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Abstract: To improve the accuracy of fire information colle
ction.In this paper, a kind of UAV swarm cooperative sensin
g forest fire prediction algorithm that based on bee colony al
gorithm and combined with Jiugongge fire development pre
diction model is proposed. The UAV group's task planning,
queue planning and route planning through the target percep
tion information are realized in the algorithm, cooperatively
perceives the fire trend and tracks the fire, and uses the sens
or to collect the data, which is sent back to the console, and t
he console analyzes the data to guide the firefighters to rescu
e.Experimental simulation shows that the accuracy of fire pr
ediction reaches 81.8%. Compared with single UAV, the inf
ormation collected by UAV group is more accurate andmore
suitable for complex environment.

Keywords: UAV group, Cooperative perception, fire
prediction, data analysis, mission planning

1. INTRODUCTION (HEADING 1)
With global warming, forest fires occur more and more

frequently, and the work about fire relief is facing an unprec
edented test. Moreover, the uncertainty of the fire environm
ent of scene causes the firefighters to be unable to understand
the fire development in time, which poses a serious threat to
their lives and safety[1]. The fire scene can be observed by U
AV in all directions in the air, and understand the changes of
fire at any time, which reduces the risk of fire. It can also pro
vide timely guidance for rescue. At present, UAV are widely
used in agriculture, industry and military[2-6]. Compared with
single UAV, UAV swarm has the advantages of strong fault
tolerance, good adaptability, rich load and so on, which mea
ns that UAV swarm is more suitable for performing tasks in
complex environment. Chang Xiaomeng[7] and others propo
sed the fire fighting task planning of multiple UAVs based
on improved bee colony algorithm, and Huang Liang[8] and
others proposed the cooperative perception mechanism of m
ulti-agent manufacturing agents based on ant colony, Li Xin
gdong[9] proposed a forest fire spread model based on cellul
ar automate, which is a good reference.In this paper, based
on the research of the model named Jiugongge of predicting
fire trend, combined with UAV group cooperative perceptio
n training and bee colony algorithm[10], UAV group c oopera
tive perception is proposed to explore the fire scene, comple
te the fire scene information collection and independent deci
sion-making.

2. ECOOPERATIVE SENSING OF UAVS
When UAVs are surveying the fire scene, the advantage o

f UAV group consists in task allocation. Some UAVs collect
the image information of the fire scene, and transmit it to the
ground console in real time through the image transmission
equipment. Other UAVs disperse to each position of the fire
scene for information collection. With the division of labor,
the exploration work can be carried out efficiently, and the fi
re prediction can become more flexible and unmanned. It ca
n not only predict the fire development of some fire are as, b
ut also predict the fire development of the whole fire. Combi
ning the two, it can effectively assist firefighters to predict th
e fire, so as to achieve the purpose of accurate rescue and red
uce unnecessary losses. When the UAV collects data, it will
be transmitted not only to the ground, but also to the decisio
n-making UAV in the UAV group. After the data is transmitt
ed back to the ground, the ground personnel can make predic
tion through the data. In addition, the decision-ma king UAV
will also make prediction after receiving the data. After the p
rediction, it will also send the prediction results to the conso
le to assist personnel on the ground in the prediction. The tas
k assignment is shown in Figure 1.

FIGURE 1 Task allocation based on multi-machine coopera
tion
When the decision-making UAV receives the data transmitte
d by other UAVs, the fire trend is predicted by combining th
e model named Jiugongge of predicting fire trend,. A method
based on the regional characteristic matrix of fire image is us
ed as the basic criterion of fire development and spread direc
tion.The main process of this method is as follows:
①Each fire image is divided into nine quadrant pixel regions,
and traversed from top to bottom and from left to right. Each
region is identified and calibrated visually;
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②Calculate and output the number of fire calibration pixels
in each pixel area and print them out;
③The characteristic value of the pixel area with fire is calib
rated as 1, otherwise it is calibrated as 0;
④The characterization matrix ϒ can be expressed as follow
s:

