International

Journal

Of Advanced Research in Engineering & Management (IJAREM)
ISSN: 2456-2033 || PP. 28-33

Design and Implementation of Digital Temperature Controller

Yang LIU

School of Information Science & Electric Engineering,
Shandong Jiaotong University, China

Abstract: This paper takes AT89C52 microcontroller as the core, and using the United States Dallas
Semiconductor DS18820 line digital temperature sensor for the temperature measurement part. Using the
LCD1602 display to show measured and controlled temperature. The system uses the C programming
language to complete the measurement function call. With it, users can set the upper and lower limits of
temperature. When the temperature goes beyond the upper or lower limit, it can give an alarm automatically.
To solve the complicated circuit control of the temperature measurement problems, the alarm further
improved on the basis of traditional circuit control.
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I. INTRODUCTION

Since the 1970s, due to the need for industrial process control, especially the rapid development of
microelectronics technology and computer technology and the development of automatic control theory and design
method, foreign temperature control system is developing rapidly, and in the intelligent, adaptive, parameter
self-tuning and other aspects of significant achievements. In this regard, to Japan, the United States, Germany,
Sweden and other countries leading technology, have produced a number of commercial, excellent performance of
the temperature controller and instrumentation, and widely used in various industries *!. They mainly have the
following characteristics:
(1) Adapt to large inertia, large delay and other complex temperature control system control.
(2) Can be adapted to the controlled system of mathematical model difficult to establish the control of the
temperature control system.
(3) Can be adapted to the controlled system process complex, parameter time-varying temperature control system
control.
(4) These temperature control systems generally adopt adaptive control, self-tuning control, fuzzy control, artificial
intelligence and other theories and computer technology, the use of advanced algorithms to adapt to a wide range.
(5) The thermostat has the parameter self-tuning function. With the help of computer software technology, the
thermostat has the control object control parameters and characteristics of the automatic tuning function. And some
also have a self-learning function, according to historical experience and control of the object changes,
automatically adjust the relevant control parameters to ensure the optimization of control results.
(6) The temperature control system has the characteristics of high control precision, strong anti-interference ability
and good robustness. At present, foreign temperature control systems and instruments are moving towards high
precision, intelligent, miniaturization and other aspects of rapid development.
Although the application of temperature control system in all walks of life in China has been very wide, but from
the domestic production of temperature controller, the overall level of development is still not high, with foreign
Japan, the United States, Germany, compared to advanced countries, still have a larger difference. At present,
China's overall technical level in this area is still in the 20th century, the late 80s level, mature products mainly to
"point" control and conventional PID controller-based, can only adapt to the general temperature system control,
difficult to control lag, Complex, time - varying temperature system.And adapt to the higher control of the occasion
of the intelligent, adaptive control instruments, the domestic technology is not very mature, the formation of
commercial and widely used control instruments are less.
At presemn%, China's temperature and other control instrument industry and foreign gap mainly in the following
aspects "'
(1) Industry enterprises are small, and more dispersed, resulting in technical strength is not concentrated, leading to
R & D capability is not strong, restricting the development of technology.
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(2) Commercial products to PID controller-based, less intelligent instruments, this gap with foreign large. At
present, the domestic enterprises complex and high precision requirements of the temperature control system are
mostly imported temperature control instruments.

(3) Instrument control with key technologies, related algorithms and control software research abroad lag. For
example: in the instrument control parameters of the self-tuning, foreign countries have more mature products, but
due to foreign technology and the development of China's development lag, has not developed a reliable self-set
software, control parameters mostly by manual experience And on-site commissioning to determine. These gaps
are what we must strive to overcome.

With the development of China's economy and accession to the WTO, our government and enterprises attach great
importance to this, the relevant enterprise resources were reorganized, have established a number of countries,
enterprises R & D center, and through joint ventures, technical cooperation, A number of joint ventures,
cooperation and wholly-owned enterprises, so | with the temperature and other instruments industry has been rapid
development.

