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ABSTRACT

This paper investigates a synchronization algorithm for a distributed network which does not have a
centralized infrastructure. In order to operate a distributed network, synchronization across distributed terminals
should be acquired in advance, and hence, a plenty of distributed synchronization algorithms have been studied
extensively in the past. However, most of the previous studies focus on the synchronization only in fault-free
networks. Thus, if there are some malfunctioning terminals in the network, the synchronization can not be
guaranteed with conventional distributed synchronization methods. In this paper, we propose a reliability-based
adaptive consensus algorithm which can effectively acquire the synchronization across distributed terminals and

confirm performance of the proposed algorithm by conducting numerical simulations.

LM 2 o] 7w sl wnlel dlole] =eige] el 9l
o). oleia mujel Eehue] FakAsl Z71e A el
A s e e ) E) e shie) £

3T Al 7

lo
mE
Al
_|\-g
ot
)
o
aV)
w2
N
5

5 o] e 2015 A (IS S] Aglow FRATARe] 2|9 o] alEl 474 (No. NRF-2015R1A2A2A01007739).
First Author : Korea Advanced Institute of Science and Technology School of Electrical Engineering, dks00192@kaist.ac.kr, SH43]<1
Corresponding Author : Korea Advanced Institute of Science and Technology School of Electrical Engineering, jsha@Xkaist.edu, -215]¢1
Korea Advanced Institute of Science and Technology School of Electrical Engineering, ssyun@Xkaist.ac.kr, 3131

= E D KICS2016-11-363, Received November 26, 2016; Revised March 6, 2017; Accepted March 6, 2017

*

545

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-03 Vol.42 No.03

FAle] 3 7 Adel|A] HEldleshe 7]E FoA
o] 3 Y| E$]H(centralized network)ell I} ¥H-
S s =, o Z gls mE A FAYES
B4 e st A7IE 5 AHA EAE oIk

Rl of
30
;=

[e]
ek ¥4k 3 Wl E9)A(distributed network)ell ¥
g 77t A2 s AL glek AR B4k
HETe= vES T &3 SiES Al 5
! Al & 7IHE Alde] Q7] wistel]l =k 2h

oy

EAR). B3], Wb 2k Br)7} Abdel 3
SEA o FA BAS AR xAF Gl o
o w7t 57| B vE=E 521717 S8l
A og 2)5s]ofof gl wepa) Bl ==
o] what 7+ 571315 213t tlest At 5] daels

oL
=3
2
Iy
Q
Q
=3
&
=
2]
=1
@ .
o
f
i
X
(3
]
Kl
)
2,

e Ee =ik E
7] daelE F shtE, 2w AMlF} o) % whi
of el k& Z8slo] Al el weh Apile] A
e & AAlEhe S wiEshe ke s w7
715 H5se daelgelrh AN A daeEs

ZUEY=] EX
2A7} Azkell we} wislsle 49, Bl Ahgol
EAshs A9 5 mr @]l 9ol dig A
Alx 2 dare]Ee] 5713 s 2 o Sieell A3l
A7) 2l 3 glek

At 7180 A o vESFd &3
£ o] o9 glo] §7181% $13 AL = A
ol A 9, 7% Al 23 oAby 2
bt 7k 5] F5% wesl] 13 ofelA]
=

N

11 =2

o,
offt Y,

]
3 A7 53 A olr =3k, off’k ey
Aol TS FElshe Atele 2AHsT
RlEAA Q] 97 Here) B 73 71 o
5 L e’ e e Selnt 24S
2L Q)ek

53], vIES =l &3 o2 whio] 4k 5] &
are|gellA Aalal iAol wet S| ez
A whde] 7)ol F58 Welishs 5o dAdAel

N

546

SR B wele] et AT HE7 o]}, 2
o ouje), Te] Aol 5715}
= AMeRe s 7k e )
w4l BAl W =g el A% A
A BuHo AR Brhssh] alel, olzia AA
#)a) Gol skt 7k 5718l ojg Al A EE 3
elalof shAH, LA Fe gAo] EAlsh v|=S
=19) vk 7k 7] sel D3k Aol oleia B
o e Tel7h A oz B,

b 2 EReliis WA @44 oy e
olol Aol ZAe| mul

o)

