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Abstract. The electric fire engine is based on the single chip microcomputer as the control
core. In order to better realize the fire extinguishing function, the latest electric fire engine has
added the tracking module, wireless transceiver module, etc., to realize the intelligent fire engine to
detect the fire source and extinguish the flame. This design combines the principle of single chip
microcomputer with the hardware and software circuit program to realize the function of automatic
tracking and fire extinguishing, without the fire personnel risking their lives to carry out on-site
operation. This kind of electric intelligent fire truck adds some practical small functions, brings us a
lot of convenience, can better serve human beings. The main model of this design is a small toy car
model with universal wheel and motor control wheel. The chassis is installed with a variety of
sensors with different functions to achieve the purpose of moving forward and backward, steering
and avoiding obstacles and eventually extinguishing the fire source. At the same time, the car can
also realize wireless remote control. By comparing the shortcomings of the traditional fire truck,
some improvements are made, the circuit diagram of intelligent control is designed, and the method
of wireless control car for fire fighting is explored with the combination of practice and thinking, so
as to further improve the fire truck and make it intelligent. The main purpose of this design is to
reduce the fire casualties and improve the need for fire personnel to take the risk of life operation of
the traditional fire truck function. Its advantages are automatic tracking, avoidance of obstacles,
wireless control, measuring the source of fire.

Annomayusa. VIHTeNeKTyalbHOE MOXapHOe O0OpydOBaHHE CTAaHOBHUTCS Bce Ooiee
MOMYJISAPHBIM. DJIEKTPUUECKHE TOXKApHbIE MAIMHBI YIPAaBIAIOTCS IEHTpPaMU YIPaBICHUS C
MTOMOIIbIO OT/IEIbHBIX MAIIMH, KOTOPbIE 100aBISIOT MOAYIU MTOUCKA, OECIIPOBOHBIE MEPEAATUNKU
U T.J. OT0 pa3paboTaHO AN TOro, 4ToObl OOBEAMHUTH NMPUHIMII MOHOJMTHOIO YCTpOICTBa C
IIPOrpaMMHOM CXEeMOW JJIsi aBTOMaru4eckoro oOHapyKeHHsI W TYIIEHUS IMOXapoB, HEe Tpedys oT
MOKapHBIX PHCKOBAaHHBIX oOlepaluii Ha MecTax. Takue SIeKTPOyMHBbIE MOXKapHbIE MAIIUHBI
NOOABISIIOT HECKOJbKO MPAKTHUECKUX (PYHKLIMH, KOTOpbIe [al0T HaM MHOTO YynoOCTB U
BO3MOYKHOCTEM JIydllle CIIY)KUTb 4YenoBeuecTBY. OCHOBHOM MOJENBIO 3TOTO IIIaHa SBISIETCS
MUHHMATIOPHAs ~ MOJEJIb ~ WMIPYIIEYHOTO aBTOMOOWJII C  YHUBEPCAJbHBIMH  KOJE€CaMU U
AIIEKTPOMAIIMHHBIM YIPABIEHUEM, C Pa3IMYHbIMH (YHKIUSMU CEHCOPOB, YCTAaHOBJIEHHBIX Ha
miaccu, JUIsl JOCTUIKEHMsI IBMKEHUS BIIEpel M Has3aj, JUIsl MaHeBpa M JJIs MaHEBpa, a TaKxkKe I
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TOro, 4YTOObI B KOHEYHOM CYETE OTKIIOUUTh HCTOYHHMK OTHS, a TakXke il OeCHpOBOIHOTO
JMCTAHIIMOHHOTO yrpanieHus. CpaBHHBas HEIOCTATKH TPAJUIIMOHHOW MMOXKAPHON MAITMHBI, ObLINA
MMPOU3BCACHBI HCKOTOPLIC YCOBCPUICHCTBOBAHUA, pa3pa60TaHHbIe CXEMbl HHTCIUJICKTYAJIbHOI'O
yHrpaBJICHHUA, ¢ ITOMOIIBKO KOTOPBIX MOXHO 6BIJIO 6BI N3Yy4YUTh MCTObI 6CCHpOBOI[HOFO KOHTPOJIA
HAJl MaJCHbKUMH aBTOMOOWJISIMH ISl IOCJCIYIOIIEr0 COBEPIICHCTBOBAHHUS HMX Pa3yMHOTO
ucnosib3oBanust. OCHOBHOM I1€JIbI0 pabOThI CTAIO0 COBEPUICHCTBOBaHUE (DYHKIIUH TpaJUIIMHOHHOM
MOXXapHOW MAIUHBI, KOTOpas TpeOyeT OT IMOKapHBIX PHUCKOBAHHBIX ONEpaluii Ha MecTax.
[IpermyIiecTBO — aBTOMATHYECKOE OOHApY)KEHHUE, YKJIOHEHHE OT OaphepoB, OecrpoBOIHOE
yIpaBJIeHUE, TYIIICHHE OTHS C TOMOIIBIO HCTOYHUKA.

