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Abstract

In this paper, we analyze the performance of cooperative communication techniques on an underwater channel. By
analyzing the BER performance of cooperative transmission protocol and combining types ERC, FRC, SNRC and ESNRC
on underwater channel, through the result, we can choose an a proper cooperative technique for an underwater channel.
The analysis of BER performance is achieved by a computer simulation.

Keywords :

2l
[e]
=

I.M E
TredeArled e 27 ARkl A
AREE ] gt ey H2 RbEokl e 5 HE
el Bk @alo]l Fketar Yk Adel ojEshA]
% Teed VEYSILSS AT olsta 7919
Aol A deiA sEd 3ol A FEeF
YES A AFAQ Wzt Eobe AfAzgdat &

X 2 ¥ F(cooperative protocol),

© 459, o F et

(Yeoju Institute of Tech.)
© Corresponding Author(E-mail: khh@yit.ac.kr))
Received ; March 28 2015 August 19, 2015
Accepted ; September 24, 2015

Revised ;

<)

(1833)

&A1 (Cooperative Communication), 4% & &4 (Underwater Acoustic Channel),
Fd1)& ZA3HEqual Ratio Combining:ERC) ®WH,
A3 (Fixed Ratio Combining'FRC) W#, o] 23 (Maximum Ratio Combining:MRC),

F A% A4A9 29
AR s st A
i

Ad2 Agd A

R

Y IR SR D]

)



169
(2)

5 +2.75 10" *+0.003

4412
4100+ f

+

0.11f2
o= B)
1+f

LEER

oz O
T 6™

2015 108 A== =&KX M523 HM10&
Journal of The Institute of Electronics and Information Engineers Vol.52, NO.10, October 2015

k)
pid

Hok Alet

°F71%

=

=

A

o) F o AR T oo » 4o v N s T TRRJTITRR o e o e o
- e o Ar NN S RN I MOE = M R0
oh X ® LN = 5 dM gy ™ RR P AT
L oE R o S N L Noow o LN
TR N T om S w B AR T R - B
ﬂHAu%?%dr. Ko W®o 3T 9 Lcmﬂﬂng_%é@%o_uﬂ&mﬂuuu
N WX T o =N T g o & S TR R TR ol TRV - Mo E
3 T T N 3 WO T e
TR xwE N I I N | oo NI T o T T T
= _ N 2 = SR " Q& Al o Tk o o =
KT PR} PP & B TR ErmTowoaN L om o
e N S T TER S Y oz NS Rw TR wmagaghde T
Hﬂﬂﬂ%@_i SEPR e L oi] ynPETLE o vm o BT
= oR g . — X _ X — ) s - - X ~ XWom ) mo
Moo g B Tmxos & 2 o  ies Sme o X
- ) S5 35 &% 4= Lf%g%iﬂ o o e T
vl g B = X X b S8 pLHMp o= mﬂﬁﬂxdﬂ_%ﬂlmﬂ
zT;o%quEﬂr. ﬂnWEnﬂ% 2, Lmoc,u ,th_ol]7ﬁo1drmxm%wublhroﬁ%ue
~ = . m = 5 n = s R0 R o T X~ =
o Py TR yxr § oS g R g oy XK
op T W < — Hodgr s + + drogs R 00T T N8 B g
oy =y < el A 2 | & = ¥ iy < N - 1 o oﬁdlat = — AR
Lw e x Ty o =SYER 4 8 RTREH Lo N w P F
2 Y I _FyEx v 7T 1mufaz;ffﬁ$4i%wk
< ) EI:A‘.N S X no,m.ulﬂml&o & & X % FW omo o 4] ) o] ol ~ o
~ < = | g O~ ' ~ N ._.E.O i —_
w.lzl%u‘ﬂr.dqov Y P m & & W%Jmaﬂa#%ﬂmu%hm%A :
I " o = o}J N S . £ T
Tt o T T TR DU D D P N
ﬂmoiﬁﬁr.ﬁ%mﬁ%wm%w%zﬂ.urﬂ ﬂ%?Mﬂﬂﬁ%Wﬂ =
o) Of O =< &N R o 0 00 o or ~  — =T = N
= A i Tl R NI T w oy T P
—_ ! ~~ _— ~ ~
EOAT.@OEOMW,U,WMLzLauﬁlowaMﬂﬂﬂW%ﬂﬂL A.*LHAHMﬂ:ﬂManﬂAﬁ
T o moe M T Lo e e T T - o= B E A
A TR i g, S S G X B R o, P
qTOH N ooy Mo SN 2 N G T ° a8 oy
o L S S ST cTdTzIvLdT
GEZT ST LI s TR w S R wodoVTEGsEX
o ) ! - X - Gl
ST TR ACE ATRRE L, UL @ gL Rm e
A N N P o oA T
oI&lauMJluaw ioﬁﬂﬂFﬂo@QioEoNLmﬁoE _A_.o mﬂﬁoiuq%mmﬂwi%.ﬂr
ﬂﬂ_@otﬂmﬁaiﬁoﬂo%%%? o U <k o oex & 0 Koy g R
B omow oy Boe — rRe op & X 2o oo W
e A A - ol A . TE LR D oy B
N S A A O Mwﬂ,%ﬂaﬁx%%%wﬁ% K
2 = -~ XY K =~ o — —
T S T B I I O - i e ME g B w
R OO N I BRC I R B LR W gy BE T
r R R E ER D E b o TP P T o ®EHE
TR Aoy e N E e A P T R T I
— it Lo —_ O |
T I B T o sessz Ltz
L N s S O B L e W dR L HWE YD WA
BT T T MY TFTRYTT WY W R T M2