Nz kel wlal Bk B8 e A5

S olee HEe ol A

T

b VESZ 2 Tk 2k |5 B e A

s =

7 3 A A ES ZelM AT 5 Sl TRt =
E2AE Nl =g, dEAel B4k 5] e
T A2 o] el el ARRE F 2 =l
A ek @A el eabgg maks Aol
718 A daElEs 83 o) Ve el &

2

HF
fo

-

o

of

d

-

a ©
o

S 3%l A] 1A
delEal AlF= 7uke] 484 Ak daE]E
off sl 2N F 7] A2 daelEt s

B el NRe] Ay whie] EAshe At
HESZE Tdlch kA we] Alztel 2y whd
i7} 7P b ez k]2l eb, viEY =6 %3k

]

AA Ay whdESe] Al gEe Nx1 HE
x[k] = [z, [k] 2y [k, ...,z p[K]]T 2 epd 5 <l

o} e x[k] ol 43 mE 940 gho] FdA|
745 #A v ES A b 7 51§53 &

www.dbpia.co.kr



EFA

o 7t %

()

q.]_z.;(«]o] Bl ]_1_5_%]3 EEE.Z]-/] 7HL:!1:

2|
Fig. 1
kg o2 7h bl B4 2 4gkw) gt Ale]e]
e 2] A FReE 7, olst A H A
3 0, Hoigke 12 A9 Al TisheEs ek
WA, 29 1ol HEAQ] B4 UEY ] BEER
1-(a)= Y= =l
2E %%ETH«] A 7k
A A= (fully connected)
b)~ L EL

%—5& E'_E

m""

nE JlN
L R A R

53 B

2 F.YL o.?L
Nl

s AN

O
A‘l
8
i‘é
o
=
it
i
By
£

e
> L 2
= 2

%%01 f:xﬂ?ﬂ'x] oF
o] ZEAsl= A9 AA=E A -2 (disconnected) AF
2tar &b 18] 1-(o)ell 15 =AEI 13
1(c)4 39 hibe] ol Alo]H, ol=|gh
o] E7}s3sH

J a‘i o ) 48 g ol 4
o 7] 4l ol R S

FEsh Al A ghe

m=

bk o] %

e %k

Al Q1)) g5t gl ek, 2 ke A
Ale) Al oz AN

JEN,U{i}

®)

Conceptual diagram of representative topologies of distributed networks

o] &AE 4= glr}. 7} Uukdel Lt drgi
o s o2 F ok F 3 F) B A

Zke AR o]ais} e e
wzte] slEAE 1/ (V] +1)2 Axgt o714

|V A3 V9 £ i4 T2 \JrEHiE‘r.

i = 735
7z} chike] *PEH %H quq_ UrEM :Laﬂi% E*ls}
ark 5709 AW whdo] A4d EZEx]e| exbE

sk EAlal] ekl Ahgsiale o)A WEg

State value

2 4 6 g 10 12 14
Period

a3 2. eApFe] EAEA oe v ESZA 7]
ZAANA 22 obar EH kel st

Fig. 2. The evolution of state values of the conventional
consensus in distributed networks when there is no
malfunction

6 aa e
&2 Z8ske AT

547

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-03 Vol.42 No.03

2}
malfunction)o|c}. k¥4 ©He] A|7tellA] o2M% ohdt
Z«] e 78y, (k]2 ebd, AA oxbs whae] A

F 2 @9 o) APl Abe gk IS ko
Qs A Bk

Al S5k G AR S5t wase] 2
Apale] Ae) ghe AR, B 7

=9 ulafjal Bzlo g ¢lo)o] Al 7he A4
PR

Do

5 (dynamic malfunction)®|t}.