Keywords: electric fire engine, fire extinguishing, remote control.

Kntouegvie cnosa: snektpuyeckas MokapHas MallMHA, MOXApPOTYIIEHUE, IUCTAHIIMOHHOE
yIpaBicHHE.

Introduction

With the continuous development of science and technology, intelligent and humanized
design has a wide range of applications in various fields. Intelligent fire fighting equipment is
increasingly favored by people [1]. All kinds of fire hazards in life, under people's carelessness, will
lead to the occurrence of all kinds of fires, so life needs to have a fire extinguishing tool. In order to
make the fire extinguishing tool convenient to reach the fire extinguishing site, it can be designed as
a car body model. John Foster, B.SC., Deputy Director of the Fire Experimental Unit, introduced
some recent work on fire engine design in the fire experimental unit [2]. The research on electric
fire engines has gradually developed and become very popular, because it has great appeal. Thus, in
the 1970s, the "Pessetar" fire engine was born, followed by the "Rosemary" small fire engine was
born, and later due to the need, there was a special chassis for the fire engine, and later, there was a
water-borne sprinkler type fire engine. In this era of high scientific level, but also accompanied by
larger and more complex fire hazards, this is a huge threat to human safety and economic
development. In order to kill this danger and minimize the loss, the traditional fire engine must be
upgraded to multi-function, intelligent upgrade.

After so many years of development, the type of fire engine is gradually more, and the
classification standard of this car is gradually more. It is usually classified according to the load
capacity of the fire truck chassis, the arrangement of the passenger seat and the installation position
of the water pump on the fire truck [3]. Fire trucks will put some essential goods, divided into heavy
fire trucks loaded more things and light fire trucks loaded less things and medium fire trucks loaded
moderate things. Others are classified according to the role of fire engines. Some are specially used
to extinguish fires, some are used to put out fires in the air, and some are used in airports and
medical care. The latest research achievements of fire engine are automatic control type fire pump
vehicle, spray foam and chemical vehicle using dry powder extinguishing agent.

Material and research methods
Design a small electric fire truck, can go to the fire site according to the size of the fire choose
to use fans or water. As shown in Figure 1, a fire site is designed. Because of the small size and
convenience of the candle, it can be used as a fire source to detect the fire extinguishing situation of
the fire engine. The candles were then placed in separate locations, allowing electric fire trucks and
carts to trace the fire. Figure 1 shows the fire extinguishing site.
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Figure 1. Fire protection area

Simple requirements: (1) Put a candle in any place of the simulated fire site, let the fire engine
start from the starting point to look for the fire detection source, and give an alarm when it detects
very close to the fire source.(2) The electric fire fighting trolley will carry out fire fighting treatment
on the detected fire source. After the treatment is completed, the fire extinguishing alarm will be
issued.(3) After extinguishing the fire by electric fire vehicle, safely return to the starting point
according to the shortest path.