1. SYSTEM HARDWARE DESIGN
1. AT89C52 microcontroller overview and pin description
The AT89C52 and AT89C52 microcontrollers in the AT89 series of microcontrollers produced by
ATMEL are a new low power, high performance 8-bit CMOS microcontrollers that are fully compatible with the
industry standard MCS-51 instruction series and pins. Has a super three-level encryption function, the on-chip
lightning memory (Flash Memory) programming and erase completely power to achieve, the data is not volatile,
programming / erase fast &1,
ATB89C52 main features are:
o [nternal program memory for the erasure Programmable read-only memory EEPROM, 8KB capacity, internal
data memory capacity 256 bytes, the maximum addressing space 64KB.
Three 16-bit timer / counters.
Two I/ O lines can be used as full-duplex serial port, there are four ways to work, can be programmed to set.
The internal ROM has four general working register areas, a total of 32 general-purpose registers to
accommodate a variety of interrupt or subroutine nesting situation.
6 interrupt sources, divided into two interrupt priority levels, each interrupt source priority is programmable.
There is a Boolean processor consisting of direct bit-addressable, which contains a subset of instructions in the
instruction system that are used to perform various Boolean processing on the Boolean processor, especially
for control purposes and to solve logical problems.
ATB9C52 state cycle by the crystal oscillator 2 obtained after the frequency, as the basic working time unit of the
chip, in the use of 12MHz crystal, AT89C52 state cycle (2/12) * 10-6 = 167ns.
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Fig. 1 The actual pin of AT89C52
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2. Temperature measurement circuit module

As shown in Figure 2, the temperature measurement module, because the DS18B20 chip temperature
measurement is digital integrated temperature measurement, its external circuit is very simple, only three pins, one
connected to the power supply VCC, one ground, the other one Then AT89C52 P1.3 port.
CPU access to the DS18B20 process is: first DS18B20 initialization, and then ROM operation command, and
finally to the memory operation, data operation. Each step of the DS18B20 follows a strict working sequence and
communication protocol. Such as the host control DS18B20 to complete the process of temperature conversion,
according to DS18B20 communication protocol, to be three steps: every time before and after the DS18B20 must
be reset, reset a successful write a ROM instruction, and finally send RAM instructions, so as to The DS18B20
performs a predetermined operation.

R8
3 VCC
3| D +—OEd
] —ep— P13
DS18B26
e

Fig. 2 Temperature measurement circuit module

3. Temperature control circuit module

Temperature control circuit design work process: the actual measurement of the temperature and set the
upper and lower limits to compare, to control the P1.4, P1.5 port high and low levels.
Alarm circuit consists of two main components, LS1 alarm device and Q1 three-level tube. If the signal from the
microcontroller P1.4 end of the transistor base and emitter conduction, that is, when the current through, then from
VCC to LS1 to the collector will have a current through. This will let the alarm device alarm signal, if the signal
from the microcontroller P1.4 side of the transistor base and emitter is not conduction, no current through, LS1 no
sound.

In the control circuit, if the actual measured value exceeds the upper and lower limits of the set value, the
P1.5 pin is high, so that the LED does not emit light, the phototransistor remains high impedance state, the relay
will not work, the motor and the bulb remain Conduction, equivalent to the heater began to heat or the equivalent of
fan cooling, light. And in the normal temperature, the microcontroller control P1.5 feet into a low level,
light-emitting diode conduction light, phototransistor by the impact of light conduction, and then work on the relay,
the solenoid will be single-pole double-throw switch to the left, so that the motor and The lamp stops working at the
same time, which is equivalent to powering the heater or the fan 2,

I11. SOFTWARE DESIGN OF TEMPERATURE CONTROL SYSTEM

1. The main program of the system

The main program is the system monitoring program, in the process of running the program must be
initialized, including the keyboard program, interrupt procedures, LCD display program and the initialization of
the various control ports. The system enters the temperature measurement program after initialization, real-time
measurement of the current temperature and through the display circuit on the LCD display. Program to enter the
keyboard to re-set the temperature of the upper and lower limits, according to the hardware design to complete the
temperature control, the appendix gives the system initialization source.

