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Energy Balance of Mixed Data Transmission in 1D Sensor Networks

XIA Xian-Jin, LI Shi-Ning, ZHANG Yu, LI Zhi-Gang, YANG Zhe

(School of Computer Science, Northwestern Polytechnical University, Xi’an 710129, China)

Abstract: Energy hole is an inherent problem in multi-hop sensor networks. It may cause the early death of some nodes and result in a
short network lifetime. Mixed data transmission, which randomly propagates data one-hop or two-hop away in each step, has been
developed for energy balancing. The performance of this scheme depends heavily on the setting of transmission probabilities. However,
no general rules have been proposed to guide the calculation of these probabilities, and little study has done on whether the energy of all
nodes are able to be balanced by this scheme, especially under the constraints of limited communication ranges. This paper formulates the
problem of energy balancing as an optimal transmission probability allocation problem. It reveals that the transmission probability is
mainly determined by the locations of each node; however, the values of the probability become invalid if the network size exceeds a
threshold. This work theoretically investigates the energy balance conditions and presents guidelines for allocating the transmission
probabilities. It proves that the global energy balance can be achieved if and only if the network size is not greater than ng. It further
reveals that ny only depends on the communication profiles of the network. Such a profile is indicated by a newly discovered parameter,
which is defined as the premium power ratio of the system. Finally, it extends the two-hop based mixed data transmission scheme to a

general model and investigates the impact of the combinations of transmission ranges on energy balancing. Comprehensive simulations
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are conducted to validate the energy balance conditions. Both the numerical results and theoretical analysis confirm that the global energy
balance can be achieved if transmission probabilities are allocated according to the proposed rules.
Key words: wireless sensor network; mixed data transmission; global energy balance; transmission probability; energy balance
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Fig.3 Distribution of flow F;, G; and T; in

an energy-balanced network (n=4,a=4)
B3 n=d,a=4 I, I HI)
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Fig.4 Distribution of flow G; in an energy-balanced

network under different o (n=8)

2 =8, WA [ (R AR I, BE 12 229 4 11
P& it G, oA

K 4

Table 1 Values of G; when n=8
F1 Y =8 I,G; ME
G] Gz G3 G4 G5 65 G7 Gg
o=4 7.67 6.00 4.34 2.68 1.05 —0.46 -1.50 -0.67
o=6 7.80 6.40 5.00 3.60 2.21 0.85 -0.29 -0.13
a=8 7.86 6.57 5.29 4.00 2.72 1.45 0.30 0.14
=10 7.89 6.67 5.44 4.22 3.00 1.79 0.65 0.31
10 \\ I I
=4
84 = —— ::6
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6\\\\ —=—n=10 ~05 %
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Fig.5 Distribution of flow G, under Fig.6 Distribution of transmission probability
different n (a¢=06) p; under different n (a=6)
K5 2a=6,n WAFMER FE G 170 Ko a=6,n A FE I, ML p; 1073410
4.1 EMEEMEREHG

LA SR PR I LA U A B A LA A

(1) G <Fk,i=1,2,...,n;
2) G;=0,i=1,2,...,n;
(3) F;=0,i=1,2,...,n.
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H &y VUL 2525 T SCHR[35,36]. 0 J7 18 4048 i 7,CC2420,d* model Hl d* model SREL T NI (1 e FE 07 (W26
2), XA o (¥ 5

11 60

10

9

8

7

6

5

4

3

2 0 L
1 2 3 4 5 6 7 8 910 5 10 15 20 25 30 35 40 45 50

a a
Fig.7 Comparison of the value of 7, and ng Fig.8 Comparison of the value of 7,, nyand 7,

K7 iyt ne IR LE 8 Ay, o M 71y FHAE X EL

Table 2 Typical values of a
F2 o HRIRE

r1 " C1 C2 Co o
5 10 8.5 9.9 18.8 (mA) 0.0513
CC2420 10 20 9.9 15.2 18.8 0.184 7
5 20 8.5 15.2 18.8 0.245 4
5 10 2.55 10.05 0.05 (u)) 2.884 6
d*model | 10 20 10.05 40.05 0.05 2.9703
5 20 2.55 40.05 0.05 14.423 1
5 10 50.0008 50.0130 50 (n)) 0.000 122
d*model | 10 20 50.0130 50.208 0 50 0.001 950
5 20 50.0008 50.208 0 50 0.002 072
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Fig.13 Illustration of the intra-slice energy imbalance Fig.14 Extended slice model
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Table 4 Comparison of transmission probabilities (n;=1, n,=2, =10, n=9)

T4 AL RN (n,=1,1,=2,0=10,n=9)

WG Pi i
1 1 1
2 0.985 714 0.985 714
3 0.966 667 0.966 667
4 0.940 000 0.940 000
5 0.900 004 0.900 004
6 0.833 413 0.833 413
7 0.701 792 0.701 792
8 0.366 055 0.366 055
9 0.211 111 0 0.211 111 1
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