Complex requirements: (1) Place two candles in the simulated fire site, and the two candles
should not be too close to each other. The electric fire engine should start from the starting point to
find the fire source according to the principle of proximity, and give an alarm when it detects that it
is very close to the first fire source.(2) The first fire source shall be treated with fire extinguishing.
After the treatment is completed, the fire extinguishing success alarm shall be issued. Continue to
search for and detect the second fire source, and extinguish the second fire source, and issue a
successful fire extinguishing alarm after handling.(3) After extinguishing 2 fire sources, the electric
fire vehicle should safely return to the starting point according to the shortest path.

Results and discussion

The first is to make electric cars by ourselves. Considering the free steering of the car, we can
choose to use a universal wheel to adjust the forward Angle, and then use two DC motors to control
the two wheel drive, so as to realize the free rotation of the car, forward and backward. Although the
production is a little troublesome, but can be made to meet the requirements of the use of the body.
The controller module can use the single chip microcomputer, which is the CPU, RAM, ROM,
timer/counter and input/output interface circuit and other main components of the computer
integrated on a chip, so that the chip level microcomputer is called the single chip microcomputer,
referred to as the single chip microcomputer or single chip microcomputer [4]. STC89CS52
microcontroller control force, small size, so low energy consumption. This kind of single chip
microcomputer is in the previous long single chip microcomputer on the basis of adding some
functions of advanced single chip microcomputer, more suitable for electric fire truck. The power
module uses three accumulable lithium batteries and three lithium batteries with voltage change.
The DC motor is powered by three rechargeable lithium batteries, other devices such as the MCU
are powered by another three lithium batteries after power conversion, and the steering gear is
powered by two additional lithium batteries after power conversion. In this way, the DC motor,
sensor, MCU and steering gear are powered separately, which can ensure that each part works
stably and does not affect each other. The battery volume is not too large, which meets the
requirements. The tracking sensor part uses the photoelectric pair detector made by oneself. It is
only necessary to observe whether the infrared light can be received. If it is received, the output
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signal is low level; otherwise, it is high level. This kind of self-produced tracking sensor can
basically achieve the requirements of electric fire truck production. The flame sensor module uses
far infrared. The detection range of the far infrared sensor is relatively large, the remote fire source
can also be accurately detected, the sensitivity is particularly good, and the small shape, convenient
installation in the car plate, these advantages meet the needs of the electric fire truck. The obstacle
avoidance module uses an infrared photoelectric switch. The principle of this kind of switch to
avoid obstacles is that the light transmitter emits a light beam, if the speed of light is blocked by the
obstacle, the light receiver can not receive, thus judging whether there is an obstacle. The switch
can detect more than just metals. It can also detect other objects that block the light beam, by seeing
whether the infrared light is blocked or radiated back. The switch is also easy to operate, simply
observing whether the beam is reflected or obscured can respond, output low level or high level.
Because the electric fire engine only needs to judge the existence of obstacles simply, without
solving the problem caused by particularly complex environmental interference factors, the
operation and debugging is also easy and convenient. The meter velocimetry module uses the
photoelectric tube. RPR220 type photoelectric tube and code plate is more sensitive, so put the
optical code plate and the electric fire engine wheel together, you can measure the distance with the
rotation of the wheel, in this case, the output signal of RPR220 type photoelectric tube can be
changed according to the light irradiation in the white or black area. Finally, the output signal is
transmitted to the MCU, and the speed of the wheel can be measured. The motor drive module uses
L298N. Its working current and voltage are relatively large, the working cycle is relatively short,
the enabling end can also be better controlled, similar to the full bridge in shape, so it is also called
the full bridge driver chip, the operation voltage is high, the current is large, the corresponding
frequency is high, can control the enabling end, a L298N can control 2 motors, high efficiency, very
convenient. The voice module uses the Lingyang 61B board. This board not only makes up for the
disadvantages of large size, inconvenient use and not affordable in Scheme 2, but also has a
particularly strong speech processing ability, and can broadcast and recognize speech. It contains
the advantages of DSP, and the calculation speed is fast, very suitable for electric fire trucks. DF
wireless transceiver module is adopted. This module is processed by the MCU, the PT2262
encoding, DF data transmission module to send out the steering data [5], the output waveform is
easy to observe, anti-interference, high efficiency, very stable, to meet the transmission of a small
amount of data information, and the price is low, it is suitable for electric fire trucks, these excellent
characteristics. Display module uses LED tube. The nidigitube works very well in terms of clarity,
with a high level of light for remote observation. It also has the ability to display moving images in
English and pictures and video to show fire fighting. It is self-luminous, but also particularly strong,
not afraid of interference, in low brightness conditions can better reflect the intensity of its light.
This kind of semiconductor is mainly composed of diodes, simple structure, easy to use.

