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Adaptive Path Planning of Wall—Climbing Robot Based on MIP and
Improved Fuzzy K—Means Algorithm and Sarsa ()
Li Jingjing
056038, China)

Abstract: Aiming at the given wall— climbing robot path planning algorithm difficult to plan effectively online, an adaptive path planning

(College of Kexin , Hebei University of Engineering » Handan

algorithm based on K—Means algorithm and classic Sarsa ()) algorithm are designed. Firstly, the dynamical model for wall—climbing robot
is designed. Then the states of the planning space is clustered adaptively to realize the value function approximating, the improved fuzzy K—
Means with the variable K is designed to cluster on—line, using value of the cluster center as the approximate value for all the sample of the
whole cluster. Finally, the algorithm based on fuzzy K— Means and classic Sarsa (1) algorithm for wall— climbing robot path planning is de-
fined and described. The simulation experiment with simple barrier and complicate barrier is operated in the MATILAB, the result shows the
method in this paper can realize the path planning, and with the increase of the episode, the planning result is converged to the optimal value,

and also the convergence effect is not subject to the change of the environment, so it has strong feasibility. It is a on—line planning method

for wall— climbing robot path planning.

Keywords: path planning; fuzzy K— Means; state clustering; value function

0 35|57

T RE AL e T S — Tl B 0 2 ) L B s sh Y SR TS 45 fiE
BN T AR Z B A ek sh /0, LU F KB R A
A, A TR 2 AR B 0 SN A B B AT e, XK
SRATAERER I 45, XA R CHLR SMIB R A7 i st

HHTE &/ RTREEHLZE AT S ELR ik R 28 X TR e
B RLRI Ty i . 3T N TR ph 4 W 4% LR ik . 3k
F BRI A LK) 5 v 0 3 o Ak 2 T B LRI T

SCHE (5] WFSE T — P 3k F 38 4% 550125 19 DU JE T BE AL A% N
Bk AR RIS . SCmk (6] TS T —Fh 3t T A T8l & W 45 45
4 £ 5 bR B TG BE AL 25 N = 4 25 [A] 42 Jm) B AR BRI v JF AR B
TN BE KL 7 A W R A4 42 44 R R 5 AR T A B 4D A 400 3 38 1A R
R e A . Sk [7] 4R T —F T City— Climber A9
ik, RA MILP 8 A 8 52k Pk B0 5 ik 3o 42 i1 iy A 08 47 31
W, ScHk (8] it T — R T KNN 5 vk 5 30T 48 4 2K 3k it

Wi BEH:2014-05-11; {EEHHI:2013-06-10,
PEZ BN 8 #1981 -, Lo, WG HEHE A, A -, RO, 3 52 R
H, - AR R EAE A2 B 7 1 A AR

[7) 22 0 7 ¥ 45 6 O NE BE HL s N B AR LR 7 1%

IR TAE R 3 Fh T EE SRR AL BRTE LN B Mk R A, TS
— 5 s T BN I SE R R AT b A FOERES . AN Bosg B I R
o i, SO BT — i EE T K—Means JC B R 2 H Sar-
sa Q) FEIERYICEENL s A B AR BRI B0k, SRl S e il T
ST B A
1 JREEN[AEHFER

SCH T BE AL SR JHRUR ICEELA A By 2 S 4
L% A RS . #% 3l ALK 5K gl e 4% 7 3% 2l BE T ot
TR s R BE S BUICBEL &5 A BB e s W 15z 3. LA K
TEGSBE . RAEHL _FICAT FIE AL 48 3 100 38 A HEAT 3 i

B 1R REE L8 AR EER I, FEAE. KL -
S BRI (2 syeez ) B {aaypozry o XEPFRA L,
2, 3, 4, Hﬂé’vﬁﬁ}ﬁﬂﬂv {x s V1 s21 ) {2 s Y2 sz by {a 2 Vs » 23 )
Ay yezy s BRBFFE = 1 BIFFAF ¢ Z 180 19 57 UL e 48 [
T R 0 FRRATA L ML, RA Dy #0FL 4R FROR
cos(@) F sin(@) » RH Dy IR cos(fy +05) . Foy R sin(f,
+93)\5T6Fﬁ DZLH i":{/T\ COS(@Z +@s +(91)\F23r1 %:2/?\‘ Sin(@z +93 +
) WIWg R~ B AL R = 8] A8 46 1) 55 UK A8 4 R [ T, AT LU
i%/jf\‘j\]!



