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ABSTRACT

With the advance of wireless communication technology in terrestrial area, underwater communication is also
evolving very fast from a simple point-to-point transmission to an elaborate networked communications.
Underwater acoustic channel has quite different features comparing with the terrestrial radio channel in terms of
propagation delay, Doppler shift, multipath, and path loss. Thus, existing technologies developed for terrestrial
communication might not work properly in underwater channel. Especially medium access control (MAC)
protocols which highly depend on propagation phenomenon should be newly designed for underwater network.
CSMA/CA has drawn lots of attention as a candidate of underwater MAC protocol, since it is able to resolve a
packet collision and the hidden node problem. However, a received signal could be degraded by the interferences
from the nodes locating outside the receiver’s propagation radius. In this paper, we study the effects of
interference on the CSMA/CA based underwater network. We derived the SNR with the interference using the
sonar equation and analyzed the degradation of the RTS/CTS effects. These results are compared with the
terrestrial results to understand the differences. Finally we summarized the design considerations in CSMA/CA

based underwater network.
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www.dbpia.co.kr



=/ CSMA/CA 71HE 5 FAlel A ZH41e] 33 A+

Akl Zhael ofs] AEE olux] <S4S wRi
DI(Directivity Index)+ WEHAIA|5E Yehl=d] &
wrellAE vIAA ekelvet 7Pk el A%
A A% DI FARINL gpellA] Qlgah 4 &)l
(SL), A&t ATyl #Agk A1e viehid o3 2
T;]_[7].

4
= dB 2
SL=10log 77 [dB] €)
TL=20logR+aR [dB] ©)

22)9] 7= HUE #¥(Intensity level)o]z}gicl.
e e whg] WA AdEs 3 oluR|oke
ow)glc) IRt LIRS el = uPa =,
1pPa=0.67x 10" B 1W/m?o

232 TLAA Re 531 A5 ZEAg]o]r

as Fo Al

a=
0.1 441*
1+ 4100+ f2

+2.75%107 £ +0.0033 [dB/km] @

;6:1_\(:)! ﬂ]él—}lf‘_/l\_?“]' ‘9] _’—(_F%a 7‘357)
o Jee B oz, wrs] Ao B o]

Fogo0 -0/]1:[]6“1_ [71. 1() ]/H —,—J—}'—r f= 52 Al

ol S TIAE TR 2olv, Ak 83}
o Fkl BehE 45N edel 1 )
6]—1:].

A3)e2NE] 5 el AEAR] e

A<= (path loss)< 13 201] E"ﬂ OUJ] A4} 57
e e O s Hbﬂ}"ﬂt} A5=7F Om-E
1000m7HA1d wll, 5 73‘01]*{ 4 F3147) 9kHz
A e AR AT A AE Tt

1 2. ARl wE A

Fig. 2. Path loss vs. transmission distance

2.4MHz<! Aghe] A A& n|wgh Al g 4
S =
7 29} o] 5o Al AAk tle e g
7] Alse] tigk ek Ak e o) BE &
Follx] ZH R Qg SNRS A3te w43k
7H Alsel] o7k sl dHlolE] Alse] e AtaE

b} REe ALEAREHISNR) Ao ek,

P

T

iy
1| %
2

. &
_ T

SNR =

24
x| >

%

Ll

!

FA el A Als AHE $41719k A1k

72, dell 23l w53t 2k

[e

P.=8SL—TL(d) [dB] (6)

ZHr= 25 vl 7H] A13e] A3 7w

o} pal7|Atele] A, rell olal] Al(7)2 2k
P, =SL—TL(r) [dB] o)
Asdiahen] e Aelsh chgat 3k
SNR[dB)=P,— P,
= SL—TL(d) —(SL— TL(r))

—TL(d)+ TL(r)
—(20logd+ ad) +20logr+ar  (8)

A®)ellx] dlelE|e] Fale 13 ﬂ 2ghe] A%
WS SNR pyspron )& 100131' 3, o] & "=
ab7] 18 FAleme} $aleesie) Ael, dot A

4 A2 =, 7MW, Rske] e ok o8
33} 2.
27 39] PpREe Alems) fales Alole] A

a2 3. A, doll w2 7] W, Ri
Fig. 3. Transmission distance, d vs. Interference range, Ri

