2018 4F 8 A
5536 B 4

[ DA N e 3

Journal of Northwestern Polytechnical University

Aug. 2018
Vol.36 No.4

=R MBI B[ ABEN
B AE fll 2R i it

iﬂﬂﬂﬂlz 5&44—44—3

1’ iﬁ%l,

Eia', F#%

(I.Vﬁjtiﬂkjt%‘é WUR2EBE, BEPT VE% 710072; 2.7540 Talk K2F TRINIBFZERE, )M IR 518057 j

3R BB, dLat 102202

i OE.
¥ fEp R
HPEAE
HBET, BBT —
e
VAR EFEAE 5 RN Ak T AT 45 h) B

B EEDLIRIE ERR T 3% R 09 SR A T S

X B R HERIE R B SR
FE S ZEES . TP242.6 XEAFRERD A

Eh LA ANTFEE 2« BRI |k i e | st
R G i A5 Ty T A S R, L e
AR S AR AT 55 R P i e BLas A4
Tl 0T LG A W T2 AR HReHkhioh
TR AR, BT Reem sl B Rk
AT RIS ANZE T 2%, It
PRI T 2R 5, G Gz ILas A | 416 48 1
&, RmMBHPLEE AT, 22 AN SR B 1 42 FS
LA A Z ROk 2 1 e

M T 22 e N i Ae SR Sl () 2 101 B ML AAEAETE
2 AR Tl FEA 22 R A5 31 ok i 22 1 ¢
T, 16 2 BN S By 2 RN By ) 2 R R I T
F7E Muir 2 XF R AL ADEAT T8 32 g
B, Iz B2y 3 45 T T 2 S AN 1 4 )
MLEs Nz sh2p A3, Tlale 805 Sy 2B ML 28 A 27
T Bl 5B I BN 7 2 A B B T A s AN I A 1)
L mHLER NRIT A, S LSS A1z 2l A
Bl ) 2E AR R A Ry A T SE PR A B Y

s HH#9:2017-05-20

B AE N
iiéﬁ? :1000-2758(2018) 04-0627-09

AEAT Z S A G IR B 6 A S AL IS AT SR BE A ) B R T — AP B E R R B
) 5 R T & SIS IR B 69 A S AL B AT SR IR VAR AT B AT 69 3 SR IR M AR
BRMNA T EANBOBANBART TENFEL ERAR EHTT AE R S
Fr ) -~ (PID) B RGBT i 2T R%e) G2 R, %4 7 —#
PO SR AR R Y T R RO T AL B 1] S Ak
SUHAT T A5 e GERR T AT 345 b 3 a9 AR | 38 13 Bhad SR IR 4% )

LB &

HORIINRIH, BIE, G AT S

AR & ST A

Mo BBl NBE R ER PRI BT AT IR T 4RI

T 4 A2 SN AR 20l vl 4 A LU L BILAK
gl FEXTICEHLAR A AT i 22 3K 3l L AL A 13 38 42
il A R 2B T Y (R, SEBR AR I, B HL
e 2o FH A7 T ARl IR R e my AL, ol T ALY
BRI R G 22 R ) PID il DRI ah f] A 42 1) 3R 46
SORPEEAS R GUHE R T 22 B AN E 1 LA LAS N T
IBATRY PR B 1 2N T DR ] g
PRVEAN FE NP 845 2 OCH . Shimada 5517 42
T — RO R 22 W PR O IR TSR
P, X A AT T SR g Uk, Wang
SFTEARE B A RO T S T T
BRI ST SR 2, Viet 5 Z B T H LS
0L, FEANINPE B B AR B0 T B X 42 10 52 S bl A ik
TH T IR A, AR ST 4 R 3 W T A4 o 45 e
BAMHISMR T, Fierro 5 1% 22w B shl s A
AL AL BT T — Rl 2 25 Pl 8 . T3 51, Xu
SEUU B RS B S LA AN BT T T b 2

HE&WB I AR LI % 4 (JCYJ20160531174213774) 5 EFK A R/ FH# 54 (61603304,61690210,61690211) % Bl
EHE B LI (1983—) , PEIb Tolb RAF B B 87, B N FAFF LA AT 7T,