AT el A 4 (3 2ol AL 4

e s1ole] Fo 2 gAIge B o 7} 5] F
1

y;lk+1]=U(0,1) 3)

714 U(0, 1) Atek 2 A gkl 2eizit

gkl 03} 1AlelodlA AL H5E-E  (uniform

State value

02t —a—x | ]
—e—x,K
oayr —x—x K|
0 . . . . .
5 10 15 20 25 30
Period

J8 3. A Aol EAlshs At UES I V&
A2 okuelZs Bashe A% ko] st

Fig. 3. The evolution of state values of the conventional
consensus in distributed networks when there is static
malfunction

548

State value

EI» 1'[] 1‘5 ZID 2‘5 30
Period

T3 4. F4 eabgo] TAlRlE Ak dEHIAA V1

22 daelEE Zeehe A A ke st

Fig. 4. The evolution of state values of the conventional

consensus in distributed networks when there is dynamic

malfunction

distribution) & w2 12]9] #HE Jvlgicl

olefgt AA extEI A Aol Bt &
AP M ELZ6 7 He A2 dae]Es 24
gk 73-%- 7F W] Abef ghe] WskE vehd a8 =E
7] 33} 4o Z7F 2AEic) F AR B A
A¥ BZ2A2 weisislon], % e oxtE clut
o] UESH = &g A5 aeisideh o|XH
WEHZ 22k5 whdo] Exlidhz A5 4t 571
A F83] aE Aol whdEe] A
0] shte] grow | Jehe s ERIE 5
sk

2t} SRIgH 715 o] ol o] A5
A7) QbelEE AFESje] T 2k kel
So] APgale, Al WA 7
Fh g Al s AT A,
Ao sk A4 2 M 5o Jees g
7] 95 Wiedhd, we 2T AF
(mean squared error, MSE)& #4F 57
w2 ALaRITh MSEE ol 4] (@)sh 7o) Aelsick

e o
R 8o He

)

E
ox
i
o
v

N

MSE(x[k Z lz, [kl —z[K]? @

z*l

A7) Tlk] & ki) 9] Azl Au ks
of Aey gke] HE elelstel, o] Wl LA

i&

www.dbpia.co.kr



ghe aefsh) ekerk 24 @l mhew, Ay
So] Ael gh5o] WIS MSEE 04 71719)
WaSe] SR §71E H5F A4S =
Aol glo] 5 AR ghe AV B9

d
1=
it

Z ) r.l o.?L
ok oo
)
ok

w2

los]

e e
e
il
lo

At 5] daEles olgel A Al 2= 5
A R g & A Aol folvigl 43S vlHA]
We AR S gt olSIE A S e A%
HESlze] &3 whiEe] 718 E53cka P
T4 BA10] F5e} B4 e} B MSEE webd
4 9l7] wel] ke MSE 4% w4 5 gle ¥
b %57) dmElERE 715 el st
74 % 9l

3.2 7IE HT ZMMA 2TRIFS M5 24

abE0] EAlSKE A% 712 B AN~ da
25 s WA Slsf vlES =l fHe] HA
SapE white] glcka ZpskaL A v ES =] £
gk = el =2 HE S
zlk] = [x[k] " y[k] 17 2} b, 4 (el vebd
B A2 daelze] A gk A g 5
(5)s} e A slako vhehd 5 gl

xlk+1]= Y B,k
JENUi )
= Ax[k] + Bylk]

N
=~

(2

ol W, Nx N el A} N f e Bel
e ay} by 7 o0 A ek Ay
Aole] speh i A Wi W oxE
Aole] FVEAE Ui, 7l B A~
2Ee Ak A9 a9 b 4 ©), ()
SEEEEE

