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(Fair Bit Allocation in Spatially Correlated Sensor Fields Using
Shapley Value)
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The degree of contribution each sensor makes towards the total information gathered by all sensors is not

uniform in spatially correlated sensor fields. Considering bit allocation problem in such a spatially correlated sensor field,

the number of bits to be allocated to each sensor should be proportional to the degree of contribution the sensor

makes. In this paper, we deploy Shapley value, a representative solution concept in cooperative game theory, and

utilize it in order to quantify the degree of contribution each sensor makes. Shapley value is a system that determines

the contribution of an individual player when two or more players work in collaboration with each other. To this end,

we cast the bit allocation problem into a cooperative game called bit allocation game where sensors are regarded as

the players, and a payoff function is given in the criteria of mutual information. We show that the Shapley value

fairly quantifies an individual sensor's contribution to the total payoff achieved by all sensors following its desirable

properties. By numerical experiments, we confirm that sensor that needs more bits to cover its area has larger Shapley

value in spatially correlated sensor fields.

Keywords : Sensor Field, Bit allocation, Shapley Value, Cooperative Game
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Identification of sensor
locations in sensor field

Computation of
covariance matrix of the
sensor field

Computation of each
sensor’s Shapley value

Bit allocation in
proportion to the
Shapley value

T2 1. ME2| gtofl Qs HIE 22 oty
Fig. 1. A diagram that shows the bit allocation process via
Shapley value.
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Table 1. lllustration of the efficiency axiom by comparing the
summation of the Shapley values and the payoff of the grand
coalition in sensor fields shown in Fig. 5(a)~(d).
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Shapley value

WA | At 8 ME & Mz 4
0 12.45 5.160
1 12.75 5.308
2 8 3.086
3 12.05 5.363
4 845 4.070

s Ae A F29A (random field)S 4 (10)&
o]g3le] AAEL, AAES A wel ARE FE3
E & AZ9 3y vasi,

7_]:]

S
4 r
N
|

PO =)
rir

30 * 3 Agelel FA914e A,
2 ARel 24 o g FRA A9 (3 102 o8
stol AT oleld AN A4S 208 W]
£ HiEe 4 4449 24 04 gew @k 191, 57
of AE Qele] o) Ty 55k ol WA @k

2 AR g e ANE A48T, 2 AXEe)
ZA4elo} st ghel FRE Ao vE S M, 34
W g2 A9 s sl aed 2 Aol
Mede Bk o 49e 20w wiele] ge B3t a7 v
E G 3 20 7 A4S AEY gt daskel )4

29 504 EAST QRol, A4 0, 1, 30] thE AAE
of wal ZAaoksk WA Wol ¥ e 4 HE £8 2
3, olsh LS we AEY g Redh & AEY @
of A HE £8P Ro] ByEe A AN

A + ok BE, A @e

B AT BAZ 2 WY ANEe] F= F A4
]_

A Aol AHE 100%9] FER

o w=RIAE oleld BRI A HolE A AT
& N5 A4 2 ANeIA ol AEe MEE BT
s Aol AWl @ A etk #0448
g 2 AN 2

MMEOM AME2| 248 ol8et 3Tt HIE EF

A o B AR o5 WE 23 ke agel da
Hig W Aolth oF B, 2 AA7E WA AN ERTH

SHARE AlEE] ghel Al W AlRte] AnEh vt
AA 23S gz Ate] o] o] A7) e,

2z =7}
Aok olele, #AE AAel] Aa AN xR drE ¥
492 353 YEE ANk F4915 P4 (randomized

References

[11 M. Kaur, A. Munjal, “Data Aggregation Algorithms for
Wireless Sensor Network: A Review,” Ad Hoc
Networks, Vol. 100, No. 102083, 2020.

[21 J. Wen, J. Yang, T. Wang, Y. Li, Z. Lv, “Energy
Efficient  Task Reliable
Computation of Cluster-Based Wireless Sensor Network

Allocation  for Parallel
in Edge Computing,” Digital Communications and
Networks, Article in Press,
https://doi.org/10.1016/j.dcan.2022.06.014.

[3] S. Li, C. He, Y. Wang, Y. Zhang, J. Liu, T. Huang, “A
Novel Joint Power and Feedback Bit Allocation
Interference Alignment Scheme for Wireless Sensor
Networks,” Sensors, Vol. 17, No. 563, pp. 1-13, 2017.

[4] E. Masazade, R. Niu, P. K. Varshney, “Dynamic Bit
Allocation for Object Tracking in Wireless Sensor
Networks,” IEEE Transactions on Signal Processing,
Vol. 60, No. 10, pp. 5048-5063, 2012.

[5] J. Luo, Y. Han, X. He, “Optimal Bit Allocation for
Maneuvering Target Tracking in UWSNs with Additive
and Mutplicative Noise,” Signal Processing, Vol. 164,
No. C, pp. 125-135, 2019.

[6] Y. Wu, W. Liu, K. Li, “Power Allocation and Relay
Selection for Energy Efficient Cooperation in Wireless
Sensor Networks with Energy Harvesting,” EURASIP
Journal on Wireless Communications and Networking,
Vol. 2017, No. 26, pp. 1-11, 2017.

