45 % 56 B B A K2 F R Vol. 45 No. 6
2023 4E 12 f JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY Dec. 2023

doi:10. 11887/j. en. 202306015 http : //journal. nudt. edu. cn
MBI AERSGHENE MBI MK

AR, ETTR,EEE, HEE, AXE, AR

(BEAHE XS FfEFR, #d K 410073)

BN TR D AR REFEROHL AR N A SRS Y LASE B A B A L £ — R RE
e 07 A 24k A T DR P R Lt A Ay TR RIS 07 0, Ao e — ol 2 7 P | e 0 R R ML A 2 N 5
o MBI IR BEHON AU S T IR LA A B L 25 B 8 T 5 R — 2P 4R T PR R %
[R5 , B AP AT B 1 000 ~ 1 500 YRS, He Tl Bt T HLae A f vpolRas BRI 8 b5, 12
SR AL SRS 8 T BA UL RE 1 Y REAE SE i AT A YA R & o 7 B 5 5L S0 1Y
LERRN] 2T REE LA N A R B B R R MY | AR B AL 22 > SR RN A HAT AR Y
HFRRCR o ] Ly

SRR AL AR BB IR 5 35950 s SR ALK

HESES TP242.6  XEIRER:A  FHRFE(HFERRS) FRRFG(0SID)

MNEHS 1001 -2486(2023)06 - 132 - 11

Autonomous configuration planning for intelligent search and
rescue robots in rough terrains

CHEN Bailiang, HUANG Kathong, PAN Hainan, XIAO Junhao, WU Wengi, LU Huimin
(College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract; In order to solve the configuration planning problem for intelligent search and rescue robots with assisted flippers to achieve
autonomous obstacle crossing, a novel method for planning robot configuration during obstacle crossing was proposed that can be applied to complex
terrains. The core of the proposed method is an adaptable and efficient robot pose prediction algorithm. By representing the terrain as a series of
discrete point sets, a mathematical model for predicting the one-sided pose of the tracked robot was established ; further, a fast solver for this model
was proposed, which can predict 1 000 ~ 1 500 poses per second. Based on this, the evaluation metrics of the robot’s state and action in the
obstacle-crossing process were established, and an optimization-based real-time flippers action planner was realized by using the dynamic
programming algorithm and rolling optimization. The simulation and real-robot experiments show that the proposed approach enables the robot to
control the flippers to cross rough terrains autonomously. It performs more smoothly than the reinforcement-learning method and manual operation
when crossing obstacles.

Keywords: search and rescue robots; rough terrains; pose prediction; motion planning
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Fig.8 Framework of the robot’s software and hardware
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Fig. 9 Processes of the robot moving through the

0.4 m single-step scenarios in simulation
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Fig. 10 Processes of the robot moving through the

steep staircase scenarios in simulation
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Tab.1 Quantitative evaluation results in the single-step and steep staircase scenarios in simulation

éR/ rad ( ékm - é,{min )/rad Legw/'S
Y5
A3 JEkf10] AT A3 JEkf10] AT A3 ZEkl10] AT
0.4 mHER  2.98 3.43 4.02 0.94 1.11 2.92 27.81 28.07 46.17
[5E I B ARy 5.15 4.53 6.30 1.26 2.60 3.88 36.76 41.21 76.53
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(a) Obstacle crossing process in the 0.3 m single-side-step scenario
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(b) Obstacle crossing process in the up-side oblique stairs scenario
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(¢) Obstacle crossing process in the down-side oblique stairs scenario
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Fig. 11 Processes of the robot moving through the single-side-step and oblique stairs scenarios in real-world
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Tab.2 Quantitative evaluation results in the single-side-step and oblique stairs scenarios in real-world

5 0,/ rad | 6y |,/ (rad/s) 6.,/ rad | 6,0 |/ (rad/s) e

0.3 m Bl &R L 1.40 0.68 2.21 0.95 19.98
SRS I 4.40 0.93 5.24 1.15 40. 48
BHABEH T 4.86 2.05 5.59 1.46 37.73

(a) JRYEY) s IE B i e

(a) Obstacle crossing process along forward direction in ruins scenario
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(b) Obstacle crossing process along reverse direction in ruins scenario

K12 BLAS AAE IR 7 5t i s i 7

Fig. 12 Processes of the robot moving through the ruins scenario in real-world
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Tab.3  Quantitative evaluation results in the ruins scenario in real-world

Y5 (Jra)) éR/rad | 0y |,/ (rad/s) émn/rad | 0, |,/ (rad/s) Logu'S
bR (IE 1) 8.55 1.43 8.42 1.00 71.56
e (1E1 2) 8.88 1.62 8.52 1.59 77.60
R3E S (1E1m 3) 8.24 1.89 8.07 1.29 69.00
RYE (R IA 1) 8.64 1.14 9.02 1.65 72.60
B (R 2) 7.89 1.33 8.57 1.83 68.30
B (1 3) 7.38 1.19 7.89 1.45 72.10
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