2
mLoR o a® Mo

it

1
e AL L
ai].:{|j\/;|+1lfj N Ui} )
0 otherwise
bij{lNilJrll S %
0 otherwise

W, W I 2= Aok 1/Ne VXN el
ole} sk, 1ol Aa MSES] 4olE o] gl

M8 B(xlk]) = 5 Yl k] — k]
1 — 2 1 2
= W|X[k]—x[k | WKIN—J)XMH
1 T T
= WtT((IN—J)X[k}X [k'](IN_J) ) ®)
1 T
= Wtr((IN*J)x[k}x [k])
1 T
= Wtr(H Iy—JH

o37]14 oAl WA SEe el Jo| Ao o4
J7J=J7} stug A 4L & 9len], x|t
S5 H= Iy 0y, & 2egkomy 28 & 9
o} w3k BZ2A7L Azkl ule} wWskA) ek 7
zlk] & Aelell 13l olel] 4] (9)2} o] vhehdl 4

ek
A B A BV
zlk] = (OfoIf)Z[k_ 1= (OfXNIf) zlk—2]
_ .. _|[A B)k
PN
k
A* A"'B
= 7'; Z[O]
S
)

o] w, Z¥s] 2 kol sl Ak ~ ONXNO]EE
k

IN ~ IN_Ak = (IN_A)(ZAZ I)O] ﬂ(ﬂ

i=1

J

4

k

g4 M= Y A" 'Be(I,—A) 'BE A3 &
=1

ek Azpom 4] 99) PFF W 54 (10)3

o] AR 4 9lek

k
wels, b
XN f (10)
~ ONXN (IN_A)_IB)
Ofo If

ulReko 2 $A6 (8), (9) 13T (10)S E-&spH
kWA <9 Azl A o] o} Al S ofg 4]
(D)3 o] F& 4= ek

549

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-03 Vol.42 No.03

MS E(x[k])
1 T T
= Wtr(H (Iy— J)Hzlklz[k]")
- LNMHT(IN—J)sz[o]z[o}TwT) (1)

2

12 N—1N [ f
(N) 2 Z<Z 20
i=1j=i\l=1
A714 m = FE M= (I, —A) 'B 9 (4, j)
WA AaE ougch 4 (1D)S &83Pd vE
=9 E%iﬂﬂr SANE o] 2] Ak ks %
43l &2 Al Fs G4 FAFg 5 9ok
% 59l Monte-Carlo A3 Axkel =4 (11)¢] 2
5 Z=AERAE vl B el 570e] Ay vt 270
2] exby wte] EAfske 95 sl en o
A%l BZ229} 9A13] QA% BEZEA|fAe] 57|
3t s E*ls}‘”ﬂt‘r A&t vie} zte] #A4AF 57|
dare]Fe] 3] E A, & kvF 98] &
B A (DS &8s =Y 718 s
EJJr?‘LE N5 = v AT = ork

—#—Monte Carlo
— o —Eqguation (11)

Strongly connected

MSE

Fully connected

b ——0

2

N
@
@
E]
]
=
&
&

13 5. AlkeRs B 5] daElE: sl 3l wE
MSE $te| W3t

Fig. 5. The evolution of MSE according to the number
of execution of proposed distributed synchronization
algorithm

B =ellAs 22Mge] EAlshe HAF vIES =0
] 5713} Aes A7) Slal Al gk AL Al
5 7Fedt ARES ol fd] 7 o] whde] A%
= grlsla, FrREE AlFEE vlele g $gt dhe)
Vex e ARl AR wr) U shdE e ] of g
< H A3k AlF% 7ake] 284 AR g
550

25 Akaieh 7 vkl dfak 412w 44 (12)
s} 7o) Aol

A7A d= i wde] gl ek 7k w) AL
£3le Alzwoln, z,[k]& i whe] puA o)

ARRellA] pAlRE o] 3 whiEs) A1) Al ghe o168
a S Ao Gtz 4 (13)7 2] Aol

>

_ JEN,U{i} ! (13)

e kel ARl ol%
3t 7Pk s 7

dch [k] -
Bylk] = (E—U[lﬂ]} (14)
JEN,U{i}

4714 o= X}t 2 Aol AlF = 7uk 7
e B S eI 5 a7 2 e
PGS A wr} e b o 2 7}7;;1 g o]
ek wh azt 0l ke S APIE AS 7 |
o] H|S=E 72X E o o = ()01 74 71&
B AR 20 FAFE 7FEAE FolEA ®ok =
3k 7} sl gk AR = B s gk A==
o] gow Atk FomH s el 10] FH=
5 AdAsto] A ghe] Wik £33 0080 S W

