
n: pin designator (0 - 7)

Fig 3.3 : ATmega32 port configuration registers: (a) port-associated registers and (b) port pin
configurationg.

As shown in Figure 3.3 (a), each port has three registers associated with it:

» Data Register (PORTX)---This register is used to write output data to the port,

 Data Direction Register (DDRx)---This register is used to set a specific port pin to either
output (by assigning 1) or input (by assigning 0), and

* Input Pin Address (PINXx)---used to read present configuration of the port if the port

behaves as a input port.
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Figure 3.3(b) describes the settings required to configure a specific port pin to either input or
output. Port pins should be normally configured at the beginning of a program to behave as
either input or output, and their initial values are then set. It is a usual practice to configure all
eight pins for a given port simultaneously. The data direction register (DDRX) is first used to
set the pins as either input or output, and then the data register (PORTX) is used to set the

initial value of the output port pinsgs.

3.1.4 Analog-to-Digital Converter

The ATmega32 is equipped with an eight-channel ADC subsystem. PORTA alternatively acts
as the ADC channel for input of analog signal to the microcontroller . The ADC converts an
analog signal from the outside world into a binary representation suitable for use by the
microcontroller. The ATMEGA32 ADC has by default 10-bit resolution. This means that an
analog voltage between 0 and 5V will be encoded into one of 1024 binary representations
between (000);6 and (3FF)i6. This provides the ATmega32 with a voltage resolution of
approximately 4.88 mV. It has £2 LSB absolute accuracy i.e. £9.76 mV at this resolution. The
ADC can also be configured for 8-bit resolutions.

ADC Register set :

The key registers for the ADC system are shown in Figure 3.4.

ADC Multiplexer Selection Register - ADMUX

| REFS1 |REFSO|ADLAR| MUX4 | MUX3 |ML’X3 MUXI1 |MUXO|
7 0

ADC Control and Status Register A - ADCSRA

| ADEN |ADSC |ADATE| ADIF | ADIE |ADPSZ|ADPS] |ADPSD|
7 0

ADC Data Register - ADCH and ADCL (ADLAR =0)

I M B = o
15 8

| ADC7 |ADC6 | ADCS |ADC4 |ADC3 |ADC2 |ADC1 | ADCO |ADCL

7 0

ADC Data Register - ADCH and ADCL (ADLAR =1)
| ADC9 |ADC8 |ADC7 |ADC6 | ADCS |ADC4 |ADC3 |ADC2 |ADCH

5 3
|ADCI |ADCO| | | | | | |ADCL
7 0

Fig 3.4 : ADC Registers 3]

Dept. of Electrical Engineering
N.L.T. Rourkela Page 24



B.Tech Project Report 2011

ADC Multiplexer Selection Register (ADMUX) :

The analog input channel for conversion is selected using the MUX[4:0] bits in the ADC
Multiplexer Selection Register (ADMUX). The 10-bit result from the conversion process is
placed in the ADC Data Registers, ADCH and ADCL. These two registers provide 16 bits for
the 10-bit result. The result may be either left justified by setting the ADLAR (ADC Left
Adjust Result) bit of the ADMUX register. Right justification is provided by clearing this bit.
The REFS[1:0] bits of the ADMUX register are also used to determine the reference voltage
source for the ADC system. These bits may be set to the following values:

* REFS[0:0] = 00: AREF used for ADC voltage reference

* REFS[0:1] = 01: AVCC with external capacitor at the AREF pin

* REFS[1:0] = 10: reserved

* REFS[1:1] = 11: internal 2.56-VDC voltage reference with an external capacitor at the
AREF ping

ADC Control and Status Register A (ADCSRA):

The ADCSRA register contains the ADC Enable (ADEN) bit. This bit is the *“on/off’” switch
for the ADC system. The ADC is turned on by setting this bit to a logic 1. Setting the ADC
Start Conversion (ADSC) bit to logic 1 initiates an ADC. The ADCSRA register also contains
the ADC Interrupt flag (ADIF) bit. This bit sets to logic 1 when the ADC is complete. The
ADIF bit is reset by writing a logic 1 to this bit. The ADPS[2:0] bits are used to set the ADC
clock frequency. The ADC clock is derived from dividing down the main microcontroller
clock. The ADPS[2:0] may be set to the following values:

* ADPS[2:0] = 000: division factor: 2

» ADPS[2:0] = 001: division factor: 2

* ADPS[2:0] = 010: division factor: 4

* ADPS[2:0] = 011: division factor: 8

* ADPS[2:0] = 100: division factor: 16

* ADPS[2:0] = 101: division factor: 32

* ADPS[2:0] = 110: division factor: 64

« ADPS[2:0] = 111: division factor: 1283
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ADC Data Registers ( ADCH and ADCL ) :

The ADC Data Register contains the result of the ADC. These two registers provide 16 bits
for the 10-bit result. The result may be left justified by setting the ADLAR (ADC Left Adjust
Result) bit of the ADMUX register. Right justification is provided by clearing this bit. If we
left justify and , just take the ADCH value, neglecting the two LSBs in ADCL,then we can get

an 8-bit resolutions.

In this project analog signal in form of voltage from the level sensor is fed to the
microcontroller. As the microcontroller is a digital device and cannot process analog signals
so we need to convert this analog signal to digital form and hence we use the ATMEGA32
ADC.

The ATMEGA32 ADC channel 0 is used for the Analog input and main clock frequency / 8 =
125 kHz is taken as the sampling time. The ADC result is left justified.

3.1.5 Timer Subsystem

The Atmel ATmega32 has a flexible and powerful three-channel timing system. The three
timer channels Timer 0(8-bit timer), Timer 1(16-bit timer), and Timer 2(8-bit timer).

TimerO is only used in this project and so only that is explained in detail.