628 - wWodk Tk ok

¥

36 4

OGRS A . TR gs 2
LTk YR =Y NN R i N = 2 IS [ ER Y NS
LAFFEAE DL 6 48 A7 7R S HO0E DL g 1Y [R)
R, QR T A5 [ 3 N A ] A R R L )
TR R . Wang %52 B X SIHLAE A B30 B0 )
Bt T — B 3 3E N g, IR T R e Pk
Sira-Ramirez %' it T — M AE S PL g B B i
Iy A A, DA X B AL A AN e 1

ZE L FTIR | AR SCHIESE N 5 A 1 i3s3l 2
FERY 38 A oR 3L RS P ) O vk, W LR 3
I 0 425 1 7 A . LQR B 40 7 kY DL R 45 A
LQR # J5 kA 5505 R IR 2 U8 U 4 0y #5407 ik
LQG $2H1° R1M LQR 42 il B9k BA R4 1 8 4
P H T 5 A % G AR ORS B R L i
LQG ¥l a2, Hizk ik 2 HTFE R
Giyilgaveit, WX ML AN iz g2 g n]
HI LTS e e 1 4 A s bLas e — 2R 2
AZH it (MIMO) B9 HE £ R 4t , 1 i sh B 25 4=
il V1O SRR X AN A HLEL A B A LR
PR R . PR AR SCHE S I T s ol 174 o
PRI B P o VA T 5 0 D ) Ay 4
ot A BRI, e AR B T — R 2 K
TR AT A, RS B D NEHIR , O FLE i B AT
TRAE HHEAEA QSN ARG HAE S
BN ARSI T —Fp e ] - - R e =
TR & R G, R T —Fh 2R
YOI R = R AR S BT RE, B a ik S 4L
BOE BRTERAE AR SO T HiE USRS
B R A I T DL e s ) A

1 iEzh=EE

F I S — PP R RS R AP AE — SR T (I
Bl 1R) .

XL R I G Al ) S AN R I e T ) 2
45°JE R B~ 22 SR IS B — ST %) BT FRLPILEK
By T 4 HE AL AN [RGBV AT S804 ) 1Y)
Ry, L Aanfes 1 Ak B 3, RS 2 F R 45 £ i
(a2 FR) .

N
Vi s sh
- - ' \N
-R N i
KF5h ‘€§

B2 Al & e g e RS sh L g N iz s

XF A2 yE AN IS K Sl ) 4 ) RS S LS A REATIZ 3h
SRR SR S A R B AR AR R (K 3 )
0.xy, FIE A AR & (inertial coordinate system) ,
O,x,y, N & & % 5 & (body-fixed coordinate
system) , HJ5 5 0, I HEARBTU A HRoLs 2y B4

B RGNl Sy bl BT T AR AR AR
0,% Y. HHF 1 RE TR R AR R, LA T
SCAIREE B LA G o Bl K Sl R AT LA A4 T
y B o TR BT A T AR AR BUE AR AT
Ok SR (ol V5 S Ui K I A

K3 Bahblas Aebr 5

WP 1 TR, 5 S A W T 1
0,i% i i B x AT S e A v, EXE Bt 0,7,
PrEREp, (i=1,2,3,4)=[%,,Y0 2] 0, HNFi
R 0, 5§ R ERET N o,
WA RS 0, BIEE T 0,1y, VW4
W FREE . R.(i=1,2,3,4) B HRFHEE
TR, B 3R P T 2K B T A
RA



TN, 55 2 s A IR SRS RS LA A 1 3 I B i e - 629 -

a4
Koy 0 rsin(y;,) O|w,
Do =|Yui |=|R, —rcos(y,) O0||w,| (1)
¢141i 0 0 1 wiz

AR & L, T AARAS 4 (2) 2 7 ) 3 2
R AW

p, =J.4,
0 risin(y;) dﬁ,i}.
J. = R, —ricos(y;) dﬁu (2)
0 0 1

X, p, AP ATE Oy, T YR EE R L,
SER LA NOCTHE @ HECAHERT LLAERE, o ),
Tl AR 0y, FABRE O.xy. 2T
*gﬁﬁ%,q‘i = [wix w;, wiz] To

Xof e AT HOREL R o3 B ) AR AT 2598

1) BHA Y, =08, 1 J, 1 =0, FFLIXTTZ
SEANIFE AL, O HE T R A A S Y

2) fHARERRZ rank (J,) = 3, LA T
HA3PMHBE,

TEAS SRS Th RS2 va 2N IR A8 AR AR ], A1 ot
R, =R,=R,=R,=R,r,=r,=ry;=r,=r,d’,, =a,d
=b,dy, ==a,dy, =b,d,5, == a,d,; == b,d},, =a,
d, = b B R4S 0T LSS R T b R
U