A3k
Alksh= AlF| = 718F A8 ZAx 2~ dare] 5
71 St 719 AN 2~ o] St 2] e A g
78R Al ZF o] whel] w3k ZhgA|v) whdel] tigh

www.dbpia.co.kr



= A U EY FelA] &

=]

7t 57138 S13 AlE e sIeke] A3 21414

[
e
K
A
N

Al ] o8] 210 % Makich meby AlzEsk
e ] /b E rofsha, Al e w
ol AL AVEAE oA 715k 4e %

E:l;
o
i3
fo
m
o
(e}
i
T
ox
ol
11}{e3
oft,
N
ol
<
Ho
)
Ry
l

o,
7
T

18] 63} 7oA A3 AE 77} Sbs] 1)
Apele] =) zzet 2E Apee] vl =9)zele) A
3§ Anks olviaek QA e el she) 4H o
A who] el A9} 5709 B4 eAbE v

o] TAsh= 95 A ekl e, Ay v

—&— Conventional consensus
—+&—Reliability based adaplive consensus

i B1[] 1‘5 E‘D 2'5 3'[] 3‘5 4‘[] 4.‘5 EID 5'5 60
Number of legitimate users

38 6. A4 eAge] EASR: WEIeIA Ay AeA

Fol] w2 i MSE

Fig. 6. The average MSE for the number of legitimate

users in a network with static malfunction

102

—&— Conventional consensus
—=&—Reliability based adaptive consensus

10 15 20 25 30 36 40 45 50 56 60
Number of legitimate users

a8l 7. §A eAkEe] EAlsks vEslzelA A% A
ol wWE HF MSE

Fig. 7. The average MSE for the number of legitimate
users in a network with dynamic malfunction

o] <pol whE S0RA 5] Albell e st Al 2}
5 vehligicl. 2 #ellA 10,0004 Wi A1E
Palslom, o5 Fal Bt Al 2Ape] gk
2]

fm ol wjo o

AR 2~ da]ES ARSShe A vlEY A
22 Y VES o) &3 ghie] o} F3tslA] 7]
& B A2 G Fel vlE] B4 5] s
AR 5 odes 18 63 7l 1 4 qlrk

23 AZsiodck w3yl B =ieile oakE 3o
o] EAlske Ak viEg =6l st 7k 57135}
A58 A R gl AlFE Take] AeA Al
Az dae]E Akl Algkshs AlFEE 7|uke]
254 AN~ dae]Ee A i) Al s
o] 3 BAS S43)o], o] whdE A Algk A
B ke g Re] 7t o] whute] A2 w2 Hrisla, &
53 AlE| e AR dgsie] xile] S5 4 A
AR Ao 2y eaby PR E|S oIS
A S 9le] MESZ BEEexA] E YESF0
43k whe] pe} FakshA| whd 7 5] Ae-g 2]
Aoz AN 5 9)S-S AFS ) geldd 4 9l
Ak

&71 73 e &5 el A3 iy
ol W3 F7t A7E AT Ao, o] F F3
A ARl A 71l Ak viES =] EA

References

[1] Y-J. Kim, J-Y. Jung, H-H. Choi, M-H. Han,

C-Y. Park, and J-R. Lee, “Bio-inspired
resource allocation scheme for multi-hop
networks,” J. KICS, vol. 40, no. 10, pp.

051

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-03 Vol.42 No.03

[2]

[3]

[4]

[5]

[6]

[71

[8]

[

[10]

[11]

552

2035-2046, Oct. 2015.

H.-H. Choi, B. Roh, H. Choi, and J.-R. Lee.
“Bio-inspired routing protocol for mobile ad
hoc networks,” J. KICS, vol. 40, no. 11, pp.
2205-2217, Nov. 2015.

O. Simeone, U. Spagnolini, Y. Bar-Ness, and
S. H. Strogatz, “Distributed synchronization in
wireless networks,” IEEE Sign. Process. Mag.,
vol. 25, no. 5, pp. 81-97, Sept. 2008.