Timer0 Register Set :
The following figure shows the Timer0Q Registers:
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Timer/Counter Control Register (TCCRO)

FOCO [WGMO0|COMOT [COMO0fWGMOL| CS02 | CS01 | CS00
7 0

Timer/Counter Register (TCNTO)

T ]
Output Compare Register (OCR0)

F 0
Timer/Counter Interrupt Mask Register (TIMSK)

OCIE2 |TOIE2 | TICIE] |OCIETAJOCIEIB| TOIE]1 |OCIEQ | TOIED
i 0
Timer/Counter Interrupt Flag REgister (TIFR)
OCF2 | TOV2 | ICF1 |OCFIA|OCFIB| TOVI | OCEO | TOVO
i 0

Fig 3.5 : TimerO Registers;s
Timer/Counter Control Register 0(TCCRO) :

The TCCRO register bits are used to -

* select the operational mode of Timer 0 using the Waveform Mode Generation

(WGMO[1:0]) bits,

* determine the operation of the timer within a specific mode with the Compare Match

Output Mode (COMO[1:0]) bits, and

* select the source of the Timer O clock and the prescaler to subdivide the main clock
frequency down to timer system frequency (clkr,)using CS0[2:0] bits. [3;

The bit settings for the TCCRO register are summarized in the following figure :
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CS0[2:0] Clock Source
000 None
001 clkyp
010 clk /8
011 clky/64
100 clkyp/8clkyp/256
101 clkyp/Selkyp/1024
110 External clock on TO (falling edge trigger)
111 External clock on T1 (rising edge trigger)

) . Clock Select
Timer/Counter Control Register (TCCRUD)
| FOCO |\\'G_\-1[)[J|COMU] COI\-‘IUL»I\\’G_\lDll Cs02 | Cs501 | CSUUI

7 Waveform Generation 4
Mode
Mode | WGM00:01 | Mode Normal, CTC

0 00 Normal ——p | COMUO| 1:0] | Description

1 10 PWM, Phase Correct 00 Normal, OCO disconnected

2 01 CIC 01 Toggle OCO on compare match

3 11 Fast PWM 10 Clear OCO0 on compare match
11 Set OCO on compare match

Fig 3.6 : TCCRO Register configurationgs

Timer/Counter Register 0 (TCNTO) :

The TCNTO is the 8-bit counter for Timer 0. The timer clock source (clkry ) is fed to the 8-bit
Timer/Counter Register (TCNTO). This register is incremented (or decremented) on every
clock pulse clkrn 3.

Output Compare Register 0(OCRO) :

The OCRO register holds a user-defined 8-bit value that is continuously compared with the
TCNTO register 3.

Timer/Counter Interrupt Mask Register (TIMSK):

The TIMSK register is used by all three timer channels. Timer O uses the Timer/Counter0O
Output Compare Match Interrupt Enable (OCIEO) bit and the Timer/Counter 0 Overflow
Interrupt Enable (TOIEOQ) bit. When the OCIEOQ bit and the I-bit in the Status Register are both
set to 1, the Timer/Counter 0 Compare Match interrupt is enabled. When the TOIEO bit and
the I-bit in the Status Register are both set to 1, the Timer/Counter 0 Overflow interrupt is
enabled [3).
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Timer/Counter Interrupt Flag Register(TIFR) :

The TIMSK register is used by all three timer channels. Timer 0 uses the OCFO(Output
compare Flag), which sets for an output compare match. Timer 0 also uses the
TOVO(Timer/Counter overflow flag ), which sets when Timer/Counter 0 Overflows 3.

Modes of Operation :
The following diagram shows the modes of operation of the TimerO.

Normal Mode (0) Clear Timer on Compare Match (CTC) Mode (1)
(WGMOL: 0, WGMO0:0) (WGMOL: 0, WGMOO0:1)
L'Dcn = :l';__”‘ oY (2x Nx{l + OCRO})
ocCo [ l |
TOP OCRO
OCRO
OCRO

o W TCNT[}W

BOTTOM

= - — oco |—— = = :
frovo frovo) ffovo o ‘ | ‘
fMlag
Fast PWM Mode (2) Phase Correct PWM Mode (3)
WGMO1: 1, WGMO0:0) WOMOL: |, WGMOO:1)
focopw = fak_yo/ (N x 256) focopwn = fax_po/ (N = 510)
||TD'-,-':J| |rm'-;r: | |Imv:1] [rova) frovo] frovo|
TOP TOP
OCRO .
TCNTD CCR0 v |ock TCNTO OCRO OCRO
j : . BOTTOM ’ i \ —BOTTOM
| ' ! 1 | .
OcCo | 1 = 3 DCo 1 =

Fig 3.7 : Modes of operation of TimerQs

Mode 1 (i.e. Clear timer on compare match (CTC)mode) is used in this project .In this mode ,
the TCNTO timer register is reset to 0 every time the TCNTO counter reaches the value set in
OCRO. The Output Compare Flag 0 (OCFO) is set when this event occursgz). A 1 is written to
this flag from the program to clear it.
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3.1.6 Interrupt Subsystem
The interrupt system on board a microcontroller allows it to respond to higher-priority or
unscheduled events occurring during a program execution. These events may be planned, but
we do not know when they will occur. When an interrupt event occurs, the microcontroller
will normally complete the instruction it is currently executing and then transit the program
control to tasks related to the interrupt event. When one interrupt is being served, then no
other interrupt can occur as the microcontroller deactivates the interrupt system for preventing
further interrupts. The tasks, which correspond to the interrupt event, are organized in a
function called the interrupt service routine (ISR). Each interrupt will normally have its own
ISR. Once the ISR is complete, the microcontroller will resume processing where it left off
before the interrupt event occurred.
The ATmegal6 can handle 21 interrupt sources. Three of the interrupts can be from external
interrupt sources, and the remaining 18 interrupts are for the peripheral subsystems of the
microcontroller. The ATmegal6 interrupt sources are shown in Figure 21. The interrupts are
listed in descending order of priority. RESET, INTO (pin 16) and INT1 (pin 17) are external
interrupts and the remaining interrupt sources are internal to the ATmegalb6 3.
To program an interrupt, the user has to do the following actions:
» Associate the ISR for a specific interrupt to the correct interrupt vector address,
which points to the starting address of the ISR.
* Enable the interrupt system globally. This is accomplished with the assembly language
instruction SELI.
* Enable the specific interrupt subsystem locally .

» Configure the registers associated with the specific interrupt correctly.

In this project TimerO output compare match interrupt has been used. The OCRO is assigned
decimal value 155 and TCCRO is assigned 0X0B i.e. the timer is configured for CTC mode
and the inbuilt set main clock source frequency (1MHz) is divided by 64 to give timing system
frequency of 15.6 kHz so that the counter TCNTO increments every 64 microseconds and it
would set the OCFO in 156 ticks i.e. when the TCNTO rolls over to 0 at the 156™ clock tick
after becoming equal to 155 (at the 155" clock tick )which is the value stored in OCRO and
hence cause the TIMERO COMP interrupt to occur in 156 * 64us = 0.01s.