» 2880

P AL 5 4 )

% 22 &

1 TeBEHLAS NS5 M A
OT[ :UTIXTEZI*SSTI —

D, Dy, — F, — D1 Fysi e2D1 Dy + e3 D1 Doy + ¢, Dy Fasy
Fi Dy — D1 — FiFay e, F\ Dy + ey Fy Doy + ¢, Fy Fayy
Fs 0 D3, ot el + e Foy — ¢ Foy

0 0 0 1

(@Y
XD W o RRFFF 4 R W RLR BT AR . e M e; 2051
FRATAE 2 FATOE 3 KB .
PLas N fARRE X R AL r 8938 5, Y HLES N TE 3R B BE I
biEghm . sz 2 Bk .

foot
r

B2 HLE A BE I XU 2 ) 45 K 1R
Horpr, BLRR A2 3 R 5 5 AR

4
—~M,+F,+ > F,. =0

i=0

14
—F,+Fy+ > F,. =0
=0

1 (2)
' I
Dzemig —Fy 5+ My =

i=0

4
DMy + 2 Fipe — 2 Fip) =0
=0

K @), Fyo T Fyy 53 5INFFE A = 0y J7 ) Y B 77,
M, RFEAE B D AETE v Bl B M, F o 53 BHLER A
B BT A BT E ., F, 1 EFy 43 51 A W 48 W B He 0 7052 e
Iz F e SRR BOO LB 2 Ay A 2 A
2 ETHEMK-MEANS EEHREBEENRE
2.1 HEHERERE

B K—MEANS 82 — R @ iy g A8 Rk, Jiad

AW e R 227 J7 F . 4 G BT B B AR AR R B R
OISR B, DT A S Ji 32 e 1) 2R AR S B A A i i 0
¥, MR IMAEA I 4328, [HHAFEE: BRI K TEEY
TGO 208 . HOAREBE A € J5 AN RE B 3E N s . 1 TAE e
BEHLAS NS LRI b, GRS AT ES LR, PLas AE M
R0 3o AR R ORWRBORT IR A, B, BT RO K— MEANS
TR HE MRS R BRI

HRRE MR ERMK , RRBEEH K » TBE
WIE N 60 5 LGS ATE LI — 8 RS W 333208 R
SHUAIAREPOMEE, RS A R PO R
BB MEBE B IR 6, R TIRME 6, » HREPLEH K<
Ko B I — A BT AR Sy IR P O ek » HPIREE
HLRRE, —DREPHITARERAERLE D ORER, A
TG ME LT, RARET.OMN QH KBOR R /R R T
ARER QH.

2.2 BEREH#H K—MEANS B £ 52X #ik

AL JET RO K— MEANS B 7 RS A IS
MR L R .

D WG IR RE N 6, « BIERRME 0 AR K . K
%%?& Kiax » %%’é%{:} S1:Ss,... Sk ﬂ‘]%%? %%ﬁjﬁi[}jlb
Cracoye .ok B MATEARRE (= 1;

2) TELRWABHEFEA = RS DMBIEAR N « 3%
MRS HREE w,; -

K ” ¢ ” 2/(m—1) —1
J(,,Z (Fe=at) )
wy; =1 —¢||=06G=¢ 3
0z — ¢, | = 0G # @
1<<i<nl ;<K

,H\:'T]: ”I;k — Cie ” %%/T\%Z%Xﬂ'%fl ?Uﬁﬂ%r’_“ﬁ‘ C; ZIETJH"J

WROJLHLAFEE R s w,; W -

Dlwy, =10 <i<w (4
i=1
3) E%ﬁﬁ'f%&%%% S; H"J%(ULEEP‘L‘P ClsCzoee. sCK 2
S,z
— i =1

i=1
1<j<K (5)
D TRRIEREA S o BT RO 0 BE B f o ME
J(W.0O) .

