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As is known to all, university chemistry laboratories have always been considered as dangerous areas on campus, especially
pharmaceutical chemistry laboratories, which are often the focus of pharmaceutical laboratory management. *e innovation in
safety management mode can effectively reduce or even eliminate security risks and reduce the risk of safety accidents. With the
rapid development of artificial intelligence, robots have been introduced into all walks of life, replacing humans to complete part of
the safety inspection. One of the core tasks of laboratory safety inspection is to find the source of fire and take measures to
extinguish the fire in time. *e intention of this paper is to design a sentry robot, which could take appropriate emergency
measures to detect dangerous situations, including sounding alarms and carrying out firefighting, in order to minimize accidents
and economic losses, based on machine vision for periodic inspection of laboratories with a temperature thermal imager to scan
surroundings at the same time. *e preliminary research results show that based on the machine vision, the robot identified the
fire source and adjusted the spray device to carry out the fire-extinguishing experiment successfully. *e development and
utilization of laboratory patrol robots can share the work of laboratory patrol to a certain extent, guarantee the safety of ex-
perimental teaching in colleges and universities, and have room for sustainable research.

1. Introduction

In recent years, the education system has introduced the
concept of safety development, carried forward the idea of
life first and safety first, and achieved positive results in the
safety work of university laboratories, and the overall se-
curity situation remained stable. However, with the rapid
development of laboratory construction in universities and
scientific research institutes [1], safety accidents occurred
frequently in some university laboratories, and most of them
were in the form of fire [2]. For example, in June 2013, a fire
broke out in the basement of Peking University and some
laboratories were damaged. In February 2015, a fire broke
out in a laboratory at Nanjing University of Science and
Technology. In December 2015, a fire at Tsinghua University
killed a postdoctoral fellow. In March 2016, a fire broke out
in the Shanghai Institute of Organic Chemistry, Chinese

Academy of Sciences. In February 2019, Nanjing Tech
University caught fire [3]. Such accidents not only affect
teaching but also cause casualties and property losses, so they
need to be paid great attention to.

University laboratories are places where scientific re-
search and teaching experiments are carried out and safety
risks are widely distributed, including hazardous chemicals,
biology, special equipment, and materials that produce
poison and explosives easily, and where relatively high safety
risks concentrate. *e laboratories called the “distribution
center” of dangerous goods bring the likely hidden risks of
fire and explosion. *ey are different from the ordinary
chemical plant and chemical warehouse. *e laboratories
often create new “things”. In short, the reaction they
produce is unknown when two chemicals combine.
*erefore, universities should pay more attention to the
safety of laboratories.
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*ere are a lot of instruments and equipment in the
pharmaceutical chemistry laboratory, such as rotary evap-
orators, water bath pots, circulating water vacuum pumps,
electric thermostatic air blast drying boxes, and others. Such
instruments are used in a large number of classes as well. In
addition, with the aging of the equipment, certain risks and
hidden dangers emerge. For example, students are not fa-
miliar with the nature of drugs or the experimental oper-
ation process, the open flame heating device has been used
for a long time, and the waste in the laboratory has not been
disposed of in time, which may cause fire [4]. Also, the
pharmaceutical chemistry laboratories are often the disaster
areas of laboratory safety accidents due to the storage of a
large number of flammable and explosive organic drugs and
organic solvents [5]. Big fire can be prevented by detecting
small fire as quickly as possible. In order to solve this
problem, universities need to inspect the pharmacy and
chemistry laboratories frequently with large-scale man-
power and material resources investment [6].

At present, laboratory safety inspection depends on
manpower, which is inconvenient especially when the re-
lated personnel are off duty or during holidays, and negli-
gence is inevitable.

With the advent of modern robotics technology, artificial
intelligence (AI) technology has advanced by leaps and
bounds at a surprising rate, affecting and transforming
industries including manufacturing, health care, education,
law, and agriculture.*emain drivers of themarket are from
fields such as computer vision devices, self-driving cars,
advanced cameras, and image sensors [7]. In recent years,
robots have been introduced into the field of safety in-
spection and have replaced humans to complete most au-
tomatic inspection.

*e Anson Intelligent ACR explosion-proof detection
robot independently developed by China adopts a modular
design, with a variety of detection sensors such as gas de-
tectors, laser detectors, and infrared thermal imaging. It can
perform concentration monitoring, imaging, and compre-
hensive analysis for targeted gas and also trigger the alarm
system when necessary for timely staff handling. *e
comprehensive and thorough security monitoring signifi-
cantly improves security.

*e safety work of pharmaceutical chemistry laborato-
ries in colleges and universities involves a large number of
groups and has wide influence and is related to the stable
development of colleges and universities with pharmaceu-
tical science. Up to now, no artificial intelligence approach
has been reported to be used in the fire patrol inspection of
any pharmaceutical chemistry laboratory.