0 /2 b 0 -r/2 b
Ji=IR -2 al LL=|R -/2 -a
0 0 1 0 0 1
0 /2 ~-b 0 -r/42 -b
Js=|R -2 -a J.=|R -2 a
0 0 1 0 0 1
(3)

ik (2) 3M(3) 3, B BLA Ao is 3o
AT DR T

%, -1 1 -1 1 @,
R 1 1 1 1 w,
v | == x
. 41 1 -1 -1 1 w,
®r a+b a+b a+b a+b w,
(4)

rad/s, JHidis BA N AORMER B, T A2 soah it i
AR ShpLas A n] DLSE B IE R 4l A2 3

PR R 14 S 05 i L A AR R R IO AR S
HE— 20 AR R HE I, AR B AR AR AR 2R N Ak
BE Oy, y, FIUBTHEALAR RN IER B Oy, W30
ESoR

P=[v, y, ¢] =T(e)P, =

cos(p) —sin(@) O
sin(¢)  cos(@) 0P, (5)
0 0 1

2 BIEMBEEHSERT

2.1 BEEET

TR AR BT A 5 — A 55 sk R T i A
I, R RS TAEM R, SRIE R G IR A TAEAE
R s (1) =0 I,

e GRER R N e(1) = [e, e, e] Bl
WA E R p, (1) = [20 ya @4] ", KPR
Hp()=[x vy @] e(t)=p,(t) —p.(1). B
M, VAR T 2 o TR 25 1 R B, H AR 0 v A T
Lo — fo 2 =X A BT, L AT A ST I, T
TR AR I ) 5 ) 25 B 35 M A o R G g
AR SCHEI —F EL B — o — R T =0 T A 1
FHFHE R R Ge R eS| TR B a) LA Ry A [R]
oL, R .

s(1) =ke(1) +k [e(1)di +k,é(t)  (6)

k, = diag(k, ,k, k)
k, = diag(k, ,k,,k;) (7)
k, = diag(ky ks kp)
22 iRt
TEM AR M 5 b, B s A . A5 G
PRI R A — ki A
HRR BT R B B W SIGH B B — 2D,
TR s W SIGH B I ELR B 4 ] 4
PRIV, A SCBE T — b 22 5 U B At D ik 314
il AR, I i 07 50 UE H TR 2R 48 80 285 e 1o 3o 72 o
BA P S SGH R A SO I B 2R AR i
HUF
s,(1) ==&, 1 5,(1) 1 %sgn(s,(t)) — o, | s,(t) 1Ps,(t)
(i=1,2.3) (8)
X



- 630 - [ = | /A O/ N = S 14 536 4
1 s; >0 B > 1
=L T O A
T3 R sgn( ) WIBIASMH ARG TAE LR v . ~ 5. 1
TR e N T T T L L R L T
XA T A0 R e, 5 ARURT pR R, T AT R0H1 55 ~ 23: (5 4 E) s %sat(s)
I HE R I A0 B2 | L g PR 1 =R
s(1) ==& | s,(1) | “sat(s,(1)) o, 1 s,(1) 1%s,(2) o1 s, 1%5,] +ié§
(10) pi
A, 8, b/ =is - & s, 1%at(s,) —o, | s, 1°s,] +
sat(s;) = i (11)
sil +9 {1 g, — s, | silasat(si):| (17)
FE U T . ﬁﬁ'ﬁﬁ’_ﬁﬂiﬁ?ﬁ A PRER g p AR 1S A LR T
o (15) 1% =, 115
Vl(t)=?s(t)Ts(t) >0 (12) i ; i .
s;[— &1 s, 1%at(s;) —o, | s 1%s,] +
W0 =s()'$(0) = 2 s (0$(1) = ~;
. {ppslsl “sat(s;) —s; 1 s; | sat(s)}
> el s (o) s (0 sat(s (1) - S e o 020
=t s, =&, 1 s, 1%at(s,) —o, 15, 1%5,] +0 <
o 1 s,(1) 153(1) <0 (13) =