2. Temperature acquisition program design

According to the DS18B20 communication protocol, the host control DS18B20 to complete the
temperature conversion must go through three steps: every time before and after the DS18B20 to be reset, reset a
successful write a ROM instruction, and finally send RAM instructions, so that the DS18B20 scheduled operating.
The reset requires the CPU to pull the data line down by 500us and then release it. DS18B20 received a signal
waiting for 16 ~ 60us after about 60 ~ 240us issued a low level pulse, CPU received this signal that the reset was
successful.
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3. Software anti-jamming measures

The key is a mechanical switch, when the button is pressed, the switch is closed; when the button is
released, the switch is disconnected. One of its characteristics is its jitter, which is determined by the mechanical
properties of the keys, jitter time is generally about 10ms-20ms.
There are two specific measures for the key to shake: First, with a hardware circuit to achieve, that is, with RC filter
circuit filter jitter. The other is to use software delay method to solve, that is, the use of software delay to avoid the
button press and lift when there are jitter period, so as to avoid detection of interference signals. This article is used
in software delay shaking method. The source code for the delay program is given in the appendix, and the delay
program is also called by the other modules as a common function module.

IV. SYSTEM DEBUGGING AND SIMULATION

After writing the program in the Keil software, compile the .Hex file, the microcontroller can execute the
.ex file. In the Proteus software, to the microcontroller to load the generated. Hex file, press the run button, the
system began to simulate. System simulation screenshots as shown in Figure 3.

Figure 3 for the ambient temperature does not exceed the set temperature when the upper and lower limits
of the simulation screenshot, you can see from the figure at this point the ambient temperature value of 27.31 °C, set
the upper limit temperature of 50 °C, the lower limit temperature of 0 °C. Relay work, the single-pole double-throw
switch to the left, the heater or radiator to stop working %],

Figure 4 for the ambient temperature exceeds the lower limit of the set temperature when the simulation
screenshot, you can see from the figure at this time the ambient temperature value of 5.31 °C, through the keyboard
to reset the lower limit temperature of 10 °C, significantly lower than the lower limit, LCD second Line shows
"Under tempL". At this time, P1.5 feet are high, the relay will not work, the motor and the lamp to maintain
conduction, the equivalent of heating the heater began, the indicator light. While P1.4 feet are also high, the alarm
system began to alarm.

Similarly, when the ambient temperature is higher than the set temperature limit, the second line of the
LCD shows "Over temp H", the motor and the bulb remain on, which is equivalent to the heat sink, the indicator
light is on, and the alarm system starts to alarm. There is no picture here.

4+

Fig. 3 System simulation diagram (D)
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Fig. 4 System simulation diagram (2)

V. CONCLUSION

The research system, using the most advanced intelligent digital temperature sensor DSI8820 and with the
microcontroller 89C52 together constitute an intelligent temperature control system. Now on the market, many
types of temperature sensors, generally as mentioned above, there are two integrated sensor and digital sensors, the
reason why the use of digital single-bus temperature sensor DSI8B20, because it is one of the latest temperature
devices, integrated temperature measurement , A / D conversion in one, with a single bus structure, digital output,
directly with the computer interface, etc., can use it to form a single temperature measurement device can also be
used to form a multi-channel temperature measurement device.

This temperature controller, although the circuit is simple, small size, but due to the use of digital
temperature sensor, the measurement is relatively accurate, with a certain practical value in the circuit design, but
also increased the keyboard input module, the upper and lower limits set with the circuit Alarm module, as long as
by changing the upper and lower limits of the set temperature, the measured actual temperature exceeds the existing
temperature, it will issue an alarm, and the corresponding control of the flexible design.
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