*e key technology of ensuring fire safety is to judge the
flame disaster, and the commonly used means are infrared
thermal sensing and flame image recognition. Flames have
obvious visual features, which are usually identified
according to static features such as color, shape, and texture
of the flames. As early as 1996, Professor Simonofer of the
University of Florida began to use infrared imaging video
information of aircraft engines and booster cabin fire to
conduct research on the detection of such special fire [8]. In
2002, Professor Walter from the University of Central

Florida conducted a special study on the video image rec-
ognition of flames, simplified the flame recognition algo-
rithm according to the color characteristics of flames, and
succeeded [9]. Chen et al. combined RGB color segmenta-
tion with flame motion characteristics to determine flame
pixels [10]. Ko et al. extracted candidate flame regions by
detecting moving regions and judging flame color and
extracted the features of the candidate regions for training
SVM classifiers to realize fire and nonfire determination
[11].

As early as 1800, the British physicist F.W. Huxel dis-
covered infrared thermal radiation through a thermometer
and a prism. In the study of modern physics, according to
Planck’s Blackbody Radiation Law, all objects radiate elec-
tromagnetic waves due to different temperatures, among
which the electromagnetic waves with a wavelength of
2.0–1000 μm are thermal infrared rays. All the objects in
nature whose temperature is higher than absolute zero
(−273°C) emit infrared radiations all the time. Such infrared
radiations carry the characteristic information of the objects,
which is the basis for infrared technology to distinguish the
temperature and heat distribution field of various measured
targets. *e infrared image obtained is also called the
thermal image. A thermal image can reflect the temperature
field on the surface of an object, and it has been widely used
inmilitary, industrial, and automobile driving assistance and
other fields.

*e infrared thermal imager tests the infrared energy by
means of noncontact detection and converts it into electrical
signals. After computer processing, it is projected to the
display to generate thermal images. *e pixel points on the
images indicate the temperature values of the corresponding
positions and we can calculate the temperature values. As the
infrared thermal imager can accurately quantify and mea-
sure the heat detected, it can not only avoid visible light
interference to observe the image of thermal field distri-
bution but also accurately identify and strictly analyze the
fault area of heating [12]. In addition, due to the strong
penetration ability of infrared rays, it can still accurately
image in the environment with a certain amount of smoke,
which is of great significance for automatic identification of
fire hazards.

Designing a robot for laboratory security inspections
could greatly reduce the work of inspectors [13]. Sentry
robots use AI algorithms to realize patrol, hazard identifi-
cation, alarm and firefighting, and other functions. *rough
robot patrol inspection, some safety problems can be found
in time [14].

By contrast, the overall cost of inspection robots is
relatively low. Inspection robots equipped with machine
vision and thermal imaging cameras can inspect any labo-
ratory. More frequent preventive inspection by inspection
robots can largely prevent safety accidents. Zhu et al. de-
veloped an intelligent fire detection system based on infrared
image feedback control, which can achieve continuous
tracking of the scene of the fire-extinguishing process by
adjusting the yaw angle of fire monitoring. *e intelligent
fire monitoring feedback control system based on the in-
frared images for firefighting robots has the great potential
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[15]. *e fire reconnaissance robot developed by Li et al. is
based on SLAM’s location and thermal imaging technology,
which can improve the efficiency of fire rescue and reduce
fire casualties [16].

SGS, the internationally recognized inspection, identifi-
cation, testing, and certification agency, recently launched the
laboratory Automated Logistics System (BUS) robot
“Xiaozhi”. “Xiaozhi” can intelligently and accurately complete
the highly repetitive and negative point-to-point material
delivery, avoiding the safety risks of chemical transportation
by laboratory personnel. Especially in the case of the COVID-
19 outbreak, the working mode of contactless delivery can
reduce the risk of exposure for laboratory staff [17].

In this study, considering the characteristics of phar-
maceutical chemistry laboratories, a flame identification
system suitable for patrol robots is designed by combining
flame identification with an infrared thermal imager.

2. Methods

2.1. FlameRecognition andDetectionBased onCamera Image.
Under the monitoring of the visual system, the flame is
special in nature. It is mainly orange-red in color, and the
flame shape is constantly variable [18]. We extracted the
flame characteristics to build a flame model. After identi-
fying the flame by the color of the pixel, we can outline the
flame according to the shape of the flame for display and
result description.

*e distribution of the flame color is not invariable and it
is mainly affected by conditions such as burning substance,
oxygen environment, observation distance, and combustion
adequacy (Figure 1). In human vision and RGB color space,
the main color of the flame is red and the proportion of red is
within a certain range. At the same time, through the
analysis of Red, Green, and Blue attribute values, it can be
found that there is a certain logical relationship among the R,
G, and B values [19].