HHAMN S 5,(1)=0 (l
LRGP KA E
2.3 HEMEIEIT

FH T PR A AN B 2 1 R B B Al IR R e A
e PE, F S W AR ST RN | ikt e e 2k
IS ECEE A SR Fri it i i A s i s it 7%
WY ORSErYNEE PR = o3 i Er 3 NE BTUPIA /NS -V
(10) TS EL e, S0 RGERIPERE ™ 2E LK I3
LIS AP 7S % 3 6 e a S T UVA E -5 i A3 (5 5
W&, NBH e, WA, &, WS H e, N4 UH &, =
& - &, XFHBEITEA DIE i F g,

s(t)==2&;1s,(t) | *sgn(s;(¢)) -

1,2,3)5Ti%7?ﬁE,L ik

o | s,(1)17s,(1),(i=1,2,3) (14)

H A& B AT
2‘=ps|s|°‘sat( ) (15)
FOE EIERI NS . an (13) PR B &k 72

THEL v % pREL V), AR E
LU

P, BRI HE I v R R KL

3]
n—%+;%
T & NE M, USSR, 6, =28, - £, =

&, HEmixt v, R P45

> 0 (16)

&.8,;

(18)
FRE AR,
AT (6) P Rl iR 5, i LS 3 .
S(1)=ke(t) +ke(t) + k() (19)

2545 (14) AT LIS 3)
ke (t) +kye(t) + ke ()=
k(Py = Py) + ke (1) +kye(t) =
- & sj(t) [ “sgn(s (1)) —o; 1 s;(t) |'33j(t)

=(1,2,3) (20)
it —2 I L %?’Jf’fﬁﬁ
Py :ki CLkpy t ke (1) + ke (1) +
&1 s(t) | "sgn(s,(1)) +
o sj(t)lﬁsj(t)] j=1(1,2,3) (21)

Zia AN (4) MAK(5), TR

LU
W, -1 1 -1 1
w, 4 1 1 1 1
- X
W, R 1 -1 -1 1
w, a+b a+b a+b a+bd
F_l(ﬁo) S V2 Ps]T (22)



TN, 55 2 s A IR SRS RS LA A 1 3 I B i e - 631 -

3 HEWRIESSH

31 iFitiRE

Kl 4 J&on T A SRR as i Bt . |t
XIHLAR NI 32 AT A IS oA PR UE X 2
AMAR G RGP AL U0 B A 45 1k g, A S0 it
DI RS il 2 Bl O T B i g e |
BT He =R = o B =X B A5 T 5 S AR R SE Y
SATERE R TS Y IR o TR E S
£, RIS R BA E L) Ak e it T —F A
IR, ARG E TR R 2 AR B R AR
hIf5 PID 5 il 15 38 W B 6 (SMC) A RLCR 2
AT T RF L, o J 38 2k S 56 3o ik 1) 77 OB 1 A SO
B i e i S PE

B R ASMC (adaptive slide mode
control) #2535
1A B
> 2. BB
3. HaE R A B
4. ZEHEG T R AR R HEE W
LRIIE A
—~
5 L
PID #5250 SMC il 2% ASMC #5124
2 B PSR ER PSR

ZRXT
BEIHIL BHilfES

K4 Bt

32 HEWIE
R B UE AR SCITHE ) [ 38 I T Sl A 4 ol 1)
Bt Msh A& ERe, Bt T —RP0LE , 3 X AR PR
B ) R R OF HAE AT Bk bk sl 5%
4t PID $a il 5 FTC 38 I Y SMC 32 6l 25 2517 X
LLIRIE , 73 7 AR SCHr B4 il 25 i P fig . AR Sl
i AR PR AT R A
~0.3cos(1/10)
v 1 +sin*(¢/10)
_ 0.4cos(t/10) , V=0
YT ¥ sin®(1/10)
$=0
[, v ¢1"=[0m -02m Om]" HFR
GERIEEALE . RN, 8 T 9k R S8 B A PERE AN

B, SEER TR T LB, TE « Ay Bl ) 4 )
TINAEAE R 0.1 m SR K 0.4 rad/s BYIES%1E 5, [F]
B7E 10 s F130 s 23 FIIMABR{E S 0.1 m F1-0.2 m
IR ERAE 5 D5 B RECGE EAF

XFF SMC il 48 Al ASMC F5 il 25 .
k, = diag(12,12,8)
k, = diag(4,4,1)
k, = diag(0.02,0.02,0.02)
a=0.8,8=0.065
o,=0,=0,=0.1

