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Abstract

Based on the clock synchronization problem in TDOA (Time Difference of Arrival) real-time posi-
tioning system, a cross-recognition synchronization method is proposed. The soft clock synchro-
nization design of TDOA positioning system is implemented on the DW1000 module provided by
Decawave. Considering the transceiver characteristics of the module, only one signal can be
transmitted in space at the same time. The method includes the communication protocol between
the primary base station, the secondary base station and the user tag. The communication time
slots between the modules are arranged to solve the problem of interference. At the same time,
the method analyzes the communication process between modules to derive the linear equations
that are satisfied between time stamp, clock frequency drift and time axis deviation. The least
squares solution is substituted into the TDOA positioning algorithm to complete a clock synchro-
nization and positioning with the user tag. The method proposed in the paper fully considers the
requirements of TDOA real-time positioning system, and has the advantages of low delay, simple
implementation and easy analysis.
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Figure 1. Schematic diagram of single transceiver communication process
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Figure 2. Temporal logic
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Hurgstt. FR, HEh el T IR E S R, AR RS S RN RUE R ThFEE R . Ak, X
O AR, T F T 52 AL R G KRR [22].

4.1.2. AT

B, EULTTET, BRI RO S 18 08 T 1 E RS0 T TR AR T 5 U E R . 35
B E O REN ) RIEMELAR, BT, PRSI N AL ARSI BR, X REEH)
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DNTHSE BE I RAEMA, A FRAE IR T 1 E A RETIR, aR % 2,

7 —FhIET TDOA SIS AL R G W Bl B 20 512, BUK RN [F) 20 3 F2 5 TDOA &
, IEHE RGNS EL, MK RGHATIHE, WuF AR Kl 47 .
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Table 2. Relationship between sending frequency and packet loss rate

T2 REPFREEARIR

KIEMH /Hz 20 25 50 100 200 1000
EAR/ % 0.0241 0.0100 0.0202 0.0385 0.0397 50

BN v WL, RIS AE 200 Hz LR, EEZEBAKT 0.05%, JEEbr REMm AT DL
BEANTE, RGBT E — BB 200 Hz LUK,

BeAh, I B IF O B R T R SCREA SR I 1 TR . B RGRAAAE 1 IR o A WIS
(RO o BEBEUCGEAS A% R, 7T B AN H TR AR VGEERE R, A ii@E i3t R %,
T2 LA BIRRENER RN M 21, Wa

B+R-L<M (27)

R 3 A R, BT 13 DN EE RS 5 IR 7 1 [ E 1 K (Rx_Buffer[0:12]),
B B=13, HEFKICKKEL=11. M n A NEESE AR H S WIS R HE 5 8 2 MRS n—15%
I [EDAS 5 10iE SR, BTCA R <n—1 o R, BRGSO B K AR 2 oy 127 #1523, BP M =127 »
W ERSBIOEARNRQD AT A n <11, RIFIEC[21], B HH P IRE=4E AR R G ZDHE 1 AN E
BEhiAN 3 AN FEEL, B LSRRG IR IEEH n FREWHR L 3<n<11.

4.1.3. BRENE S

TESERR R G, B 8] R WSCROS AR AFAE — € R BEATL 75, AT 5 ) IR 5] 22 5 2 I s 7 AR EAf 28
LG, o fifl i B AL 75 X SEBR R G PERE ISR, 7R BN M G AT I & . AW, B B L
ot BT A5 1) 2065 2 AR MAAH [ 4347

¥ — 41 DW1000 FEHLE T[H 5 0T 2 I ERISCR AR I, $ BRI PR A o AR (¥ B (R BRAS R dhAT
IR, KBRS TR R I TR 1) 2 (B AT VA — b 5 22t SRR R A0 A 2R, IR S ARHE = 7 o A AT
Pt ATLARI, BEALME P R i A, 6 H R bR Z2 205 7000 B ()RS (BRI TR B LN 4.29
x 10°%),

4.2. HiRRE

] BT AN 2 — B, AT DA T ST J065 B HTI Bi [ 22 7 VR i) TDOA S 52 (i R Ge b AT PR RE 0 T
HAT O R AR 5 2 4 UL T i TR X S AR S

NP BN R VERE T AR BRI, ARYE R 2 IR, RIUE SR N 200 Hz; [FIS, %
JEBS RGEE R S ML EERCR B, iR RGEE 1 ARG 5 DI RYE
W3L[21], TDOA &L HVEERE G AL T [ —F 1, HRWRes .