be
oA
aL

"
Fo] njct

717 A e

3

=

|

| A&7k Az

O;
217

pzs
It E&7

o 7

j=3

W} 84 v

hva

i vhetwe] geje] gl

uje}

o

al
(1889)

o

=]

L
L

[dB]e]

p

e

[Km]elt} o

1

Q)= ol& TAks}

&

Rpolel A7) )
Al

o

fu

]
=
st

[dB/Km]e]tt.

=
-

7k

R
L
.
=

[e

271 Atole] Aol &9

A5z )

4714 L3 I

d
t}. Thorpe] o] &

Fshdeol upeh

al
o~
T
A

o)



% % ™ BB T N T = % © o Hoo N i & o T 2
R0 - TLTE=T z ¥ AR I o &
o BT e X mE TN o ol E = &
i B U e 2 5 U ® A - S ®F
2 o A e+ 4 e T S R e N G i
= R R e R A < o
B 03 (3 - =
) T e wms, & Y E PR AT R AT e
B Ty T 0 T ey P - S ol o B TR T N
o o WS R o g o 9 S T SR s 0 =
w1 Hrw o T o) o= < ol Xoge = _ =
= = N b Wﬂo No oo A B oo NJo 0 o m 2 % o E = oo
o T 94 "m o © DBogl Nt ER g owE
ur = X TN+ oo ol - op T = JJ AR R (o
o b o — Ay o= ~ ~ o Ut o ol No AF ﬂ:._ Ho
T R T ET g Y R T : R E MRS g .2
gyl ]| A Mﬂrﬂ Mo =< ey = _ N “ b= o m‘_ o] ol m ) ol W )
z WEREFRELE R Tag | |9 wde o T A T hw XY o
- Eaeoh DT = T amar vl Eowp W TRy e o do ©l
X — i 5 M o T - T T = b o g
iy e A AR TR S T I s @ Koo g U % T Ao
& TR owdds @ Tw N ey | [ wamBlo dAwz %
il e LT W W XX I or o M < 2 o] © = 3 =~ = o X =
= ~ < N oy = = B o o= o 4 — = X T o = )
= o D 1H%%Aﬂw%ﬂﬂyﬂﬁﬁ I 2Hafmr$ﬂ5%o%ur§r T
2 T H oo w T R TR ) oo Vo e T T 3R
1o LRy o X N M AR T TN AT BT TN (S
mr
6l
Ol_ ~ A — — — ~ — —~~ ~
= X o ~ do =T < 1o o = oo < ) ojn ol T op
= =R E = o SR T S S =
Bl ‘Iﬂ :.L ‘El Lt ) \._,_m_l — ° Ei 0
L T o T op B oo il Mo i TR R
0 7= Uo © o = X T oo W T Sce R
ol " o gy W — uf ) i) = Ao B o o T "
o oo W o 505 Aoy ® e L e
< B kR il o o A R SR TRy = w’
"R Ry W Tr LA ol
TR (R e e M wms = . T G
o o o H A T -
MW. A T of B < X H N = Jo
J) ol 4o = = T o T — I op ) B o
T o Ot ﬂN_l |__AIL ™9 E 3 oF ;onw Eﬁ ﬁ Eﬁ ﬂ.o% m \
T "o o R T o T m Lo gD Of
T ow o oo T oer o L L gy L T X g ol
oy e on B fal s & T oo X S ® 03 2 oA 7
= IR < = B P LI R SgeEm § oy WS
WY oo g oy METFTE ol s o
D N = o WA .03 3 gege X @ T =g ELE
o o [y e il T <= ST ¥ <= = oF 7l g °
—_ firy T L.C -
O - A oo T H T g o m
m BN G oo o T < s N o oL T - A . < W
o T NW T Homage™d & & T g 3 xiﬂﬁr%Wr
= oo N A W = 4 B colic ST =

