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ABSTRACT

Transducer is an device that convert one form of energy into an other form of energy. In Embedded system
designs, these transducers plays key role about control the applications. Analog quantities are converts into
binary form and then make digitized. Similarly digital data processed to make analog output. The two methods
use 8051 microcontrollers for control applications separately. Now a new design is proposed that a single
microcontroller is interfaced to both ADC & DAC at an instance. It is helpful to many mechanical control
applications like refrigeration and air-conditioning. As an example working model for air conditioner is

explained.

INTRODUCTION

Before to know how it is interface the both
ADC and DAC into microcontroller, it is good to
introduce about conversion processes of both
methods. In ADC, a procedure starts with input
data is sampled, quantized and then convert into
binary form with decoding process. In DAC, the
decimal input data initially processes to binary
form and then output observed as analog. The
following concepts are briefly explained about both
ADC and DAC.

Working principles of air conditioner

Ambient temperature affects directly working
performance of persons. Hot or cold environment
do certainly not sustain higher working efficiency
and thermal comfort. Outdoor climate may not be
convenient for working condition. However, indoor
climate can be adjusted according to personal
preferences. Generally, air conditioners are used
for these purposes. The amount of cooling or
heating indoor varies depending on outdoor and
indoor temperatures. The cooling and heating can
be achieved by an air conditioner. When the air
conditioner is on, the compressor operates at a high
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speed in order to cool, or heat the room quickly. As
the room temperature is equal to the reference
temperature, the compressor slows down,
maintaining a constant temperature and saving
energy.

ADC &DAC

A microcontroller is a chip that combines all the
components of a microprocessor-based system with
an integrated circuit. Microcontrollers are used as
digital to analog to converter and analog to digital
converter. Although analog to digital conversion
(ADC) applications are very common, digital to
analog conversion (DAC) applications are not so
common but DAC is used in driving various
electronic devices, sensor circuits and LED driving
circuits. The aim of this project is to generation of
PWM signal, filter design and the regulation
process of DAC.

This study concerns an implementation of DAC
for Microcontroller. This experiment aims to teach
PWM signal generation, digital analog conversion
and filter design in the direction of programming
and electronic information that learns. It is
expected to generate the PWM signal by a
microcontroller, convert this signal to analog using
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a filter, and design the required ripple filter circuit.
Combining microcontroller programming with
analog circuit design is expected to improve
student’s expertise and motivation.

At first, it is explained how to generate PWM
signal by using microcontroller. Then, technical
information was given about the required filter
designs and the signal values converted to digital
were shown on the liquid crystal display (LCD).

Pulse Width Modulation (PWM)

PWM is a technique for obtaining the analog
signal desired to be produced at the output by

controlling the widths of the pulses. The
application of PWM technology is becoming
increasingly widespread. PWM method is widely
used in areas such as switching Mode power
supplies, telecommunication, applications and
power circuits. In this experiment, the PWM signal
generated by the microcontroller is used as digital
data. When PWM signal is generated, two
components are considered: duty cycle and
frequency as shown in fig 1.
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Fig.1 Duty Cycle Examples

The duty cycle determines the ratio of time
while the PWM signal is high to the period of the
signal. Frequency is simple the frequency of the
signal.

Low-pass and Ripple Filter Design

An electrical filter is a circuit that can be
designed to reshape or reject all undesired
frequencies of an electrical signal to transmit
signals sought by the circuit designer. In this
design a low pass filter and a ripple filter were
used. Filter design is shown in the figure.2. The
low pass filter consisting of diode, capacitor and
internal resistance of the system is used to find the

DC signal corresponding to the PWM signal
generated by the microcontroller. In this way, high
frequency signals are blocked while low frequency
signals pass. The signal obtained by suppressing
the high frequency signals becomes smoother.
When the PWM signal we have produced is high,
the capacitor is charged. We used the diode to
prevent the capacitor from discharging when the
signal is low. Ripples are observed in the PWM
signal passing through the low-pass filter. A ripple
filter designed with using inductance and capacitor.
And the ripple filter is used to eliminate these
fluctuations.
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Fig. 2 Filter Circuits

Digital to Analog Conversion

Digital information such as 1 and O is referred
to as digital analog conversions in circuits or
integrated circuits that produce currents or voltages
at different values according to the change in input

values at the input and output, and this conversion
is also called digital to analog conversion. The
digital to analog signal conversion is shown in
figure 3.

DIGITAL TO
ANALOG
CONVERSION

Digital Signal

Analog Signal

Fig.3 Digital To Analog Conversion

In this design, a microcontroller generates
digital signals using pulse width modulation
(PWM). The PWM signal produced to convert to
analog signal has two important components; duty
cycle and frequency. There is a direct proportion
between the output voltage and the duty cycle. The

008/ 2

output voltage is controlled by changing the duty
cycle in the experimental setup. The PWM signals
whose duty cycle was changed were observed with
an oscilloscope. The out duty cycle signal is shown
in the figure 4.
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Figure 4. Image of PWM signal with 12.5% duty cycle
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First of all, use the Microcontroller program to
write the microcontroller code to be used in
generating the appropriate PWM signhal. When
writing the code, the student is expected to know
how to start the PWM module in the PIC Clicker
demo board, set up the correct pin connections and
adjust the duty cycle and make the LCD
connections to display duty cycle.

After generating the PWM signal, students
design the circuit that will make the necessary
adjustments that will convert this signal to digital.
They set up a low-pass filter circuit using a diode
and a capacitor. This filter blocks the passage of
high frequencies in the signal and makes the signal
smoother. But this correction is not enough to
create a complete digital signal. They set up a
ripple filter circuit using an inductance and a
capacitor to eliminate the ripples observed on the
signal. In this way, a nearly flat digital signal is
obtained. After that digital to analog conversion is
completed. They observe the filter output through
an oscilloscope and record their observations.