Dept. of Electrical Engineering
N.L.T. Rourkela Page 30



B.Tech Project Report 2011

Program
Vector No. | Address Source Interrupt Definition
$000: RESET External Pin, Power-on Resat, Brown-out
Reset, Watchdog Reset, and JTAG AVR
Reset
2 3002 INTO External Interrupt Request 0
3 5004 INTH External Interrupt Reguest 1
4 3006 INT2 External Interrupt Reguest 2
5 3008 TIMERZ COMP Timer/Counter2 Compare Match
6 5004 TIMERZ2 OVF Timer/Counter2 Overflow
7 §00C TIMER1 CAPT Timer/Countert Capture Event
8 S00E TIMER® COMPA | Timer/Counter1 Compare Match A
g 3010 TIMER® COMPE | Timer/Counter! Compare Match B
10 5012 TIMER1 OVF Timer/Counter1 Overflow
1 3014 TIMERDO COMP Timer/Counter0 Compare Match
12 5016 TIMERO OVF Timer/Counterd Overflow
13 3018 8P, 8TC Sernal Transfer Complete
4 501A USART, RXC USART, Rx Complete
15 501C USART, UDRE USART Data Register Empty
18 B01E USART, TXC USART, Tx Complete
17 s020 ADC ADC Corversion Complete
18 g022 EE_RDY EEFROM Ready
19 5024 AMNA_COMP Analog Comparator
20 5028 T Two-wire Serial Interface
21 5028 SPM_RDY Store Program Memory Ready

Fig 3.8 : Atmel AVR ATMEGAZ32 Interrupts e

3.2 AD7302 DIGITAL-TO-ANALOG CONVERTER

A digital-to-analog converter (DAC) is a device which is used to convert incoming digital
pulses to analog signals to be sent to the next device. Although there are a few
microcontrollers that incorporate the D/A converter on chip, most microcontrollers still need
to use an off-chip D/A converter to perform the D/A conversion function. Majority of

integrated circuit DACs use R/2R ladder to convert digital value to analog value.
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(L5B) DO

(MSB)DT

< - < < < <
aeg aa‘{ aag EFE:§ eRT eeg aa§ 2R
5\/'\/\;-'-\!\/\'-—\!\;\--\3\!\.- a'AA's *0UT
2R R R

R R R R R

Fig 3.9 : R/2R network for converting digital value to analog valuepiy;

The first criterion for judging a DAC is its resolution, which is a function of the number of
binary inputs. For n number of data bit inputs, number of analog output levels is equal to 2"
.Therefore , an 8-bit DAC provides 256 discrete voltage(or current) levels of output.

In this project the signal coming from the microcontroller is in digital format and an analog
power amplifier has to be fed with this control signal. So a DAC is needed to convert the
digital control signal to analog control signal. So DAC AD7302 is used for the conversion as
it has a WR write pin capable of enabling and disabling the DAC , thus latching the values

and preventing them from getting changed when needed.

The AD7302 is a dual channel 8-bit D/A converter chip from Analog Devices that has a
parallel interface with the microcontroller. The AD7302 converts an 8-bit digital value into
an analog voltage.The AD7302 is designed to be a memory-mapped device. Its pin

configuration is given in the following figure.

(msB) DB7 [1] ® 20] bGND
pBs [Z] 18] Voura
085 [3] 18] Voure
oB4 [4] 7] AGND

pB3[s| AD7302 [16] REFIN

oB2 TOP VIEW [75] v
E(NuﬂoScalB] ] f

DB1 [7] 14] TR
(Ls8) DBo [&] 3] oAt

S El 2] PO

W [1] 1] s

Fig 3.10 : Pin configuration of AD7302[7]
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In order to send data to AD7302 ,the CS signal must be pulled to low. On the rising edge of
the WR signal the values on D7-D0 will be latched into the input register. When the signal
LDAC is low , the data in input register will be transferred to the DAC register and a new
D/A conversion is started. The PD pin has to be pulled high for its functioning. The AD7302
needs a reference voltage to perform the D/A conversion. The reference voltage can come
from either the external REFIN input or the internal Vpp . The A/B signal selects the channel

A or B to perform the D/A conversion.

The AD7302 operates from a single +2.7V to +5.5V supply and typically consumes 15mW at
5V, making it suitable for battery powered applications.Each digital sample takes about 2us to
convert .

The output voltage Voua Or Vous from either DAC is given by:

Voutas =2 * Vies * (N/256)

Where Vs = is the voltage applied to the external REFIN pin or VDD/2 when the internal
reference is selected.

N is the decimal equivalent of the code loaded to the DAC register and ranges from 0 to 255.
If the voltage applied to REFIN pin is within 1V of Vpp, Vpp is used as the reference voltage
automatically. Otherwise voltage applied at the REFIN pin is used as the reference voltage

[71[23]-

3.3 LM675 POWER AMPLIFIER

The LM675 is a monolithic power operational amplifier featuring wide bandwidth and low
input offset voltage. It is equally suitable for AC and DC applications. The LMG675 is capable
of delivering output currents in excess of 3 amps, giving upto 30W power, operating at supply
voltages of up to 60V. The amplifier is also internally compensated for gains of 10 or greater.
Its applications are

e High performance power op amp

e Bridge amplifiers

e Motor speed controls

e Servo amplifiers

e Instrument systemsg;
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I—— —
T T3 QUTPUT
T T 5 —Ve
T T N
T T > +IN

O

Fig 3.11 : LMG675 Pin diagrampg;
In this project the analog control signal has to drive a 12V water pump needing 3A current

= M oW oo

but the signal coming from the DAC is of 5V and milliwatts range and hence is insufficient to
drive the pump. So we need to connect a power amplifier to boost the signal coming from the

DAC so as to be capable of driving the pump.
3.4 Water Pump

The pump is a small 12V water pump drawing about 3A when operating at the full-scale

voltage

Fig 3.12 : Water pump used in the projecty;

3.5 Liquid level sensor :

A rotary potentiometer type level sensor is used in this project. The sensor consists of a
floating arm connected to the sliding arm of a rotary potentiometer. As the level of the
floating arm changes due to the changing height of the liquid in the tank, the resistance of the
rotary potentiometer changes.