*e algorithm flowchart is shown in Figure 2.
As shown in Figure 2, the algorithm first calculates and

processes the relevant parameters of the camera image, such
as the RGB value and the maximum and minimum values of
RGB. *e algorithm designed in this paper needs to pass two
judgments to decide whether the camera image is a flame.
*e first judgment is based on the logical relationship be-
tween the threshold value of the R channel and the attribute
values of R, G, and B, and the range of the attribute com-
ponents, which are designed by studying and analyzing the
color law of the flame. *e specific conditions are as follows:

(1) R>RT
(2) R>G>B
(3) S� 1− 3×min/(R+B+G), S> (255−R)/(RT/ST),

S> (255−R)/20, S> 0.2

In the formula, S can be expressed in another way, as
follows:

S �
1 − min RGB

average RGB
. (1)

*e above formula indicates that S is the saturation and
indicates the degree of color dilution.

*rough the analysis of the R, G, and B of different flame
images, it can be seen that the G attribute value of the flame
has a specific range, so the second judgment is to further
determine whether it is a flame through the mean square
error of the G attribute value of the image. Among them, the
variable Flag is set to complete the two loops to obtain the R,
G, and B mean values and mean square deviation.

After the flame features were extracted, the flame image
was processed through image preprocessing and image
morphology. *rough the feature algorithm and binariza-
tion, the binarization image was obtained and converted into
a grayscale image. Because the binarization image was
disturbed by many factors, and the flame shape was not
complete, the image needed to be processed through mean
filtering to make the flame part more complete and fuller.
*en, the threshold processing was carried out, and the
mean filtering was used to process the independent points in
the image. Finally, the edges and details of the flame were
smoothed through etching and swelling treatments.

After flame identification, it is necessary to identify and
depict the flame profile in order to visually represent the
flame shape and mark the flame. In OpenCV, the design
mainly uses two functions, namely findContours and
drawContours. FindContours is mainly used to extract
contours and its calling form is as follows: void findContours
(Input Output Array image, Output Array of Arrays con-
tours, Output Array hierarchy, int mode, int method, Point
offset�Point).

Next, there are several common methods to describe the
contour, such as vectorization into polygons, circles, rect-
angles, and so on. *is design used the rectangle method,
mainly using the boundingRect function to call.

*e drawContours function draws the outline according
to its description and is called as follows: void drawContours
(Input Output Array image, Input Array of Arrays contours,
int contourIdx, const Scalar& color, int thickness� 1, int
lineType� 8, Input Array hierarchy� no Array, int max-
Level� INT_MAX, Point offset�Point).

2.2. Flame Identification and Detection Based on Infrared
.ermal Imaging. According to the current technology, the
sensors used in infrared imaging are divided into two cat-
egories: one is the uncooled thermal imager represented by
vanadium oxide, and the other is the refrigerated thermal
imager that needs to work at low temperature. *e refrig-
erated thermal imager features high sensitivity, fast response
speed, and clear images, but it is large and expensive. It is
generally used in the military industry. Nonrefrigeration
equipment sensitivity is slightly lower, but basically in line
with civil requirements, and without low-temperature re-
frigeration. So, its price is only one-tenth to a fraction of that
of refrigeration equipment. At present, mainstream un-
cooled detectors generally use vanadium oxide or poly-
silicon. In addition, an infrared imaging system should
include infrared germanium lenses with corresponding
transmission wavelengths, electronic components for
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electrical signal processing and control, as well as corre-
sponding software programs. Taking the uncooled focal
plane infrared thermal imaging system as an example, it
consists of an optical system, spectral filtering, infrared
detector array, input circuit, readout circuit, video image
processing, video signal formation, timing pulse synchro-
nization control circuit, monitor, and so on.

*e infrared radiation of the measured target received by
the optical system can be reflected on the photosensitive
elements of the infrared detector array on the focal plane
through spectral filtering. After the detector detects the
thermal radiation, its array will output the grayscale image of
the target point. After digital image processing, the contrast
display in the picture can be optimized to obtain better visual
effects [20].

In this experiment, an infrared thermal imager control
system was selected as the experimental platform, which
could measure the temperature of any element point in the
image and transmit video streams through FLIR Tools
[21].

*e FLIR infrared thermal imager is the core of the
infrared thermal imager control system. *e mobile sentry
robot can identify the position and fire size of the fire point
through the infrared thermal imager vision algorithm of this
system. *e functional architecture of the detection and
control system is shown in Figure 3.

As shown in Figure 3, the main structure of the flame
recognition control system based on infrared thermal
imaging includes an infrared thermal imager, embedded
development board, and alarm bell. An infrared thermal
imager consists of a detector, an optical imaging objective,
and a photosensitive element with which a thermal image
is generated. *e embedded development board receives
images from the infrared thermal imager and performs
image visual recognition. *rough the subsequent thermal
image processing algorithm, it extracts the area above a
certain temperature in the image and finally determines
the size relationship between the extracted area and the
critical area. If the extracted area is larger than the critical
area, it returns a dangerous signal. *e alarm bell, after
receiving the dangerous signal from the embedded de-
velopment board, completes its own circuit to sound the
alarm [22].

