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Adaptive energy scheduling and cooperative control for
wireless networked control system

WANG Yan, JI Zhi-cheng

(Institute of Electrical Automation, Jiangnan University, Wuxi Jiangsu 214122, China)

Abstract: The limited amount of energy in nodes is a critical factor affecting the system performance in wireless
networked control systems(WNCS). An adaptive energy scheduling method is proposed to compromise the energy conser-
vation for the nodes and the energy consumption in the control. Based on the relation between the sampling period and
the energy consumption, the energy consumption rates are adjusted online to satisfy the requirements of the node-span by
employing dynamical sampling periods. Then, the adaptive sampling WNCS is modeled as a discrete switched system with
a temporarily uncertain switching signal. For the system incorporated with the feedback of switched states, the stability
is analyzed by using the switched system theory, and the constraints on the controller gains and residence time for the
asymptotical stability of the system are derived accordingly. A numerical example validates the proposed approach on
Truetimel.5 and MATLAB platforms.
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Fig. 1 Structure of wireless networked control system
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it 22 H FE H E20 nAh, S0 D EdE AU 7 EE8 nAh,
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(Relationship between sensor sampling period
and span)
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Fig. 2 Work flow of sensor node
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Step 2 2q=q+1, Timax(q) =2Tmax(q—1). 4%

RS SRk A R gefa e I 2, WIPEIRIZ 1T Step 2;
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Table 1 Wireless parameters of 802.11b in direct
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sequence spread spectrum communication

ZH i
Ry 5.5 Mbps
Ry, 1 Mbps
Tsnz‘s, TDIFS 10,50,20 HUS
SAacks SPHY 34,24 bytes
Sme 80 bytes
SACK 14 bytes+PHY header
CWinins CWinax 32,1024
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Fig. 3 Energy consumption region of sensor node
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(A, R RAE IR, 78 731 T s e ot 2 2
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4 WNCSH 52 % P 43 #7(Stability analysis of
WNCS)
4.1 WNCSV#t Z G MR (Switched system model
of WNCS)
7 [EAAE X G T SV LI [R] R 4
&(t) = Az(t) + Bu(t),
y(t) = Cu(t),
A z(t) € R, u(t) € R™, y(t) € RP, A €
R™*" B e R™™™ C € RP*",
A7 FRAN KA I 2 2R G RAE WM (k) 2%,
YU 2 R R AR R U100 0 455 32 I S ) 5 W), 42 R A
T B AL R AR G T R
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y(k) = Cx(k).
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3)
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4.2 WNCS# il 4% ¥ tH(Controller design of
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Fig. 4 Signal flow of WNCS in one update period
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)
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. L (pF\A" * m = (9* )Agin, 0 < 1.
P pm - (052" <1, 6%, < 1. (8) m m
i ﬂ%féﬁ@ P P cigna Pl
eigmln(P(lﬂ—)) elgmax(P(l,777)> elgmln( 7ln'y»r ) \%IJ H ( 7+1, m)” <
&1 IC A Py, Py, PMax, pmin pmax - pmin, PP (05) 2™ - (05) A% || 2(Kj ) |12, 02, > 1,
Fyi& BL R P54 Lyapunov B 44 Prpm (05)2" - (0,) Amin || 2(kjm) |12, 05, < 1
V(k) = 21 (k) Paz(k), LA™ =0, B4 2(6) (T,
_.T
Vin(k) = 27 (k) P 2(F), 2 r1m) 1 < N2 (Rjm) |12

WL R SRR
min(P)|[2(k)|[* < Va(k) <
max( Py 2(k)|1%, )
min(PR™)|[2(k)|[* < Va(k) <
max (P || z(k)[|. (10)

