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Coverage Problem in the Battery-free Sensor Networks with Multi-level Communication
Radius

SHI Tuo, LI Jian-Zhong, GAO Hong

(School of Computer Science and Technology, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The battery-free sensor network is an emerging IoT network architecture. The battery-free sensor network aims to address
the energy and lifetime limitations in traditional wireless sensor networks. In the battery-free sensor network, battery-free nodes can
harvest energy from the ambient environment by specific energy harvesting component. Since the energy in the ambient environment is
infinite, the lifetime of the battery-free sensor networks is unlimited in terms of energy. Thus, the lifetime limitation of the wireless
sensor network can be addressed. However, since the ambient energy is usually very weak and distributes unevenly, the coverage
problem in battery-free sensor networks is very complex than that in traditional wireless sensory networks. In order to solve the
coverage problem in battery-free sensor networks and more reasonably use the harvested energy, we consider a battery-free sensor
networks in which battery-free nodes have multi-level communication radius. Furthermore, we define a coverage problem in such
networks. We prove that this problem is NP-Hard, and we propose an approximation algorithm to solve this problem. We analyze the
approximation ratio of such algorithm and we also carry out simulations to evaluate the performance of the algorithm. Based on the

simulation results, our algorithm is effective and efficient.
Key words: Dbattery-free sensor network; sensor network; coverage
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Fig. 1. Two kinds of battery-free nodes.
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Fig. 2. An example of the monitor block.
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Input: V, S, R, rs, {rl,r2, .. rE}.
Output: D
Kmin = min{ﬁ—]’|1 <I<LAup;ec&l}
kmaz = Inax{ﬁ—’ﬂ <I<LAp;ell
foreach k,,;, < k < k,qp do
foreach i € V do
| L=max{l|ft <k-1A1<I<L}
while V — U,c;c, Dj # O or Vi € V — U, jcp Djs it = iz = ... = uj, do
foreach i € V —J,.;, D; do
foreach D; € D do
if 3" € D; && dis(i,i’) < min{rk, v’} then
‘ Uij = ZDkeD—D] | UILEDk Rl +1 U}LEDjU{i} Ril - ZD_,GD | UieDj Ril;
else
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L Dj = D;u{i'};
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k' = argmax{Ug|kmin < k < kmaz};
return D = {Dy, Dy, ..., Dy };
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6.1 thRHEX

FEN R0 45 R 2 B, 3RATH e 3R T R T 500 S AR R 5% (Naive Algorithm) K5 TPA
ST X

SRR R A ¢ NG SR o5 G TEAE RN (M ¢, %500 R 8 7 C WU A 5E (Line
3) , IFATEL R AP IR

Step 1. (Line 4 — Line 12) 4 C #V ,8if#7E V —C P4 5 i, H B (1) 2 B, B ER LT TR
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(2) TR (1 P TEVETT AL RS € O (i} U S 1T H P 5 T L 0 5 A T VR A
PN R 5 C J5 .78 5 M M W] LS 205 2 X 88, 8 IR A i 4 R RUE
u,=0(C uiit)-0(C).
A5, A TCIE i FORUE w, =—1.
3 X THA ieV -C H B ()2 B, MHBUE H KK & IFMN R EE % C S,
Step 2. (Line 13) ¥4 Step 1 H AR BN RIE S C IMA LR EE C H.
Step 3. (Line 14) FH8 564 i 52 A 50T JCUE 1T s BB B T i e, B, (1 +1) =min{B,(¢) + 1, — A, B} ,
KFi#C, B (t+1)=min{B,(¢)+ p,, B} FEFEFTICUETT 510 A B 25 HEAT T — I AR 01 J 35 78 o 1 M3
Tabel 2. Naive Algorithm.
F2 HEREX
Input: V, S, R, ry, {rL,r2 . vk} T.

Output: C
1C=0;
2 foreach t € 7 do
3 Cy = 0;
a4 | whileC £V |3 eV —C,Bit) > By do
5 foreach i € V — C, && B;(t) > By do
6 (i, t) = 1l
7 if C,USU{i} #9F 4 B Ri%:8 49 then
s | = QG U{i}) - Qe
9 else
10 L u; = —1;
11 i = argmax{w;|i € V — C; A B;(t) > By};
12 C, =C U {i};
13 C=CUCy;
14| SRR TCUR Y e

15 return C;
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200-1000 A JJ5 5T i 20 5 458 X 3822 Hp 5 R4 R T A (R 48] 110 T YA i DX 8%, 5 7 0 S o 2% FR IS 4T TPA UK
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Fig. 3. The impact of number of nodes. Fig. 4. The impact of the energy recharging rate
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DSC i HITERE 5 26.4%, E AN BLVE & 39.5%.

6.3.3  JERIIEAHIF

NP B 24 43 2 B i O 4% 7 o R P B DN R AR I A SR P BRATTMIE 5 AR TR B T R A B R 4% 1
5 R [R] X 48 H (0 JE V5T A B A AN R BN 2242, 23 R 3m, dme, Sme, 6m R0 T JRVRE A, FR AT L X 448
HeZHr A B=6mJ , B, =3mJ ,|V| =200 , LA sUEEA I FRE 1 /3R EEN 0.2m) AEK] S5 41,38
R T ZREEAIX 5 HME 3BTRS 45R,HE % T ERR M T =R 2T IS E
R KNE . s/MERF1E

i
ib]
1

=3
T

T rrrrJprrrTT | LI B | | T T | T T | LI | L | rrri | rrrT | rTrrT | rTTT | T
0.7 5 —»— Naive - =
E 9 04 F T —13 3
F| -=— DSC E 1 —4 ¥
Z06H -+ TPA ,,/)i Zossk —3—F —1 E
] E © F L - 4
s = C J
S05¢ S 03F ]
£ ® = =
go4¢ §025F 3
(5 E O o ]
3% s 02f -
& O L -
02 ¢ 0.15 F =
0‘] E 1 TN T T T N N T T T N T O T N T T Y T Y 01 - 3

3 4 5 6 7 3 4 5 6 71 8 9

Sensing Radius The size of B
Fig. 5. The impact of sensing radius. Fig. 6. The impact of the size of B
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