A voltage is applied across the potentiometer to form a voltage divider and the change of
voltage is measured across the arm of the potentiometer. The voltage changes from 3.2 V
when the floating arm is at the bottom to 4.6 V when the floating arm is at the top.
Depending on the desired height of the liquid to be set as set-point, the corresponding voltage
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across the rotary potentiometer is our required set-point which has to be maintained by the

controller.

Fig 3.13 : Rotary potentiometer liquid level sensor used in the projectpy
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CHAPTER 4

TESTING AND INTERFACING OF THE
DEVICES

4.1 TESTING OF DEVICES
4.1.1 Testing of ATMEGA32

Before using ATMEGAZ32 in real time, programs are written and simulated to see if they
execute as desired or not and give the correct output or not. AVR Studio 4’s simulator is used
for this purpose. This helps in easy debugging. If programs are directly used in real time then
in case the desired result is not obtained then it becomes difficult to trace where the fault lies.
So it is advisable to first simulate and then use the program in real time. So during the whole
course of project work, all programs were first tested by simulating in AVR Studio and then

dumped into the microcontroller for execution in real time.

The AVR Studio 4 is an Integrated Development Environment(IDE) for debugging AVR
software. The AVR Studio allows chip simulation and in-circuit emulation for the AVR
family of microcontrollers. The user interface is designed in such a way that it is easy to use
and gives complete information overview. The IDE has several windows that provide
important information to the user. The main windows of interest are the Workspace, Source

Code, Output, and Watch windows. These can be seen in the next page in figure 4.1.

The AVR uses the same user interface for both simulation and emulation. The AVR Studio
uses a COF object file for simulation. This file is created through the C compiler by selecting

COF as the output file typepi2.
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Fgure 5. IDE Windows

Chatput Source Code

Wor! 1 Watch

Fig 4.1 : A sample of IDE windowsj12]

In the following figure we can see that in the right side we can see the status of the different

PORTSs, the ADC registers , the timer registers etc
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Loaded plugin STK500

Loaded partfile: C:'\Program Files\Atmel\AVR Tools\PartDescriptionFiles \ATmega 16
AVR Simulator: Please wait while configuring simulatar ...

AVR Simulator: ATmega 16 Configured OK
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Fig 4.2 A snapshot of a program being simulated

4.1.2 Testing of ATMEGA32 ADC

=) Lni4, Coll

Varying voltage was given at pin no 40 PAO of the microcontroller and the ADC outputs
ADCL and ADCH were transferred to PORTC and PORTD respectively to record and
analyze the outputs. The results are tabulated as follows :
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Table 4.1 - Observations for output of ADC of ATMEGAS32 for varying input given at ADC
channel 0 of ATMEGAS32

I/P O/P voltage at the respective pins of PORTC and PORTD O/P voltage
volt (in volts) (converted
(in to binary)
volts)

PD1 |PDO | PC7 |PC6 |PC5 |PC4 |PC3 |PC2 |PCl |PCO
037 |0 0 0 0 492 |0 492 1492 |0 0 0000101100
0.482 | O 0.001 | 0.005 | 495 |4.93 |0.07 |493 |493 |0.06 | 4.89 | 0001101101

0.751 | 0.002 | 0.002 | 495 | 0.001 | 494 |0.01 |494 |494 | 495 | 0.002 | 0010101110

0.932 | 0.001 | 0.001 | 495 | 0.003 | 494 | 0.1 494 1494 |0.06 |4.94 | 0010101101

1.224 | 0.002 | 0.001 | 495 |495 |493 |0.008 | 493 |493 |495 |495 | 0011101111

1.49 | 0.005 | 0.002 | 0.002 | 0.001 | 493 | 0.013 | 493 |4.94 | 495 | 0.003 | 0000101110

1.98 | 0.004 | 0.004 | 495 | 0.002 | 493 | 0.012 | 493 |493 |0.02 |49 0010101101

1.765 | 0.02 | 495 |0.002 | 495 |493 |0.01 |493 |493 |0.001 | 0.006 | 0111101111

228 10.002 | 495 |495 |495 |493 | 0015|493 |493 |495 | 495 | 0111101111

2504 |1 495 | 0.001 | 0.001 | 0.001 | 4.93 | 0.011 | 4933 | 494 | 4.3 4.3 1000101111

2.771 1 495 | 0.001 | 0.001 | 0.001 | 493 | 0.015|4.93 |4.93 | 0.001 | 495 | 1000101101

2,911 | 4944 | 0.001 | 0.001 | 4.944 | 4.927 | 0.073 | 4.928 | 4.927 | 4.944 | 4.944 | 1001101111

3.027 | 495 | 0.000 | 0.002 | 495 | 493 | 0.013|493 |4.93 |4.95 | 0.001 | 1001101110

3.261 | 495 | 0.001 | 495 | 0.003 | 493 | 0.015|4.94 |49 0.002 | 4.7 1010101101

348 495 |0.001 | 495 |495 |493 |0.014|493 |493 |495 | 495 | 1011101111

3.73 1495 |495 |0.001 | 0.001|493 | 0011|493 |493 |495 | 495 | 1100101111

4032 | 495 |495 | 006 |495 |493 |0.013|493 |4.93 | 0.011 | 4952 | 1101101101

426 |495 |495 |0.005|494 |493 |0.011 493 |494 | 495 | 0.008 | 1101101110

4497 | 495 | 0.005 | 4.951 | 0.002 | 4.936 | 0.011 | 4.9 4.9 4.9 4.9 1010101111

475 495 005 |495 |495 |493 |0.01 |493 |493 | 0.004 | 495 | 1011101101

494 |495 |495 | 495 |495 |493 |0.021 |493 |493 |495 |495 | 1111101111

From the tabulated data we find that the microcontroller gives approximately the correct
expected values after converting the analog i/p voltage to its equivalent 10-bit digital value.
The formula it obeys is —

decimal equivalent of i/p voltage = i/p voltage * 1024 / 5

The decimal equivalent is then converted to binary and compared with the last column of the
above table and is almost found nearby.
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4.1.3 AD7302 Testing

Different combinations of binary 1 and 0 i.e. +5 volts and 0 volts were given at the input pins

of the DAC and the outputs were recorded in the following table.

