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Path Planning for Heterogeneous Robot System With Road Network Constraints
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Abstract The heterogeneous robot system, composed of unmanned aerial vehicles (UAVs) and ground mobile ro-
bots, can give full play to the respective advantages of the two types of robots when performing tasks in coopera-
tion. UAVs have the characteristics of flexibility, but they usually have limited endurance. Ground robots can bear
large loads and are suitable for use as landing platforms and mobile replenishment stations for UAVs, but their
movement is constrained by the road network. This paper studies the cooperative path planning of the heterogen-
eous robot systems. In order to reduce the time cost of the task, this paper proposes a two-step strategy combining
ant colony optimization (ACO) and genetic algorithm (GA) to decouple the routes of mobile robot and UAV, and
plans the routes of mobile robot and UAV at the same time. In the first step, ant colony optimization is used to
search for feasible routes of the mobile robot. In the second step, we derive the model of the UAV's optimal path
and use the genetic algorithm to solve it. The UAV path length is returned to the first step to update the pher-
omone in the road network. Then, we realize the overall optimization of the heterogeneous collaborative system
path. In order to further reduce the flight time cost of UAVs, this paper also studies the problem of cooperative
path planning for UAVs to continuously complete multiple tasks within their endurance capabilities. Finally, a large
number of simulation experiments verify the effectiveness of the proposed method.
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Table 3 UAYV constraint violations in the simulation of
the complex road network (h)

TABL L3R (9) il Mg I ] 22

AR fat s, max(ta— U, 0) KM £, lta — 1]
q1(qa) 0.0859 0 0.086 0.0001
g2(qs) 0.0761 0 0.076 0.0001
q3(gs3) 0.0482 0 0.048 0.0002
qs(q1) 0.2331 0 0.224 0.0091
gs(q2) 0.0668 0 0.066 0.0008
s (qs) 0.1078 0 0.108 0.0002
g7(q7) 0.1643 0 0.164 0.0003
ds(gio) 0.1042 0 0.104 0.0002
Go(qo) 0.0863 0 0.086 0.0003
Gio(gs) 0.1084 0 0.108 0.0004
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Table 4 UAYV constraint violations in the Table 5 Comparison results in simple road network
simulation with traffic interruption (h) - YT TN ()
Hr TN 3R (9) HikE HIEE I [ 22 MACO-GA 56.8479 0.1832
fiifta  max(te —U,0) HRTt;  lta — bl MACO-PSO 87.6916 0.3628
Gi(gs)  0.1338 0 0.134 0.0002
q 0.2137 0 0.214 0.0003 R
tfz(lk) F 6 EAREM P A R
ds(gs)  0.1899 0 0-190 0.0001 Table 6 Comparison results in complex road network
Ga(aqr) 0.2244 0 0.224 0.0004 — —— ——
s (a2) 0.0766 0 0.076 0.0006 AR RN E SFEZEATIE (s)
B MACO-GA 116.8250 0.2453
ds(qs)  0.1070 0 0.106 0.0010
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e ke o R FT TABUGRT A F AR S A2 505 R (h)
E % ;‘ ’ﬁ E‘ /g Table 7 UAYV constraint violations when it is allowed to
¢ il ¢ | visit one point each time (h)
IIIIIII%I ha Ly REOMEE EEE umz
; 3{;@ f f Gi(qs) 00784 0 0.076 0.0024
G2(gs)  0.0670 0 0.066 0.0010
Bl 13 Bk 3e AR A E () 0.0941 0 0,000 0.0041
Fig.13  Feasible positions of cross and da(qra) 0.0579 0.1921 0.058 0.0001
mutation within a chromosome
Gs(gs)  0.0544 0 0.054 0.0004
43 {HHEHLER do(q1)  0.2512 0.0012 0.246 0.0052
Gr(gz)  0.0669 0 0.066 0.0009
HHZIPR (10) AT, 7ETC ANLIRRIGE & H Ehid ds(ae)  0.1150 0 0114 0.0010
FErb, o NHURTHE TR 28 B FE I 0 Z0AH 5. 24 H AR do(ar) 01368 0 0136 0.0008
BH e, Jo AMLE R s HEZ AR 15 % 42 Z90R Gio(qio)  0.0863 0 0.086 0.0003
(10) K 5 INER Zy 9 ik e . T HH 293 (9) F1(10) 2 Guii(qus)  0.1033 0 0.088 0.0153
[ 298 &, 290 (9) ] Re kit . Rk, 5 Gia(qua)  0.1303 0 0120 0.0103
RS 4.1 FAEE 4.2 iR R 5500 /e 7 Gis(ge)  0.0798 0 0.078  0.0018
JIT 7 ) 52 5% s T b 388 I bR mUdEAT 07 dui(gs)  0.1068 0 0106 0.0008
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Path planning results of drone
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Fig.15 Path planning results of drone visiting
multi-points each time

FER, T ML SERTRE I IR, EAE AT AESS 1
TR A R [ T A 7S R B e . b G
FEBR PR AT B, 1T AL 207 IR0 o2 T 6 D BB F) H
bR BT H bR U7 IR SE e, JE A HLRE R A 3 T 22

x 8 AL INNEXIFNZABif A RERE ()
Table 8 UAYV constraint violations when it is allowed to

visit multi-points each time (h)

TN 43R (9) HikE HIEE I ] 2
FIRt ¢, max(te — U, 0)  FERT ¢4 [ta — tg
G1(q4) 0.0811
G2(gs5, g11) 0.1115
Gs(qi2, g3) 0.0620
Ga(q1) 0.2460

H bR

0.0800 0.0011
0.1120 0.0005
0.0630 0.0010
0.2440 0.0020
Gs(gz)  0.0680 0.0680 0

46 (qc) 0.1099

ds(qr) 0.1458
ds(qio0, q13) 0.1122
Go(q1a, go) 0.1458

dio0(qs) 0.1067

0.1100 0.0001
0.1460 0.0002
0.1120 0.0002
0.1460 0.0002

o ©oO o o o o o o o ©o

0.1062 0.0005
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