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Dynamic Partition Patrol Strategy of Multi-robot Under Visitor Access Trend

MA Wenjie, LI Zonggang,DU Yajiang and CHEN Yinjuan

School of Mechanical Engineering,Lanzhou Jiaotong University,Lanzhou 730070, China
Robotics Institute, Lanzhou Jiaotong University, Lanzhou 730070, China

Abstract To address the issue of increased patrol workload for robots in areas with high foreign visitor traffic, this paper propo-
ses a multi-robot dynamic partitioning patrol strategy that takes into account visitor trends. This strategy aims to improve the ef-
ficiency of the multi-robot system in patrolling dynamic environments. Firstly,an improved k-means strategy is used to complete
the static initialization score of the environment. Then,the robots perform patrolling tasks in their respective zones by adding the
robots’ access frequency requirements at different locations. Secondly, when visitors enter the environment to visit different
nodes, the robots focus on the visitors’ access trends,negotiate with neighboring partitioned robots,and then transfer the region
candidate nodes through the neighbouring regions multiple times to balance the workload of the partitioning robots and complete
the real-time dynamic partitioning of the region. The simulation results demonstrate that the robots can effectively detect visitors
while maintaining dynamic workload balancing. Additionally, the proposed multi-robot dynamic zoning patrol strategy,under the

visitor access trend.can significantly enhance the efficiency of multi-robot patrol in dynamic environments.

Keywords Node access frequency, Visitor trends, Dynamic partition, Multi-robot system,Continuous patrol
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Input:G=(V,E).{(v{) and k

Output: T=

© o N o Ul e W b

{T1, Ty, T}

. Sort| V| with f(v;) in descending order;
. Add them into a list N

t=1;

. Select first k nodes from N[ k(t—1)+1] to N[ kt];
. Place k initial centroids on selected k nodes in G;

. foreach subinterval do

. Calculate expected workload, Wy ;

. Calculate difference in workload, AW ;

.if AW<Ce then
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Require Initial and static partition To= (T, Ty, Tk)

v; =arg max(

o, €Vr, Smax " Smin

1. while the robots are patrolling do

2. return the current standard deviation()—>sju ;
3. return the maximum workload()—=>W,,.;

4. return the territory(W .. ) = T s

5. if V'rmx is not @ then

6. return the transfer nodc(Vme )=V

7. Node transfer(Tiax s vi» Tagi)

8. return the current standard deviation()—>s¢ 3
9. if Scur—sinit then

10. Cancel the node transfer(Tag»vis Timax) 3
11. if AW=Ce then

12. finish this partitions;

13. Go to step 1;

14. end if

15. end if

16. end if

17. end while
5 XBRHEEERSN

AT B8 IE SR W () 0] 4T L 7 Example M ] b X BT £ 3R g
PEATURAIE . DL Sk Pl BT SRR M g M fE . FRBE N E WA 3

FOEL 4 PR BRI AME B R 2 B g, 45 % 529 Example
MoV AR SCRBEE T AT AR A b B X R B R f (o) X
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H R o) BBE N 1 EE W AR (o) BE M 4
P73 b BB SRR T D TR
%2 HEHIMEE

Table 2 Environment topology information

i 4h i H TRHBE i % AR/ m? 2 f(o)
Sk AR A A 62 90 70X 49 62
BOR T T A 62 90 70X 49 80

MR 2 75 25 B PR 1Y 7 (R0 A0 R A B0 58 225K, 3 o AL 4%
NI AR X b S 0 R Dk A SO B SR 2 B T AT . AR
P4 B4 Tf-k-means SR8 H EIR [/ 38 SR £ Cod B9 HR &
Hh R AL I B e PR A R A R 46,8 AN, iR
FEWLEF NIBITE R 1m/s, Z LR R 4m, BT
A DX AL A A 08 AR S far 2 F DX e B9 A5k 2 RN 4 B RY
oY ST ORAIE AL 2% N TE B B C B AR S5 A AR A O 8L AR
G W e=1, 4T T 20 IR )T BEALL il T H i — ) Se
5 AU AU (] B PR A 40 b L 25 R 6 TR,