Table 4.2 - Observations for outputs of DAC for different combinations of its binary inputs

I/P voltage(binary)

O/P voltage(volts)

D7

D6

D5

D4

w

N

[

o

o

o

o

o

0.018

0.037

0.057

0.077

0.096

0.115

0.135

0.154

0.174

0.193

0.212

0.232

0.251

0.271

0.291

0.310

0.327

0.346

0.366

0.386

0.405

0.424
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0.464

0.482

0.502
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It was found that the outputs were almost equal to the theoretically calculated values of D/A

conversion value given by the following relation-
DAC o/p value = (decimal equivalent of i/p binary + 1) * 5V / 256

4.1.4 LM675 Testing

The circuit for testing the power amplifier is as follows.Varying input was given at the input
terminal and outputs were tabulated. A plot was made with input voltages as x-axis and output
voltages as y-axis and the curve was found to become horizontal at input voltage = 4.02V and

the corresponding output voltage was found to be 11.03 volts.

Fig 4.3: LMG675 application circuit diagramg;  Fig 4.4: LM675 circuit used in the project

Fig 4.5: LMG675 circuit testing
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Table 4.3 - Observations for outputs of LM675 for varying inputs

I/P voltage(in volts) | O/P voltage (in volts)
0.47 1.18
0.75 1.90
0.98 251
1.22 3.14
1.45 3.78
1.76 4.56
2.00 5.22
2.24 5.84
2.50 6.55
2.76 7.27
2.95 7.77
3.23 8.52
3.55 94
3.706 9.82
3.76 9.97
3.838 10.17
3.934 10.43

4.024 10.64
4.076 10.80
4.08 10.83
4.091 10.84
4.13 10.98
4.16 11.01
4.20 11.03
4.25 11.03

4.5 11.03

4.7 11.03

5.0 11.03

The maximum output obtained from the LM675 power amplifier is 11.03 volts , which is
sufficient to drive the water pump. It can be seen that the power amplifier has an almost
constant amplification gain of around 2.65 i.e. the ratio of o/p voltage and i/p voltage is fixed
and they obey a linear relation to each other .Thus the amplifier linearly amplifies the i/p

voltage till saturation. This is evident by the following graph :
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LM675 I/0 characteristics
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Fig 4.6 : 1/O characteristics plot for LM675

4.2 INTERFACING OF DEVICES
4.2.1 Interfacing of AD7302 to ATMEGAS32

The input pins of the DAC were connected to PORTD of the ATMEGA to receive the digital
signal from the controller output and the write pin of the DAC was connected to the pin 0 of
PORTC for receiving a periodical square wave from the microcontroller to enable/disable the
DAC.

Fig 4.7 : ATMEGAS32 interfaced with AD7302
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4.2.2 Testing of the interfaced AD7302 and ATMEGAZ32 circuit with a

small algorithm

The following circuit was made in the breadboard:

R, L1 MIEROCONTROLLER * * - o0 0011010
PR - == chLg ...... T
. Potmpa 2 |
— by PCRTCH 3* ............................
. e e CAYETA HTALZ PCITIRE = e T I
...... . - PCATOD 22 .
j T = eamanco posTol [ 2L - .|l s D e DACT DT DD
=— PAUADCT PCETOSC _JE . .
E = RARADGE PCTTOSGE - g woh AEFIN  GLA
=—— PRIADCT . oo
PAMWADG S P DOVRD :—;I ------ s
PASADGS FONTHD = G (3]
PAGADCS POZINTO 17—‘ . . E‘ RlsLE
PATIADGT POFINTI [— = 0z
o Prwcra |12 e
— PEOECKTO PDSOC 1A = o3
PEATA FOGKP 5 o p AD7302
PEZINTZAIND FOTMOGCE D
PEIOCIAIN - S ]
PEHES - o5 B
—— PESTOE] PR - LDAC
| s avee [T ] z |- =
T e AREF | y P
............... . o7 L
............... ATMESAT L] -
............................................... 10 Ly G5 DOND AGHD | - - - - - - e e e e
[ PR | L

Fig 4.8 : Circuit for the dummy representation of the actual liquid level control circuit

The potentiometer which represents the ‘rotary potentiometer type liquid level sensor’ is
interfaced to pin 0 of PORTA of the microcontroller which is configured as input port. The 8
pins PORTD of the microcontroller are respectively connected to the 8 input pins of the DAC
AD7302 for transferring the digital value of the desired output voltage so as to operate the
actuator which is represented by the LED in this circuit.

In the DAC the CS signal is permanently pulled low so as to continuously transfer data to the
it. Pin 0 of PORTC of the microcontroller feeds high value to the WR signal of the DAC due
to which the input data is latched to the input register. LDAC is permanently pulled low so as
to transfer data continuously from the input register to the DAC register and start a
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conversion. Making A/B signal low stores the output value in DAC A. At the output pin A of
the DAC , the LED is connected so as to see its response to the output voltage generated by
the DAC. If the circuit and the code function properly then the brightness of the LED should
vary proportionately with varying input to the microcontroller.

The above circuit is just a demo of the actual liquid level control circuit. This is a logical
representation of it as the potentiometer is used to represent the liquid level sensor(which is
nothing but a rotary potentiometer which would give input voltage as per to the level of
water) and the LED in the output circuit is used to represent the pump of the actual circuit.
The brightness and the ON/OFF of the LED will represent the opening and closing of the
pump. In the actual circuit the controller part hardware is same but the input and output
sections are different. The output of AD7302 is taken to a power amplifier LM675 to boost

the DAC output current so as to be sufficient to be able to operate the pump.

The assembled hardware for the circuit in the previous page is as shown :

For grounding

From Const +5 volts source

From Varying i/p voltage source
o) o L 0 - 5 volts varying ( acts as
E\ A I ey ey ' _ potentiometer of previous cct)

............

......
.........

