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Figure 1 Structure of the MWNs
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Figure 2 Message exchange of the time-stamping between the master and the slave in MWNs
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WIGGE: P[1)0] = Q, z[1|0] = E[z[m]], E[] F#mRIGELMHE.

SRIG, KRHWE 1 R Kalman JE%SCHU AL TH. Kalman JEHR AL T 4 AT #h S 503 25
NFASGIR, 43 e T R S R AR 2 AT S R4S R, D S otk AS RS AE, [ B
) S B o bR UL )

B3k 1 Kalman filter-based time estimation
Input: «[1/0], P[1|0], H, F, Q, R

\\\ Calculates the observation value of the clock state based on the timestamp.
Onrlk] = (Ta[k] =T [k]) —(Ta[k]—T3[k]) .

2
Onr[k]—0n[k—1]
7[k]

)

anp k] =
\\ Construct the observation vector of the clock state.
2k = [0[K] anr[b] Adurrlb]]
Kalman _ filter(){
\\ Predict the current state of the clock.
z[klk — 1) = F - x[k — 1];
\\ Predict the current estimated covariance matrix.
Plklk—1]=F-Plk—1]- FT + Q;
\\ Calculate the Kalman gain.
G|kl = Plklk—1]-HT - [H - P[klk — 1] - HT + R]™1;
\\ Update the current state of the clock and the estimated covariance matrix.
x|k] = x[k|k — 1] + G[k] - (z[k] — H - x[k|k — 1]);
Pkl = (I — G[k]- H) - P[k|k — 1];

FET L FE A, T AR S b — I 20 BioR s« fhH o7 2R 0 . R I IRSH R
ARG AR g 7 B B 7 ZE AR R, FREIN =4 7 ) I RS A T B 7 ZZ 56 RS, [N TR Kalman 19 25

zlklk—1]=F - z[k — 1], (18)
Pklk—1)=F-Plk—1]-F' +Q, (19)
Glk] = Plklk—1]-HT - [H - P[k|k —1]- HT + R]". (20)

TESEH et R, M A AR TR0 3o A 375 ) B Ao bR 2545 S RN B 25 2 o B 3 24 By OB 445 R
xzlk] = z[k|k — 1] + G[k] - (z[k] — H - z[k|k — 1)), (21)

P[k] = (I - G[k] - H) - P[k|k — 1]. (22)
5, AT RURTEAL TF B BIoRAS(E B R A i b b b s )25
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Figure 5 Estimation error mean of the master — slave
offset and skew against link asymmetry
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Figure 6 Estimation error standard deviation of the mas-
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Figure 8 Estimation error standard deviation of the
master-slave offset and skew against hop-count
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IEEE 1588 protocol-based time synchronization method for multi-
hop wireless networks
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Abstract Considering the asymmetric propagation delays of wireless links, the forwarding delays of intermedi-
ate nodes, and the timing error of the clock of slave nodes, this paper presents a novel IEEE 1588 protocol-based
time synchronization method for multi-hop wireless networks. We first build state-space models of the time offset
and the time offset skew between the master clock and the slave clocks. Then, based on the formulated state
space models, we estimate the clock of the slave nodes using a Kalman filter. The simulation results obtained
show that the proposed method yields higher synchronization precision than existing works.
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