As a single chip microcomputer with similar functions to CPU, if you want to achieve these
functions, there must be various devices with these functions, such as interface circuits, input
devices and storage. The single chip chip needs wiring to work, the smallest system of the single
chip is just able to work properly under very simple equipment. Figure 2 shows the minimum
system of a single chip microcomputer called STC89CS52. L298N drive circuit has some
advantages, suitable for electric fire truck drive, it is stable, good performance and easy to operate.
L298N is a full-bridge driver chip developed by SGS company. One of its advantages is that it has
large current and large voltage. The chip has a driver that can receive logic level signals and has a
short working cycle, which can control the enable end and control two motors at the same time, and
control the motor steering between the two output ends.
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Figure 2. STC89C52 Microcontroller minimum system

When the enable end works, each input port input the corresponding high and low level can
make the transistor on or off, so as to achieve positive and negative motor rotation. When the input
levels of IN1 and IN2 are the same, the motor stops [6]. Its function table is shown in Table. The
circuit diagram of L298N control motor is shown in Figure 3.

Table
L298 FUNCTION TABLE

IN1 IN2 ENA Motor state

X X 0 stop

0 0 1 stop

0 1 1 clockwise

1 0 1 counterclockwise

1 1 1 stop
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Figure 3. L298N circuit diagram
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The L298N can be used for PWM control. If the electric fire engine is required to go straight
forward, the No. 5 and No. 7 leading angles are connected to high level, and the No. 10 and No. 12
leading angles are connected to the negative terminal of the power supply, and then the forward,
backward, turning and other actions are realized. Input the corresponding signal can complete the
control of various motor actions, such as forward and backward. If the capacitor is connected to the
motor in parallel, some cost can be saved. D1 ~ D8 are two-stage tubes IN4007, which can protect
other devices in the circuit from being burned out due to excessive reverse current of sudden line
break, that is, play a role of continuous current protection [7].

Considering the power consumption of the circuit and the interference of the environment on
the system, as well as some limitations of the circuit itself, the comparator type photoelectric tube
circuit is finally selected. The circuit diagram is shown in Figure 4. The threshold voltage of the
photoelectric tube circuit is adjusted by adjusting the variable resistance.

VCe
R1 R2 3 R4
150 5.1K 5.1K
0K
>~
ouT
L
wi [ 2o
RPR.220

Figure 4. Photoelectric tube matching circuit

In the design of the physical picture, it is considered to install two photoelectric pair tubes
symmetrically at the front end of the car. During the movement of the car, the two photoelectric pair
tubes will detect the black line (Figure 5).
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Figure 5. Flame sensor circuit
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If the black line is between the two, the car will continue to move forward if it cannot detect
the black line. Install the probe down, so that you can accurately detect whether the black line is
detected. The flame sensor is the part of the electric fire truck to recognize the flame, and its quality
is very key to the realization of the function. When the flame sensor detects the fire source, the
sensor will turn on and the comparator will output high level. On the contrary, when there is no fire
source, the sensor will not turn on and the comparator will output low level, so as to realize the
function of flame identification. Moreover, the performance is very stable and does not consume too
much power.