Cj

D K
JW.0O) = minw;” D) > law — e | (6)

5 FWE JW,O BEHERTFHERME0, » WEKTRME,
TN K << Ko A2 15 .

MRS, W AR 6)

BN, FEALTE D

6) DL, VEAEHR PO ER A —DHERLE, k= s
RBAE Sk ={a), HHRIEHMK=K+1;

) K TW,O SR RIS, B

j = argminJ (W,C) 7
YRR S, HEBEREF L ¢ o ERHERETOR
¢ = ¢+l —¢] €))

Forlrs g R,
8) FUMTR LR A IKAL, WRIKE], WGT A
U AR 5 A AR Lo BB B 2 N T 0



55 9 1 A, A ST RO (B Sarsa () BT 10 [ IV TEEE LIS AR 1A B0 K . 2881 «
Jan (W,0) = Zu DO aw — e | 9 O s
oo, U REA BB GRS (D) NT 0 0Tk 4 —
i A 2) 4847,
3 EFRAEEEMSarsa (A) BEiEpEEEHE A —
BERK
3.1 Sarsa (A) &Eix
Sarsa B 1%k 4& 1994 4E B f Rummery il Niranjan $2& H ) — Im o
T 7E SR I 18] 22 43 550 . Agent 5 3RHE 19 58 . AT DL AR — i

KA T R, B
< statel ,actionl ,reward,state2,action2 > (10)
H. statel FaRAREAS, actionl FIRFNE, reward FoR 4R,
state2 /8 F—AVIRAS, action2 FRAE F—ANIRASHR B Zh1E,

3.2 BETREREMN Sarsa (1) HXHCEYEABREAR

Z L1 Sarsa T RAHE — SR Q B, Wik, 7EH
SO, R 2 ERWE F I B A BRSO R .
M. KA RAG W) Sarsa BB Sarsa (V) Bk, HEEG
R K—MEANS R 25 28 2K #E47 el BB I

B 2. SCOPET RO KMEANS #35fl Sarsa (V) [ &
BELA N B A2 R S R

D BaAIRAS A X Ry A TREENL &S N M AL & . AR EE

2 X XU, X FARE S H i B AR SEX Y (2w €
XXU?QU(T’M)_O’ }K?@%Ev ?ﬁ?ﬂlﬁ%)’ ?‘j%‘av Hij(
RV T . R WEET . S KB EETS

2) FRERW LRI S e BRI, RET

BB BRI KRB

3) R FHMCEE P N W] 46 A Bk 90 dh AR 2
REBENLHIRE =, SENARE =1

4 BETHEH R e =1:

5) BWELHIPH s =0

6) MRIEA LI E MAR S R EHFEMIMB R, M
ETTIBIIRIES; o I xd HBHE AR T 558

¢ = ¢+l — ] an

I 48

D WENECRE R RENREDON Q. Hiw HE
ENE a -
a = arg maxQ(c; ,a;) (12)

HRAF & 700 SR W5 SR 1 M AR A T By et sh 4B, B
1— e WMEREIFRMEIEa » LU e R HANE,

8) JEBEHLAF AMRHE e 0700 5 W G2 A S 1 w SR AT 24 iy
BB FATER, BRESRE « ML -

9 SR e TUL WM ORRAFTE R LLRA 2 1 3k
X TCRE LS ANTE YA RS T Q H ST 5 i -

Q(xw) = Q) + ar+ M) — Qlrsw))  (12)

