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Abstract. As times progress and science develops, single-chip microcomputer technology has
been popularized in our life, scientific research, and various fields. It has been a relatively mature
technology. This paper mainly introduces a temperature measurement system based on 51 single-
chip microcomputers and describes in detail the process of developing a temperature measurement
system using the digital temperature sensor DS18B20. It focuses on the detailed analysis of the sen-
sor’s hardware connection, software programming, and system flow of each module. The system can
measure and display the real-time temperature and set the upper and lower limits of the tempera-
ture. When the temperature reaches the upper and lower limits, the system has an automatic alarm
function. The system can easily realize temperature acquisition and display. It is quite convenient to
use and has the advantages of high precision, wide range, high sensitivity, small size, and low power
consumption. It is suitable for temperature measurement in our daily life and industrial & agricultural
production. And it can also be embedded in other systems as a temperature processing module or as
an auxiliary extension of other main systems. The combination of the temperature sensor DS18B20
and 51 single-chip microcomputers realizes the simplest temperature detection system. The system
has a simple structure and strong anti-interference ability. It is suitable for on-site temperature mea-
surement in harsh environments and has wide application prospects.

Keywords: Microcontroller, Thermometer, Temperature Sensor, Liquid Crystal Display (LCD),
Proteus.

1. Introduction

Temperature control is widely used in our daily
life. People use thermometers to collect tempera-
ture and manually operate heating, ventilation,
and cooling equipment to control temperature.
This not only has low control accuracy and poor
real-time performance but also increases the labor
intensity of the operators. In some industries, the
requirements for temperature are higher, and ac-
cidents caused by unreasonable working environ-
ment temperature often occur. It affects the reliabil-
ity of industrial production and even endangers the
operators’ safety. In order to avoid these disadvan-
tages, it is necessary to install digital temperature

measurement and control equipment in some spe-
cific environments. This design uses a new type of
single-chip microcomputer to measure the temper-
ature which has high measurement accuracy and
simple operation. With the advantages of strong
operability and low price, it is especially suitable
for temperature measurement in our life, medical
treatment, industrial production, and so on.

2. Literature Review

With the development of science and tech-
nology, the requirements of modern society for
the accuracy and precision of various informa-
tion parameters have increased geometrically.
And how to obtain these parameters accurately
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and quickly needs to be subject to the develop-
ment level of modern information infrastruc-
ture. In the three major information collection
(sensor technology), information transmission
(communication technology), and information
processing (computer technology), sensors be-
long to the cutting-edge products of information
technology. Especially temperature sensor tech-
nology, which has been used in various fields in
my country. It can be said that it penetrates into
every field of society. People’s lives are closely
related to the temperature of the environment.
In the process of industrial production, it is nec-
essary to measure the temperature in real-time.
In agricultural production, it is also inseparable
from the measurement of temperature. There-
fore, studying the measurement method of tem-
perature and the devices is of great significance.

The key to measuring temperature is a tempera-
ture sensor. The development of temperature sen-
sors has gone through three stages of development:
traditional discrete temperature sensors, analog in-
tegrated temperature sensors, and intelligent inte-
grated temperature sensors. In the development of
the information age, functional devices for sensing,
collecting, converting, transmitting, and process-
ing various information have become indispens-
able and important technical tools in various appli-
cation fields. The sensor is the primary component
of the information acquisition system. It is the
main link to realizing modern measurement and
automatic control. It is not only the source of the
modern information industry but also the mate-
rial and technical foundation for the existence and
development of the information society. Thus, the
knowledge and technology of understanding and
holding the sensor is of great significance.

With the continuous advancement of science
and technology, the temperature is a commonly

used controlled parameter in industrial produc-
tion. The application of single-chip microcomput-
ers to control these controlled parameters has be-
come mainstream today. The digital temperature
sensor DS18B20, because it integrates an A/D
converter inside, which makes the circuit structure
simpler and reduces the precision loss during tem-
perature measurement conversion. It also makes
the temperature measurement more accurate.
The purpose of this paper is to focus on designing
an intelligent temperature measurement system,
which can measure the ambient temperature in re-
al-time and realize real-time display. It can set the
upper and lower limits of the temperature. When
the temperature reaches the upper and lower lim-
its, the system has an automatic alarm function.