Bk, R EREE, HEMARSHERELE 3,

Table 3. Simulation parameter setting

#*3. MESHRE

i AZH W i A8 B

FH P AREA L 1 FHuk 1 AsbR (0 m, 0 m, 0 m)
FuliANH 6 Heulh 2 ALpR (3m, 0m, 0 m)
=R NN 3mx3mx3m ek 3 AsbR (0 m, 3 m, 0 m)
I bR 2 7000 I [ 8 A7 Fuli 4 ApkR (3 m, 3 m, 3 m)
R SLE T 36000 Feyf 5 ALFR (3 m, 3 m, 0 m)
SENLIREL 10000 vl 6 AskR (3m, 0m, 3 m)
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TIHEREARITAN o AR A7 FHL 36000 REHEREATT 1, X RESEPR RGELI N 30 73 dl.
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Figure 4. Cumulative probability distribution curve of synchronization
parameter error
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Figure 5. Cumulative probability distribution curve of TDOA posi-
tioning errors

[E 5. TDOA EfLIRE Bt sk

jallls

DOI: 10.12677/hjwc.2019.96024 196 ToLkim/


https://doi.org/10.12677/hjwc.2019.96024

Pt %

5. &t

ASCHR M T —F AT R T TDOA SEI % (v 5 Gt i 28 SCE I [R5 753k » A% 7R 78 0 A TR SR SCR 45 4

FER B R AP RS AR 5 TDOA SEAL, AIMHRT T TAERCR A E AN BE . [, AR SCId I o B A 75 725 1)

Her

BRI, B RIRMFELD RE S e RO A TR e, BABRERE. 5Tl ThE

REFPE AT . LAk, 2771575 BRI T BUA I Bl R 7 i AR E R M AR 5 D, fe/s
TIRFR TR U T LAAI A, I R M E AR ZE BT R S e LS5 R, AR E AT AT LA
BB P RE -

SE

(1]

(2]

[15]

[16]
[17]

(18]

Bergen, M.H., Jin, X., Guerrero, D., Chaves, H.A.L.F., Fredeen, N.V. and Holzman, J.F. (2017) Design and Imple-
mentation of an Optical Receiver for Angle-of-Arrival-Based Positioning. Journal of Lightwave Technology, 385,
3877-3885. https://doi.org/10.1109/JL.T.2017.2723978

Cui, W., Zhang, L., Li, B., Guo, J., Meng, W., Wang, H. and Xie, L. (2018) Received Signal Strength Based Indoor
Positioning Using a Random Vector Functional Link Network. /EEE Transactions on Industrial Informatics, 14,
1846-1855. https://doi.org/10.1109/TI1.2017.2760915

Yuan, Y., Hou, S. and Zhao, Q. (2017) An Improved TDOA Localization Algorithm Based on Wavelet Transform.
2017 7th IEEE International Conference on Electronics Information and Emergency Communication (ICEIEC), Ma-
cau, 21-23 July 2017, 111-114. https://doi.org/10.1109/ICEIEC.2017.8076523

Xu, A.Y.Z., Au, EK.S., Wong, A.K.S. and Wang, Q. (2009) A Novel Threshold-Based Coherent TOA Estimation for
IR-UWB Systems. IEEE Transactions on Vehicular Technology, 58, 4675-4681.
https://doi.org/10.1109/TVT.2009.2020990

DecaWave (2014) Wired Synchronization of Anchor Nodes in A TDOA Real Time Location System.

X a e, CTC Iy A2 77 it 78 5 BETH[I]. BRERIEAE (S 5 TREEIR, 2018(6): 39-43.

Marechal, N., Pierrot, J.-B. and Gorce, J.-M. (2008) Fine Synchronization for Wireless Sensor Networks Using Gossip
Averaging Algorithms. 2008 [EEE International Conference on Communications, Beijing, China, 19-23 May 2008,
4963-4967.

Maréti, M., Kusy, B., Simon, G., ef al. (2004) The Flooding Time Synchronization Protocol. Proceedings of the 2nd
International Conference on Embedded Networked Sensor Systems, Baltimore, MD, 3-5 November 2004, 39-49.
https://doi.org/10.1145/1031495.1031501

Elson, J., Girod, L. and Estrin, D. (2002) Fine-Grained Network Time Synchronization Using Reference Broadcasts.
ACM SIGOPS Operating Systems Review, 36, 147-163. https://doi.org/10.1145/844128.844143

Wi, HT TDOA HITCE AR IAR M2 I 5 7] 20 5 5 ML BRI AL [D]: (M2 6030 Kb ERRHEER R,
2015.

