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ABSTRACT

In this paper, we present synchronization algorithms for the distributed beamforming, in which the distributed
nodes send a signal to a information-receiving base-station (BS). To transmit the signal effectively, the distributed
nodes should adjust their transmit signals’ phase properly so that their signals are constructively added up at the
data collector with a same phase. In the conventional scheme, to synchronize their phases, the nodes can update
their phases based on the random perturbation based on one-bit feedback from BS, which incurs a long
convergence time. In this paper, we propose a fast synchronization algorithm, where each node finds the optimal
phase based on the bisection-based method. In addition, the proposed algorithm can be extended to arbitrary
numbers of nodes. Using computer simulations, we verified and compared the performance of the proposed

algorithm with the conventional phase synchronization algorithm.
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Fig. 1. Distributed beamforming system
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Table 1. Performance comparison of the conventional
scheme and the proposed scheme

AU I
N=20 iterations 288 320
RSS 365 376
N =40 iterations 783 640
RSS 1433 1459
N=60 iterations 1361 960
RSS 3175 3196
N=100 iterations 4521 1600
RSS 8766 8610

2084

4500

conventional scheme

4000 proposed scheme
3500 q
3000+ q

2500 B

iteration

2000 q
1500 A
1000 | q

500t o g

0 ” L L L L L L L L
10 20 30 40 50 60 70 80 90 100

number of nodes

Fig. 7. The number of iterations vs. the number of nodes

scheme-2 =t 7} Wopbd~2 I 3} jteration™
7} A2 2 Z7)sh= v, proposed schemes =
o] <ol nlElsle] A3 SR iterationT7} =713
t}. o]+ conventional scheme®| X=E2| 47} Be<
= local maxima©l W EEo] 7157 witel, &

713}el] o] w2 A7te] ZH]= Zle]™, proposed

scheme-> local maximaell wWEX]Z] k3 global

maximum< 233 U] wie] o] wlE X7t &
7137t 7hsskek

B =Foll= 10T 379] Al v EH =04 EAE
A ego] #AF HERS FasEy] ¢k wkE
7135t daE]ES A7tk 7129 random
gradient search”]4Fe] 914} 57131e] =71 54 &
AE F537] 4180 bisection” |1k} S)E7137 14
£ Aljtslol e, Aljkel dyE|Ee e Ak
o2 2AHS- A 3}s}l7] ufitell local maximacol] HHA]
= %ixl-o] [<2] ou:] 7L Lctﬁ gq;d _?,]/K(}_‘%_ bisection
a2 whE A Zloprhs ERlE 4 glich o]zgh
bisection HWFA]2 o] 7} w& ul = massive
IoT networkell ¥4k WlEn) dve]=S- A

< whEA| sk ek WS YA 5 S-S

B S Fal Aok

=

References

[1] I Ahmad and K. Chang, “Analysis on MIMO
transmit diversity techniques for ship ad-hoc
network under a maritime channel model in

www.dbpia.co.kr



=@

H|E

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

coastline areas,” J. KICS, vol. 42, no. 2, pp.
383-385, Feb. 2017.

J. Paik, “Transmission diversity scheme using
antenna array of small cell,” J. KICS, vol. 41,
no. 3, pp. 301-303, Mar. 2016.

J. Kim, D. Seo, H. Jeong, and J. Lee, “Delay

based cooperative diversity technique for a

wireless communication system,” in Proc.
IEIE, 70-71, Nov. 2007.

H. Kim and K. Lee, “Effect of
synchronization  errors  with  distributed

beamforming in OFDM systems,” J. IEIE, vol.
51, no. 1, Jan. 2014.

H. Ochiai, P. Mitran, H. Poor, and V. Tarokh,
“Collaborative beamforming for distributed
IEEE

Trans. Sign. Process. [see also IEEE Trans.

wireless ad hoc sensor networks,”

on Acoustics, Speech, and Signal Processing],
vol. 53, no. 1053-587X, pp. 4110-4124, 2005.
R. Mudumbai, D. Brown, U. Madhow, and H.
“Distributed
challenges

Poor, transmit beamforming:
progress,” IEEE
Commun. Mag., vol. 47, no. 2, pp. 102-110,
Feb. 2009.

H. Kim and S. Kwon, “System performance

in distributed

and recent

with synchronization errors
beamforming systems,” J. Korea Multimedia
16, no. 4, pp. 452-459, Apr. 2015.
R. Mudumbai, J. Hespanha, U. Madhow, and
“Scalable feedback control for

Soc., vol.

G. Barriac,
distributed beamforming in sensor networ

in Proc. IEEE Intl. Symp. Inf. Theory, ISIT'05,
pp. 137-141, Sept. 2005.

S. Boyd and L. Vandenberghe,
UK: Cambridge

Convex
Optimization,
University Press, 2004.

M. Suk, S. Cho, K. Lee, and J. Chun, “A new
calibration algorithm for cellular CDMA
in Proc. IEEE 56th VIC, pp.
266-269, Vancouver, Canada, Sept. 2002.

Cambridge,

antenna arrays”

0] M 5 (Sung-bok Lee)
20168 24 :
Tas 29

srveka AR}

20161 3Y~&A) : F-dEgw
e BB,
<ol £X1¥38l, OFDM,
o U
0| & & (Jonghyeok Lee)
2011 3L~3A) - HA e

ARyt S

<Al ol EJR]_J_EP AFES

B, IxFA7E

o

Ht I & (Jaechyun Park)
20034 2% :KAIST #*7] 2
Az F&3t st
Y 4 20104 2% :KAIST #7] 2
. A2 Fe uial
‘\f 201041~20134:  =A-=A &
4P . Al odtel, Added =]
20133~20144 : Imperial
College London, Research Associate
2014~ A) . BN
<FAlEol oty 7uE B4 AsAE, FA
A g AR A 7E, AT S
2085

www.dbpia.co.kr



	한 비트 피드백 분산 빔형성을 위한 이분법 기반 빠른 위상 동기화 알고리즘
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. 위상 동기화 과정
	Ⅳ. 시뮬레이션
	Ⅴ. 결론
	References