H(Maximum Ratio

Combining: MRC), A& th#-21] Z3$H(Signal to Noise

Ratio Combining: SNRC)

H] & AsHFixed Ratio

al

A

al

’

T

Combining: ERC)
Combining: FRC) ®

(1890)

acoustic  cooperative  transmission

Le=(7)

Underwater

1.
system.

Fig.



2015 108 ®ASEE ==X H527 A102

Journal of The Institute of Electronics and Information Engineers Vol.52, NO.10, October 2015

st (Enhanced Signal to Noise Combining: ESNRC)

ol Sl=dl ol thgt s AN deE Y

sht,

41 sUH[EZe

TAE AEE AFATIE 7P hag i ow
AE BE AR dajA FL HER AFA7|= W
Ao 29} 2t}

yalnl=yulnl+y,4n] 9

714 y = HolHY =2 YE FalE aAldo]a
4, = SAEEZEEH FAE AlEot

4.2 n3H|gZ¢

Zt AR A FAE AT dAT o5& FalA A
Al 7= Walo g Al(10)9F 2t

yd[n}:dsdycd[ ]+d97dy’r'd[ ] (10)

o71M 4,5 AFYAY 7FEA )AL 4,5 THARE
253H 208 Ao va-F f A (multi-hop link)
% sl vig 7k A o]tk

4.3 Z|tiH| Zg

7 ARE Qe ASE P 2 &2 AP
7= HeR & HaAd oSS wallAl Huinlz
AFAAY. ol 1D 2

Ya [’I’L] =h M]ysd, [TL] + h:dyrd [’I’L] (11)

A7IA w,= AR AL BaAdelSeln e F

Aot 247 e 7k a9 Bagde] ot

= ==

1) AAFE 0|88t SNR &&

AsdFEHE Adz wheo] Ad7s wHew
AAFE o] 83 FAxmgRE FA8 A5 2(12)
oF 2ok

Yralnl=h, gz, 0]+ h,B(h,z, + 2,,) (12)

A7IM 2= HlolE Y =EVF SR AE, 1= F

(1891)

171
AwErt $218 AEola, h,9% b, SAEE A
S5 AHAR A o158 e
auR paE Ase] e A13)2 2k
E“yrdH = 52|h7'd|2<‘hsr|2§+ 20’31’)4— QUzd (13)

webA 3 FA o & 39 SNRS 2(14)9F 2o}

/82|hrd|2|hsr|2§

SNR= ———F——F—
ﬂ2|hrd|220—§7' + 20-1%(1

(14)