B, VR, KM LN FED RRAE UWB @A BT RIOT 7 5 R[], SR B TEOR, 2017, 40(6):
31-34+39.

Liao, C. and Barooah, P. (2014) Accurate Distributed Time Synchronization in Mobile Wireless Sensor Networks from
Noisy Difference Measurements. arXiv preprint arXiv:1412.7888.

VEARBE, skI7 . T B AR IE B R AR B [P A D). PR A K], 2017, 52(3): 593-599.

Qarage, K., Chaudhari, Q.M. and Serpedin, E. (2010) Some Improved and Generalized Estimation Schemes for Clock
Synchronization of Listening Nodes in Wireless Sensor Networks. /EEE Transactions on Communications, 58, 63-67.
ttps://doi.org/10.1109/TCOMM.2010.01.080226

Solis, R., Borkar, V.S. and Kumar, P.R. (2006) A New Distributed Time Synchronization Protocol for Multihop Wire-
less Networks. /IEEE Conference on Decision and Control (CDC), San Diego, CA, 13-15 December 2006, 2734-2739.
https://doi.org/10.1109/CDC.2006.377675

WEEREE, TR, B, T RR S IERAS T —BUER B RS EET]. HENLN L, 2017, 37(8): 2177-2183.

Freris, N.M., Borkar, V.S. and Kumar, P.R. (2009) A Model-Based Approach to Clock Synchronization. Proceedings
of the 48th IEEE Conference on Decision and Control (CDC) Held Jointly with 2009 28th Chinese Control Confe-
rence, Shanghai, 15-18 December 2009, 5744-5749. https://doi.org/10.1109/CDC.2009.5399516

Carli, R., Chiuso, A., Schenato, L. and Zampieri, S. (2008) A PI Consensus Controller for Networked Clocks Synchro-

DOI: 10.12677/hjwc.2019.96024 197 T =


https://doi.org/10.12677/hjwc.2019.96024
https://doi.org/10.1109/JLT.2017.2723978
https://doi.org/10.1109/TII.2017.2760915
https://doi.org/10.1109/ICEIEC.2017.8076523
https://doi.org/10.1109/TVT.2009.2020990
https://doi.org/10.1145/1031495.1031501
https://doi.org/10.1145/844128.844143
https://doi.org/10.1109/TCOMM.2010.01.080226
https://doi.org/10.1109/CDC.2006.377675
https://doi.org/10.1109/CDC.2009.5399516

Pt %

nization. Proceedings of the 17th World Congress The International Federation of Automatic Control, Seoul, Korea,
6-11 July 2008, 10289-10294.

[19] Schenato, L. and Fiorentin, F. (2011) Average Time Synch: A Consensus-Based Protocol for Clock Synchronization in
Wireless Sensor Networks. Automatica, 47, 1878-1886. https://doi.org/10.1016/j.automatica.2011.06.012

[20] Carli, R. and Zampieri, S. (2014) Network Clock Synchronization Based on the Second-Order Linear Consensus Algo-
rithm. IEEE Transactions on Automatic Control, 59, 409-422. https://doi.org/10.1109/TAC.2013.2283742

[21] Wu, C., Hou, H., Wang, W., Huang, Q. and Gao, X. (2018) TDOA Based Indoor Positioning with NLOS Identification
by Machine Learning. 2018 10th International Conference on Wireless Communications and Signal Processing,
Hangzhou, 18-20 October 2018, 1-6. https://doi.org/10.1109/WCSP.2018.8555654

[22] Decawave (2015) DW1000 Datasheet.
[23] Decawave (2017) DW1000 User Manual.

DOI: 10.12677/hjwc.2019.96024 198 Jokid

il


https://doi.org/10.12677/hjwc.2019.96024
https://doi.org/10.1016/j.automatica.2011.06.012
https://doi.org/10.1109/TAC.2013.2283742
https://doi.org/10.1109/WCSP.2018.8555654

	High Precision Soft Clock Synchronization Method Based on TDOA System
	Abstract
	Keywords
	基于TDOA系统的高精度软时钟同步方法
	摘  要
	关键词
	1. 引言
	2. TDOA定位
	TDOA定位原理

	3. 交叉验证的时钟同步
	3.1. 时钟误差模型
	3.2. 时钟同步过程
	3.3. 通信协议设计
	3.4. LS同步

	4. 基于实测数据的仿真验证
	4.1. 实物测量
	4.1.1. 定位模块
	4.1.2. 可行性分析
	4.1.3. 噪声测量分析

	4.2. 仿真设置
	4.3. 仿真结果与分析

	5. 结论
	参考文献

