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Path planning of unmanned aerial vehicle & unmanned ground vehicle
collaborative monitoring system based on high Gini impurity

XIA Dan, CHEN YangT, CHEN Zhi-huan, YANG Yan-hua

(1. Institute of Robotics and Intelligent Systems, Wuhan University of Science and Technology, Wuhan 430081, China;
2. Engineering Research Center for Metallurgical Automation and Measurement Technology of Ministry of Education,
Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: A heterogeneous robot system is composed of an unmanned aerial vehicle (UAV) and an unmanned ground
vehicle (UGV). By cooperating with each other to complete continuous monitoring tasks, the work efficiency can be
improved and the problem of insufficient endurance capacity of the UAV can be solved. In this heterogeneous robot
system, the UGV can recharge energy for the UAV to ensure the continuity of the monitoring task. Since periodic
monitoring paths are prone to leakage of monitoring regularity information, it is significant to improve the randomness
of the UAV’s monitoring path. Aiming at this problem, this paper introduces the Gini impurity index to evaluate the
randomness of the monitoring path. With the optimization goal of minimizing the weighted sum of normalized visit
interval time of target nodes and their Gini impurity, a continuous monitoring path planning model of the UAV & UGV
cooperative system is established,which improves the privacy of monitoring path. Finally, the ant colony algorithm is
used to optimize the UAV’s monitoring path and the UGV’s energy supply path, which verifies the validity and
rationality of the model. Compared with other algorithms, it is proved that the ant colony algorithm has faster search
speed and operation efficiency.

Keywords: heterogeneous robot; path planning; persistent monitoring; Gini impurity; path randomness; ant colony

algorithm
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15, WIRRHE J& A R En v ATV & S R 2,
FRim R R IR BRI A R RRE, LRI TG AHLEEAT A
Unax, SR G X UAV B84% . UGV 428 A1 313k ) 18] 4553047
C

BRI G FAb e G, BB ANLIE S~ —H
FR sk SR PAT AT 25, R ADAT 55 45 SR, 0 W A2 75 3 2
U/Upax > 6, BPIT F— L% AR, HZE FA
H G, 4 i s D H 31038 2 20 A T AL
DN % 45 R M TG 2R 4D BB B AR
33 REELXETF

FRERERRT p RN EE R R
WG B R, R T E BRI R, p (T

EYEE N0~ 1. p BOR 2 IR S0VE B SIC3 B2, (5 7]
REZ PN RIS BN o BN 1) T4k 31 4 Jmy S LA,
{H 2295018 ARV AL AT BBE . R b, AR S 3% HR IR AR B,
BCE A p e, BUE T
0.7, iter < iterya/3;
p =1 0.4, iterp,, /3 < iter < 2iter;,,/3; (27)
0.2, iter > 2itery,y /3.

34 EEREH

N T IR R B, I S W B R H
B W HEAT, RITE N HLI 4% e 51 4 5 2 %0, 1 H b a5
(15 0 B« A p A T8 R 2 LY 5 I i) 2 A SR ).
TERFIER TR, 5 B3 RAE H AR s Z AR 1M
Hbr s 5ICA M2 S BRI N LAZE.

NORIEAR I N R G IR R

LG & E KRR KR E B R,
TASCAR A 5 5 507 18] 18] B (10 5 — A Fe br S HL L 8
AN IR 2 F0 SR BT i i e A2 1A B3R, 4R
SR AR B AR R ESGER /N, AR B AR EREIUIAE B
Rk 2, N AR ISOE 2 B AT I E 2RO, A5 kAR
TR e A PR T AT AT 1) AN R ESR ) ) 7 TR
K ABRREHF AKX T:

7ij(t +1) = (1= p)7i; (1) + A7i(t),

Ne (28)
k=1
ATZE— (t) _ Qo/Jk‘, E%E)‘(k‘?éﬁ(v“ Uj); (29)
0, I KA L it (s, ;).