(b)k=6

(k=38

B 6 HrASRoE5 R
Fig. 6 Static partition results
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S o) WP E 1 . — 28 AL /N J2 R o K3 b A2 7E
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DX (1 5 e R T A D s LA T A A IO LR A
B TAR AT R 2 SCHR B0 8l 25 20 X SR mT LA 250 LA
V- 10 7 AR O3 45 E B AN IR JE A AL g N 2 IR B L AR
TEEA X B [ B AL & A 6 o B3R f (o) 8 T — 2K,
o 1] 42 6 A 7E 45 A~ DX BAT IR B AT 55 B HLAS N LA S s
—.

ST VPG 7S SO H B0 SR A R R R L AR S 1 T
k-means X35 73 A5 B R 43K 4,6, 8. 7 550 R
THE 05.305,605,90s #1 120s RHHLASF AEEE 2 4.6 F1 8 BF i
X3 R 43 5 3 S R T A X BUHL AR B AR 7 fr Wo, B9 28
foo NI 7 T LA H L 24 O 43 58 IR . 4% 2y X BLAs A AR
i Z ZHE AW<e, Hif e=1,

ML AR A AE 3 25 DI R 20 I 7 4% A IR DX 30 e 177 1) X3
WRPATIR AL S . YA U5 R PR B EREE o ALAS e
TG H B B A B IETE AT I B AL 55 . AR SO
Uy 8] e o AR B A0 Hh R O A B AL L SR xR 1] Y

FIAR S AT U R o AR, 3 A ) 25 ) ik ol B L (H G
VTRl A5 G AR TR i, 3 A5 8135 4350 5 ) 3 AR [ IX
B A TRIEAET R EEE 10s; Z )5, PR & b 3T

T AFRBE R IE e . BERE 100 s, 3 S0 A U7 IR H BAE A
FAL XS EREE b il B AR T s AT U5 R0, L s A0 [ 5 A 3
HiNd), BEKERE Lh, 78— A b A3 108 44
ZIEE TR

0 30 90 120

60
B [F] /s
Ca) IR k=4 %] 53

2 - ALEAL

~ LBA2
HBEA3
- HlEA4
15 A5
£ HLAEAE
&L
@& S
Hopp—
10 i /4./><ﬂ//'
5 5
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Fig. 7 Variation of robot workload under different partitions

T ESF& L AR SCR A AO 7R 78 38 58 vh i )
FH B  EARAE . B T ARG B TR Ui ] 0
PN, BRSO E WY, R Z Ui & T 7R sb R L A
X4 3] 43 SR W AR S E S RS 4 XU B (SPS) . AR L FE
ARICE T BT RS 5 KRR Z 4 R T LT 3 fha)
AT XA m .

(1) F&F A Gff b o 22 19 43 X SR s (WSPS)

(2) e F 17 7] 3 BE 85 14 43 X S s (VDPS)

(3) &5 TAE B a7 Jr 22 TN U 1) 25 085 19 43 IX SR W (TPS)

FEAEA X P SR BB 2 AR5 0 W T A KB
AR RN W A ) AR MLER N BN A o HEE B, LT
TRV 1) H a3 A gl B . PR, BT 7 3h 245 IX L BL
A A BEFE PR B K, 4 X 45 AN & 8 TR .