ATMEGA3

--------

e
--------------

AD7302

------ . .
- w
BRAd dwmesd e

Fig 4.9 : Dummy representation of the actual liquid level control circuit using LED in place of
pump
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0-5 volts Variable
voltage source

. Common
| <
»  ground

Constant +5 volts source

&

Fig 4.10 : Varying and fixed voltage supplies being fed to the circuit

The following simple control algorithm was tried at first to see the proper functioning of all
the circuit components and to learn implementation of a control algorithm using a
microcontroller for a real time system. The C code implementing the algorithm was compiled
and fed to the microcontroller to test the working of the circuit. The code checks for the
working of the circuit by glowing the LED if the input potentiometer voltage is more than the

mid-value.
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Algorithm:
Initialize PORTA as input port and PORTC and
PORTD as output port
Take analog input voltage from potentiometer ﬂ
Convert analog voltage to digital value using
ADC of ATMEGA32 and store it in variable
‘voltage’
age< 512 Switch on LED
™
L—1———— Don'tswitch on LED
I

Fig 4.11 : A simple control algorithm flowchart

Code:

#include<avr/io.h>

void main()

{

int voltage;

DDRA=0X00; // configure PORTA as i/p port

DDRC=0XFF; // configure PORTC as o/p port

DDRD=0XFF; // configure PORTD as o/p port

while(1)

{

PORTC=0X01; //disables D/A

ADMUX=0XCO; //select ADC channel,reference
voltage, left/right justification
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ADCSRA=0XC3; //enable and start A/D conversion and select
prescaler bits for ADC sampling frequecny

while(! (ADCSRA&0OX10)); // wait for conversion to complete

ADCSRA=ADCSRA|0X10; // clear interrupt flag

voltage=ADC ; // store ADC value in voltage variable

iT(voltage<512) //if voltage less than mid-value

PORTD=0X00; //LED in OFF state

else

PORTD=0XFF; // LED in ON state

PORTC=0X00; //enables D/A

PORTC=0X01; //disables D/A

}

ke
While testing this code the LED was found to respond to the algorithm.

Fig 4.12: LED OFF as i/p voltage below Fig 4.13: LED ON as i/p voltage above mid-
mid value value

The glowing of the LED shows that the interfaced circuit of ATMEGA32 and AD7302 are
responding correctly and hence the LED can be replaced with the LM675 circuit.
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4.2.3 Interfacing of LM675 to AD7302

The output of the DAC was connected to the input of the power amplifier so that the current

magnitude will be raised so as to be sufficient to drive the pump.

Fig 4.14 Interfacing of LM675 with AD7302
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CHAPTER 5

i

DEVELOPMENT OF
DISCRETE PI
CONTROLLER
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CHAPTER S

DEVELOPMENT OF DISCRETE PI
CONTROLLER

5.1 CONTROLLER REALIZATION IN DISCRETE DOMAIN

A standard equation of PID controller is

u(t) = kfe(t) +— Jy e(?)dr } (5.1)

where the error e(t) is the controller input and is the difference between the setpoint and plant
output, and the control variable u(t) is the controller output. The two parameters are k (the
proportional gain), Ti (integral time constant) , which are to be appropriately fixed by tuning.

Performing Laplace transform on (4.1), we get
G(s) =k (1+— ) E(5) (5.2)

This can be written in an alternative way ,a widely used form of PI algorithm is called the

‘Parallel form” which is as follows:

u(t) = kpe(t) + ki f; e(t)de (5.3)
which on taking its laplace transform becomes

G(s) = kpE() + = E(S) (5.4)

We can compare Equations (4.2) and (4.4) and note that
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For using PI algorithm in our project ,digital implementation of PI is needed ,so we need a Z-
transform of the parallel form Equation (4.3) , as z-transform is for discrete domain just like

the s-transform which is for continuous domain. So by converting to z-domain ,we get

k

U@z) = [kpt 1_;—1)] E(2)

(kp + ki )+(—kp)z™*

1-z71

= [ 1EQ)

k1+k22_1
1-z71

E(2) (5.5)
Where K; = Ky + ki
ko=-Kp
Rearranging the terms in Equation (4.5) gives
U@z)-Z'U(@2) = [ki+ k2 Z] E(2)

which when converted back to difference equation gives us a relation between the controller
o/p and the recent and previous errors,as follows

u[k] = u[k-1] = ki e[K] + k» e[k-1]
or u[K] = ki e[K] + ks e[k-1] + u[k-1] (5.6)

Thus we obtain a form suitable for implementation in digital controllers like microcontroller.

The above form is called velocity form of PI algorithm ).

5.2 DETERMINATION OF CONTROLLER
COEFFICIENTS

The PI controller coefficients are determined by Ziegler-Nichols tuning method by giving a
step response to the liquid level system and conducting an open loop step response test. A step
of 200 decimal value whose corresponding voltage is 200 * 5V /256 = 3.906 volts is sent to

the DAC from the microcontroller. The height of the water inside the tank is recorded in real
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time in terms of the voltage across of the level sensor with the help of a DAQ 6221 card and

the Labview software. DAQ 6221 card is a small electronic card which is connected to the

parallel port of the PC. The card has sensors to measure physical quantities such as intensity,

sound level, voltage, humidity, and temperature of different systems. Labview software runs

on a PC and can be used to record the measurements of the DAQ 6221 card in real time.

The software includes a graphical option which enables the measurements to be plotted ;.

The following figure shows the circuit diagram and hardware set up for conducting the open

loop step response test.

Sl B
........ @) °°ococeooecooannooooooanooonooononaon|sooacool|os|osl|oo
Lo - - S MIEROCOMTROLLER * - - v
.|}_L =] g
..... PN T EETERESE
...... el Pos B - . .. .
PowTDO 2 - e [
ETDED e | TR ] 5 | |1s o
PAAADE | POATOSG] [ - - - - - -
PAZIADGZ PCTMOEGE o - - - - - - ° e WDD REFM GLR
pames b
s PASADCS PDWTHD 15 T o1 s
s PASADCS FDZ‘IIT\:I—E—| . RUCY
. PATIADCT POIINTI AT 5 Dz T
0 FIw0C1E | ° 0 ° o
PRV KT Posoc 1a 12 e L}
PRI DS R o s AD7302
PEZINTZAIND POTHOICE + LEY
PEIOC VAIN 1 - o
= oo A1s
PESMO S | ° o
R pr=min e
ANERAE . . . ™
D R UG39 DEUD S5O0
::::::::::::::::::::::::::::::::::::::::::::::::::::::iiﬂ ....
BV PUMP
LEVEL
PC (PICOLOG SOFTWARE) SENSOR
Dr Da
(0r Dac) L
 —
f —

Fig 5.1 : Circuit diagram and Hardware set up to record the open loop step response
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The following is the code for sending the step signal to the liquid level system. As explained
in section 3.1.3 the PORTSs are first configured as i/p or o/p port. Then the D/A is disabled by
setting its WR pin so that the value sent to the D/A is latched. A step signal of 200 is sent and
the D/A is enabled by clearing the WR pin so that the step signal can be transferred to the
DAC. Then again the D/A is disabled to latch this value so that it doesn’t accidentally change.

