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ANALYSIS AND DESIGN OF MULTI-PACKET
WIRELESS NETWORKED CONTROL SYSTEMS
WITH ACTIVE PACKET DROPOUT

ABSTRACT

With the rapid development of wireless communication, embedded computing and
sensor networks, wireless networked control systems has become a research hotspot in
recent years. This kind of system has the characteristics of high flexibility, easy
maintenance and low cost, and has a wide application value in the field of vehicles,
UAV formation and so on. A remarkable feature of wireless networked control systems
is that it often needs multiple sensors to collect and transmit relevant data in a wireless
way. Due to the imperfect data transmission in the communication network, this feature
leads to the problem of multi-packet transmission rarely seen in the traditional
networked control systems, which needs a new method to solve.

This thesis studies the problem of active packet dropout in multi-packet wireless
networked control systems, and proposes a dynamic transmission strategy based on
predictor. This strategy can reduce the influence of active packet dropout on wireless
networked control systems and improve the overall performance of the system without
increasing the occupation of wireless network channel resources. The specific research
work includes the following two aspects:

(1) Aiming at the problem of active packet dropout in multi packet wireless
networked control systems without disturbance, a dynamic transmission strategy based
on priority predictor is designed to reduce the impact of active packet dropout and
improve the system performance. The strategy consists three parts: priority predictor,
transmission regulator and controller: the priority predictor predicts the importance of
each sensor data to the system stability in real time, so as to help the transmission
regulator make decisions; On this basis, the transmission regulator designs reasonable
dynamic transmission rules of sensing data to reduce the backoff time of high priority
data and improve the backoff time of low priority data; The controller to ensure the
stability of the system is further designed, and the effectiveness of the strategy is
verified by numerical simulation.

(2) Aiming at the problem of active packet dropout in multi packet wireless
networked control systems with external disturbance, the dynamic transmission
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strategy based on priority predictor is improved, the anti-interference ability of the
strategy is improved, and the influence of active packet dropout can be reduced under
bounded disturbance. In order to deal with the interference, based on the above basic
design, a predictor added with the prediction deviation estimator is designed. According
to the historical window data, the prediction deviation of the predictor caused by
external disturbance is estimated, and the sudden disturbance of the system is detected
to ensure the robustness of the strategy. Under this improved strategy, the corresponding
design method of H, controller is given, and the effectiveness of the strategy is verified
by numerical simulation.

KEY WORDS: wireless networked control systems, multi-packet transmission, active
packet dropout, predictor, dynamic transmission
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Figure 1-1. Application scenarios of Wireless network control systems

HIRTCL M S AIE R R GHT A T — S Gz R R R E, BAT 2 W
PH, ABJE IO L AR 2% 1) 51 N5 42 1) 38 48 10 B vH 717 oK — 28 2 AT PR A 14 1)
e T ICREE ATTEENE . 2% S N EENBE (S 5 5 SR R, Nk
¥ 2 oLt 77 NS AL MBS R G H, W5 K2 aEmEE, W
RIAEIR O IR WEEITIE . B GLEL P AL AR [0, X e i) e AR AN ]
FEJE LRyt RARIM SRS, MEMNEERSERAFGRENER, T
FEIR LA 2 B T E 2 I ) R R, 2 AR R RO T ek

1



TR BN N3 T =l VA 798

W28 Ak 35 ] R G J LA R T R e —

FIT 8 2 R0 AR S T 5 — 20 B A% IR B mlds il B i i o 22 A Fp o () 50 A
gyt Z AR IEAS 7 O ORI I R G0 R IR . Bl A TG 2R
T TS AR R AR R 28 A5 il RGN, X Fh AR S 7 2N 1 3 LA 5 1A
T . LM R R “ A7 KIS Ty OB E, JCH 2
R AN RS, Xl 2B T XS RERME RIS AL B E oy
a3z, B LR — N IR BT KiE. MHET WSS Rg 1%
G B RIS O, TR M T R gih 2 e AR T AN EEIRE N
2%, XSS RTHE AL B TR R B A T 2 AR i e 4 M 4%
teizhl R, I+ HARZ A = U TT R R 78 7 A2 30 DL g o