ISR EE R 43 2 6 A XA 4], P 8 R T S50 1h J5 ik
LR, FEE 8Ca) H, 1 T SPS B A % IE 1 1A F Ha #, W ik
Tt A BO R AELE i 0] 3, SR EEE BRI 50 R 2 f Co) AHSE
BIX 8, T A — R 3 AU ) 2 7 ) H AR
3A B AR A, i) 4 B 2 AN TR X045 1 1) e A bR
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PALE . Uil T O AR B B i it L S BOK 24T 5
BIPLER N TAE fufi N1 . 55— T, sh A 30 43 5 i WSPS,
VDPS #l IPS ¥ 3 A F5 ic 2] 43 2 A [6] 89 DX 3, W 8 (b) —
K 8 iR, A, Uil & H bs O & 1 IX 5 805 X
FRASLU /N | T AT U7 0] 3 B AR A Y X8R 43 XK AR B
WK, £ 3T AR E R AR AE T AL & AT AE 6 i o
PIbRE 2 s,

(DOTF K VDPS %4>

() OTF i IPS 43

1€ 8 ANIF) B AR fn 8 AR 45
Fig. 8 Division results in different target positions
3 ORIE RIS R ms R AR A 7 2 o 25
Table 3 Workload average standard deviation with different

division strategies

R e SPS WSPS VDPS PS
TR L S 1. 260 0.018 0.370 0.029

FE 3 AT B AS A IX S SPS SR o X HLER A T4
it 22 | oK. MR, & F 3 &% 4 K g WSPS, VDPS Fil
IPS (125 BE 3 8 8 75 550 D AR B o de K IX 38 5% 4% 31 45 3
A DX L (75 43 XA 2% N A B fr s T 34 4

5 VDPS 455 H L3l i 2 b o 2 s 0 B R T U
1 XL U — ¥ 5T WSPS Fl IPS A9 T AR fr . 763K 2
REJT T, 2 4 ) TR SRR R4 R 6 A X Slit, SR A 4 Fh il 43
SRR B A ) B . F T, A T A HLEE A
B RGMEE R, B9 Gl T FEA R K 43 5K B T L2 K T
B 7 7] 2 B3k (7 BMA L

4 TR SRR RGN E A 5 ] 2 R

Table 4 Number of visitors detected under different strategies

Singl
A M SPS  WSPS VDPS IPS et
robot
1 3 A 20 38 41 43 18
i 18 # O 23 44 47 48 12
Hy 4 8 EHE 43 82 88 91 30
—o— HAFLE-A
100 | —— HAFLE-O
B

o2 EA0ES S 7N
3

SPS WSPS VDPS

s L
P9 ASTR] HEms T AL A A I 31 5[] 5 64 ok

Fig. 9 Number of visitors detected by robot under different

IPS  Single robot

strategies

INEE S F ] L, E SPS Rl 43 S ws b ALES N R A E] 108
FUinlE P 40 % . A B A4 X W L AL N B T A ) £
5% LA Wi . IPS fEMLES A B OE R I 2 K 2y 84 %6 1Y i
. GERRH TSP AKE R G B A TR R
i bR R B A A . SRR N RGN 2SR A
. 6 AHLEE A SPS K fE B A BB AE . (A X 34 4
J7 ¥k S i e IR AL 6 A HLAE ARG PR I T 3 15 L L

AR E R 3 FhAS R 3 2 4 XK B (WSPS, VDPS
1 IPS) X 8% 38 P il 1 f2

55 4 b WSPS LA K VDPS %5 M1 He L IPS L 2% A F
YIRER I F] 16 F1 13 A& INA VTR o AR SO JEHLAS
A WU 2 X H bR 7 e U ) 04 U 0] 22 808, 38 GV T 15 1) 3 1Y
FRTHGLE p BV A Vo A 0 B T B 0 R, 3
LV B Vo RFEVIR F BIIE A O B AR X S, H
B0/ E TR A B B0 W I L B 5 7

5 AEKE PR o B2
Table 5 Sum of the distances from the estimated positions to

v; in different regions

(m)

A
2 d(pau) WSPS VDPS 1PS
v €{V,y.Vo )
O 764.3 598. 1 556. 8
A 645.9 584.7 624.5

T2 T AT R B L8 T A T A v VDPS Al TIPS
/T WSPS BAE  HLE AT B bz 8 A F1O 4 W 4% B 8] 4n
%6 fIrA .,

F 6 FHBRHME T HLEE AT A FIO M W5 42 kil

Table 6 Monitoring time of A and O under dynamic
division strategy
(s)
B wet WSPS VDPS 1PS
i
- 1) A O A O
tove 86.2 95.7 119.9 123.7 109.9 114.4
Lsum 258.6 287.2 359.8 371.0 329.6 343.2