16 SMC 5% h e, =6, =8, =2, 1E ASMC#%
Heshp, =1.5,p,=4.5,p,= 1.5, (W N :2,(0)
=2,(0) =2,(0) =0, PID #EHI RIS N .

k, = diag(12,12,8)
k. = diag(3,2,1)
k, = diag(1.4,1.4,1.4)

Di ELLE AP 5 i, T LA 3 Fhdas il 2534
REA RN 38, T ASMC LRI R 8 &2
PRI T G BsF 4 42 ) 80 SR AN T HG At 2 s il L B
HESIRIT, AE TR BIER 7658 =0
BRAF SIS, ASMC F i 4 1) vl [ 3 B 37 5 T
PP Rh s g, S5 R UL 6, Mk A2 58 R ik b3k
SNE x FA y BT R 22 240 T 0.01 m, R 1Y
B[] DL A% 1, ASMC $ il 5% T8 € A9 B [B) X ok SMC
FEHl A0 42.90% LR PID #5259 31.44%,

R1EHFERE

ik ASMC SMC PID
A 8] /s 0.305 0.711 0.970

Y S M SBT3 b g e s R ASOR
XF o BTy RO IR 22 DEAT g vt oA, AniEl 7 D
K8 FiR,

WL E 7 FE 8 AT LB i 1, ASMC $5 4l
i ESRFERE T T 0 B B, 22 G 19 1 25 B2 R F oA
WAFP s il 4, (EUE Rl I R A HERS , ASMC $5 il 25 1)
IR B R IS T 00T oAb 2 R il 5
PR Vs T 25 ) e K ) e T4 il
EHR 7T SCHh E 248 3 2R UGEIE R 51T L
WS ek R bR, I IE R, 2 0L E 9 A
Kl 10,



- 632 - iodb T ok k% % R %36 %5
0.4} 0.2} o —
-- SMC #&il
02 — ASMC ¥
. g O c 0
= or = =
-0.2 0.2
-0} o l B
Vs =3 15 4z =10 =03 025 70 0 0
x/m x/m t/s
El5 Pk iR Ee6 JEEpmk B 7«2
. — [, — PID T — PID £54]
-- gi]/?cﬁfg%u - SMC?%E%U - SMC #5541
ots — ASMC ¥4 — ASMC ¥4 — ASMC ¥
g
= 005

-0.05[

-0.15

40 60 20

t/s
K8 yilifm2E

20

DR AR AT 45 F A P RE L AS ST o il A8 B iR
ZERI y Sl AR 22 Y SRR by il e A 4 U OR
HC o Tl 2D e ) i ) S e ) i 1) MR 15
DLGETHEE R ML AR 2 MRS 3

*x2 REFHE
2z PID SMC ASMC
x/m 2233 8x107*  -1.962 2x10™* -3.674 6x10°°
y/m  1.934 3x10™  -2.024 0x10™* -6.164 6x107°
*®3 EHBEHHAE
FE PID SMC ASMC
x/m 0.261 0.005 4 0.027 2
y/m 0.0128 0.005 4 0.007 3
X2 1 HEAT 00, ASMC #2536l 28 08 « Sl 22 19

SEMEA R PID #5259 1.64% , A SMC #5625 19
1.87% ,ASMC 1 y lifz il i 22 4 PID 1) 31.87% , K
SMC = #810 30.46% , A A SCIETTHIY ASMC B A
B HOR . TR 2, ASMC Pl 839 « il
7722 PID #5528 19 10.42% , ASMC 1 y Sl i
J5 %4 PID 1Y 57.03% , iEAAR SC ASMC HA 4Ty
PR, AN, AR SO T ASMC Fa i 35 0 £
BT PID #Ek#%

K9l

40 60

t/s
E 10y Fhs R

40 60 20

t/s

4 ZWWIESSH

ARSI SR IR WA 11 s, SEER AL (FE X
BLAR ) S50 BT AR AN 12 B

Al 12

SFERL S 4K



o541

TN, 55 2 s A IR SRS RS LA A 1 3 I B i e - 633 -

AR ST B B0 U B A% F A I R TR G & 13,
Kinect REEFIHLZE$2 PC ¥, 8 5 USB {5 &3 L
AL AL B SRAT LA A« FlORT y Bl A AR bR
HEMTE A AR B G Hi 45 STM32VET6 51 5 4L,
VET6 5 HLF] ] SPT 3 {5 {§ B NRF241.01 @ 442.4
GHz 38 A5, 4 « Hl Ay B0y 48 b5 15 8 1% B 31
STM32ZET6 .5 #l, 78 3L LH K —*5 F A #lL, 1
H—S FAHLEZEIRA IMU(MPU6050) T 12

