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Abstract: The research of 3D underwater sensors’ coverage-control has great significance in rational allocation of underwater space
resources, environment-aware & information-acquisition and the network survivability improvement. In the real world situation, the
uneven coverage is always needed in the underwater detection region. The current studies focus on the conception of “Event-Driven”

without paying enough attention to the diversity of k-coverage requirements of different 3D regions. This work concentrates on the
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optimizational deployment for Underwater Sensor Networks' (UWSNSs) diverse k-coverage requirements of distinguished regions. Based
on the model of “buoys, anchors, underwater sensors which are connected and communicated via a wired cable with their respective buoy”,
we study the low-boundary number of the sensors required by diversity of k-coverage, and develop a novel algorithm: k-ERVFA
(k-Equivalent radius virtual force algorithm) as an improvement to the classic virtual-force algorithm (VFA). Compared with the VFA in
our simulation, the new algorithm only loses 1.21%~3.89% of 1-coverage rate in the required 1-coverage region, but significantly
improves the 2- and 3- coverage rate to 17.42%~44.3% and 28.95%~49.53% respectively in the corresponding required coverage regions.
The improvement in k-coverage requirements illustrates the correctness and effectiveness of k-ERVFA.

Key words: underwater wireless sensor network; k-coverage; 3D-coverage; virtual-force algorithm; coverage-rate
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Different theta and the corresponding 2- and 3- coverage rate
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Fig.3 A counter-example of the “average volume” Fig.4 The corresponding 2- & 3-coverage
rate with different
K3 PIARBII Tl S 451 K4 AR OEXRNK 2-. 3-BHH

L5, i AL % i DX S B M - T i, B SR [N A B3k m= B /R m = Ye0im,0 > 1 K E
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k=1HkeN* N2/n, k=3 9/2mr, k=3
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K 20 kT8 36 70K K S5 21K 51 ) 3R B8 e S R TS ).l 0 S, 55 T o R B A (2
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Fb,/'ki ~
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e
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7 1y Iy
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KM, B BT S, BER T 1 Y BE R
Az, = F, /max{| F [}- AL, (11
45 BEFk-FEYFEMK-BEETKRKXETHSEHNERBK-ERVFAEE)
J T WA k-7 A SRR Ik k-7 5 T SR, AT T A-ERVFA 5137 (k-equivalent radius virtual force
algorithm), JeIEA SR AUE H k-5 R0 A2 /N ER B 55 AF IR k-7 35 7 SR X 8 an
(1) B5E T ERTIN (ko kynnk, ) € {1,2,3000 0k, # ey (kg AT =782 o 185 S DX I 9 75 14 72 i 550
KRNI AFE kK sk b R (> K > o> kb VST k- S0 = r /KL=
(2) EIEL RIS 0 CORFEEEL Natreaay- 45 Natready™ Nmax(Nmax AN BE B8R B RIS A 20, 0086 Hi it
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(3) W] 4.6 T fixdeven DX i [ 5 AU ) P B EIE AT CAE 4, WS SAETAE T 4
PR B Zy 20, A 1S AR X 48l P 3 2 50 4 B, DI BB 5 1) k- 78 o 36

@) A =i+ 1,00 i<m R B35 (2) 28 R BARAT (Natready 16 2377 WLAZSHEATF 1L AT BIPTA k- B 7 KX Ak
Ay s (=123, om) AEAG R BN sink T 50 CAT 2T K0S, 10 B 8 0 538 0 B 2, H 45 NP AR 0 By K
BT BB SV z BT ) B AGA E zio TR AR I 1) 2, 56 BOTT A 7K T AR I B8 1T i R TR S
46 fix&even k-BEBKXBAMTTREE-HEAUEBBEBEZE

AT G k-ERVEA SO AN i i) — B 455, Ciash B2 4, WY SR i=i+ 1IN 05 ] iz
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Al Be B AR TP AR AN, T A even BRAEIRIS ST I N E T AU S ILBUR fix&even FIILUWIT:
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i K FE BV X, B E 1 4 30mx30mx30m (¥) 3-7F 55 75 ok X 8, X 48 50 4y (25m,25m,25m);1
40mx40mx40m (1) 2-78 75 15k [X I, [X ek 5T00 4 (70m, 70m, 70m) . 3 4% Ky 1-78 55 75 3R X Sk A4 I8 2005 55 = 400 A
K BEBL AL Ko K2 Kanr 3 Kop 21 Kop 3 =1:2:3:2:3, 52 2233 B R 05 55 19 B 18 5006 2 10 LBl 5¢ &, T
Nipax=100 {185 KIEARTE A GBI S b8 1-1 2-1 3-8k 55 2, 1 5~ 7 B BT E S HOLE 1.6
TUIEZH r=10mARNKQG) A2 3 AR DL MES 0 L % B 8 55 AR SR ISE R P 0 S0 4, ,:591
AN3A5.1:62 AN, 451239 586692 AN AR BUREUR £ 650 IR 05, T8 IT A-ERVFA S K 3h 24 2, B 5 2 ik
B4 10 B 15 2, B A AR EDAE 73X — 25 A\ 400~650 A1 £, BERR 50 A1 AT — U J, 060 T k-ERVFA 5.
5 30 R D SR (VEA)! VL BT U B L (random deploy, (B RD)7E il AL AH S k-7 o T SR X 1) & 78
TR T A R,

