537 B 12 1) R N A R N S A Vol. 37 No. 12
2020 412 H Control Theory & Applications Dec. 2020

T4 4 R R B NSRRI AR 50T 5 i

TR, FribAnt

Abasgil ks BB ISR, b5 100044)

TZE: BLA R 24 1) 2% G0 0 AR 030 5 S 08 19X 2% B85 0 I S8 A 25 A0 R Wk B AT BRABE A e, SR LT X
FRE I S, SR, BT Tk M 4 PR 8 B A 52 2% OIS SE M 25 B R v, 3K 8 AR e A2 TE 2 M 4642 1l R SR (WNCS)iz AT 1
RE PP AR EAS B9 L. DA 1 AE AN 100 288 P58 I S 0 2% A0 R Ak AT BRABE (B O AT B R BT ) R 48, A SO
P AR R A, FEFR MR G NN T AR 8% DRI ) 8% 7 RN PR 24 v 2 31 7= AR D R T (0 S s, 3
T TC LR W 44 B TR N5 11l (MAC) 2 ) B A% Kl B BRI PR 11 5% 60 i PP AR E, A R 48 T LA Bl st o
FITAE IR TELR I 28 A 855, AR S LA [ R RS B LS N s et B, o Ao P DA R H1) 4% (KD WINCS A s P i 2 T 2L T WINICS
07 45 R AT LI, 477 UG5 R WAL P DA S 42 1 4% T TTMACZ A B A% D 350 FRORI B8 42 1 45 9 i 2 PP 91 I,
I LA i WINCS X o 48 855 (14 ) SeE AT 258 1) 7K 32 g

SREEIA): LA ) AR G BRI T A2 ) Q2 ST WA i R I—AF I3

SIRHEI: (RA M, AL Jo L M 4 38 55T B2 sh AL as N SR ER R K R 1 0 M 5 et $2 i B S N A,
2020, 37(12): 2511 — 2524

DOI: 10.7641/CTA.2020.90869

Analysis and design of cognitive control for trajectory tracking of
mobile robot in wireless network environment
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Abstract: Idealized assumptions about the character of delay and packet loss of network environment are first made in
existing research in the domain of networked control system, and then a corresponding control algorithm is designed based
on these assumptions. However, these assumptions hardly meet the realities during the operation of wireless networked
control system (WNCS) due to the complex character of delay and packet loss in wireless network environment. In order to
design the control system without making idealized assumptions of delay and packet loss in wireless network environment,
inspired by the idea of cognitive control, a cognitive controller is added into the control system. The cognitive controller
learns strategies of taking cognitive action in perception-action cycle, and the upper limit of the retry number of media
access control(MAC) layer in wireless network and the length of command sequence of the physical controller are adjusted
by the cognitive action of the cognitive controller. In this way, the control system can actively adapt to the wireless network
environment. In this paper, an omnidirectional wheel mobile robot is selected as the plant. The simulation results of WNCS
using cognitive controller and WNCS using fixed configuration are compared. Simulation results show that the cognitive
controller can improve the ability of WNCS to overcome delay and packet loss in the network environment by adjusting
the retry limit of the MAC layer and the length of command sequence of the physical controller.
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Fig. 4 Reference signal generator choosing trajectory
reference points

TEE R MR, £ F—IXRSHE G 5 ARk
W57 i, R N, NS ST IR H
Wik SipLas N SEES % S SR TN T, 3%
FROX F 7 V20 HE IR 525 i S E RS B ML N IR
7751 S e R, 5 BIEL 2 BT X 48 R R ZE R A
ML FHSHE ST EREENE Ep(K) A2
R, BIATESHE S E ARG Bp(k) N, B3l
Mles N O aTE T/ RS, BT AEIE BT S
% R, NAZEA e R, fEEE NN IESE
sUG, 2% ES A s A0 )Pk R
B HI S S E G S

D(k'+j—1) =arctan(g, (np +75—1) —y, (K'),

Tp(nw +j — 1) — p(K)), (10)

o(K +j|k) VUnav COS(P(K'+j—1))
T, (k' 4] k") VUnay SIn(P(K'+j—1))

w(kl+j|kl) e_p(nk""j_l)_ep(k/)
cos(0, (k")) sin(6,(k")) 0
sin(6,(k")) cos(0,(k")) 0|