3. Methodology

3.1 Design Ideas

The system is mainly composed of two cir-
cuits temperature measurement and data acquisi-
tion. The main controller adopts 51 single-chip
microcomputers. The temperature measurement
adopts a DS18B20 temperature sensor. After
setting the temperature, when the temperature
reaches the set limit, it can be prompted by flash-
ing lights and buzzing, and the temperature can
be displayed on the LCD in real-time.

In this paper, the digital temperature chip
DS18B20 was used to measure the temperature,
and the output signal is fully digital. It is convenient
for single-chip processing and control and many
peripheral circuits of traditional temperature mea-
surement methods are omitted. The system used
the AT'89S51 chip to control the temperature sen-
sor DS18B20 for real-time temperature detection
and display, which can quickly measure the ambient
temperature and can set the upper and lower limit
alarm temperatures as needed. The system is very
scalable. It could add a clock chip DS1302 to the
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design to obtain time data, and display the time at
the same time during data processing. It also could
use the AT24C16 chip as a storage device to store
temperature data at certain time points and use the
keyboard to adjust the time and query the temper-
ature. The obtained data can communicate with
the RS232 interface of the computer through the
MAX232 chip, which is convenient to collect and
organize the time and temperature data. The tem-
perature measurement device of this scheme has

a simple circuit, high accuracy, convenient imple-
mentation, and a relatively simple software design.

3.2 Hardware Circuit Design

This design is an intelligent temperature test
system with 51 single-chip microcomputers as
the core. The overall hardware circuit of the sys-
tem includes a sensor data acquisition circuit,
temperature display circuit, upper and lower
limit alarm adjustment circuit, and single-chip
motherboard circuit.
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Figure 1. Basic Block Diagram of the System
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Figure 2. Overall Circuit Diagram of the System
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The system is mainly composed of the main
controller, single-chip reset, alarm button setting,
clock oscillation, LED display, and temperature
sensor. The basic block diagram of the system is
shown in (Fig. 1).

The overall circuit diagram of the system is
shown in (Fig. 2). The temperature sensor is con-
nected to the P3.3 port. K2 is the key to display-
ing the alarm temperature, which is connected
to P1.4. K1 is the normal display temperature,
which is connected to P1.7. It can display the
current temperature by pressing K1, and it can
display the upper and lower temperature limits
by pressing K2. P2.3 and P2.6 are the ports for
flashing of high temperature and low tempera-
ture respectively. When the measured result is
higher or lower than the set temperature upper
and lower limits, it will flash, and alarm and the
buzzer connected to P3.7 will alarm.

3.3 Introduction of Main Components

This design is an intelligent temperature test
system with 51 single-chip microcomputers as
the core component. The overall hardware cir-
cuit of the system includes a sensor data acquisi-
tion circuit, temperature display circuit, upper
and lower limit alarm adjustment circuit, and
single-chip motherboard circuit [1; 2; 3].
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Figure 3. DS18B20 Interface Circu

(1) DS18B20 temperature sensor

For DS18B20 temperature measurement as
shown in (Fig. 3), the oscillation frequency of the
low-temperature coeflicient crystal oscillator is
little affected by the temperature, which is used to
generate a fixed frequency pulse signal and send

it to counter 1. The oscillation rate of the high-
temperature coefficient crystal oscillator changes
significantly with the temperature change. The gen-
erated signal is used as the pulse input of counter 2.
Counter 1 and the temperature register are preset
to a base value corresponding to -67°F. Counter 1
counts down the pulse signal generated by the low-
temperature coeflicient crystal oscillator. When the
preset value of counter 1 is reduced to 0, the value
of the temperature register will increase by 1. The
preset of counter 1 will be reloaded, and counter 1
will restart to count the pulse signal generated by
the low-temperature coeflicient crystal oscillator.
When repeating this cycle until counter 2 counts
to 0, it will stop the accumulation of the tempera-
ture register value. At this moment, the value in the
temperature register is the measured temperature.