1633

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-08 Vol.40 No.08

o, dolaL AlZHE ZH] W, R9l goleh 13 3
o veh ASHE AR el SAmEsl A
= Ajole] Alsh 7K wHY Alole] BAALE e 5
ek

olwl, ¥ A, ax 7} 9kHzY AS-
9.8666 < 10! [dB/m]2] Fh& zh=rh

A9 EHE FAxtel fAxeEe] A, d7fF 7F
7he = Ry:‘o/] ZH wbgde] 13 19] Al Ay}
kg Yol 2A5eg 7Hde gk A7} vl
orecth s A7) HoldaE R o] uiAe] a3l |
o BlERl FEe® :zm}&]um 7He] osfoz
SNRe] 7:}&_5101 AFE A=st 4= A =k

A7) 7<= SNR= 104 2704 olele} 7L

R, =310xd=178xd (10)
II. ZHd0 o8t RTS/ICTS aa BN

<

RTS/CTS®E w3tsldl F58& 93 4 gla A9}
1 WellA] dlole] Aol EAIZE flckar A2l
1+ 7o o]8) A15.2] SNReo| FHAmwA] Alze] A
=0] oJ5iAl & = o} w2bA, RTS/CTS A
ofe] ov|E 8BS = Qlrh & Aol 5 A
o] FAolx] Az o] RTS/CTSS] &85 54
A mdle A, A8

RTS/CTS®| F&, Eppgopss A3 32o]
W, R, W] o] mF(A4))el el Salmsst 541
=7} RTS/CTS =sol7 oz 7S 2 4= 9l
= A, /315/019’] IS et

RTS/CTS M=ol o2 ZHIwA, 4,5 ZF 7
om 7o) HhAElA] 9= 73-9o]| BZ RTS/CTSE 1
o 85 Z+= Aotk

d

N

o U

Aipryors
Eprgcrs= A 1D

i

dei’ Al-O/] Ud?&l]il} AiRTSVCTS% :[L_‘} _’c;s‘_ E]ZTS/CTS
2 e

1634

A, =7R} (12)

27—
Aprgers=mR!~ =5 —(xR}=xRZ)  (13)
Aiprgorse A4 21 1] Bl A
A& wd RTS/CTS F=sol7lom 7H4E =
9= o] e}, AlA] ZHRAE 4,004 5
] A

20
it}
X
l.N

b mlg o

3

T A

i_%
st
o
ia
o
18
=
2
iy
I

) (14)

A(12)2} 213yl 21(9)S dalshd do] FAAe
2 vepd S 9ok

A, =n(3.17d)? (15)
A prsors™
om— 2005~ 1 (2) (16)
7(3.17d)? — —————(x(3.17d)* — 7R )

2

Casel) 0 < d < 0.315R,,
Eprsors= 1

Case2) 0.315R,, <d < R,,

Eprsors = an

A2 y)((3.074)" — R2)

tr

7(3.17d)?

(r—cos™(
1_

I% 4= FF FHolA2] RTS/CTSY] &85} %]
Aol 4]€] RTS/CTSS] FA-S Hlaraleiet. A AtellA] =
Al el falvee] A, d7t 0.56R,, 5 =35}
w RTS/CTS F=40)7] Eape 7hass v, 5
FgellM= d7F 0.315R,, & 273514 RTS/CTS A=
o7} Bz kgt % 373l49] RTS/CTS
8- A AFel|A2] RTS/CTS E-gol vls)] Abwds] oF
< 585 BRItk &, 55 3Hlxe] i de]
2ol 21 e] 7HAfed kel Icke 1S Bolerh

2ol A EAT Sl o] AS EAS vl
3 gomA Al aeS wolV] flaxe

www.dbpia.co.kr



=/ CSMA/CA 71HE 5 FAlel A ZH41e] 33 A+

T2 4. RTSICTS &8, Eprgers
Fig. 4. Effectiveness of RTS/CTS

FEAAE AT TR FERe) A4}
1

= ExX|2E F=o] FQsitie AS ghelsleith

vz B

& vA]= W) wel BAle] ofedd] vlE] 8
ATEo] B3 AAo|t). sjofshy Ar4sl, o
A ZA, AsiA], el €2 5 sk A
eale] BHo g 3 vlES e i3k Fale]
= AR 5 B Mgkt B4l ZRed
9] AFe AelMe] ZE2EZ AFHr) Yol ¥

T el A AA vE I Aol
1

B =l 5 BAIYellA Fghe] 7143
3 Aeo)sla 2 deke Bl 7419
Z 3l A3t A2 ARSI, %
gk AlzdizkenlE A=sisich