10) BIEEeRE 2 MA YA RE 2 <2, BT~ ER
BT u~ u ;

n)w~+1,%%anﬂF BN T NC @

IR R B KR, YA e = e +1 . A D
Yk S AT 5

EHW, BB =+ 1, BN R

WHENT T, WA 4 GRS 3AT; B

ﬁwﬁ%%ﬁ,mﬁ%%%EﬂMQﬁ%*ﬁﬁ%%@O

4 MEXR

R JH Matlab 45 2L 1R % 3¢ O i ok
W B A LR BRI IRT 3~4 FFR .
SR FHSCH 5 i %o 3 RN 4 T 7S 1) A7 B4 B 1 00 B 350 R A2 %

LR BNIE

fT%IE, BE 24

Pl 3] L T 4 B 5

(=] m@ug

DB

B =

HirrE ©
Bl 4 AP IR s

W55 15 0 20 35 ) IR B L 8 A B A BRI SE B A T B, S0 B
T B I hEEEE N 0, =1.2. REEEEME o =21, BE
BK =1, mRELY K. =15, B2 PHRREF e =0.2,
BB T 7 —0.8. %% a —0.5. RAERKE T —30. Kt
KIETHET =100, BMEF TR E KRS H ETS =1 000,
A4S0 A B R U7 LA RSk S & MY Sarsa
(@8] %‘(fuj)(j(ﬁk [8] B a i) KNN— Sarsa (A) FE#H4TH
B, MR J\EIUIDLJ5HILJ6F)?/T
. —)‘C’F)‘J‘YZ

700 == = == Sarsa(A) §ik
------ KNN-Sarsa ()

'E."""-H i

0 20 10 60 80 100
W8 /A
A 5 ﬂ$ﬁ$ﬁ?%ﬂ%?qﬁl/ﬁﬂﬂ%

@
S
S

SEISI il /25
g € 5 ¢

—
o
S

o

— 5
800F wwm w Sarsa (M) 5
700F [ ewmee KNN-Sarsa (A )

PN )/

0 20 40 60 80 100

6 m["%ﬁ%ﬂ%?lﬂt/ﬁﬂﬂ@a

&5 FE 6 J&7n T faj 5 B 1 47 B 5 F 42 2% Bﬁﬁ?%HfRTE’J
JEEENLZF NAEA R 732 T 38 2 B A5 B i 2200 9050 45 SbE 1% 15 28
CFH:4 2885 T)



Fom ZEFHE . . HET MMFED—FCM #4938 A0 4R 238 31 7 vk & v W 5% . 2885 »
F 2 RRRBIRE AR R 2
FEAR Y5 IEH R BHGRLR S JeERAIR A P E N PUIR &
1 0.956 5 0.040 9 0.002 0 0.000 6 IEHREE
2 0.081 2 0.879 0 0.027 6 0.012 2 TGRS
3 0.059 6 0.935 1 0.003 2 0.002 1 2R AR TS
4 0.043 2 0.067 5 0.735 1 0.154 2 P AR A
5 0.016 8 0.023 1 0.086 4 0.873 7 BRHORE
H—EMREHE X, [5] Sharif M, Bilal M, Khan S, etc. Adaptive Filter and Morphological
Operators Using Binary PSO [J]. Lecture Note in Computer Sci-
SE 0k ence, 2010, 6377 (1): 525-532.
C1] #psepk, & (2. HLMEFR 22 (MO doat: BLBE T 8 b [6] X8, Amedd, & H. 5. BIW CHMERKEREFR
#2007, mar 2 ppy i A D] db s B F R 2% 2% 4, 2012, 34 (6):

[2] Cheung M, Li W. Probabilistic Fatigue and Fracture Analysis of
Steel Bridges [ J]. Journal of Structural Safety, 2003, 23. 245
-262.

[3] % 1%, skEisk, (L4, 5. BE¥T LWL I
B pEL W i LT dR 345 vk i, 2011, 30 (10D 209
-211.

[4] Li B, Zhang P L., Wang Z J, etc. Morphological Covering Based
Generalized Dimension for Gear Fault Diagnosis [ J]. Nonlinear

Dynamics, 2012, 67 (4): 2561 -2571.

683 -690.