0 0 1

:Ro ) (11

Hr: R, =




512

TR TCL XA T R libLes NP ERER A RN 0BT 5 B0t 2517

R vyay RN FEBINLES NS DN, N
0.5 m/s. LA NS5l R shilas AL
Bp(k) &R n, + 7 — IMNUES% 5. R10)KH
S S FAARR Rl 2 B R Ao (K +5—1);
RIGRADIRIEG(K + j — V) IESHEE S FNEER
J7 6] ERBEEE, RN R vgay sin(@(K' + 5 — 1)), BAK
AT A R, RN Avga, cos(d(k' + 7 —1));
SR Q) ) IEAS e e FE R R, SR HH P EE 4 1) 4%
W SEE ST + k) = [0k +5|K) v.(k'+
jlk) w(k +3KD)T, §=1,2,-- , N,. ETIERA
A0)FAZR(I DN, I, By 15 29 B2 ) 45 141 18 B2 255
SR, (K)={Z(K+1|K), Z(K'+2|K'), - -, Z(k'+
Nplk')}.
6.3 PyHEiEaE

W ERFR ) A S AT R ) SR R AR TR T 47 1) B
VRSB TR R Ry 20(3). TR 2 AR &S (k)
KB ZIBAT 2% B 5 A\, (K)o, P0ER 5 2% 15 e R A
KQ@):RBE + 1IN ZIME IS ANRE2 (K + 1).
X RN RE S A8 NAER I 2 E 25N T uy (K), i
K B R Ay & a2 E L

HEREESR(K), z(K), uy(K), a )i, Y H %
Il S5 PSR TR ) SRR e B & 41 A
THEI 42 1) Sk A NN 35k (predictive horizon) R4
(BPZ A5 5 7 5K BN N,; 48 il i 33 (control
horizon) 1K BRI 0 BE 42 1] 25 iy 27 91 19K B ay)
IR 28T U TR ) SRR 12

Np
min 3 [[2(k + jIK) — 2(K + jK) 4+
(k) j=1

[Jun (K" + 7 1K) I3,
s.t.
x(K'+j+1|k") = Age(k'+j |k +Bau, (K'+| k),
{Hui(k:’—&-j\k’)Hg 6, j=1,2,---,a, i =1,2,3,
(12)

H:Q=100I, R= 1. R12)/&— kML W
A, DA N AR TR R B, PR A
BEIREH S FIRNU (K) = {u, (K +1]K),
up (k' + 2|k, -, un (K + ai|K)) }.

TE JC 28 WX 245 [ sf 92 N 25 A0 B R ), A P 48 I 9
P 1] 2% Ay 2 7 F1 AT DAY/ NP3 42 1) 2% ) - 5 £ 4
TETCER N 4% (1)) S RN 256 LU ™ ER IR, 38 i 42 )
B A B K FE X R 2% e SE A E L B — 2 )
AMEVER. BT LA, 3 i) 2% 1y 2 7 91 B 7R A
SR AR AR P 25 RPIR A SR TS
7 HEZGRES

AFBEHT0%, 80%, 90% HIMAC)ZZE .3 K AH
JSF (14 D) 48 Fsf 2E SR 30T ABA 1 3 75 S 5 R4 1) 0 2 9 245 34

35, EBEZR IR, X6 EL T RR E B TWNCS 4
SE, X PAELE N O 1 F 1 E MMACE AL AL
I PR R[] R ) A R A ] 2 A A T A A G L 2R
7.17%); @ {F AR HI R T MAC 2 EAL R E IR
) B 47 ) 45 2 P A FE G WLEE7.27). i@ i 2R
ARG T 277 R R L8 N ERIEE IE 5% 2 5 U f 4%
R AN N ) P IR AS IR LR S, 7 T 7EWNC-
SHUMA A SN il 48 A vk, Rl " MAC/Z =
AR BRI 3 1) 2% 1) i 2 P AU B, /N 1 28
5.2°1 78 SUIHE BB, BRAR T AR 45 18 10 11 X 4% 1 45
XFWNCS [ 4 il 1 BE (I RE M, 32 s T WNCSXTESE #4)
PP R 28 FR B () i B 0 25 L R RS2 RE D