Horpr, ZAI02 M A5 2R G0 B 7 B B, 5 3 5 2R In] Bl e —
DL ) U s R S B E R A S, RH T 2 AN TR 4%
eyl RR S5 LRI iES RGHEL, TP &G R b E R~ 2
G B, 2L M EIEAE S LM 2@ E SO F,
FH T Bt 14T 1) 700 286 194 285 30815 B0 SO G I 1 25 T il AL 08 e B0 92 1) v Rt B AL
AN I A 7 TR o S I ) o AR R N TC 2k W 48 A5 18 75 AT B LR 28k,
EALIFA AL R A B e NS TE A EREN LSS — B [ A Re k% 6=, T4k
W 28 A5 T 7 2 BUE SR LS R T80, DR A B 4 0 245 3845 7 A%
R E R G ICRIPR ], £ e R RO T NS FERIRE R . XS T SE R
PEEORER RS RS, BEHI 8T SR I I E SR B A5, EW
i} UDP 1/} (User Datagram Protocol, UDP) [f]—¥8 R4 —Ff, EATHE R
RGN EAE, X TWENE KR R S HRE R . LR MBS R R

PRl = 2 25 B e iy >R 1) i) R A TP A% X 2% A S5 P B i 5 2R 98 A A7 B ) 5 4
WEMR R B —, TR £ 3 E Xl R RN 1A
NEBWMRNE. 4 bR, MIRZ A ICEMBNIEH Ra T L350
Iﬂ@ﬁﬁ—%Hﬁfii@%)‘(ﬂliﬁfhﬁﬁmﬁ HEA— Pt . BT Egm

AE R, AR SCHRE HH B S 0 T HoAth DR 20 i) Bt — 8 B S X

1.2 EASMAR IR

1.2.1 TT& MR AAESI R G R E AR 0] @

H 1980 FELLKR, BEE LB RENR 2100, ML T &ML
R RS L5 NIk, BRENZFAEVI T LA H] R ST SR
DUk BEE LM AR R GRS 2R, et i () 2 L. i,
ZH. MRFEFHIR AT, i&TE@JELV£§@J4§?FﬁJIﬂ@f{zﬁf%‘ﬂ%%hﬁﬂ?
gerb, HEARA R QB 1-2 B o 8R RAMERT DL LS 2 1 1] 3 Bl REAT 5

2



ERnPSONEZOPREAR IR i ES< i il ey

WIS
1B Rk i 22 ER O L

Rl - ! I ! I I b ! ! R
m ™ s m B ]k
[l " " AN

N i o i W

I T > LK
1 [N \ 1 W
[l [} 1)
i P v N

PATH e ! R TR ! LW | G

B 12 TERMNEER RANZR. FEMELF
Figure 1-2. Packet dropout, transmission delay and packet disorder of WNCSs

FERL MR R T, Bt ERTEERA RO, Bk
B 28 DA Bt a4 45 S PR S RO TT. Ao Zad 5 M 2 e, e A S I SR A
A S 2 X 2 R TTEL A 4, R RE S BUM X128, A5 W 2% 1A IR LE A%
W2 PENEE TN, H2 e S A EIER, USRS 1%
I ISC 31— LE AN E I DR R SR B £ 2%, B, [FIERIEE, SMRT
DAL 2 i ik S50, Gl A AR AR B R, RIS S S B B %
RMESEM. HMETREEGRAERIE T, HIBE MR R TS0
TR ERBOVE W, G0, WEREE . A5 W2 R A A Ha b I A% f
RIS, BE 2 P EE % 1 AR E L], T RE R AERIR O ERBLR .
ERERRABEERTRAER, W8 “MESBEHELER” . M2
PRI D 28 G0t 5080 1 S PR SR A iy, 1T — S 0l 00 R AR P A% P SE A FE ik A2
ARG L, REEFXFLMER OO S Z0, B EaEi
THOLN, RN AR A AT LB BA I, AR S R A K i A I8 RS 2L
A8 TE R T AL P2 AR GRS SN ) 75 SRAE JZE R Ty ) S ) S PR SR 3 = T
BONH Lo