*e operation interface of the infrared thermal imager is
shown in Figure 4.

As shown in Figure 4, in addition to the target image,
there is the temperature bar area, the highest temperature
digital area, the lowest temperature digital area, the FLIR flag
area, and the charging flag area in the thermal image. After
receiving the thermal image from the infrared thermal
imager, the embedded development board firstly extracts the
temperature value digital area and temperature bar area, uses
template matching to identify extreme temperature values
according to the digital pixel characteristics, and stores
returned values in two predefined variables.

In addition, these areas are black and white, causing
great interference with the target image processing.
*erefore, before image processing and flame extraction,
these areas are covered and then transformed into grayscale
images. *e measurements show that there are five areas:

bar0� src(Rect(305, 28, 10, 185))
bar1� src(Rect(280, 8, 33, 14))
bar2� src(Rect(280, 219, 33, 14))
bar3� src(Rect(8, 6, 36, 17))
bar4� src(Rect(3, 218, 54, 20))

*e threshold function is applied to the binarization of
five areas for coverage.

After local coverage of the image, the shape and outline
of the flame were obtained by comparing each point on the
image with the established threshold value. Since the thermal
imager used in this paper has a temperature bar display on
the interface, the temperature bar can be used to determine
the temperature threshold and pixel threshold. According to
the linear relation between the temperature and the coor-
dinates on the temperature bar, the following formula was
used to obtain the threshold coordinates on the temperature
bar:

goalY − yl

goalterm − min term
�

y2 − y1
max term − min term

, (2)

where goalY is the coordinate of the corresponding point,
max term is the maximum temperature, min term is the
minimum temperature, goalterm is the threshold temper-
ature, y1 is the lowest temperature coordinate, and y2 is the
highest temperature coordinate.

Take the average pixel value of the temperature line of
the temperature bar threshold and use this value as the
threshold pixel value. *en, a point-by-point pixel value

(a) (b)

Figure 1: Material burning. (a) Wood burning. (b) Bean curd stick burning.
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Taking max and min
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Figure 2: Flowchart of flame algorithm for visual identification.
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comparison was carried out on the image. When the pixel
value is greater than the pixel value threshold, it is deter-
mined as the flame point. Finally, the threshold function was
used to represent the flame part with white and the nonflame
part with black, and the shape of the flame was extracted.
*is area was used as the signal to trigger the alarm [23].

2.3. Construction of Mobile Sentry Robot. *e mobile sentry
robot platform using an STM32F407 processor can detect
flames through an infrared thermal imager and realize the
functions of patrol, self-identification of flames, confirma-
tion of fire size, and alarm or extinguishing [24].

*e robot can move freely within a specific range, patrol
automatically, detect obstacles through ultrasonic sensors,
and turn automatically when the distance is shorter than the
set value. At the same time, the infrared thermal imager
rotates in the horizontal direction to identify the sur-
rounding environment. When a flame is recognized, the

robot will turn toward the flame, approach the flame, sound
an alarm, and take the next fire-extinguishing measures. *e
robot is composed of a mechanical structure system,
hardware structure system, circuit control system, thermal
imager control system, and communication system [25].

2.3.1. Mechanical Structure System of a Robot. In the me-
chanical structure system, the main design department is
divided into the chassis based on mecanum wheels, the fire
spray device, and the infrared thermal imager single-axis
cradle head (Figure 5).

As an important research direction of the mobile robot
platform, the mobile robot platform can be wheeled, tracked,
and legged or with a composite structure, which needs to be
determined according to the actual application scenarios
[26]. According to the application scenario analysis, the
patrol route of the sentry robot is fixed, the terrain is flat, and
the robot needs to move in all directions. On this basis, a
horizontal comparison was performed for the structure: the
crawler chassis structure is relatively complex and hard to
maintain; the control of the leg-type structure is compli-
cated, and it cannot give full play to its advantages on the flat
ground and many scenes where obstacles cannot be over-
come; wheel structure control is mature and easy to
maintain, so the wheel structure for the chassis design was
adopted in this paper.

Among the wheeled structures, there are three kinds of
structures commonly used in fixed-route patrol: unidirectional,
bidirectional, and omnidirectional. And omnidirectional
movement is the most widely used. At present, the only
structure that can move in all directions without changing the
direction of the car body is the mecanum wheel structure,
which was introduced in 1973. A number of small rollers are
arranged diagonally along the edge of the mecanum wheel,
each of which is able to rotate around the axis of the mecanum
wheel, around its own axis, and around the point at which the
mecanumwheel contacts the ground.*ewheeled sentry robot
based on mecanum wheel technology can realize forward,
backward, horizontal, lateral, oblique, and rotation movements
of the robot and a combination of these movements, which has
obvious advantages in limited space operation [27].