#include<avr/io.h>

void main()

{

DDRC=0XFF; //configure PORTC as o/p port
DDRD=0XFF; //configure PORTD as o/p port
PORTC=0X01; //disable D/A

PORTD=0XC8; //send step signal of value 200
PORTC=0X00; //enable D/A

PORTC=0X01; //disable D/A

while(1)

{

¥

¥

The following figure shows the output of the LABVIEW program for recording the step

response.
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Fig 5.2 : Output of the open loop step response test

The above curve is transferred to MATLAB and tangent is drawn to the curve such that it has
the maximum possible slope and its x-intercept determines the Pl parameter Tp (the delay
constant). The rise in voltage from starting to stable point determines the PI parameter K and
the time difference between the intersection of the tangent with the line passing through the
stable part of the curve and Tp would give the Pl parameter T_ (the time constant of the

system).These can be experimentally determined for the liquid level system as follows:
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Fig 5.3 : Experimental determination of Pl parameters from the open loop step response test
From the above plot we get Tp=2.53 sec, T =30.12 sec and K =5.64 .

Thus the transfer function of the system is :

5.64 253
GO)=—F
14+30.12s

As sampling time is normally chosen less than one-tenth of the system time constant i.e.

(30.12 sec / 10) in this case , so we chose sampling time of 0.1 second in this project.

The PI coefficients K, and T; can be determined by open loop Ziegler Nichols settings as

shown below in the following Table :
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Table 5.1 — Open loop Ziegler Nichols settingsyy

Controller K, T; s
Proportional ;;}.D
0.9T
PI . 3.3Tp
127 .
PID o 2Tp 0.5Tp

Thus we obtain k, = 1.9 and T;= 8.345.

Hence we can write the PI equation given in equation (5.6) as follows :

u[k] = ky e[K] + k2 e[k-1] + u[k-1] (5.7)
Where Ky = ko + ki = Ky + ko T/ Ti = 1.9 + 1.9%0.1/8.345 = 0.02277

k2: = kp: '19

5.3 DISCRETE TIME Pl ALGORITHM

The PI equation (5.7) can be directly implemented in microcontroller following the below

algorithm
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\ 4
Initialize ADC and
read ADC value

v

Read setpoint sy
Read output yy
Calculate error e,

y
Calculate controller
output uy

v

Send to D/A

A
Update variables

end

Fig 5.4 : Flowchart for the discrete P1 algorithmyy

The code for implementing the above algorithm is as follows :

double e,el,u,delta u

ki = kp + Ki;

ko = - Kkp;

void pid()

{

e1 = e ;// update error variable

Yy read ADC; // read variable from sensor o/p

e = setpoint — y ; // compute new error
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delta u = k;s * e + ky *e; ;

u=u + delta u ;

ifT(u> UMAX ) u = UMAX ; //1imit the controller o/p to DAC
range

if (U<UMIN) u = UMIN ;

write DA(u) // send to DAC chip
}s1
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CHAPTER 6

o

IMPLEMENTATION OF
CONTROLLER
ALGORITHM
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CHAPTER 6

IMPLEMENTATION OF CONTROLLER
ALGORITHM

The circuit diagram and the hardware set up for the closed loop liquid level control sytem is
as follows :

........ @) °°° a0 a0aocno000000000a0an0a00 00000
Lol - o0 MICROCONTROLLER - - - -0 o AU IR I
| AT ] 2 e remmerl)=——— 1 Dl
e R EEEEEN B = ooz |2
..... 0 o2
. & RYETA HTALZ PCITHE
. o PESTD | t !
P 1

Level feedback
5V PUMP,
LEVEL
PC (PICOLOG SOFTWARE) SENSOR
= DATA WATER TANK =
LOGGER
(Dr Daq)

e (o

Fig 6.1 : Circuit diagram and hardware set up for the closed:Ioop liquid level control system
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Pump

Tank in which
level of water
is to be
controlled

Level sensor

Reservoir tank
from where

water is
Fig 6.3 : A snapshot of the Liquid level system model pumped
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Fig 6.4 : A snapshot of the Liquid level system interfaced with the control circuit and being

controlled implementing the controller algorithm

The microcontroller operates at 1 MHz frequency. The ADC channel 0 is connected to the
output of the level sensor of the plant (y). The PORTD output of the microcontroller is
connected to AD7302 type D/A converter. The output of the DAC is connected to the LM675
power amplifier which drives the pump. The sampling interval is 0.1s (100ms) and the timer

interrupt service routine is used to obtain the required sampling interval.

The program for the liquid level system controller is written following the below algorithm :
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@ sr: Center D

Initialize the ports ,
set point s, and
variables

no
Check if 10 interrupts

are generated

\ 4
Disable D/A

Initialize A/D and store o/p
A of ADC in o/p variable yy

Initialize timer and

timer interrupts

Calculate error ey

\ 4
Calculate controller o/p uy

Waitin an
endless loop
for an interrupt

y

Enable and then disable D/A

A
Update variables

y

—»G{eturn from interrupt>

Fig 6.5 : Flowchart for the liquid level control system program

In the beginning of the main program, the controller parameters are initialized. The
program consists of the functions Initialize_Timer, Initialize_Read_ADC, and the
interrupt service routine (ISR). The timer is initialized in such a way that it interrupts
every 10 ms. As ISR routine is entered ,it is first checked if 10 interrupts are over i.e 100ms
is lapsed(ensuring that controller sample time is 100ms) and then the Initialize_Read_ADC

function is called which initializes the ADC and reads the analog i/p from the level sensor
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and after converting it to digital value stores it in variable yx .The error ey is then calculated
and the PI algorithm is then implemented. The controller output ug is sent to the DAC by
enabling the DAC and also taking into consideration that the D/A converter is limited to
full scale, i.e. 255. After sending an output to D/A, the DAC is disable to latch the current
value so that it doesn’t change accidentally. The variables are then updated and at the end the
ISR routine re-enables the timer interrupts and the program waits for the occurrence of the

next interruptpy.
The program is as follows :