BEHLER AR & MBS B, — 5 T AL X (5 B
J5 18 5 5 ek Bk A e E R A i 22, E il i
ASMC F il #5 7 A 3 B F il (5 5, JF3d i UART #¢
G M A — R STM32ZET6 , A S0 SUH b —
SR, S N ML R R M R 4l
WHZ B F AR 4 R A HLA R R
PID F il g Xt FELALE BE A T o, a8 B0 o) H A

- (AR MEFE | sTM32VET6+
kinect iR B4 AL USE PC UART NRF24L01
P
B
| sP
B
NRF24L01
ik
% SPI
fERR WERE R
IMU (MPU6050) STM32ZET6 ASMC #5338
UART
PID #4438 AR B Zh R RIERE STM32ZET6
|
] ! ! !
15 HHL 25 HAL 35 L 45 Hpl
B 13 SCEeifE
SRS RIE AT A B PR B R R) 3.2 Yy 0.6¢

HLAT AL B BR BRI .
_0.3cos(t/10)
v 1 +sin*(4/10)
_ 0.4co0s(1/10)
Y st (10)
d=0
BHMBRAMBREN [v v &]" =
[0 0 0]", 1#idM kinect FHHLIRAFAIDLEF AL E
A, 25 R UL AR S T 37 A R B i £ 1
K 14 iR,

Vi=0
5’

0.2

-0.6

15 05 05 15
x/m

K 14 HUBHRE:

PR |
" LhREGE

y/m




. 634 - wode Tk K

5536 %

0.5H

[ NT—

20 40 60
t/s

S

K 15

IRl R e — W] MR ANIAT 15 s e
WZETTHAXNS, = /6" +8y° . HIERIEBGAH
XHL AR BRI B A AN B E T, T2 5 52 A1 5K
PEDEHI T, NI TR 22 R B/ e 3, B 1A
WRIEFHIME N 0.093 m, F2HRT BE RE A2 1K 1) HUAR A%
Ao AL N A 18 S HLE EHR AT 16 Fro
(HRAE Z s G a R A R .

7

W
HiF
<l

AR X 22 SO AN I8 R B A 4z 1) A2 S A
B R (R R, 7R 32 Bl B SR AL Bt T A
PR g . A BT 3 R L W
et IR LU AE A O, i bk 3
A IRGE IR T T DR g (9 BT M 2R
T R PRBGIE T HAEE . AF ek st s L IE
SEAR TS ACAE T X AT 105 HIE, IR
SRS AL PID 2 i s 3K 10 A4 o i A 42
AR IEAT T X L, ST 4G R R WA SO 1Y
il e FLA MR DR R R S A R OB
TR (0 S I A T & FH A 22 me AN A4 4 o)
B s HLes A, IEFIH Kinect TREEHHZ S AN IMU #52
TSR B LA AT T S BR 0 B R 4 ] S
B, S5 R 242 ] 45 BE RS v R R A P T L 4% N 58
B R R U] T SCHR P R A 1 T AT

AR

Kl 16 sLxshiR

SE .

(1]

[2]

(5]

[6]

[7]

(8]

Martins F N, Celeste W C, Carelli R, et al. An Adaptive Dynamic Controller for Autonomous Mobile Robot Trajectory Tracking
[J]. Control Engineering Practice, 2008, 16(11) :1354-1363

Rusu P, Petriu E M, Whalen T E, et al. Behavior-Based Neuro-Fuzzy Controller for Mobile Robot Navigation[ J]. IEEE Trans
on Instrumentation & Measurement, 2002, 52(4) :1335-1340

Tzafestas S G. Introduction to Mobile Robot Control[ M ]. London, Elsevier, 2014

Muir P F, Neuman C P. Kinematic Modeling for Feedback Control of an Omnidirectional Wheeled Mobile Robot[ C] // Proceed-
ings of the IEEE International Conference on Robotics and Automation, 1987.1772-1778