ϒ =
a11 ⋯ a14
⋮ ⋱ ⋮

a41 ⋯ a44
, aij=Flag(Direction),

i∈[2,4],j=[2,4] (1)
Where flag (direction) represents the characteristic value of
the flame in the rectangular area of each pixel in the squared
paper for practicing calligraphy, taking equation (2) as an ex
ample:

ϒ1=
a11 a12
a21 0

a13 a14
0 1

a31 0
a41 0

0 1
0 0

(2)

Among them, A24 and A34 feature 1 in the feature matrix in
dicate that fire is detected in this area, A2j (j=2,3,4) represen
ts the total number of elements with characteristic value of 1
in the corresponding column in the nine palaces. Similarly,A
i1 (i=2,3,4) represents the total number of corresponding ro
w feature values of 1. By analyzing the distribution of the n
umber of eigenvalues, the direction system of the fire spread
ing can be established, from which the direction of the fire sp
reading can be roughly predicted.

3. SWARM COLLABORATIVE PERCEPTION
BASED ON BEE COLONY ALGORITHM
3.1. Bee colony algorithm
The artificial bee colony algorithm simulates the autonom

ou s decision-making process of natural bees, constructs a pe
er- to-peer collaboration method between agents, and solves
individual behaviors only based on local information.The ph
eromone introduced by the algorithm can help the algorithm
to jump out of the local optimal value, while the neighborho
od search strategy can help the bee colony gradually concen
trate on the interval and speed where the optimal value is lo
cated.From the above analysis, we can see that the bee colo
ny algorithm is systematic, and the problem solving is distri
buted. Bees can also spontaneously change from an out-of-o
rder system to a self-organizing system, and finally can feed
back the obtained honey source information.

3.2. Swarm Collaborative Perception Based on Bee
Colony Algorithm
The bee colony algorithm helps each unmanned aerial ve

hicle to achieve a centralized collaborative consensus among
clusters by relying only on limited autonomous decision-ma
king and local perceptual communication capabilities, and to
realize the emergence of dynamic task-oriented behaviors ba
sed on the individual behavior of the unmanned aerial vehic
le.
Under the premise of the bee colony algorithm, with its syst
ematic, self-organizing and feedback characteristics, collabo
rative perception becomes more flexible. When an unmanne
d aerial vehicle feeds back the collected information like a be
e colony, the unmanned aerial vehicle swarm will adjust its
queue autonomously, change from one queue to another aut
omatically, and continue to perceive the data.Based on the o

bject-based cooperative awareness model, a target-based coo
perative awareness (TBCA) model is proposed. The TBCA
model plans tasks through the perception of target informati
on, which reduces unnecessary perception, saves time and s
pace, and is more suitable for collaborative tasks of UAV fl
eet.
To facilitate the description of the collaborative perceptio

n model, this paper uniformly uses uppercase letters/strings t
o represent collections or relationships, lowercase letters/stri
ngs to represent members of collections, and initially upperc
ase strings to represent functions or relational operations.
Definition 1 (Basic Set)Object Collection OBJ, Method Col
lection MET, Target Collection TAR, Member Collection U
SR, Point-in-Time Collection TIM.
Definition 2 (Basic Relationships)
(1) Operational relationship OPR=〈OBJ, MET, fopr〉, fopr:
OBJ→2METis a map that describes a set of methods of oper
ation corresponding to an object.
(2) Activity Relationships ACT〈USR,TIM,POS,OPR,ract,
fact〉：
ract represents the set of relationships between activities,rac
t= ACT× ACT→2ARL; ARL is the type of relations hip a
mong activities, which includes three types: judgment relatio
nship, precursor relationship and parallel relationship;fact re
presents the relationship mapping between members, time,
location and operation,fact= USR× TIM× POS→2 OPR。
(3)Task-Target Perception Information Relationship TOAR
=〈USR,MET,TAR,rt,ft〉:
In expression rt represents the parent-child relationship map
ping between TOARs,rt= TOAR× TOAR→ { True,Fals
e} ;Describes the parent-child relationship between different
goals in a group, that is, the direct parent-child relationship b
etween two goals,rt is True.Conversely, rt is False.ft represe
nts the mapping between member, method, and target-aware
information.ft =USR×MET× TAR→2TOAR。
Define 3 (Group Structure)
The group structure(GA) is a binary group composed of grou
p elements and their relationships.That is GA=〈E, R〉, Whe
re E represents the elements that make up the group (such as
target, member, object, method, and time), E={TAR, USR,
OBJ, MET, TIM};R represents the relationship on E, that is,
the operational relationship, the active relationship, the task-
to-target perception information relationship between eleme
nts.R={OPR, ACT, TOAR}.
Group structure GA is the basis of establishing a group perce
ption model. By extending group structure GA, the role char
acteristics and related group perception characteristics in a gr
oup can be described. The overall structure of the cooperativ
e perception model based on bee colony algorithm is shown
in Figure 2.
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FIGURE 2 Overall structure of collaborative perception mo
del based on bee colony algorithm
In the case of swarm cooperative perception algorithm based
on bee colony algorithm, when the UAV swarm is cooperati
ve perception, the task assignment method of cooperative pe
rception is closely related to the state of the target. In order to
get the optimal method, the adjustment distance of the UAV
is minimal, x is for the first method, and N is for the metho
d.To adjust the total number of unmanned aerial vehicles, S
represents the distance the ith unmanned aerial vehicle needs
to adjust, that is