A% FH Truetime T 246 #EATWNCSHI; H. 1E
i E A, BB NG L B et TR AAAR 2R (1) 5.
Fe Lo N 5t T AL bR R il (1) 2 SV AR R N0°. £
SRR RAE R AT N0.01 s. KT NS H
T WLSCHR [21]. o8 W 4% B %6 954 Mb/s. [ A48
fETHEE R & 0N N50. %5577 AR il
e BE NS HE NI NPT IEZ S F Pk, H
H: Ad N 0.005m; ZHEAES AT IRE AN
0.05 m; I TS 25 A HIUN, 920, (7)1
#2)FaN0.1; HrnEFy50.9.

T2 3l 45 i) 2R G0 B SR B PR FE 2R, T 7 &
IEEE 802.11g 5 # [1) 76 £k W 2% 1) £ 4f 28 m] BLIk 3|
54 Mb/s, X AMEIKE$0.01 s[FRFEIRIFEHRAL T 16, 78
TR A Ak T 2 1 B R, SR Bk R e ) 2 11
ST FE AR IS o BRI A U S B
EALRARNUER, PR N N50. TS %0k -
BUR 8 2 HIHE 52 S e ibix e 525 flE I id 4k
(2260375, BT LA (9)H Ad0.005 m. BB HLAE A
TE— A RREJE BAR i A BE B d ~ vy AT=0.005 m.
HE86.271 i, 1X Lk %1, 090.05 m K2 A AT B 10
AKHE AP A sh g N ar B EE s i &, H IR IR
FEIE 225 SRR L Es NIGRT 5 51 S 2 ar k. o
RIGEPERIE R, MTES L MR BRI Ak,
LR N TCIERE I EREF S, N, BT K2
38 R P 4 1) YR ) B B A, SR A E AR R T
M L, N, 75 BT S K i3 il i 4 K B
Bl ay ) fe K AE 16, BT LAIX BLIE BN, A20. 7TEQ%: 2] &
AR PN Ry I BUE Y 2O EI, K, AR R 1
(IR AR K. SRR 2 S RafEIL K, &1
QA FIEATRE P, Frlax g Ry 0.9, a2h0.1.
71 FREERa), a,

FMACJZ B = A& L AT PAFERWNCS ) 2 £
R, AR EALREGL K21 KR IR ZE 77, FITLA
TEEE G AR IE R a, N6, PHEFE ISR I & K
T A S A 1 25 ) T B, 3 ) e LA 380 T g



2518 7o o5 MO 37 %
ROR, FTUAESR G Ay ik a8, g 4 ‘ ‘ —
RS G RNES-T, HEMACE EHERK & | = =50
I M WNCS I (7 S . £ | I
0 5 10 15
%2 MACZ X%, WNCSH £ &%, #3h
EYNCEE R TP FOY Ty A g
(a; = 8,a, = 6) ‘4_{“‘\_
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Fig. 5

Simulation result that the mobile robot tracking
sinusoidal reference trajectory (a; = 8, ar = 6,
and packet loss probability of the MAC layer

is set as 70%)
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Fig. 6 Simulation result that the mobile robot tracking

sinusoidal reference trajectory (a; = 8, ar = 6,
and packet loss probability of the MAC layer

is set as 80%)
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Fig. 7 Simulation result that the mobile robot tracking

sinusoidal reference trajectory (a; = 8, ar = 6,
and packet loss probability of the MAC layer

is set as 90%)
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Fig. 8 Simulation result that the mobile robot tracking
sinusoidal reference trajectory (ar and a; are
adjusted by cognitive controller, and packet
loss probability of the MAC layer is set as

70%)
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Fig. 9 Simulation result that the mobile robot tracking
sinusoidal reference trajectory (ar and a; are
adjusted by cognitive controller, and packet
loss probability of the MAC layer is set

as 80%)
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Fig. 10 Simulation result that the mobile robot tracking
sinusoidal reference trajectory (ar and a; are
adjusted by cognitive controller, and packet
loss probability of the MAC layer is set

as 90%)
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