15 Bk, ey 2 40 T 1] — AN B B 1A 60 1 A I 220, i
K(5)(6) I 1
Viu(k) < (63) 7"V, (ko), (11)
Vin (k1) < (65,)" 70V (ko). (12)
Bea @M D4
min(PM)[|z(k1)[* <
(05)5 17 0 max (PP [|z(ko) 2. (13)
A o)== 2) 1
min(PE™) (k)| <
(65,)" =0 max(PR™) | 2(ko) ||, (14)
2k I <
pn - (05)7F0|z(ko)[|?, V(I,7) € 2 x 6,
{pm (05 F R0 z(ko) |12, V(1,7 7) € @.
Fi ke BT AN ST Y ) R e N
B BEFRTIN 200, K, 36 735 575 A S0 JA 30 e 2 ) 2R 456
SR R B ) 220, )
AT < hjn — kjn <A™

kj+l,m — k‘jm > A",
iy
l2(kj1m)I” <
Prpm (05 1om=Rin (G YRam—Rim | 2 (kj ) |12,
DRI DA 47 1) 4 18 23 K 1) REAE X (3) Bl s AT RA 25 1

%éﬁﬁ%#%,ﬁﬁﬂmw 1 5 A& 3 Schurfd 22,
EDV( ) A9 TR B 3o Dk bR A0 L R v
, W0 < 1. LA R AIASE:

T, () BT 7 D 22 G0 2 3 0 A s 1.
5 {iE4r#H1(Simulation analysis)
D7 BRI R et R 4

. 1 —01 —0.15
x(t)_[ 0 095] () + [—0.43] ult),

z(0) =[5 5T, Tmax = 0.0045 s,

i TR B AE F W ZTF 4R TAEL(0) = 0s, HAIUH
e E By = 0.15], Egue = 0.02J, A= 471 ) 1] 22
fHLe = 60s. WAk KA A7 AL i G B R 4725 dbm
AR, HAL IS AL T AR FR(0, 50)4L, #2025 A7 T4
FR(0, 0)4k. o = 0.8, g = 0.1, h = 1.1.

¥ /1 MATLAB7.0 #1 LUND T %: [ JF & #)
Truetimel.51/f V- &, RSB 1EEE.802.11b 15 4k
W28 P . T b, RS A AL B BR A o J7 v mT
13: Tonin =1mS, Tinax = 256 ms; H4E3.37 Fri )7
R CRAE FIAEARME, M = 9, HARYE w21
IZAEQ), SRAFE Tl A4 25 iR 2 PR,

k2 RMERAIE S BGE K

Table 2 Sampling period and control gain

/s AL | os PSS
0.001  [10.34 10.62] || 0.002 [8.72 6.92]
0.004  [6.66 6.27] || 0.008 [5.71 5.92]
0016  [5.17 539] | 0.032 [4.72 4.85]
0.064  [4.33 452] | 0.128 [3.90 4.02]
0.256  [3.78 3.82] — —

5, A =

W B &R AT, =0
10, T AE Ty = 3s.

5 B85 B EI5~7fr 7. HESH] %0, H9isqT
N [H) 2 TA60 s, AL J8 25 E 35 AL 17 25 A= A7 I [ 3
BEAE. BB, &R PR R BERN0.02), Eou fHAH
S, PG BT ER. TR R T S e A
H, AB KA 7E0s~30 s 2 1], THFERE 2 M0.8T; 7E
30s~60s2 [H], JHFERE B Y N0.5T. HEl6n] %1, R
G RF3 SHEAT — IRV R AE I TR F500, IR AH R 1)
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Fig. 5 Energy of senor node
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Fig. 6 Life prediction of sensor node
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Fig. 7 State response of system

6 455 (Conclusion)

AT SR I T M 4% 2R g0 b 1 s AR 2 [
(R pe 77 8. 3l 4y FTWNCS s AT i /%, T i f%
JEK S e T 5 T B N G AR B R R S e
FEZ MR OC &R, Bt — i B T8 SR o) B )79
e AE42 I S, U SEIILYT s AR A7 I ) 48 . 28
JE FFWNCS HEA S — 2R H AT AN & VI AE 5 (15
B RS, it T 2GR . a1 1
VO UE AR SC P4 9 e 5 U 2 5 ) 0 ) e o T vk e
TEPRAIE RGERSE FIATER T, A R0 il 9 25 15 s )
A A TH].
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