(2) 1602 liquid crystal display

1602 LCD is also called 1602-character LCD,
which is a dot matrix LCD module specially used
to display letters, numbers, symbols, etc. It con-
sists of several SX7 or 5X11 dot matrix character
bits, and each dot matrix character bit can display
a character. There is a dot space between each
bit. There are also spaces between each line,
which play the role of character spacing and line
spacing. Therefore, it cannot display graphics, as
shown in (Fig. 4). 1602 LCD means that the dis-
played content is 16X2, which can display two
lines. Each line has 16 characters LCD module
(displaying characters and numbers) [4].
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Figure 4. 1602LCD Interface Circuit
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3.4 Software Programming

The software of this system can be divided
into two categories according to its functions.
One is the monitoring software (main program),
which is the core of the entire control system
and is specially used to coordinate the relation-
ship between each execution module and the
operator. The second is the execution software
(subroutine), which is used to complete vari-

ous substantive functions such as measurement,
calculation, display, communication, and so on.
Each execution software is also a small function
execution module. Here, each execution mod-
ule is listed one by one. The function definition
and interface definition are carried out for each
execution module. After each execution mod-
ule is planned, the monitoring program can be

planned [5].
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Figure 5. The Flow Chart of Main Program
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The system program mainly includes the
main program, the temperature reading subrou-
tine, the temperature conversion command sub-
routine, the temperature calculation subroutine,
the display data refresh subroutine, etc.

(1) Main program

The key function of the main program is to
display the temperature in real time, read out
and process the measured temperature value of
DS18B20. Temperature measurements are made
every 1s. The main program flow chart is shown
in (Fig. 5).

(2) Read temperature subroutine

The main function of reading out the temper-
ature subroutine is to read out 9 bytes in RAM.
CRC verification must be performed when
reading. Temperature data cannot be rewritten
if there is an error in the check. The flow chart
of reading temperature subroutine is shown in
(Fig. 6).

First, choose the most suitable monitoring
program structure according to the overall func-
tion of the system. And then reasonably arrange
the scheduling relationship between the monitor-
ing software and each execution module accord-
ing to the real-time requirements.

Send DS18B20 reset command

v

Send jumping ROM command

'

Send command of reading temperature

l«

Read operation and CRC check

Has nine bytes of data

been read?

Move into lemperature register

Figure 6. Subprogram Flow Chart of Reading Temperature Value
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(3) Temperature Conversion Command
Subroutine

The temperature conversion command sub-
routine mainly issues the temperature conver-
sion start command. When using 12-bit resolu-

tion, the conversion time is about 750ms [6].
In this program design, the 1s display program
delay method is used to wait for the completion
of the conversion. The temperature conversion
command subroutine is shown in (Fig. 7).

Send DS18B20 reset command

Send jumping ROM command

Send start command of temperature conversion

([ End

)

Figure 7. Subprogram Flow Chart of Temperature Conversion

(4) Display data refresh subroutine

When the highest data display bit is 0, the sym-

The display data refresh subroutine is mainly ~ bol display bit is moved into the next bit.

to refresh the display data in the display buffer.

Move temperature data into display register

Is the hundreds digit

zero?

The tens digit displays symbaol, the

hundreds digit dose not display.

The hundreds digit displays data and

dose not display symbol.

*
(o )

Figure 8. Subprogram Flow Chart of Refreshing Display Value
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The flow chart of the display data refresh sub-
routine is shown in (Fig. 8)

(5) Calculate temperature subroutine

The temperature calculation subroutine
performs BCD code conversion operation on

The temperature

the value read in RAM, and judges whether the
temperature value is positive or negative. Its flow
chart is shown in (Fig. 9).

is below zero?