*e mecanum wheel is an omnidirectional moving
wheel. Its main components are a fixed caster and a series of
movable casters.*e central axis of the movable casters is at
a 45-degree angle to the axis of the fixed caster. *erefore,
when the mecanumwheel moves, the movable casters come
into contact with the ground and the friction is at a 45-
degree angle to the fixed caster. When the movement di-
rection of the two wheels is the same, the forces of the two
wheels form a 90-degree angle and the resultant force is in
the vertical direction. *en the car can move back and
forth. When the wheels on both sides of the car are not
turning at the same time, the resultant force of the wheels
on both sides is horizontal so that left-right movement can
be completed without rotation of the car body. *e prin-
ciple of motion is shown in Figure 6. Red means the wheel
moves forward and blue means the wheel moves backward.

*e structure of the fire-extinguishing spraying device is
shown in Figure 7.

Infrared radiation of the
ignition point

Infrared detector

Optical imaging
objective lens

Embedded development board
accepts image visual recognition

algorithm

Alarm

Photosensitive element

Fire information

Hot like figure

Figure 3: Work flowchart of flame recognition control system
based on infrared thermal imaging.

Figure 4: Infrared thermal imager operating interface (http://www.
pmsys.cn/article/meiguoflirxiaofangyo.html).
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Figure 5: *e chassis structure. *e parts in the picture include (1) mecanum wheel, (19) axle, (7) plum flower coupling, (5) fixed motor
base, axle socket, axle spring, (16) 3510 motor, (17) the lower, (4) suspension spring, (8) on the next spring fittings, (3) upper spring
connector, suspension spring fittings, (2) shock absorber support plate, (9) hanging plate, (20) hinge, (18) support block, (15) idler pulley,
(14) regulating wheel fixator, (10) chuck, (11) suction cup fastener, (12) linear motor, (13) linear motor fixed truss, support plate, (21) fixed
plate for linear motor, (22) weld truss, and (6) square steel stiffener.

(a) (b) (c) (d)

Figure 6: . Mecanum wheel working principle. (A: move forward, B: move backward, C: move left, and D: move right).

(a) (b)

Figure 7: Fire-extinguishing spray device structure. (a) *e spray structure and (b) the press structure.
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*e jet structure is controlled by two linear motors,
which can realize the rise and fall of the jet device so as to
expand the fire-extinguishing scope. *e pressing structure
is controlled by two screw motors to realize the effect of
simulating the fire hydrant being pressed by hand.

Figure 8 shows the structure of the single-axis cradle
head of the infrared thermal imager.

*e infrared thermal imager was installed on the cradle
head, and the rotation of the cradle head was realized by the
steering gear. *e infrared thermal imager can detect the
surrounding environment through rotation of the cradle
head. *is structure expands the field of vision and can
obtain environmental information more conveniently.

2.3.2. Hardware Structure. *e main control board used an
STM32F407 chip as its processor. *e four 3510 motors of
the chassis adopted special 3510 electric modulation and the
four electric modules were connected to the main control
board; the steering gear of the cradle head was connected to
the main control board; the linear motor of the transmitting
mechanism was connected to the main control board after
passing through the high-power motor drive module; the
two positioning ultrasonics passed through an auxiliary data
processing module with an STM32F103 chip as the pro-
cessor and were then connected to the main control board;
the thermal imager was directly connected to the main
control panel.

2.3.3. Circuit Control System. *e chassis motion control
adopted an STM32 embedded control system to adjust PID
(proportion, integration, and differentiation) of four 3510
motors [28].*e control algorithm flow is shown in Figure 9.

*e control of the cradle head steering gear is realized by
sending a PWM pulse square wave every second through the
chassis so that the steering gear rotates at a certain angle.
When a flame is detected, the main control board obtains the
marking position, reads the angle of the steering gear at that
time, and uses the gyroscope to rotate the chassis to this
angle (Figure 10).

Ultrasonic obstacle avoidance control: use the auxiliary
board to send out trigger signals according to the protocol of
the module and then receive the echo-response signal to
calculate the distance from the obstacle [29]. When the
detected distance is shorter than 50 cm, the auxiliary board
will send a low-level signal to the main control board, which
makes the car rotate 180° on the spot after logic calculation
(Figure 11).

MPU6050 control is realized through reading the data of
MPU6050 calculated by DMP through IIC and obtaining the
attitude angle of the fire robot in real time after Kalman filter
[30]. When the fire robot receives the information that it
needs to turn, the attitude angle will be obtained and the
robot will be rotated to the specified angle [31].