R 4% 175 3 1 I SE 2 B AR T2k M 28 AL I ) R GUIs AT I 30308 10 A 4 52 W9 4%
i 98 LA B RS T 3 B0 . I SERT OB E . BEALA . A SR A
WER . W2 SR E B E . 5 EAABNIE. SR IE. BEais
TH SIS E DYy G 20 p O™, Forfr, HEBA IS SE 2 52 e o0 44 1N 48 /I ) 2 S SR A
PRI SE S 45 AR G0 s AT SOl AL R I AR P PV FE A TR o A5 S AL B SE
e F8 R i R AN 45 U2 A e B DL R B E N HR A 2 i A 2 IS 1) o R A IS
IEFE MNAHCHE 7 A BT A AT AR S i /5 BRI 8], R A R R W RE R AR
fr— Bt a], BIAE A8 BAA o S 4 B A St AL B e . B A B 5 T BRI
ISR ARG HON B BEAT R, GRS AT B A S A P P P A8 3R PRI 1]

HepE ALY 2 Fe e B ARE Y 5 Bl A R 5 . 3 225 DR 2 X 2%
I SE R BER T — DRG], BN S5kl TRt 2 e
BWREPAT S, e AOEEEE Rl TR, BRI 1 8]V



TR BN N3 T =l VA 798

Ja TR SOR R . LM R g, —BCRIES ZE BRI
B HE AL LR . BUAL, ERLMALizR R, (55 EimidiEEM
A Ead B EL, BEhTERORARK, AR K ELR
72, WAEHI RGP A MR . Oy T SR IR A X LBk, A
MIVF 2 223 et 7 EORRIZS Ag Aok, JF HAAFh 2 ) BAR A BOR C 2 i v
HI NCS, i, NCS S#fz|Bigto>2, |21, JT B/Rm) RgAE &
2P Rr S MY WL S EE E RS el Pl 1 Ei7) P52 5 4 T SEe

1.2.2 Z B TP ENIZH R G E B BB IR

PEBEE LB ERORN WA R, 6 RGERBIZET K, R 1EK
SRR, IWTTTERL T 2 A2 ML IEH RSt TERIX KRG MR
PR 3 A DL A,

(1) Tk M2 Ak i Jy SOk, KRG & 2 A BAT 5B Thae it
A%, PV TR LA R AT BN ZPY, X AL RS X AR 4R
BB FERAEAE BICERIF RS R e A 8%, W 1-3 s, Xt
AT R A B 7 B 2 A TE S AR A R AR R G0 A 10 2 A ey )

et %

A 2%

il & <

<

<

Bl 1-3 SARBAS AL R M 28 AL ] R GE 454 I

Figure 1-3. Structure diagram of networked control systems for multi-sensor sampling
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Figure 2-5. System state diagram under traditional controller
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Figure 2-6. System status trajectory diagram under PBDT policy
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Figure 2-7. Schematic diagram of system packet dropout
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Figure 2-9. System status trajectory diagram under PBDT policy
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Figure 2-11. Trajectory comparison diagram of different strategies of Lyapunov function
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transmission

27



TR BN N3 T =l VA 798

A BRI LA B R R Gk -
{x(k +1) = Ax(k) + Bw(k) + B,u(k)
z(k) = Cx(k)+ D,u(k)
Hrpx(k)eR", u(k) e R" 733 9% il% A\ sl %] R SLi R GRSl
w(k) AN AN, z(k) e R" 2 RGHOATEREM . A e R M1 B, e R™™ N R G
FRE,  C A D, & N AE B HOE R
e RS RN EISSRWSE
x(k) =[x (k)% (k),...x" (k) | (3-2)