Get the complement of the

temperature and set ="

Get the complement of the

temperature and set *“+"

;

Calculate temperature’™s BCD code

of the decimal fraction part

'

Calculate temperature’s BCD code

of the inter part

Figure 9. Subprogram Flow Chart of Calculating Temperature’s Value

4. Simulation

Proteus software is EDA tool software pub-
lished by the British Labcenter electronics com-
pany. It not only has the simulation function of
other EDA tool software but also can simulate
the microcontroller and peripheral devices. It
is currently the best tool for simulating micro-
controllers and peripheral devices. Although the
domestic promotion has just started. It has been
favored by MCU enthusiasts, teachers engaged in

MCU teaching, and scientific and technological
workers who are committed to the development
and application of MCU. Proteus is a world-re-
nowned EDA tool (simulation software), from
a schematic layout, and code debugging to co-
simulation of microcontroller and peripheral cir-
cuits, one-click switching to PCB design, truly
realizing the complete design from concept to
product [7]. It is the only design platform in the
world that combines circuit simulation software,
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PCB design software, and virtual model simula-  thermometer is set to 70 °C degrees Celsius,
tion software. and the lower line is set to =20 °C, the simula-

Using Proteus software to carry out comput-  tion diagrams are shown in (Fig. 10) and (Fig.
er simulation, when the upper limit of the smart ~ 11) respectively.
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Figure 10. Simulation Diagram of Exceeding the Lower Limit Temperature
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Figure 11. Simulation Diagram of Exceeding the Upper Limit Temperature
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As shown in (Fig. 11), when the set tempera-
ture is 80.6 °C, the upper temperature limit is
exceeded, the first red light D1 flashes, and the
buzzer alarms.

As shown in (Fig. 10), when the set tempera-
ture is —22.4 °C, the lower limit is exceeded, the
second red light D2 flashes, and the buzzer alarms.

As shown in (Fig. 12), it is the simulation dia-
gram when the temperature is in the normal tem-
perature range. The real temperature is —-16.4 °C.
Because it is in the normal temperature range, the
two red lights D1 and D2 are not flashing. The
buzzer is not alarming.
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Figure 12. Simulation Diagram in Normal Temperature Range
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Figure 13. Simulation Diagram of Displaying Alarm Temperature When Pressing K2
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As shown in (Fig. 13), it is the simulation dia-
gram displaying the alarm temperature when press-
ing the K2 button. Currently, the two red lights are
not flashing. The buzzer is not alarming. The lower
and upper limit temperatures (70 °C,-20 °C) are
shown on the liquid crystal display.

S. Conclusion

In this paper, the purpose was to design an
intelligent temperature measurement system
based on 51 single-chip microcomputers. It
analyzed the whole design of the hardware cir-
cuit and software program. This paper intro-
duced the current situation and development
of intelligent thermometers. And it also intro-
duced the structure and characteristics of 51
single-chip microcomputers and so on. This
paper introduced the design scheme selection
and principal introduction of digital thermom-
eters. This topic used the digital temperature
sensor DS18B20 to collect temperature. The
temperature signal does not need A/D con-
version and can directly carry out temperature

collection, display, and alarm design of an in-
telligent thermometer. The system included
a sensor data acquisition circuit, temperature
display circuit, upper and lower limit alarm
circuit, single-chip motherboard circuit, and
other components.

This system is easy to use and has the advan-
tage of high precision. It had a wide range and
high sensitivity. It had a small size and low power
consumption, etc. It was suitable for temperature
measurement in our daily life and industrial and
agricultural production and can also be embed-
ded in other systems as a temperature processing
module. It was simultaneously an assisted exten-
sion to other primary systems. The system had
a simple structure and strong anti-interference
ability. It was suitable for on-site temperature
measurement in harsh environments and had
wide application prospects.
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