Table 1 experiment parameters

x1 HZSH

Target region 100x100x100m’
ks-sub region 43 k=3, centers:(25,25,25), volume;=30x30x30m’
k-sub region 4, k2=2, center,:(70,70,70), volume,=40x40x40m’
ki-sub region A4 ki=1, volume,= all of the rest target volume
Distribution mode Random distribution
Number of nodes n 400~650, every experiment adds 50 nodes
Sensory radius 10m
Max once moving distance Aly,x Sm
Algorithm/Contrast algorithm k-ERVFA/VFA and RD"")
Max iteration times Nyax 100(same as the VFA)
Keonfs Kaurx and Kop i Keonf :Kasirp: Kair3: Koo Kop3=1:2:3:2:3

WE 5~F 7 Pios, SRR ERTE 100mx100mx100m 1) = 4K H AR DX 38 b 3838 1 K T A% s 37 s AN 4,
YNABRR S 5 3-8 7 T SR T Ik A5 BOSEPS 3-B AR 2-7 56 T oK T IX K A, AUSERR 2-78 56 2R, LRI 4% H b
XA Ay, 1 -8 55 B S FToR, 5 2-78 36 T SR T IX I A, 1, 76717 230 n=450 I RD (1) Ay, [ 2-78 55 KA A 45.
32%,4558 VFA TEBE 5 H 56.65%, M 2558 A8 k-ERVFA 575 T8 5153 T 86.44%: WK 6 Fi7m,n=450 B R
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D 7E A3, B 3-8 55 R AN 23.43%, 4 VFA T E 54 32.92%, M43t k-ERVFA T 558 T 82.45%. 77 WL k
-ERVFA SEAET 5SHUNAT 450 A4 n=450~600 1115 B0 ] 280153 1)), k-ERVFA BVELE Ay Al A5, 11 2-1 3
SR AR VEA W S

The 2-area-coverage rate of three sensors deploy methods The 3-area-coverage rate of three sensors deploy methods
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The 1-area-coverage rate of three sensors deploy methods
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Fig.7 The corresponding 1-coverage rate
Bl 7 RN 17 a5 R

X T Ay B 1-78 o5 %2, 1 181 7 AT DU 21 VFA BEEE S A, ) B 1-78 o 2802 e (9, k-ERVEA S5 KB,
5 n=450~600 I P (1) 1-78 56 KA ZEAE 1%~3%. 9 # 1-78 o5 7: BE 4230, VEA R 30X /2 i T VFA &34 i fEix
AN DRI P B T AT A-ERVEA B3 AT 5o P e B A /0 MAOR B /0N 56 DA e 75 SR ) k-7 5 75 oK X 4l 788 5 .
PUMAEAE R k B k-7 5 75 SRk X 48l 3T 75 78 o 10 e 9000 15 k-ERVFA. ST el 2 SE B b 1K) k-78 75 75 SR 7
n=550 B} k-ERVFA FiEFIES] Ay1,45.1,411 1 94.39%,92.22%,89.96%(1 2-,3-,1-F 75 3;1f1 VFA Bk T 7 4,, 1
1-78 55 %0 91.17%( b --ERVFA 5 1.21%) 2 40,3 4, 1,45, 11 2-,3-7 56 AN 67.36%,49.39%, Fl k-ERVFA Hi Lt
A 2 LA n=650 1,4, 1,45, A A, 1 (8 2-,3-,1-F8 25 53908 3 T 0B 99.41%,96.87%55 95.66%, 5 3X(3) V1515 31
11 n=692 W] IA F| 100%[17 1-75 75 % J 89% LA |11 2-,3-74 ifi e 4 LU k-ERVFA 5 T k- KR40 ) I B A5 P 3L, 45 100% 1-
AN Ay PRI AR Ay M Ay AT =K A - S R LU R .

© PERREERSMROT  httpy/ www. jos. org. cn



96 Journal of Software #4F3 3Rk Vol.24, Supplement (1), October 2013

8~K 10 AHE TR 1 ZHBCE n=600 1550 N = ZE/K N 47 s 25 B0 B 8 41 4h N % BE AL 2 (RD) HI 1%
UL/INER W AEAE A5y IOAR TS5 0, =S W ARAE Ay, P T ML RD R, 580 ATAN ST AL T A5,y AT Ay
T b 9 O -ERVFA SRR 14 k=3 Ja AT B0 I LD #y=r /3 13-4 204/ ki 8 il
SRS DL T e s,y 1 3-Z 85 3 FIN A, ) B D500 51 g AR LAY it 2 e R SR AR IR s 3
OB 2-B W 9 R LT AT ) Ay AN Ay SREE N A RIS 2 A A, R S A TR AN
10 028 B 2078 W 16 00, AR AE 1T 9 BOFEAL b DL 2-,1-85 28 A AN Bk 73 Joll 280, A3 Sl 2 Aoy B Ay O 755
SKRER R 2- 80 RN ERER 345 R/ N IR R ] 9 T TR A,y IR — B R IR 2, LA 2-55 2%
PARANERIBE 1L T Ay, T RUECREL 9 PRI B B B LS G 8 T G T IR B RN I 10
k-ERVFA S5k TR A5 A1 Ay HIBAT T 28 4.6 9P fixkeven A4 EE 8 S0E AF A3 —# XN 1Y 3-,2-
G R HAT T3, A, WESIR I S L T2 B B 5 A, ) b -5 R4 /N BR IR R 400 ) 328 SR R e A AN T TR 4L
HHI 10 ™ Ay, Ay P R0 A SE N A) HARRC I 8 o WA 184 225 IR I 4 ) DX )1 A 8 S N 28050 7
n=600 IILH] T 97.54%,95.22%K1 92.67%] A, ,,45, A1 A, | 1] 2-,3-,1-78 75 K.
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Fig.8 [Initial sensors deploy  Fig.9 After round 1 sensors redeployment Fig.10 Final redeployment
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