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Figure 1 Formation model of speed

compensation algorithm
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Figure 2 Circular formation control model

K2 e R, /i LS E L, M55,
T las N Z A B BB s 0 Pl A0 A R
B Hlas AR e Ltk iz shig (1 2 (a) ), HLAR
INNCT S

v, =v, + wR,, (6)

BL&S AR JE SO iz S i (P 2(b) ) |, % i [
P AR 2 B JE 4 M52 B, BIA W R, = Lysin @, =
R,. # Ry AL NIR B IUE iz g 38 hn /4 B
BRSO IZGE JE o, AME2 v, AT A R 4 BA B9 45
WHEQ, =[r, w,]", 1



523

SKIT T A T R M B TR Y 2 ML A N e BA A T T Y 3

[y +k,(Leos @ — Lycos @) +w,Lsin @,
Q= E w, +k,(Lsinp —L;sing,) EO 7
2 1 Em A (U(7)) W RUERS ZHLE A
56 W4 BN ELRE 98l R Gtk B RE |
WERA 1R aC(1) (4) 18

Ey =y, ~Y) = vcos 0, ~ v;c0s 6/. = v, ~ Y0
Byl (X)) IRAKX(8) 13
(9)

EJ =v, —v, == kE_;
E}, =V, U, =7 (szv, + ;) Lsin g,
o, ki ky, > 0; Lising, > 0,
e v " 1 .
T 15 2 R BRI V =7(Ef +E2), Bk

V=0, MAMYSE =0E =0f#,V=0, A V=
E E +E E =-kE - (kE +wkE )Lsing, <
0. PR, 4 il At v DA 759 52 46 58 W4 B . i BA
AR AR E 3 R

B R GRS ARALRE R

v

A AR RS N ALE(E B

v

T BN S ERBEHLE A\ Z (A SR 2

v

Hh 45 A A S BRBE AL ES AR BE R/

v

T BRI

3 mANEHEERE
Figure 3 Formation control algorithm process
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Figure 4 Obstacle avoidance strategy process
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Figure 5 Formation formation obstacle avoidance
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Figure 6 Obstacle environment and robot initial position

BRI 2 3 LA AT [R] — K2 B, HAL
a NZ BRI FE o 2 m 3 S HLER A il
iz s MR BEEE R A 1.5 m A 30°/9 =
EBIE JF HFE AR 8 m AbB HAR KL, 18
shad BN 7 Bras .t &L 7w HLEE N RE 8 0k
kPR BE PRy R AT ) HL R 4 LA AR B35 H
PRAi
3.2 ZH/ARNEEARREFZE

N TR SRR R A 2 LAY N RS
b P PR TR DR AR BATE AR SCHEAT T 2 HLAS N 4 A
P BAJE DR 52 56, 552 36 P L & N B 90 B0 37 A
BB 0 B 0 A AN 181 8 i s, P 8 R ZE M LA A
A0 BERR Y



523

KI5 75, A L BT R A Bk B9 2 HILAR N g A R F 5

(@)5s (b)10s (c)15s

B7 SHBEARFEHEFHLRE

Figure 7 Motion process of multi-robot system
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Figure 8 Robot initial position and obstacle environment
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Figure 9 Multi-robot system running track
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Figure 10 Variation curves of each robot index operation
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clustering algorithm based on the density sub-graphs and the decision tree classification algorithm to group us-
ers in the social network effectively, and used the simulated annealing algorithm to optimize the pruning when
classifying the clusters, so as to find the approximate optimum solution more concisely and quickly. The time
complexity of the algorithm was linear to the number of fraudsters, and it had high scalability. In experiments
based on the Yelp dataset, the accuracy of the CPOFD method for fraudulent public opinion detection reached
more than 98% , which verified the effectiveness of the CPOFD method.

Keywords: fraud detection; collaborative fraud detection; unsupervised fraud detection; behavior

recognition; social network security
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Research on Multi-robot Formation Control Based on Speed Compensation Algorithm

ZHANG Fangfang, ZHANG Wenli, WANG Tingting

(School of Electrical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; In order to solve the problems of complex algorithm of traditional leader-follower method in
formation control of multi-robot system and difficulty in completing circular formation of multi-robot system with
common formation control law, the formation problem of multi-robot system was transformed into tracking con-
trol problem among robots by improving the traditional leader-follower method, and a velocity compensation al-
gorithm based on position information for multi-robot formation was proposed in this study. The formation con-
trol model of robot with velocity compensation algorithm is established, and the formation control law was de-
signed based on the pose error between the following robot and the virtual robot, and it is proved theoretically
that the proposed control law could complete the multi-robot formation task. Then, on the basis of studying the
multi-robot formation problem, the obstacle avoidance problem in the multi-robot formation process is further
studied. The classical artificial potential field method was introduced, and the artificial potential field method
was combined with the speed compensation algorithm of this study. The combined algorithm could enable the
multi-robot system to maintain formation operation, and not only preventing the robots in the system from colli-
ding with each other, but also adaptively avoiding obstacles in the surrounding environment. The results
showed that multi-robots could not only complete the formation task efficiently but also successfully complete
the obstacle avoidance task when encountering obstacles. Finally, the proposed algorithm was verified by ex-
periments on multi-robot simulation and physical platform. The algorithm could reduce the number of calling
parameters, simplified the formation algorithm, and improve the formation efficiency.

Keywords: leader-follower algorithm; speed compensation algorithm; tracking control; formation obstacle a-

voidance control