*e control of the fire extinguisher press device is re-
alized through two small screw motors. When a forward
voltage is applied, themotor will turn forward and vice versa.
*e jet tube is lifted by a linear motor. *e main control
sends a PWM signal to the click drive module to control the

voltage and direction of the linear motor and then changes
the rise and fall of the jet pipe and the speed.

2.3.4. Infrared .ermal Imager Control System. *e infrared
thermal imager control system mainly includes an infrared
thermal imager module and Open Source Computer Vision
Library (OpenCV) control algorithm. *e infrared thermal
imager displays the maximum and minimum temperature
values and the “color-temperature” temperature bar for this
temperature range. According to the characteristics of digital
pixels and starting from the extraction temperature digital
area of the temperature area, vision algorithms use a

Figure 8: Uniaxial head structure of infrared thermal imager.

Enter the speed target value

Electromechanical code plate
feedback current value of
electromechanical speed

The target value is different from
the current value to perform PID

operation

Output PID operation results to
the electric modulation

Figure 9: Speed loop PID algorithm program.
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template-matching method to identify extreme temperature
values and return values are stored in two predefined var-
iables. When the target temperature is set in advance, extract
all pixel values of the row corresponding to the target
temperature in the temperature bar, average these pixels,
and use this value as the threshold parameter of the
threshold image to extract the area above the target tem-
perature [32].

2.3.5. Related Research on Path Planning. Path planning
usually refers to the following: the robot senses the envi-
ronment through the sensor and plans its running path.
*ere are three problems to be solved in this process: (1) the
robot can reach the destination from the starting point; (2)
algorithms are used to allow the robot to avoid obstacles or
undertake tasks; and (3) try to optimize the operation route
on the premise of completing the task [33].

*e commonly used path planning methods are as
follows:

(1) Template-matching path planning technology:
matching the template is to summarize and collect

the path planning information used or generated by
establishing a template library and then compare and
match the current task and environment informa-
tion with the template library during the path
planning, so as to find an appropriate template to
match and modify. When the environment is de-
termined, the template-matching path planning
technology can be used well.

(2) Path planning technology of artificial potential field:
the artificial potential field assumes that the robot
moves in a virtual artificial potential field. Obstacle
points generate repulsive forces, and target points
generate gravitational forces. *e combined forces of
the two control the robot to avoid obstacles and
reach the destination. In the early stage, the artificial
potential field in a static environment was studied,
but it is still difficult to solve the problem of the
algorithm design of gravitational and repulsive
forces in a dynamic environment.

(3) Map construction path planning technology: map
building is to divide the robot into different grid
spaces based on environmental information,

Trigger signal

Signals are
emitted from

inside the
module

Output echo
signal

10uS TTL

Eight 40kHz pulses are emitted in a loop

The echo level
output is

proportional to
the detection

distance

Figure 11: *e principle of ultrasonic obstacle avoidance control.
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Figure 10: *e principle of steering gear control.
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especially the obstacle information obtained by the
robot’s own sensors, calculate the possession of
obstacles in the grid spaces, and then calculate the
optimal path according to the algorithm. *e map
construction path planning technology is divided
into the grid method and the road-marking method.
*e grid method is to decompose the robot pe-
riphery into connected and nonoverlapping units,
while the road-marking method is to realize path
planning by building a feasible path graph composed
of mark points and connecting edges.

(4) Artificial intelligence path planning technology: it is
to use artificial intelligence technology in robot path
planning, such as the artificial neural network and
evolutionary computing.*e genetic algorithm is the
first intelligent algorithm used in the combinatorial
optimization problem. In the field of path planning,
the algorithm is used in the ant colony algorithm and
others. Many scholars have introduced the ant col-
ony optimization algorithm into the path planning
research of underwater vehicles.

3. Results

3.1. Result of Flame Recognition and Detection Based on
Camera Image. First of all, images and videos were collected.
*en, OpenCV was used to conduct phased processing of
images to obtain data. *e experimental process and results
are shown in Figure 12. It can be seen from the figure that the
results of the image processing at each stage were obvious
and the overall flame was basically outlined. Finally, the
results can help to judge where the fire source was, and take
corresponding measures to deal with the fire source.

We randomly selected 19 pictures from the collected
samples for flame identification. *e types and results are
shown in Table 1.

It can be seen from the statistical results in Table 1 that
the flame recognition system was not complete and the main
reason may be that the algorithm only identifies the orange
within a certain range, but the flame center is usually white.
Although the identification of the flame center needs to be
improved, the periphery of some high-temperature flames
can be identified based on the experimental results. Among
them, the false recognition rate of interference graphs was
25% and the main reason was that there were more con-
centrated color patches similar to the flame model, which
means that the flame recognition method still has room for
improvement.

*e flame recognition method based on camera images
was mainly studied in this experiment. Based on the flame
recognition principle of RGB color space, in this paper, the
flame color was divided, the flame color model was estab-
lished, and the image was then processed. *e experimental
results can be used for further human-computer interaction
research.