T FAelM= ZHe] odgke] o] z1 2w o] gl
3] CSMA/CA7|HF] wiAl A EAllo] Z2 239] 79
ol T8 F3r] $IgF RTS/CTS dM=4o]7¢]
FIL FA)el A7) Alele] Ayl ZUMEE
A 7age 2ok
2lalM= Sufe] 71 AdspA| o,
Al Y 5 aesliol & Alfe] wWrl A=A
ol dlolE A4S 913k RTS/CTS7]4E v A%<
Jo1A % F83F a=Al
3ko] shjoln] B o] AFE upElo g 5 o]d
g A3} ATE Al 2183 Aok

;y
X
i
ol
!
tlo

1o o

(1]

(2]

(3]

(4]

[5]

(6]

[7]

(8]

[9]

References

1. Akyildiz, D. Pompili, and T. Melodia,
“Underwater
Research challenges,” J. Ad Hoc Networks,
vol. 3, no. 3, pp. 257-279, Mar. 2005.

H.-M. Park and S.-H. Park, “Underwater
tactical

acoustic  sensor  networks:

sensor network technology for
defense,” Inf. and Commun. Mag., vol. 24, no.
10, pp. 34-43, Oct. 2007.

R. K. Creber, et. al, “Performance of
undersea acoustic networking using RTS/CTS
handshaking and ARQ retransmission,” in
Proc. OCEANS 2001, vol. 4, pp. 2083-2086,
Nov. 2001.

H. H. Ng, W. S. Soh, and M. Motani,
“MACA-U: a media access protocol for
underwater acoustic networks,” in Proc. IEEE
GLOBECOM, pp. 1-5, New Orleans, USA,
Nov. 2008.

K. Xu, “How effective is the IEEE 802.11
RTS/CTS handshake in Ad Hoc networks?,”
in Proc. IEEE GLOBECOM‘02 vol. 1, pp.
72-76, Taipei, Taiwan, Nov. 2002.

J. W. Lee and H.-S. Cho. “A cooperative
ARQ scheme for single-hop and multi-hop
underwater acoustic sensor networks,” J.
KICS, vol. 36 no. 5, pp. 539-548, May 2011.
E. Kim and D. Kim, “Energy efficient routing
protocol of underwater sensor networks in the
deep ocean,” in Proc. Korean Inst. of Inf. Sci.
and Eng., vol. 34, no. 2(D), pp. 294-299, Oct.
2007.

H.-W. Jeon and S.-J. Lee, “Underwater
channel analysis and transmission method
research via coded OFDM,” J. KICS, vol. 36,
no. 5, pp. 573-581, May 2011.

A. Vinaye, M. Ramraj, and A. Sheeba, “Path
loss analysis for 3G mobile networks for
urban and rural regions of mauritius,” in Proc.
6th Int. Conf.
(ICWMC), pp. 164-169, Valencia, Sept. 2010.

Wireless Commun. Sys.

1635

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-08 Vol.40 No.08

& 01 Hl (Min-je Song)
20149 2% sk A
333} Tk
2014 39~EA : Felsta
AR} gt} A
<AlEel  FAAAMVIESZ,

IFEE R
o

-

X & Al (Ho-shin Cho)
19924 24 : gl )edd A
7] 2 AR gkt
19941 29 : gh=fslrleed A
7] 2 AxgET) FEA AL
19999 29 : F=IEr)E
A7 LA stz Fahatat
199911 39~2001d 24 : 3=
shashal AR 1A FE - A 7AL
20039 39~&A| : AR ITHS 2
20109 1¥4~2011 19 : 9= AdE]A dlgh W

<HAEel ol FEAAAE, AR, =

Ao}, S5E AN = 2

1636

Z & M (Youn-seon Jang)
1992\ 29 : A Bstw A=
a3} FEhat
19941 24 : =] &
7] 2 ARt FEA AL
1999+ 29 : gh=fslr|eed A
7| EAA g Fshatal
199911 39~20061 29 : =
AR AT Al
20061 3~ : Feh et Akt ol
<FlRol FEAl AFAsE, FAA] e 5

— H»
T

%

www.dbpia.co.kr



	CSMA/CA 기반 수중 통신망에서 간섭의 영향 연구
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 수중환경에서 간섭의 영향 분석
	Ⅲ. 간섭에 의한 RTS/CTS 효율 감소 분석
	Ⅳ. 결론
	References


