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Unreliable WSN clock synchronization networked output feedback
model predictive control quantitative analysis
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Abstract: In the cyber-physical environment, the loss of packet with clock information will have an impact on clock synchronization
performance during clock synchronization bi-directional information exchange process. This paper discusses the output feedback model
predictive control based on tubes (Tubes-MPC) clock synchronization method based on the state space model of modern control theory.
Based on the principle of separation, the localized state estimator and controller are designed. And the exponential stability of the output
feedback Tubes-MPC clock synchronization is realized. Based on the observation model under incomplete measurement, the upper bound
and lower bound of the variance of synchronization error in statistical meaning are analyzed quantitatively, and using the Set-Theory-in-
Control method in MPC, the interference error set under complete measurement is intersected with the set of additional estimation errors
introduced by packet loss. The optimization model of model prediction under set constraints is established. The constructed output
feedback Tubes-MPC clock synchronization systematic method in a unified framework comprehensively considers the application
feasibility of control theory online computational complexity and network control perspective, has robustness to the unreliability, network
size and convergence performance of wireless network, and can be easily extended to the network level absolute clock state space model.
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Fig. 1 The exchange model of clock information between

neighbor nodes at reference time
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WA RGBTSR ES SOZMS DZ .,

BT MR V(o) ALV () B #E Y x, (k) =
x (X (k) ATV (x (%,(k))) = Vi(x,(k)) o &
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Vx(k) e Xy o

Ac =1 -¢/c,, H }L*(fl(k)) - 717
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ZP, AR xT(R(k)) —Z1< e8| x"(%,(0)) -
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XRGAGNSE B 5 Z g 32,3 F1 4, A1l
WRGEREX(k) e x(k) @S = ZD S  MIFGHRE
x(k) ex(k) DS®S =ZDS . iFH,

RIRE U P P A T T CRLB Ay Wi 84 M AE,
Luenberger WL ESHA H /N AR 2, X FRAFR
IR PE IR RS AR EES S WA S C
S L, X FHR/RE IR RBOAIRE 2(k1 k) B
T e AR AR 25 LIS AR B AR PRIE T e
Millal @ Py [XCkD k) ] ARl AT ¢, Bk PRk 1 By
INo

NN

F1 ET Tubes FEBIFNIZ I E %

Table 1 Model predictive control algorithm based on tubes

FEA WSN H L — 45 i d

MRS DR LR AL HE £ (01 0) \iR2EPIIT22RE P(O 1 0) FIRNIGTER u(0 1 0) ,

WE %(0) e x(0) ®(-5),x(0) =%(010) ;
for k=1,2,--do

BT KRR SUEPOR B RIS BAGTT 2k k) 5

XHETERE R S P sh RGE AT RGER AR (k) 5

end for

[=) NV B NV S
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1804 & I £ ¥

38 %

5 (hESMRETME
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Fig.2 The asymptotic convergence values of covariance
upper and lower boundaries for different packet

arrival rates
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Fig.3  Synchronization error comparison for different

algorithms
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Fig.4  Synchronization status for different initial

points and targets
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Fig.5 The disturbance system status exponentially

converges to the set S
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Fig.6 Convergence mean comparison of synchronization

error for different packet arrival rates
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Fig.7 Convergence mean comparison of synchronization
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Fig.8 Sensor node and packet capture device
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Fig.9 Experiment platform
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Fig. 10 Synchronization error convergence mean

distribution on experiment platform in 20 days
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