3.2. Result of Flame Recognition System Based on Infrared
.ermal Imaging. *e infrared thermal imager was used to

collect images and videos, OpenCV was used to process the
images, and MATLAB was used to analyze the data.

Two groups of experiments were carried out separately.
*e first group of experiments was conducted in an indoor
environment with human body temperature as the threshold
temperature. *e test distance was relatively close and the
limit was within 1meter. Some experimental results are
shown in Figure 13.

*e results show that the flame recognition method of
infrared thermal imaging can basically recognize 70% of the
complete target objects in the image and can display the
general outline and direction of the target, which is con-
venient for the realization of further path planning.

*e second group of experiments was carried out in an
outdoor environment with flame temperature as the
threshold temperature. *e infrared thermal imager was
about 1.5meters away from the fire source.*e experimental
results are shown in Figure 14.

*e experimental results show that the infrared thermal
imaging flame identification method is highly accurate with
a complete flame area in flame identification, which is
helpful for calibrating the flame center or calculating the
flame area.

In addition, the temperature threshold was tested, and
the results are shown in Table 2.

As can be seen from Table 2, when a low temperature
threshold was set, the identified area was likely to be larger
than the actual flame area. In addition, because of the low
temperature threshold, misidentification occurred during
the test, resulting in more interference. However, when the
threshold temperature was high in the test, such as 170°, the
initial flame temperature did not reach 170°, and the flame
could not be recognized in this case, which was not con-
ducive to timely detection and control of fire in real life.
After repeated tests, it can be found that the optimal tem-
perature threshold was about 140°. In this case, the newly
generated flame could be recognized more quickly, and the
flame image with a large burning area had less interference.

3.3. Function Demonstration of the Mobile Sentry Robot.
*e patrol robot in this article was designed based on a
relatively simple temperature environment.*e purpose was
to use an infrared thermal imaging camera to detect flames,
then identify the flames through the OpenCV algorithm, and
then adjust the patrol robot to perform fire-extinguishing
operations through the master control (Figure 15).

3.3.1. Results of Flame Identification. First, in this paper, a
physical flame recognition experiment was conducted on the
patrol robot, the flame recognition distance was obtained,
and the influence of the distance on the recognition tem-
perature was analyzed. *e robot was about 7 meters away
from the flame, and the actual flame area was about 0.16
square meters at most and 0.0225 square meters at least.
Cardboard was used as fuel and placed on an outdoor plaster
floor. As can be seen from the camera and the processing
screen, the flames were still very clear at 7 meters, as shown
in Figure 16. *en, by comparing the flame temperature in
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(a) (b)

(c) (d)

(e) (f )

(g) (h)

Figure 12: Flame image recognition. (a) *e original image. (b) Binarization. (c) Average filtering. (d) *e threshold. (e) Median filter.
(f ) Corrosion. (g) Expansion. (h) Results.

Table 1: Flame image identification data.

Image type Number
Flame figures/all figures 11/19
Recognizable figures/flame figures 11/11
Identifiable incomplete figures/flame figures 3/11
Mistakenly identified figures due to interference/interference figures 2/8
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the thermal image at different distances, the distance can be
increased by 1meter, and the flame temperature in the image
decreased by about 1°. Finally, the temperature threshold
was adjusted, thus reducing the influence of the distance
factor. In addition, the thermal imager camera was 66
centimeters above the ground, with a visual angle range of
about 24°. *erefore, the ground within 1.5 meters from the
patrol robot could be observed. It can be seen from the
results that the infrared thermal imaging flame recognition
system of the robot had a wide field of vision, a wide range of
recognition, and high accuracy for remote flame recognition
and can identify flames with a small area, achieving the
purpose of patrol robot design.

3.3.2. Results of Fire Judgment. A patrol robot was used to
record the flame area, so as to analyze the data to judge the
fire.*e combustibles in this experiment were paper, and the
distance between the patrol robot and the flame was 2
meters. Table 3 shows the statistical results of data recorded
every five frames.

A total of 353 data were obtained in this experiment.
With the time as the X-axis and the flame area pixel points as
the Y-axis, a coordinate system was established. Figure 17
shows the scatter diagram and curve of MATLAB.

It can be seen from Figure 17 that, at about the 25th
point, the flame area had a peak value, which was presumed

to be the second fire source in the initial stage. From the 50th
to 100th point, the flame had a maximum value, which was
presumed to be the time when the fuel burnt violently and
the first and second fire sources spread. After taking the
point 100 times, the flame trend gradually dropped, which
shows that the flame may be in a decay stage. For the flame
area peak appearing after 100 times of point taking, con-
sidering that the combustible material was a spherical paper
ball, it was speculated that the internal combustion started
due to contact with air. According to the general trend of the
curve, it is applicable to judge the fire by identifying the
flame area.