Electric fire truck in the detection of fire, need to grasp the distance between the fire source,
can consider the installation of two flame sensors, respectively detect the distant and near fire
source, so as to prevent the wrong detection of the car, want to detect the near fire source can turn
off the remote flame sensor, on the contrary, want to detect the remote fire source, turn off the near
flame sensor, in addition, Short-range sensors can only detect a small part of the location due to
their small range, while remote sensors can detect far and wide locations.

The fire extinguishing device used in this design is the electric fan [8] with a working voltage
of 5v. In order to ensure the driving power, transistor 8550 is used as the driving circuit to increase
the driving current. The fan input is connected with the MCU input port, which outputs high and
low level to control the operation and stop of the fire extinguishing fan.

Photoelectric code disc and speed measurement tube to achieve speed measurement function,
the photoelectric code disc is divided into 16 parts of the black and white disk, and then placed on
the wheel side, and then on the frame to make a small hole, so that RPR220 type photoelectric tube
through the hole can detect the photoelectric code disc to calculate the number of turns of the wheel
rotation, calculate the speed. [9] The diameter of the wheel is 4cm and the circumference of the
wheel is:

L=2*r*R =2%3.14*%0.03 m = 18.85 cm

The optical code disk is divided into 16 pieces, each arc length is:
L=L/16'=18.85cm/16=1.04 cm

If the change frequency of the detected black and white signal is m, then the distance of the
car is:

S =m*0.52 cm

The main flow diagram of the system is a very important part of the electric fire truck to
achieve the function, determines what kind of car to achieve the function and how to achieve these
functions, is the core part of the design. Design the main flow diagram, you can make the car to
achieve the required function. In the design of system software, we embed all module programs into
the remote control, which is mainly for the convenience of control [10].

In order to ensure that this design is in line with the function required by the subject, it is
necessary to debug several important parts of the system. To ensure the correctness and practicality
of the design. System debugging is divided into two modules [11]: the car to achieve forward and
backward and the fire extinguishing fan induction flame extinguishing. During the test, some
problems were also found [12].

Conclusions
This design is a car for the purpose of fire extinguishing, first of all to ensure that the car to
achieve the basic functions of forward and backward, left and right turn, but also add automatic
tracking and fire detection functions, after asking the teacher some information about this topic,
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access to data, browse a variety of papers related to this topic, determine the electric fire truck
modules, such as motor module, tracking module, Obstacle avoidance module, wireless transceiver
module, etc. The car body consists of two wheels controlled by DC motors and a universal wheel
mounted on a circular chassis, which allows the car to rotate at a free Angle. Due to the need for
power supply of more systems, so choose multiple rechargeable lithium battery for single-chip
microcomputer, DC motor, sensors and other power supply. Wireless transceiver module adopts DF
wireless transceiver, which is more affordable and strong anti-interference ability. The key motor
drive is L298N, because its working current and voltage are relatively large, the working cycle is
relatively short, the enabling end can also be better controlled, similar to the full bridge in shape, so
it is also known as the full bridge driver chip, the operation voltage is high, the current is large, the
corresponding frequency is high, a L298N can control 2 motors, high efficiency. The voltage used
by the fire extinguishing fan is 5v. In order to ensure the driving power, the transistor 8550 is used
to increase the driving current.

When detecting the fire source, there may be several fire sources with different distances,
which will bring errors. In this case, we can consider using two different distance flame sensors, so
as to detect the fire source more accurately. After selecting each module and designing the overall
scheme, there are still some problems to be solved, and there is still room for optimization:

(1) The electric fire engine needs a remote control to control it. Make the remote control and
set the function buttons.

(2) Obstacle avoidance module to reduce interference, so consider the use of infrared
photoelectric switch, which relies on detection light beam to avoid obstacles switch operation is
very convenient.

(3) If the fire extinguishing fan wants to put out the fire flexibly, it needs to rotate at its own
Angle, which can be considered to install it on the steering gear.
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