9] SNRE A4t %’4
T3ty BERS 978

9AY FEed zHL*OﬂAH
=] )3 BERS 2l(15)9}

T &

o

BER,,, = BER,,(1— BER,,) +(1— BER, ) BER,, (15)

-

A7|\A pER, = dHoHY wtox FAE A5}
FAREES 74qu1 EA2] wrojA
BER, BER, &= FTAHNXENA FAg Al
BER,, = SA =27 $2l8ke] B4 w27t $419
%] BERO|t}.,

S Axter) A [12]e25E A16)3 4
(ANE AHE-gH

&

B(?
N SNR(r) < A (16)

E
erfc (2 BER%PSK) = Fb (17)
0
4.5. J4M M=CiEEH] A8
ol FHe U FYUES e AW 4YUEE
wiskel el Az Ausks wiew a8
A
Yyaln] SNR,,/SNR,,, > 10
yd [TL] = {ysd [n} +ysr(1 [TL] 0.1< SNRS(I/SNRSI(i <10
Yoraln] SNR.,/SNR,,, < 0.1
(18)
A7IM SNR, = HOlHY mEoA FAIF AeTt



172 ~Z28 HUoMe HHAENO st 37 sz
FAREE AXHA EW] LEO A FalE AEo] Al Hs & 4 ¢l
o], svr, & TARZOA FAIgE AT I% 4= DAFlH A ] Aozl o
SNR. SNR,©= FTAX=ENA FAlst] HAA w=7F st BERAs A& uYErdth. DAF MEE*Oﬂfﬂb
G218 2159 SNRo|t}. ERCED} FRCS BER A%o| <48 o = gt} o
g 5% ERC, FRC, SNRC, ESNRC¥ %ﬂc}‘ﬂéﬂ Az
V. Bo|AE Al}
wolAge e s FAwsel shtel AH
ARE 7 BARFoR FARAY nadge v
Eq M%EﬂO]Ei%— SLgetel 7t At Qs
wHoll gk ¥ EQ F&(Bit Error Rate:BER)S 7}t ‘
Atk
718 2% AAF W2lo] ERC9 FRC A% W] uj o S
& Nagpgerlel Wi BERAS ZA3E b SR S
AAF g2 4%& ERCY FRCY BER9| Asxto]7F =2
o o of R 3 a2l 4. DAF-ERC, FRCSl SNR i BER As
A e & st 2% 3% ERC FRC SNRC g 4 BER Performance vs SNR for DAF- ERC,
ESNRCS] whalo] tigh Az tjzh-gHle] tjet BERA 5 FRC.
ANE et SNR 23 Wao] B £ AFS
§
a2 5 DAF-ERC, FRC, SNRC, ESNRCel SNR i
~ BER Al
T8 2. AAF-ERC, FRCSl SNR O BER 45 Fig. 5 BER Performance vs SNR for DAF- ERC, FRC,
Fig. 2. BER Performance vs SNR for AAF-ERC, FRC. SNRC. ESNRC.
T2 3. AAF-ERC, FRC, SNRC, ESNRC2| SNR CH T2 6 AAFSF DAFe| Zatesiof cfst SNR tH BER
| BER Al MS(ERC, FRC, SNRC, ESNRC)
Fig. 3. BER Performance vs SNR for DAF- ERC, Fig. 6. BER Performance vs SNR for AAF and DAF

FRC, SNRC, ESNRC.

(1892)

Combining Type(ERC, FRC, SNRC, ESNRC).



2015 108 ®ASEE ==X H527 A102

173

Journal of The Institute of Electronics and Information Engineers Vol.52, NO.10, October 2015

i b e B
B e e e
'
1 1 1 1 1 1
I 0 0 E)

10
S\R[dB]

AAF2L DAFS| Zehw&of st SNR of BER
A S(ERC, FRC, MRC)

BER Performance vs SNR for AAF and DAF
Combining Type(ERC, FRC, MRC).

