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Propagation Map Interpolation Scheme for Identifying Received Signal Strength
Shading Areas in Spectrum Management System Based on Block Chain
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Abstract

To incorporate common frequency bands in wireless communication services without mutual interference, sharing of frequency usage
information is needed that requires security measures, and a method for predicting the local received field strength is required for
achieving reliable frequency coexistence levels. In this paper, a spectrum management system based on block chain is proposed for
securing frequency usage information, achieving reliable frequency coexistence, and creating a propagation map by employing kriging
interpolation for improving the accuracy of channel availability information required by users. Additionally, a support vector machine
based on machine learning is proposed for enhancing and automating the propagation map. Through simulation, performance analysis
was conducted by comparing the prediction accuracy of kriging interpolation and the propagation map resolution.
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Fig. 1. Cisco VNI Global IP traffic forecast.
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Fig. 9. Simulation environment for operating frequency
usage trading system.
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Accounts Overview

ACCOUNTS

Accounts are password protected keys that can hold Ether and Ethereum-based tokens. They can control contracts, but can't display
transactions.
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Fig. 11. Results before performing smart contract.

Accounts Overview

ACCOUNTS

Accounts are password protected keys that can hold Ether and Ethereum-based tokens. They can control contracts, but can't display
transactions.
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Fig. 12. Result after performing smart contract once.

FZo 38 dolHe & R3] 98] Extended

7

8 A 705 %M Extended HATA 29& A}-&3}

/\1 TH

HATA 29 AL o™, 18 132 LoRa ©H2
2]

o

ate) Wi Yepnran

13 139 7éFJr°ﬂfH & 7 %ol LoRa &'Ts o]-&3t
o] ZAg FAAAZLE ko] st Extended HATA
29 o83 FAMALE ol Watda fAHR AL
3ol 4= glth. o] & 53| Extended HATA 29S 7|4t
o2 9 149 7ol 712 2 AR o]} 1,200 mel ¥
7H Q1 Ay Teete] T L6007 Al 3 st
E2 dHolHE AstAtt

B0 Fe)7 u7h NS ol & A 44l

-1051 8 -@- Extended HATA Model
.\~ ~@- LoRa Empirical data
-110 4 “-.,
W,

5 \»,

T -115 B

2 ) g

3 N\

T —120 4 w8

7 LN

= e

-125 \"-\.:75\‘ .
o el
~130 1 e o
e
400 600 800 1000 1200 1400 1600 1800 2000

18 13. LoRa wge

Fig.

HATA =4 3}9)

distance [m]

H]j’_

FAAALE S8 extended

13. Comparison between the received signal strength

measurement of LoRa terminal and the extended

HATA model.

727



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 9, Sep. 2019.

40
7] .. [] - ] - -127.5
. a® = -
s N
| = o] -130.0
m I
EVR SR
o B aunm 1325
=25 e 0y = S
£ | m -135.0 2
g 20 s 5
s & = ~13752
215 H = " E, @
w
= © B8R AN BT
1043 o B, 5 g ©® .
[ ]
5 o - = -142.5
o
. q, o omy n"® n [ ] .
0 5 10 15 20 25 30 35 40

distance [m/3]
T2 14. Extended HATA Z2&4d RES o] &9
BE
Fig. 14. Input data using extended HATA model.

fkl

Z

7] S8 1,60074 ) E HlolE F FA9I= 1007] 9] &
& HolHS AR F 17 159 o] wig L ad S Al
Abstel & 24k #E AEsith
o2 19 159 o] ded & A a3 P fr
AHE Hﬂil %4 Rd3 ool tn, o] 5 9a) Range,
FHLE dislste] Wiz L

= g Fasor dh
A gl ©gk vt
A etet SVME o] &

25 4 .

Semivariance [h]

) 10 20 30 40
distance [m/3]

8 15, Wl ad S o] dste] &3 F B4t
Fig. 15. Semi-variance calculated using the variogram.

728

35 SVM Model L] .

s Empircal Data

~ N W
o wv (=]
L L L

Semivariance [h]
—
w
)

10 4

0 10 20 30 40
distance [m/3]

J8 16. SVM #lg] a3 EH(EE HolE 1007)
Fig. 16. SVM variogram model(100 sample data).

stHon, 17 16914 HoF= SVM B9 thv] 7
ALg e €] w2] 237 BdZ 2] 9] RMSE(root mean
square error)S AFLEF T, 4] (13)3F 7o) e 4= Qith

1 N

RMSE = WFE] 13)
o]7]14 N RMSE| AHE-H&= #8 F8 e, Zz+
QU oH, z& o5 vlo|HE Yehith

%, QEdolE e} o F volH | HAAFLILAE
EfH, 2 34 B9 2 45 Fd S o =
E ARG AEE g Y g 5404 & F 9
o] RMSE #tell 3135+ Sill, Nugget, Range 715 o] 43
of 1% 173} Zo] Mz ad RdS A 5, A7
HZF 7|0 AHEste] Ao A

J9 182 Wglead 2y ¥ 327 27 7| o]

E S5 weeaw 2d ¥ Ha RMSE #
Table 5. Minimum RMSE values for variogram model.

Model RMSE Sill Range Nugget
SVM 127 - - -
Exponential 1.28 35 28 0.3
Spherical 1.19 35 26 0.3
Gaussian 1.54 36 29 0.3
Linear 1.24 37 26 0.3
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Table 6. RMSE performance comparison by veriogram model
according to the number of sample data.

Sample | SVM | Exponential | Spherical | Gaussian | Linear
data | model model model model model
100 1.27 1.28 1.19 1.54 1.24
200 0.85 0.90 0.87 1.31 0.88
300 0.65 0.68 0.65 1.2 0.68
400 047 0.50 0.49 .11 0.53
500 0.40 0.41 0.4 1.05 0.44
600 0.36 0.35 0.36 0.98 0.38
700 0.33 0.30 031 0.90 0.33
800 0.29 0.27 0.28 0.84 0.29
900 0.26 0.25 0.26 0.78 0.27
1000 0.21 0.20 0.21 0.71 0.22
1100 0.17 0.16 0.16 0.62 0.17
1200 0.16 0.14 0.15 0.56 0.15
1300 0.15 0.10 0.11 0.46 0.12
1400 0.12 0.09 0.10 0.40 0.11
1500 0.09 0.03 0.03 0.24 0.04
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wl * Empircal Data

E 30 4
% 20 1

101
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Fig. 19. SVM variogram model(1,500 sample data).
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