3.3.3. Firefighting Demonstration. *e actual firefighting
situation is shown in Figure 18. Based on the machine vision,
the robot identified the fire source and adjusted the spray
device to carry out the fire-extinguishing experiment suc-
cessfully. *e experiment shows that the range of the ele-
vation angle of the spray device was small, which does not
suffice for high-intensity fire extinguishing in large build-
ings. *erefore, the spray angle still needs to be improved.

4. Discussion

In this paper, we focused on mobile sentry robots used in
laboratory patrols and proposed a flame image recognition

(a) (b)

Figure 13: Results of infrared thermal imaging flame identification (indoor). (a) Original picture. (b) Processed picture.

(a) (b)

Figure 14: Results of infrared thermal imaging flame identification (outdoor). (a) Original picture. (b) Processed picture.
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method based on FLIR’s C2 infrared thermal imager.
*rough the linear relation between temperature and the
pixel value, a model was established and the flame recog-
nition and image processing were carried out. *is method

can quickly and effectively identify the flame in the patrol
robot test. In addition, the Visual Studio integrated devel-
opment environment and OpenCV library were used to test
the flame recognition system of camera images and the
infrared thermal imaging flame recognition system, re-
spectively, through C++ programming. A thermal imager
was installed on the single-axis head of the patrol robot and
tested. *e experimental results show that the infrared
thermal imaging flame recognition algorithm is feasible.
Moreover, learning infrared thermal imaging image datasets
can enhance the robot’s accurate identification of common
heat sources in the laboratory, such as fluorescent lamps, air
conditioners, and other facilities, to avoid false positives.

Different from the traditional video fire detection sys-
tem, the flame recognition system proposed in this paper
pays more attention to the characteristics of recognition
efficiency, anti-interference, and flexibility and portability.

Table 2: Experimental results of temperature threshold.

Number *reshold temperature Image

1 100

2 120

3 140

4 150

5 170

Figure 15: *e mobile sentry robot.
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(a) (b)

Figure 16: Robot flame recognition test. (a) *ermography. (b) Processing figure.

Table 3: Flame area data.

No. *e flame area (pixels)
1 339
2 364
3 383
4 375
5 362
6 345
7 363
8 368
9 419
10 438
11 459
12 450
13 545
14 958
15 1080
16 430
17 586
18 834
19 1279
20 1529
21 1370
22 1205
23 1151
24 1087
25 1086
26 1083
27 1140
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Figure 17: Flame area figures. (a) *e scatter plot. (b) *e curve graph.
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When selecting the flame recognition mode, this study
compared and analyzed the two flame recognition modes of
camera imaging and infrared thermal imaging frommultiple
angles including cost, effect, efficiency, and other factors and
finally adopted the infrared thermal imaging recognition
method.

In practice, the mobile sentry robot can automatically
patrol in pharmaceutical chemistry laboratories and avoid
obstacles with the thermal imager constantly scanning its
ambient temperature. When determining the environment
is a region of high-temperature processes, the mobile sentry
robot will stop patrolling robots, turn the car towards the
fire, then get close to extinguish the fire, and sound the alarm
at the same time, which can reduce the pressure of routine
safety inspection in chemistry laboratories. If laboratory fire
is put out in time in the early stage, the casualties and loss of
properties of the laboratories will be greatly reduced.

Flame recognition and tracking in videos has been
achieved in the research. How to use machine vision for
obstacle avoidance and path planning is a focus of the de-
velopment of patrol robot vision. Existing research has
proposed many mobile robot path planning methods based
on different algorithms, so it is very feasible for the path
planning of patrol robots to be the next research content.

5. Conclusion

Due to frequent accidents in university laboratories in recent
years, the safety inspection of laboratories is particularly
important. Safety inspection system will nip the possible
safety problems in the bud, especially when no one is on
duty, such as off duty and holidays. Timely detection and
timely treatment are one of the important means to prevent
the occurrence of laboratory safety accidents.

*e development of artificial intelligence and robot
technology provides a new prospect for laboratory safety
management. *is project is the first to carry out an applied
research on the combination of artificial intelligence and
laboratory safety management for pharmaceutical profes-
sional laboratories.

Use the robot to assist laboratory safety patrol in order to
reduce the incidence of laboratory safety accidents to a
minimum. *e development and utilization of safety patrol
robots can not only increase the means of laboratory safety
management, save manpower cost, increase the frequency of
inspection, and greatly reduce the risk of laboratory safety
accidents, but also create a harmonious and safe

environment for teaching and research so as to ensure the
sustainable development of various undertakings in colleges
and universities. As the development of AI enters a new
stage, interdisciplinary cooperation will highlight advan-
tages and promote each other. With attention to detail, we
should create a safe experimental environment to provide
the most basic guarantee for the smooth development of
teaching and research experiments. *erefore, the mobile
sentry robot has a good application prospect for laboratory
security patrol.
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