25 1 Vol. 25 No. 1

2020 2 JOURNAL OF HARBIN UNIVERSITY OF SCIENCE AND TECHNOLOGY Feb. 2020
1 1 1 1 2 2
(1. 150080; 2. 150080)

DOI: 10. 15938/j. jhust. 2020.01. 015
. TP242 A : 1007-2683(2020) 01-0100- 08

Assistant Decision-making Method for Gaits of Hexapods Robot Based
on Fuzzy Reasoning in Complex Terrain

YOU Bo'  WANG Ming-ei' XU Jia<hong' LI Jiasu'  DING Liang®  GAO Hai-bo’
(1. School of Automation Harbin University of Science and Technology Harbin 150080 China;
2. School of Mechanical and Electrical Engineering Harbin Institute of Technology Harbin 150080 China)

Abstract: The drivers of manned hexapod robots rely on subjective experience in decision-making in complex
terrain. In order to improve the quality of drivers” decision-making an auxiliary decision-making method is
proposed. The information processing model of drivers is established and the terrain is used as the decision factor
while the priorities of gaits as the result. The fuzzy decision-making system is established to assist the drivers. The
slope fluctuation roughness and barrier height are defined as the terrain features degrees of membership are
classified and the fuzzy rules are formulated. The semi-physical simulation platform of the hexapod manipulation is
used to compare the decision results of the drivers with auxiliary and without auxiliary. The experimental results
show that the auxiliary decision method can assist the driver to make reasonable decisions when the terrain changes
and increase stability and maneuverability of the hexapod robot in complex terrain.

Keywords: hexapod robots; assistant decision-making; driver model; terrain assessment; fuzzy reasoning

1 2018 =01 -17

: (51575120 51275106) ; 973 (2013CB035502) .
(1962—) ;
(1992—) .
(1980—) E-mail: liangding@ hit. edu. cn.



1 : 101

1-2
o } Webots 1 o
; Aparna 4
. i
 Belter wi || W R AMESIRERET
w5 [T k| [ | ] Uk
| R[] )
’ = [t |
! B
TRt
6 ( CPG)
1
: Socha
Fig.1 The information processing model of driver
Hauser °
Belter °
10
2 o
L N 3 o



102 25

*ﬁ*ﬁﬁ%ﬁﬁ%ﬁ

A R4 DEM
| )
% 3x3 DEM - DEM
3 e, i
Y(/) X(1)
EL ’
2 VA

Fig.2 Flow char of assistant decision-making method

4]

: Xl
o)
X(l)//“
3 DEM
’ Fig. 3 DEM terrain information diagram
2 S z=f(x y)
2.1
S (g +2e, +e5) —(e; +2e;5 +e)
a 8 x L
S _(eg +2e; +e5) —(e; +2e;5 +e)
N N o 8xL
S
° S:lelarctan A/S}+Sf
f
. 1SS,
13 v L ; S/1S,1
F
(5) :
- 18
e=- i;ei
o ~ F= [t (e,-2)
TAgAta T
e o
R
o 3x3
~ R: 1




1 103
S ) 30.60 90, 4
H o
( 7) ° 1 NL NM PM PL
H=e  -e¢ 7 08
(7 o
2.2 # 04
02
0
o S N 30 20 -10 0 10 20 30
Y A) ﬁ}_glo
(a) BB
Takaei — S TS 1—= i T 13w in
akagi — Sugeno( T-S) 08 08
. TS % 06 % 06
12 04 04
ki 02 ki 02
o 0 0
0 0102 0304 05 06 1 1214 16 18 2
3 3 N &R m HLRERE
If x, is A, and «x, is A,** and x, is A, then z = (b) EAREE (c) HLKERE
fx, %, x,) == u§ T 1
tx(i=12 n) n 0.8 08
i ' % 06 % 06
f(x’xi x,) - ﬂ%g:g ﬂ%g:g
1 2 n 0 0
x; o f 0 02 04 06 08 10 0 20 40 60 80 100
T-S o A% B /m BBMER
. i (d) A% B2 (e) EBMIER
min :
0, = Vi (x) Aus (x) (8) 4
e Fig.4 Membership function for decision attribute
w =0, v, Ao, (9)
Wy, ‘le ’
W (j=12 - N)
N
1 o
1
W2, + W2 + 0+ wyZy Tab.1 The rules about two-gait
= (10)
W, Fw, + Fwy NO S F R H Z
(S). I S S S L
(F) . (R) ( H) 2 S S M S M
(Z) o S -35 ~35° 3 _ _ L _ S
NI( ) NM( ) \S( ) PM( ) <PL( 4 S M S - M
)5 o A 0~90° F 0~ 5 S M M S S
0.6m R 1~2 H 0~1m 3 6 ~ L ~ ~ S
sC ) M(C ) L( )o Z 7 S S S M s
0 ~100 3 s( ) 8 s - M/L s s
M(C ) L) T8 9 s M/L - L s
10 PM S S S L




104 25
1
NO S F R H 7 N
11 PM S S M o
12 PM M S S M
13 PM M M L S
14 PM S S S M
15 M M - L S DrECHANL RO SRR
16 PM - M - S
17 PL - - M S
° HBh
G
3 7
Fig.7 Flow chart of semi-physical simulation
3.1
5 o
Eurosim CMLabs
Vortex
: Vortex ¢
DEM 6 ;

min

Fig. 5 Semi-physical simulation platform of manipulation

6 3.2

Fig. 6 Simulation of terrain environment

2.2

DEM



105

2
2
Tab.2 Simulation terrain data
(°) 0 0 15 0
/m 0 0.22 0.14 0.15
1 1.5 1 1
/m 0 0.3 0 0.6
1)
2 15°
1 1
90
90
8. 9

1.84

168
1.6_,.,
1.52f

ML E/m

144}
1361

12—

8

4 6 8 10 12 14 16 18 20
Bsf ) /s

Fig. 8 Robot state of climbing slope without

driver assistant
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Fig. 9 Robot state of climbing slope with driver assistant
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Fig. 10 Robot state in rough terrain without assistant
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Fig. 11 Robot state in rough terrain with assistant
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Fig. 12 Robot state of crossing a barrier

without driver assistant
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