PROBLEM

According to the various advancements, high
end microcontrollers supports to design interfacing
ADC and DAC Like refrigerator design with
microcontroller. The proposed design previously
not supported with low end controllers. Now it is
proposed that interfacing both converters as Input
and output to an unique microcontroller.

As an example 8051is used to design proposed
work. This work may helpful to develop low cost
control designs like refrigerator.
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PROPOSED HARDWARE DESIGN

The whole system for hardware design block
diagram is illustrated in Figure 5. In this paper, the
control card for air conditioner is constructed for
hardware design based on 8051. Microcontroller
programming is  considered for  software
implementation. Related to development and
innovation in semiconductor technology, 8051 is
introduced for both circuit design scheme and
software programming to design and build a
controlled device. The main proposed control card
is fully controlled by the 8 bit microcontroller
which has an 4 Kbytes of ROM for program
memory.

The units of the desired hardware which
belongs to LCD display with air conditioner based
on 8051 microcontroller are stated as below
respectively.

e 8051 microcontroller

e LMB35 temperature sensor

e Liquid Crystal Display (LCD)

e Relay Driver Circuit (ULN 2003A)
e And related circuit components

LM35 Temperature Sensor

The LM35 series are precision integrated circuit
temperature sensors, whose output voltage is
linearly proportional to the Celsius temperature
with a gradient of 10mV/°C as in [6].An output
voltage proportional to the centigrade temperature
can easily obtained using LM 35 which has a
temperature range from -55(°C) to +150(°C).

OPERATIO
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N MODE 1

OPERATIO
N MODE 2

|:> OPERATION
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Figure 5 Block diagram of proposed design
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Liquid Crystal Display (LCD)

Microcontroller controlled LCD are widely used
in many application, having replaced most of their
LEDs because of their low power consumption and
flexible graphics display. This intelligent LCD
module can show 160 different characters. The
entire system is supplied with a 5V power supply.
Data are entered via the data line (D0-D7) as shown
in the following table 1.

Relay Driver (ULN2003A)

ULN2003 is a high voltage and high current
Darlington arrays IC. It contains seven open
collector Darlington pairs with common emitters.
Each channel rated at 500mA and can withstand
peak currents of 600mA. A Darlington pair is an
arrangement of two bipolar transistors. These
versatile devices are useful for driving a wide range

of loads including solenoids, relays DCmotors,
LED displays filament lamps, thermal print heads
and high power buffers. The pin connection of
ULN 2003A is displayed in fig. 6.

THE MAIN CONTROL CARD

In this system, there are two input pins and six
control output pins at main controller card shown in
fig. 6. Implementation block diagram for the
control card is described in Fig. 6. The control card
is intended for 1.5 horse power (Hp) for consumer
application for air conditioning system. The first
input is a LM35 temperature sensor. It senses the
temperature with the variation of component in this
control card is microcontroller.

Function

Ground

Positive supply

Contract

Register select

Read/Write

Enable
Data hit 0

Data hit 1
Data hit 2

Data hit 3

Data it 4

Data hit 5

Data hit 6

Pin No Name
1 Vs
1 Vop
3 Ve
4 RS
5 R/W
6 E
7 Do
8 D1
9 D2
10 D3
1 D4
12 D5
3 D6
14 D7

Databit 7

Table 1. LCD DATA LINES
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FIGURE 6. PIN DIAGRAM OF ULN 2003

The main environment and connected to PIN
RAO of the PIC16F877A. The rest pins, PORTAL,
PORTA2, PORTAS3, and PORTA4 are applied for
LEDs display. LEDs respectively on this controller
will light on as soon as receiving the signals from
IR remote control. The next input pin is given for
IR receiver connected to another RBO pin. The IR
receiver in the circuit is TSOP1736. It receives the
signals from IR transmitter and retrieves the
original modulating signal from the 36 kHz carrier.
The output will be active low. Output of TSOP1736
will be HIGH when no signals fall on it and the
output will be LOW when 36 KHz infrared rays fall
on it. This IR receiver sensor decodes the
demodulated frame from sensor module to
corresponding commands and address data byte.

The control command signal pin from IR is
driven to set up running mode, temperature, fan
speed and process. Then, the first output is used to
control compressor and connected to PINRCO to
drive the circuit. The next pins pair is used for
outdoor fan and swing fan connected with PINRC1
and PINRC2. The last three pins are utilized for
indoor fan speed in the range of low, medium and
high connected to PINRC4, PINRC5 and PINRCG.
The control card consists of five relays for
connection of output loads. The five relays with
12V are used, that cannot be controlled by the
microcontroller directly. In this system, ULN
2003A is used to drive the desired output loads and

depends on the output bits of microcontroller. The
four LEDs on microcontroller which indicates
power ON/OFF and mode selection from the user
preference by IR. LCD module interfaced with
microcontroller is used to indicate the operation of
control card for air conditioning system. In fig. 7,
LCD is connected to RDO, RD1, RD2, RD3, RD4,
and RD5 PINs for microcontroller, so the
controlling data displays the LCD. E, RS and RW
of LCD are used for control purposes. The rest
output pins are used for showing status and modes
of air conditioner. The system is supplied with a 5
V power supply.

CONCLUSION

Microcontroller based air conditioner prototype
can be widely applied to control different kinds of
human appliances and industrial applications. The
control card for air conditioning system plays a
vital role nowadays because of the global warming.
The main control card is mainly constructed by a
8051 microcontroller which reduces the cost, low
consumption, easily handling and increases the
efficiency. After designing and testing this
research, it became pretty obvious that
microcontroller is a smart way to do this due to
more reliable ready to build. According to the
control design and hardware systems, software
implementations of the control system are realized.
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