[7] LeeJ, Qiu H, Yu G. Rexnord Technical Services, “Bearing Da-
ta Set” [EB/OL]. IMS, University of Cincinnati, NASA Ames
Prognostics Data Repository. http: //ti. arc. nasa. gov/project/
prognostic— data— repository, NASA Ames, Moffett Field, CA,
(accessed 09. 05.09).

(8] W W, Wb, 2k, BFHEOW C— MR &MERREML
VA 7k LD B S K S SE 4R, 2009, 43 (11D 1795
-1797.

29,239,299,299,299,290,299,299,099,999,299,099,299, 993,999,999, 299,903,999,099, 203,999,999, 299. 993,293,999, 099,903,999,099, 999,993,999, 999. 093,299,099, 099, 203,999,099, 990, 993,299,099,093,999,099, 299,993,293

CEH55 2881 B0
gL, WS ATLAEd . U r Ik qE 5 15 A& 1 4 5t
Sl TS, RLRPH WG ENE LN 99, M&
MY Sarsa (M) & EF KNN— Sarsa (A) J7 32 W 43 5 & 5
T ECh 40 R 24 B A WSk, B BT AR E R 2B 4 i A
103 Fi1 101,

6T, BBy B A RENE R, AXH
TFEAISRREAESE 15 A Wb T s, Wi SOnt Ry Y i R] 2B
H 98, LAY Sarsa (O BB T 19 MF W, XK
f 25 98, KNN— Sarsa (A) J5 i W MK 8 T 48 25 1%
A WSO R R B ) 2B Ry 98

R e e Ll 7 N ' 5 R SO = S
WA e, XA, H U SRR A Z 5 m, K,
B B Sarsa (A B3I KNN— Sarsa (A FiEEAM.
5 ms

245

H T EBICREPL S AR B & W LR, Rl T — Fb
I F R K— Means 5 35 fl Sarsa (O LA N TE £ R &
o E X CEENL &S N 1 B ) S BB SR AT T A R R R
RIG . Bt T BUB RO K W E R R E N LIRS
B3GR FELR R, W R IO X R 1 R BT R A R
Jt A5 50408 X G 0 B pR B LB . B SR, 0 AR TR K
RAB LM Sarsa (O 1Y TEBE ML 25 A 7E LRIk # AT T

HER M E ORI E . 5650 32 B S0 H J5 1 R AU E A W SO0
. MARBEEEMA S, THERSZAWEILT. B
AR 19 58 %E 1

S &30k

(1] ARIESE, D%, TAHE, 45 F7 BT RE IR 85 I REHL 28 A3 )
SEERCS AT (] HLA TR F4, 2010, 46 (15): 24 -29.

[2] Viet, Hoang Huu. Simulation— based evaluations of reinforcement
learning algorithms for autonomous mobile robot path planning [J].
Springer Science business media B. V. 2012. 467 —476.

[3] Z=&kiE. REREGIANCREYL I A K H S ARMTFR (D] 6
IR s MR Tl K%, 2010,

[4] Wang M, Chen X Q, Nayyerloo M, et al. A novel wall climbing ro-
bot based on Bernoulli effect [J]. Mechtronic and Embedded sys-
tems and applications, 2008, 210 - 215.

(5] =k, APEA]. B Fast B 50 ik 10 0 A DU IR BE HL 85 N8 B 52 2l 41
R 0J]. HLEE A, 2012, 6 (34). 751-757,

(6] mamm, fkumeiy, BEHAE, 5. JCREHLZ ARG [J]. &R
G AR . 2009, 15 (21): 4748 —4751.

L7] EwoRR, TP, 3 T 1R A 4 Bk M R0 R i I BE L 2% A\ B 42 1 R
(0. AEmRT s AL R R 222401 2013, 6 (39): 792-797.

(8] E4&fk, Fhmey, £ 4. ST IRALS S MCRENL AR A B2 R 07
0] IREEHLIE 5HE, 2013, 21 (11): 3093 - 3095.