))/(min()(D
1




N

i
iUAV vSxis

i

(3)
After selecting the method, for the decision of multi-UAV co
operative perception, the decision result is determined by i
UAV, and the size of i depends on the fire information detec
ted.

)(inf)(inf)(inf)t(
i21 i21 tttFPR UAVUAVUAV   

0<i<N (4)
1i21    (5)

FPR(t) is the decision result function at a certain time, infrep
resents the information obtained by the i unmanned aerial ve
hicle. For the weight factor, the information of the correspon
ding unmanned aerial vehicle is weighted and fused, and the
n combined with the information observed by image transmi
ssion, the prediction results are obtained.
When the cooperative sensing information feedback is
obtained, the task allocation method of UAV will also be
adjusted according to TBCA model protocol,that is：

TBCAx PROtINFtMET  )()( (6)
Among them, MET is the method set at a certain time, INF is
the information obtained by cooperative sensing at a certain
time, and Pro is the TBCA model protocol.

4. EXPERIMENTAL SIMULATION
Experimental environment: Two UAVs, one laptop, Acer

Intel Core i5-8250Umemory 8GB,hard disk 256G,Win10 sy
stem. Embedded system: keil5, matlab 2015b

4.1. Experiment 1 simulation test
The formation simulation of UAV formation is carried out

byMATLAB. The UAV formation will make corresponding
formation formation and adjust according to different fire co
nditions. As shown in Figure 3, UAV formation type can be
dense network type, ‘umbrella’ word, ‘cong’ type, etc., as sh
own in Figure 4, fire tracking will also be carried out when
the fire moves.

FIGURE 3 Autonomous Formation of UAV group

FIGURE 4 Examples of queue types for UAV clusters

4.2. Experiment 2 simulation test
When the UAVs arrive at the fire scene in a certain form

ation, the information of the fire scene is collected. In this ex
periment, the paper towel is used to simulate the combustion
of the fire scene. The following pictures are the experimental
records of the fire development of the target flame feature re
cognition of the Jiugong grid, and the following table is the n
umber of characteristic flame pixels in the corresponding fla
me recognition area of the Jiugong grid, Flag is the character
istic value of regional flame.

FIGURE 5 The change of flame with time in Experiment 3
for the first time

TABLE 1 The experiment is the first time to test the flame
pixel detection results of each part of Jiugongge
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FIGURE 6 The first test data of Experiment 3 is displayed
by MATLAB