Tlale N, De Villiers M. Kinematics and Dynamics Modelling of a Mecanum Wheeled Mobile Platform[ C] //IEEE International
Conference on Mechatronics and Machine Vision in Practice, 2008 :657-662

Wampfler G, Salecker M, Wittenburg J. Kinematics, Dynamics, and Control of Omnidirectional Vehicles with Mecanum Wheels
[J]. Mechanics Based Design of Structures and Machines, 1989, 17(2) :165-177

Shimada A, Yajima S, Viboonchaicheep P, et al. Mecanum-Wheel Vehicle Systems Based on Position Corrective Control[ C] //
31st Annual Conference of IEEE Industrial Electronics Society, 2005 2077-2082

Wang Z P, Yang W R, Ding G X. Sliding Mode Control for Trajectory Tracking of Nonholonomic Wheeled Mobile Robots Based
on Neural Dynamic Model[ C] //Second WRI Global Congress on Intelligent Systems, 2010; 270-273



54 TN, 55 2 s A IR SRS RS LA A 1 3 I B i e - 635 -

[9] VietTD, Doan P T, Hung N, et al. Tracking Control of a Three-Wheeled Omnidirectional Mobile Manipulator System with Dis-
turbance and Friction[ J]. Journal of Mechanical Science and Technology, 2012, 26(7) :2197-2211

[10] Fierro R, Lewis F L. Control of a Nonholonomic Mobile Robot Using Neural Networks[J]. IEEE Trans on Neural Networks,
1998, 9(4) :589-600

[11] Xu D, Zhao D, Yi J, et al. Trajectory Tracking Control of Omnidirectional Wheeled Mobile Manipulators; Robust Neural Net-
work-Based Sliding Mode Approach[ J]. IEEE Trans on Systems Man & Cybernetics Part B, 2009, 39(3) .788-799

[12] Wang J, Lu Z, Chen W, et al. An Adaptive Trajectory Tracking Control of Wheeled Mobile Robots[ C] // Proceedings of the
IEEE Conference on Industrial Electronics and Applications, 2011:1156-1160

[13] Sira-Ramirez H, Barrios-Cruz E, Marquez R J. Fast Adaptive Trajectory Tracking Control of a Completely Uncertain DC Motor
via Output Feedback[ C] YA Proceedings of the IEEE Conference on Decision and Control, 2007:4197-4202

[14] Savkin A V, Pathirana P N, Farugi F A. The Problem of Precision Missile Guidance: LQR and H, Control Frameworks[ C] //
Proceedings of the IEEE Conference on Decision and Control, 2001 1535-1540

[15] Nurdin H I, James M R, Petersen I R. Coherent Quantum LQG Control[ J]. Automatica, 2009, 45(8) :1837-1846

[16] Utkin V I, Guldner J, Shi J. Sliding Mode Control in Electro-Mechanical Systems[ M]. Boca Raton CRC Press, 2009 881-886

[17] Zhang Y, Ma G F, Guo Y N, et al. A Multi Power Reaching Law of Sliding Mode Control Design and Analysis[ J]. Acta Auto-

matica Sinica, 2013

X HE. R AR PR MATLAB f7E [ M]2 iz, Jbat 3R = AL, 2012

Liu Jinkun. Sliding Mode Control Design Matlab Simulation[ M ]. 2nd ed. Beijing, Tsinghua University Press, 2012 (in Chi-

[18

[

nese )

An Adaptive Robust Controller for a Mobile Robot
Driven by Mecanum Wheels
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Abstract: An adaptive sliding mode controller was designed for a mobile robot driven by four mecanum wheels. The
original contribution of this paper is employing adaptive robust controller to mecanum wheels driven mobile robot for
obtaining better tracking and robustness performance. To complete the design of the controller, the kinematic model
of the mobile robot driven by mecanum wheels was firstly proposed. An adaptive robust controller was designed sub-
sequently. A sliding surface was designed in Proportional-Differential-Integral form, which satisfied the robustness
requirements of the system. Besides, a reaching law which has quick convergence was introduced, which reduced
the time consumed by the setting parameters and resisting external disturbance. The controller was demonstrated in
the presence of impulsive disturbance and sinusoidal signal disturbance, which proved the superiority of the pro-
posed controller. Finally, an experimental verification of trajectory tracking was implemented to verify the practica-

bility and effectiveness.
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