-1

3.2 BHAER T ET MR sh SR MR T

g
AT R 22

T 22 2 75 R AL

A4

N e 3
R B i 22

<

v

RIS LSBT
e LIRS
¥
oedktttn

[ 3-2 PBDT SREE IS0k B 2%
Figure 3-2. Improvement ideas of PBDT strategy

A FE LR M 2 B BB TE LM S H R g, S ikt
itz b, ot T PBDT S, %5008 REVSIE B dm X 32 BISAT S8l T~
iR RGVEREER, DN ) 2 AR 3-2 R . BRERI RGN %
QU RN P N e Sl w2 21 P we: ) | U U 3 g i (BN L
B AT HIC Sl o0t F000 A 22 0% TH L RS o AR B0 I X i 25 — S8 2 ) i 22 BT 294
AMETR I 2R 22, SRAMEAR e i &%, s H A ERBERE L P K A B
22 . XA EIL K20 — S ESE R, FrARANE RGP T MECIRE
AL 25 AR R S R 1 RGOS A5 25 (R IR U0 22 0 v 8 G 00 0 i 22 2

28



ERnPSONEZOPREAR IR i ES< i il ey

BRET R, WRKAETRA, KI5 I FUI i 22 R AM 0 S T 25
1T AR AL 25 16 21 1P 29 4H

SRS R BAR BT BB IR IR . 1) 9 TR AT RERYIRD T 3h E Xt RGETiE
RO, Beih TS R IIN G, LR N 2 TR B % A% iR R
XFARGUE N, W BOE A FEGEE B Tted, 3D Bk s T gt it
TRHA 2) 9 1 RSN S Bl 4 TN G817 K A T 22, SRS Btk oA 1
TN ZE A %, SRAL TH TGN A% TN — I 2 B S50 O 22, O HLBe sl A AR
RAZ, PRIKBSHIPTTIRETT: 3) it & B AL RS aS A f  L,  FRAIK
e 5B 2 Kt AR E [R5 (R SE 2 B dle RO AR E IS [, LhXt A 40 B B 2L
Hathsetel, 4) £ LRMEAE, BWiHEIER He 28 45 R ORIE P42 i)
Gt E EIF IR T RG-SR . RS EIR B, 70t 1 I = A T A
PRI, Aefmid a4y, W 3-3 R, #% TR, ASCK 3 HIXHX
VU 0 A A PR U B

/—(ﬁ%%%ﬁﬁ%}—{%%ﬁﬁwﬁ

et 75T 2

|

(e ] (temm) . (temiq)

FEE AT IS W 44

P A%

o) 2% 1R 25
s g |

B 3-3 AL BIELM BTN R Gsh &5 R &

Figure 3-3. Dynamic transmission strategy diagram of perturbed multi-packet wireless
networked control systems
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FPRESE R, e Ox(k), BHEHIHAN:
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x(k +1) = Ax(k) + BO u(k) + Bw(k) (3-6)

MR IR, PBDT Mg HH AR e g Pl 28 i 0 1 B 210 () R GRS
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TR A B A 2 T B 2, Ik A [E B 21 1 (i 2
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2D n] DL PR pR B f (%) = aoc+ b SRAT TR — I ZI R Fl de w22, o
a Fl b2 -
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1k +1) = © (k) + Bw(x)
{ z(k) = Dn(k)+ Fw(k) (3-30)
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o_| AT BKO, BK(I-6))
| 40, AI-0,) (3-31)
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() HRZAGEWMYIEIRES xO)=0Kf, FEAFXN THAKNIETN =
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—P+vlI T
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S (@ (R)z(k) - W (Owk) + Y (AV(£) <0 (3-54)
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Figure 3-4. System state trajectory without policy at 0.2 packet dropout rate
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