M.-]J. Kim, Y.-J. Lee, and Y.-S. Cho, “A
distributed time synchronization technique for
OFDMA-based wireless mesh communication
systems using bio-inspired algorithm,” J.
KICS, vol. 38, no. 12, pp. 1069-1078, Dec.
2013.

W. Ren, R. W. Beard, and E. M. Atkins, “A
survey of consensus problems in multi-agent
coordination,” in Proc. Am. Control Conf.
2005, pp. 1859-1864, Portland, Jun. 2005.

J. N. Tsitsiklis, D. P. Bertsekas, and M.
Athans, “Distributed asynchronous deterministic
and stochastic gradient optimization algorithms,”
IEEE Trans. Automatic Control, vol. 31, no. 9,
pp. 803-812, Sept. 1986.

W. Ren and R. W. Beard, “Consensus seeking
in multiagent systems under dynamically
changing interaction topologies,” IEEE Trans.
Automatic Control, vol. 50, no. 5, pp. 655-
661, May 2005.

R. O. Saber and R. M. Murray, “Agreement
problems in networks with directed graphs and
switching topology,” in Proc. 42nd IEEE
Conf. Decision and Control, pp. 4126-4132,
Maui, Dec. 2003.

R. O. Saber, “Distributed Kalman filtering for
sensor networks,” in Proc. 46th IEEE Conf.
Decision and Control, pp. 5492-5498, New
Orleans, Dec. 2007.

R. O. Saber,
optimality, stability, and performance,” in
Proc. 48th IEEE Conf. Decision and Control,
pp. 7036-7042, Shanghai, Dec. 2009.

Y-P. Tian, “Convergence rate of consensus

“Kalman-consensus filter

algorithms with multiplicative and additive

noisy measurements,” in Proc. IEEE Conf.

Control Appl., pp. 755-760, Argentian, Sept.
2016.
[12] A. Olshevsky and J. N
“Convergence speed in distributed consensus
SIAM J. Control and
Optimization, vol. 48, no. 1, pp. 33-55, Feb.
2009.

[13] H. LeBlanc and X. Koutsoukos, “Consensus in

Tsitsiklis,

and averaging,”

networked
adversaries,” in Proc. 14th Int. Conf. Hybrid
Systems:  Computation
281-290, Apr. 2011.
[14] S. and C. N. Hadjicostis,
“Distributed function calculation via linear

multi-agent ~ systems  with

and Control, pp.

Sundaram

iterative strategies in the presence of malicious
agents,” IEEE Trans. Automatic Control, vol.
56, no. 7, pp. 1495-1508, Jul. 2011.

[15] F. Pasqualetti, A. Bicchi, and F. Bullo, “On
the security of linear consensus networks,” in
Proc. 48th IEEE Conf. Decision and Control,
pp. 4894-4901, Shanghai, Dec. 2009.

M & O} (Sangah Seo)

20149 @ S )E] A
G P e

20161 : S E] A
2 zzbyeta) Aal

<FAlFol> FAEAL EeA

[<]
Rl

ol}lt
=

£ A M (Sangseok Yun)

20109 : Ak st z1z137]
T3t =4
20124 : FAbEta Az

F8ka Aat
20123~ & A - F=aEr]|Ed
A7) Y AAgets vzl

Tl o, %E]ﬁ”%‘ Hq_

www.dbpia.co.kr



=3 A U ES =04 s 7 578

]

199413 : FEFItw A=}
A71gstt At

20034 : Georgia Tech ¥MA}

2004'3~20109 : A BG4

o) A~
st F

201040~&A « Fg=tErlas] ol
FAEAL AdrE, EeAlE Bt

www.dbpia.co.kr

553



	분산 네트워크에서 단말 간 동기화를 위한 신뢰도 기반의 적응적 컨센서스 알고리즘
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. 오작동 단말의 영향 분석
	Ⅳ. 신뢰도 기반의 적응적 컨센서스 알고리즘
	Ⅴ. 결론
	References