#include<avr/io.h>
#include<avr/interrupt.h>
#include<stdint._.h>
#include<stdio.h>

volatile unsigned int time_now=0;
float kp,b,uk _1,ek 1,ek,sk,yk,wk,T,Ti;

unsigned int uk;

/*The TfTollowing Tfunction 1initializes the timer0 so that

interrupts can be generated at 10ms intervals */

void Initialize Timer(void)

{

TCCRO=0X0B; //CTC mode is selected and 1MHz/64 = 15.6 kHz
timing frequency i1s chosen so that counter TCNTO
increments every 64us

OCRO=0x9B;// compare value i1s 155 in decimal

TCNTO0=0X00;// counter starts from O

asm('sei™) ; // global interrupt is enabled

TIMSK=1<<0OCIEO;//output compare interrupt is enabled

}
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/* The fTollowing function reads data from A/D converter and

stores it In variable yk */

void Initialize Read_ ADC(void)

{

ADMUX=0XEO; //selects the channel and reference voltage for
A/D conversion

ADCSRA=0XC3; //starts conversion & selects 1MHz/8 = 125kHz

as the clock for sampling

while(!Y(ADCSRA&0OX10)); //wait till conversion completes

ADCSRA=ADCSRA|0X10;//clear the AD interrupt flag

yk=ADCH; //sensor output in V iIs stored in yk

}

/* The following function i1s the ISR and program jumps here
every 10ms */

ISR (TIMERO_COMP_vect)

{

TCNTO=0X00; // reload the timer counter for next interrupt
TIFR=0X02;// clear timer overflow bit by setting it so that
next timer overflow iInterrupt can

be detected
time_now++; //counts number of interrupts
if(time_now==10) //ADC is started every 100ms , so 100ms
becomes the sampling time
{
time_now=0;
Initialize_Read ADC(Q);
ek = sk - yk; //error is calculated
wk = kp*ek + b*ek - kp*ek 1 + uk_1;//P1 algorithm
iT (wk > 255) //exceeding 8-bit value,so limit 1t to
maximum 8-bit value
uk=255;
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else

uk=(unsigned int)wk;//converts the float to iInt
PORTD=(unsigned iInt)uk;

PORTC=0X00; //enable D/A

PORTC=0X01; //disable D/A

ek _l=ek;

uk 1=uk;

3}

/* The main program initializes the variables, setpoint, DAC
etc and then waits In an endless loop for timer iInterrupts to
occur every 100ms */
int main(void)
{

DDRC=0XFF;

DDRA=0X00;

DDRD=0XFF;

kp = 1.9;

T=0.1;

Ti=8.345;

b = kp*T/Ti;

uk_1 = 0.0;

ek 1 = 0.0;

sk = 200; //=3.830

PORTC=0X01; //disable D/A

Initialize_Timer();

for(;;); // wait for an iInterrupt
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CHAPTER 7
RESULTS AND CONCLUSION

7.1 RESULTS

The closed loop response of the liquid level control system is recorded in LABVIEW as

follows :
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Fig 7.1 : Closed loop response of the liquid level control system recorded in LABVIEW
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The output response of the PI controlled liquid level closed loop system is as follows :

-) Figure 1 @fgl

File Edit Yiew Insert Tools Desktop Window Help
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Fig 7.2 : closed response of Pl controlled liquid level system

It can be seen that the liquid stably reaches its desired height which corresponding to the level
sensor output voltage of 3.8 volts is set as the set point and stops there without increasing
further. On draining out the water from the tank, the pump starts again to fill the water till the
set point and then stops again. So we can see that the PI algorithm is properly followed and
hence we have successfully designed an automatic digital controller for a liquid level system.
There is no need for manually switching on or off the pump as it can be automatically

controlled.
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We can also compare the simulated result and the experimental result to see if the controller
behaves as expected with almost same PI coefficients used in both simulation and experiment.
The compared results are as follows :

) Figures - Figure 1 ? X

DeE& h RQAN® € IH 50 BOEE&Ox

== Simulated Result
— -~ Experimental Result

Voltage(V)

0 ! I I I I I
10 20 30 40 50 60

Time(Sec)

Fig 7.3 : Comparison of experimental and simulated results

7.2 CONCLUSION

% The liquid level digital system is controlled using a simple PI controller.

s The ATMEGA32 microcontroller , AD7302 DAC , LM675 power amplifier are quite
inexpensive and hence we could design the controller at a cheap price.

% The testing of the devices — the microcontroller, the DAC, the power amplifier gave
approximately expected results and thus give correct results during the implementation
of the controller algorithm.

% The whole controller set up gave similar simulated and experimental results thus

resulting in fine and accurate control of level of liquid at the desired height.

Dept. of Electrical Engineering
N.LT. Rourkela Page 72



B.Tech Project Report 2011

% Selecting ATMEGAS32 helps in 10 times faster execution(compared to conventional
microcontrollers like 8051) and more effective performance as its each instruction
takes only one clock cycle for execution and multiplication process takes 2 clock
cycles for execution , whereas other microcontrollers take more number of cycles.It
also reduces the need of using external ADC thus simplifying the circuit.

% Selecting AD7302 helps for accurate performance as it has the WR pin which when
pulled high, latches its value thus preventing it from accidentally changing.

s The system can be of use in industrial applications for accurately measuring and
controlling the level of liquid as needed in boilers in power plants , petroleum
industries ,pharmaceutical or chemical industries etc.

It can also be used for household applications for preventing overflowing of tanks thus

saving electricity and water.
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APPENDIX

List and cost of components is given below. The components were procured from different
places from India. The prices given are approximate and vary depending on manufacturer and
place of purchase.

S.No. Components name Quantity Price (in Rs)
1. ATMEGAZ32 Microcontroller 1 230
2. AD7302 Digital-to-Analog Converter 1 320
3. LMG675 power amplifier 1 340
4, Water pump(12V, 3A) 1 200
5. Rotary potentiometer level sensor 1 300
6. Crystal oscillator 1 25
7. Resistor(68k, 22k ,15k,1.5k,1,180) 1 each 0.5 each
8. Capacitor(33pF,33pF,0.22uF) 1 each 2 each
0. Wires for connection As per to need 10
Sum total cost of all components = Rs 1434

This is the approximate total cost of major components needed in the Liquid level control
system. Other components like for the stand , water tank , pipe for water flow etc can be
procured from scraps and constructed in situ and hence the price of those components are not
included.
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