Horro () N TGER G v 5oy Z B HIE BRI
FE, A7y NG R R R, 15 BRI E Qo NF
B, S K B BRARARMY i R T T BRI Z AL

WSCRE SR R SR AR 2 1 5 T

Gﬁb

iter=iter+1

R 2 HT AT 2K
F AR s A & i

KAET—HbrA

EUHTT AR T IR
B 1) ] 8] 5 471

RAEIE A s

SRR AE AL
TNFBIRTFI
I

v
T DL Bob
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A S R 14, ,

5 WEEARMRIE
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4 PIESEWERSNT

AL ZETE N ATURN 1496 b TH] 4 0 BRI S 0 2R
g N, A 56 i H A2 B DT 55 38 5 3 SR 50 B ik
Frid@ L AR A R, 2SR EE 62N H
B (1~ 62) F1 192 NG mi (1~ 192), 3% 18 AC 1E

H BT BT AR TR 5. T E bR 5
HAREAN H As i 1) B LA AR IR AN A/ R, A
T H bR S ZE S, A B AR IR E T SR
8] (18, K 2 #AE 140 min ~ 180 min 2 7], 5048
RI1PIR.

#1624 BiRarFRERTE HE B4 : min
Biisgms 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Ty 160 165 170 165 160 165 175 160 155 165 170 165 160 145 150 155 160 160 165 145 150
Hirdkgms 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
T 145 140 170 160 145 150 145 140 160 155 165 140 150 145 155 165 155 165 160 145 140
Hbrfsdns 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62
T 150 140 150 165 175 155 165 150 145 160 145 155 160 155 170 165 175 160 165 150

TEAJ B8 I0 rh EARRB itermay, = 200, B0 EY i
N, = 100, %l 265 H = 200,15 S K EEMRH T
a=1EKEHHT L = 1.7, BAr SEEM = 62,
HREEN = 192,58 R EBHEQ) = 0.4, LANL
LV, = 70km/h, HiTH 22538 5V, = 35 km/h, T AHL
KRBT Uppax = 70 min, 53 LI [F] ¢, = 3 min, %
SHEHy = 0.2, ny = 20. RCHTH 1 B L B0 %
%45 Matlab R 2020a [ HL_E Sz,
4.1 BEMRILER

S A5 R 6 Ao, Hodr: SO s, AL SN
Ry W H bR A TR S22 o TE A ML A%, 2410 60
2R HITH ZE AN B BR AT, BT AR S R e L HE IR

MONFRRLCA s o RUE H, T ANUEAT H 2
AT 55 (I FE R, S 4 Wk 5 Hh T 42331790 & 40 Rg,
AMLEESE 504 95 137+ 184 2143 B BIKIC A 694
90+ 13186 S HhTH i & Hdt AT e AR 4

Hiy T 4 BIA A 5 I TR] 40 501 4 5.328 67.176
117.871+ 172.094, Jc AWLEIE I G s IR [E] 53 501 A
55.411. 110.291. 166.530. 226.349, 547y min. 7] LA
B, BRRAMRE I, M T AR AR 2 R AT B IE G LR TG
MMLENA J5 R H AT MR, gk AT N — P45 LA
g B 2 X (22) Y1 A i TR] R B A, 32 IR B AL
Hi I G i B 2, T TR 4 e AU G & TN
WLTE B AT 25, 38 G 0 AL SRS

12} J— 12 f
10F A / 101 Frhe S e
- 6l | =< 6l | / T
ot ST — kA b =/ 2 S — EAMPE e -/
0 - - EERE T 0 - - hEERE
0 5 10 15 0 5 10 15
x/km x/km
(a) %1 KAMRE (b) 22 IRAbE
127 121
10t 10F .5,
g 8 | £ 8f
ke | = | —
\A o " ~ 6 “.‘ - -"".”f_f"'-' J
4r I\I ———t—a [ 471 = [» =] =/ /
2t S — FEapmr N L 2t S — B S/
. e ) - hmfHE Y
0 5 10 15 0 5 10 15
x/km x/km
(c) %3 kg (d) 5 4 IRHbhaE
6 TAHSHEEREZ
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42 EEBHMESH

K7 A8 AT H A2 W AT 55 i 72 o 6 A AL V5 i)
AR S0 e L v 20 05 %o — 25 T 45
REAL AR 9 TE AHLBE A58 B b i B I T, S FE I
246.909 min; A ALFR A 621 H AR A% 5, AR BR Ny
0 K7~ AT 25 o A HURIHATH 42 238 390 A s ik 47 #b
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TR AR ST, U WY AR R i 18] B B R B A B AL
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i bR BUE A —0.072 5,38 17 I 1] 24 365.768 s. 45 R %
BH, ACO B3 1) 3R fife 2880 2% oo, WO SS0 BE . aX & HH T
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