=
=

Hol—é}

Fevlel g BERG s A3+ dERATh SNR
20 QLo wolS oF 2= 9t}

6> AAF®} DAF w2lo] digh BER 45
Lﬁr. ERC 4ol A= AAF7E Y &

3L FRCol|A+= DAF #

=
3

off

Ao A= A9
UeRdth 29 7 MRC 9H4e] o2
%5HS UERTh

Aol 4 Xea

td
Lo

rot
=
=
AN o

I S
to B o

ol
——
2 lo

s >

odk
::"1

T
e

B e do to & fr x

2-‘-'4
32
)

o
iu} @ Ho -
fitl

of
-

off o o

i)
& tlo gl R

o
2L ooXx
i)
il
e sy oop, Wl

4
Yo 1M oy o odo ofN off o L 2

o
1>
o ofm ot

Wy )y Xk
g o

av

i)

o

o
fru

REFERENCES

[1] D. B. Kilfoyle and A. B. Baggeroer, “The state
of the art in underwater acoustic telemetry,”
IEEE Journal of Oceanic Engineering, vol.25, no.

(1893)

1, pp.4-27, January 2000.
A. K. Morozov and ]J. C. Preisig, “Underwater

acoustic communications with  multi—carrier
modulation”, OCEANS 2006, p.p.1-6, September
2006.

[3] M. Stojanovic and L. Freitag, “Multichannel

detection for wideband underwater acoustic
CDMA  communications”, IEEE Journal of
Oceanic Engineering, vol.31, no.3, p.p.685-695,
July 2006.

[4] R. J. Urick, Principles of underwater sound, 3rd
ed., McGraw-Hill, Inc, 1983.

Heehoon Kang, Youngjong Lee, Wanok Han,
“Performance Analysis of an OFDM System
over an underwater acoustic channel”. Journal of
The Institute of Electronics Engineers of Korea,
Vol. 49, NO. 11, November 2012.

E. M. Sozer, M. Stojanovic, and J. G. Proakis,

“Underwater acoustic networks”, IEEE Journal of

(6]

Oceanic  Engineering, vol.25, no.l, p.p.72-83,
Januray 2000.
[7] J. Preisig, “Acoustic propagation considerations

for underwater acoustic communications network

development”, in Proceedings of the 1st ACM

international workshop on Underwater networks,

p.p.1-5, September 2006.

P. C. Etter, “Underwater acoustic modeling and

simulation”, 3rd ed, Spon Press, Taylor &

Francis Group, 2003.

R. J. Urick, “Principles of underwater sound”,

3rd ed., McGraw-Hill, Inc, 1983.[9] A

Sendonaris, E. Erkip, and B. Aazhang, “User

cooperation diversity, Part I System description,”

IEEE Transactions on Communications, vol.5l,

no.11, pp.1927-1938, November 2003.

[10] “Technical guides-speed of sound in seawater,”
the National Physical Laboratory,
http://www.npl.co.uk/acoustics/techguides/
soundseawater/content.html.

[11]D. B. Kilfoyle, J. C. Preisig, and A. B.
Baggeroer, “Spatial modulation experiments in
the underwater acoustic channel”, IEEE Journal
of Oceanic Engineering, vol.30, no.2, p.p.406-415,
April 2005.

[101J. N. Laneman, D. N. C. Tse, and G. W.

[9]

Wornell, “Cooperative diversity in wireless
networks:  efficient protocols and outage
behavior,” IEEE Trans. on Information Theory,

vol.50, no.12, pp.3062-3080, December 2004.
[111M. A. Khojastepour, A. Sabharwal and B.



174 TS HEoM HHSHo of

rot

o7

Aazhang, “On the capacity of ‘‘cheap’ relay
networks,” in Proc. 37th Annual Conference on
Information Sciences and Systems, Baltimore,

MD, March 2003.
[12] Gunilla Burrowes and Jamil Y. Khan,
“Short-Range Underwater Acoustic

Communication Networks”, The University of
Newcastle, Australia.

IS IR |

oN
1o

ol

2 8 #2439

19979 A& 3}8 7] % of 3
171883 A 29,

19994 - ohsha 714 st

At %)
20039 #-&ohsha A4t
A

(1894)