[71 A. Ponti, A. Candelieri, F. Archettii “A New
Evolutionary Approach to Optimal Sensor Placement in
Water Distribution Networks,” Water, Vol. 13, No. 1625,
pp. 1-18, 2021.

[8] M. Ghasemzadeh, A. Kefal,
Optimization for Shape Sensing of Plates and Shells

“Sensor  Placement
Using Genetic Algorithm and Inverse Finite Element
Method,” Sensors, Vol. 22, No. 9252, pp. 1-29, 2022.

[9] V. AKbarzadeh, J-C. Levesque, C. Gagne, M. Parizeau,
“Efficient Sensor Placement Optimization Using Gradient
Descent and Probabilistic Coverage,” Sensors, Vol. 14,
pp. 15525-15552, 2014.

[10] R. Soman, P. Malinowski, “A Real-Valued Genetic
Algorithm for Optimization of Sensor Placement for
Guided Wave-Based Structural Health Monitoring,”
Journal of Sensors, No. 961430, pp. 1-10, 2019.

[11] C. Guestrin, A. Krause, A. Singh, “Near-Optimal


https://www.sciencedirect.com/science/article/abs/pii/S157087051830547X
https://www.sciencedirect.com/science/article/pii/S2352864822001365
https://www.mdpi.com/1424-8220/17/3/563
https://ieeexplore.ieee.org/abstract/document/6215065
https://www.sciencedirect.com/science/article/abs/pii/S0165168419302130
https://jwcn-eurasipjournals.springeropen.com/articles/10.1186/s13638-017-0811-9
https://www.mdpi.com/2073-4441/13/12/1625
https://www.mdpi.com/1424-8220/22/23/9252
https://www.mdpi.com/1424-8220/14/8/15525
https://www.hindawi.com/journals/js/2019/9614630/
https://dl.acm.org/doi/abs/10.1145/1102351.1102385

tf steltlc| E55ts =2 Xl

Sensor Placement in Gaussian Processes,” Proceedings
of ACM ICML, 2005.

[12] D. Jung, Y. Dong, E. Frisk, M. Krysander, G. Biswas,
“Sensor Selection for Fault Diagnosis in Uncertain
Systems,” International Journal of Control, No. 1484171,
pp. 1-11, 2018.

[13] L. Zhao, S. Qu, Y. Yi, “A Modified Cluster-Head
Selection Algorithm in  Wireless Sensor Networks
Based on LEACH,” EURASIP Journal of Wireless
Communications and Networking, Vol. 2018, No. 287,
pp. 1-8, 2018.

[14] A. Kulkarni, J. Terpenny, V. Prabhu, “Sensor Selection
Framework for Designing Fault Diagnostic System,”
Sensors, Vol. 21, No. 6470, pp. 1-17, 2021.

Sang—Seon Byun (¥ 4 4))

SAEN Ll E 8 1096 Department of Computer Science from
Korea University (B.S.)

2002  Department  of
System  Technology from Korea
University (M.S.)

2007 Department of Computer Science from
Korea University (Ph.D.)

Communications

2014~Department of Computer Engineering from Catholic
University of Pusan (Assoc. Prof.)

Career:

2007~2012 Research Scientist, NTNU (Norway)

2012~2013 Research Professor, GIST

2013~2014 Senior Researcher, DGMIF

Field of Interests: Cognitive Radio, UWB radar

Email: ssbyun@cup.ac.kr

M o18H M 45 20234 8¥ 201

[15] B. Peleg, P. Sudholter, “Introduction to the Theory of
Cooperative Games 2nd ed.,” Springer, 2007.

[16] E. Winter, “The Shapley Value,” Handbook of Game
Theory with Economic Applications, Vol. 3, pp.
2025-2054, 2002.

[17] C. “Network  Flow
Permutationally Concave Games,” Mathematical Social
Science, Vol. 58, No. 1, pp. 121-131, 2009.

[18] T. M. Cover, J. A. Thomas, “Elements of Information
Theory 2nd ed.,” Wiley-Interscience, 2006.

[19] J. Castro, D. Gomez, J. Tejada, “Polynomial calculation
of the Shapley Value Based on Sampling,” Computers
and Operations Research, Vol. 36, No. 5, pp. 1726-1730,
2009.

Trudeau, Problems and


https://dl.acm.org/doi/abs/10.1145/1102351.1102385
https://www.tandfonline.com/doi/full/10.1080/00207179.2018.1484171
https://jwcn-eurasipjournals.springeropen.com/articles/10.1186/s13638-018-1299-7
https://www.mdpi.com/1424-8220/21/19/6470
https://books.google.co.kr/books?hl=ko&lr=&id=9N8BJ6rwTcwC&oi=fnd&pg=PR5&dq=%5B1%5D+%E2%80%9CIntroduction+to+the+Theory+of+Cooperative+Games+2nd+ed&ots=j_1gJH3y2k&sig=B-HmOKCQ2WtAL7hHmUCnMZDR4fQ#v=onepage&q=%5B1%5D%20%E2%80%9CIntroduction%20to%20the%20Theory%20of%20Cooperative%20Games%202nd%20ed&f=false
https://www.sciencedirect.com/science/article/abs/pii/S1574000502030163
https://www.sciencedirect.com/science/article/abs/pii/S0165489609000043
https://www.sciencedirect.com/science/article/abs/pii/S0305054808000804