4.3. Experimental test and analysis
The experimental data are displayed with MATLAB ima

ge, as shown in Figure 6. From Figure 5, we can clearly see
the development and transformation of the fire and the size
of the fire in each area. Figure 5.a, figure 5.b, figure 5.c, and

figure 5.d are divided into upper, upper left, upper right, mid
dle, left, right, lower left, and lower right, and then the pixels
occupied by each palace of each figure are recorded respecti
vely, as shown in Table 2. From table 2 combined with four
figures, we can see the image of flame after feature enhance
ment and nine palace The characteristics are more obvious. It
can be seen from table 2 that when the flame is shown in Fi
gure 5.a, the value of a14 in the characteristic matrix ϒ is 2,
the value of a21 and a31 is 1, and other values are 0. It can be
inferred that the flame is mainly distributed on the right and
upper right. Combined with the flame characteristic pixel po
ints in the palace collected in Table 1, we can know the size
of the flame at this time, and the more pixels obtained, the la
rger the flame. Then analyze the information in Figure 5.b ob
tained by the camera. At this time, the value of a14 in the ch
aracteristic matrix is 3, the value of a21 and a31 and a41 is 1,
and other values are 0. Compared with the characteristic mat
rix in Figure 5.a, the value of a14 in the characteristic matrix
increases to 3, and a41 also changes from 0 to 1. Therefore,
the fire starts to appear in the lower right. Combined with the
pixels measured in Table 2, the fire can be inferred There is a
trend of spreading to the lower right, and the fire in the lower
right is relatively large, while the fire in the upper right begi
ns to decrease. See Figure 5. C again, at this time, a13 in the
characteristic matrix ϒ changes from 0 to 2, and a31 and a41
both change from 1 to 2. Therefore, the flame is still spreadin
g, and there is a trend of spreading to the lower and middle,
indicating that the fire may spread downward at this time. Th
en look at Figure 5.d. at this time, a12 in the characteristic
matrix ϒ changes from 0 to 2, a21 changes from 1 to 3, a31,
a41, a13 are still 2. Through the characteristic matrix, we can
roughly infer that the flame is slowly spreading to the left an
d up in the first experiment. At this time, we can probably inf
er that the fire is spreading to the middle and up in a encircli
ng manner. On the basis of one experiment, take 20 experim
ents as the total number of samples, and make the initial com
bustion point of each experiment consistent, observe whethe
r the predicted direction is consistent with the actual fire dev
elopment direction, among which there are three times of de
viation between the predicted direction and the actual fire de
velopment direction, so the reliability of this experiment can
be estimated to be about 85%. Similarly, the fire is caused f
rom different directions, and the experiment is repeated for
many times. The analysis of the results is shown in Table 2.

TABLE 2 Analysis of test results
Experiment
type

Number of
repeated
experiments

The
predicted
direction is
consistent
with the
actual fire
development
direction

reliability

The initial
combustion
point is on
the right

20 17 85%

The initial
combustion
point of the

20 18 90%
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experiment
is lower left
The initial
combustion
point of the
experiment
is at the
upper left

20 17 85%

total 60 52 86.7%

4.4. Compared with the model of forest fire spread
based on cellular automata
Figure 7 is the model of forest fire spread based on cellular

automata proposed in reference 10. Black represents the
flame area and green represents the forest. It can simulate the
fire development direction of trees after being struck by
lightning. It can effectively predict every situation of fire
development, but it may take a long time to apply it to the
actual fire scene. The two methods are applied to test for
many times, and the predicted direction is compared with the
actual development direction of flame, as shown in Table 3.
It can be seen from table 3 that the prediction algorithm in
this paper is more accurate than the model based on cellular
automata proposed in reference 10.

FIGURE 7 Forest fire spreading model of reference 10

TABLE 3 Comparison experiment with the forest fire
spreading model in reference 10

Number of
experiments

The
predicted
direction and
the actual
fire
development
are the same
times

Accuracy

Reference
10
prediction
algorithm

11 7 63.7%

The
prediction
algorithm
in this
paper

11 9 81.8%

5.CONCLUSION
The purpose of this paper is to provide a simple idea for
machine vision in the comprehensive early warning system
of fire development, and on the basis of multi UAVs
cooperation, the prediction results are more accurate. The
simulation results show that the algorithm of Jiugongge fire
prediction based on UAV group cooperation can effectively
predict the development direction and the size of the fire.
Combined with the data of three experiments, the accuracy
of the prediction algorithm proposed in this paper reaches
81.8%, and has good effect.
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