1 6 AT LS A TE SR B b ou O o7 B Y 4% I 1)
A E AR KR BT XA TR R A A bR AL A S X BT TR

231200088-7



Com puter Science THEHLES Vol. 51,No. 11A,Nov. 2024

A8 0 22 57 BT B0, DR A A o7 BEE 3 A N 38 1) 7 1) 2 AR
WL T MR K OR A, IPS WAL A & VDPS i, 5
WSPS Ak, Ky WSPS $] 43 58 W% /2 Bk T 4r AL #8 A AR 7
far HEAT 500 4 ) AFE A A AE H AR AL B 0 DI T AR D L HLER N e
A WU R . T VDPS 2 5 5 5 7 Al 3 Ad A B IR
A G IR A 8 A L i B A R 43 T vk R AR S 1 ML AR N AE AT
AT AR AE XS R R B B R Y B K AR S L R B A T AE X
WA B EA N, HEZ TIPS L4 A RE i 4
M E A MO,

2 RS BT 4 W X R Bl A5 R 4y SR m, Xl 43 B )RR T 5
TEKZPERBL AT DR 2, R 7 50 T E A FOL
43 R ASTR] DI A 9 (g e 8], fE AR 1 B A J2 . H VDPS %Il 4
A B AE S T T 0 1] B T A Vo O
BB A v R E AT R, AN T 3 AFIO R
WAL F R — DX, BRI G 7 ) 3 09 7 8 Al 312 N A B, B,
i I WSPS(EK IPS) XX 3 AN & $EAT 43 X 1) 3 o 22 e T flf
Al VDPS.

F T RIS A

Table 7 Regional average division time

(s)
x| 4 5 o WSPS VDPS 1PS
A 296. 3 345.7 308.0
O 240. 8 317.5 278.3

J VTR R G R M BE A SO R TR [ £
wHMTIEE . LL6 LA AR5 6 4 XIS 4] L 78 A A A 4
ML 1 A3 AT 4 A DT 2 I BAE A DA I ) H AR AL S
AFORICH B bR ). 7ERBI R P R AEET Lh)F
SR BT 36,108 Fl 144 ZYslal# . K L5 ANE 8 FT .

F 8 AN[FH U 0] U5 ) PR T HLA A2 45
Table 8 Patrol results of robots with different number of visitors

visiting the environment

(1)36 4> ] # i 1]

W7 e SPS  WSPS VDPS IPS
S A 6 10 12 14
A # O 8 14 15 17
o3& EHE 14 24 27 31

(2)108 A~ ] 3 15 1)

E(E ALY SPS  WSPS VDPS IPS
| A 20 38 41 43
i 1 % O 23 44 47 48
3 E EBE 43 82 88 91

(3)144 A~V ] 3% 15 1)

W SPS  WSPS VDPS  IPS
IS A 28 45 59 62
VS O 33 51 64 66
WP E BHE 63 96 113 128

AR LGRS 43 X SR W SPS, AR SC BT 2 3 75 4 XK 3 OR W
WSPS, VDPS 5 IPS T, AlL#5 A 76 36 32 ixb B v o6 00 31 375 7] 2
BB T £, R ITR SR N IR T 2L KRR I
K10 iR, HAREENE, YR VIR E I ABIGma 4 A
B AL AT 3 2l 25 J) 43 FR 5% Ty b R 0 38 B 2 1 ) L L
IPS 78 fT A5 1 0 415 22 30 35 e 13838 P R

70
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3
i 50
&
d 40
=
&3
=
= 20
©
10
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36 108 144
RTFEHE/A

B 10 7 [5) 5w Ao T R0 38 4 15 i) 5
Fig. 10 Number of visitors observed in different strategic

locations
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