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Abstract
The radio wave propagation characteristics mainly depend on the distance between the tran-
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sceiver devices. However, when the radio wave propagation environment is complex, the predic-
tion error of the log-distance path loss model becomes large. In order to solve this issue, an im-
proved indoor radio wave propagation model determined jointly by the propagation distance and
azimuth angle is proposed, and the effectiveness of the model is simulated and verified by taking
the local area on the fourth floor of the School of Information Science & Engineering, Yunnan Uni-
versity as an example. Results show that the proposed model can accurately predict radio wave
propagation characteristics in areas satisfying the specific propagation distances and azimuth an-
gles, and can infer the number of building walls between the predicted area and the transmitting
device through the value of the parameter n. In scenario 1, the maximum root mean square error
of the log-distance path loss model is 12 dB, and the proposed model is only 2 dB; in scenario 2, the
maximum root mean square error of the log-distance path loss model is 25 dB, and the proposed
model is only 5 dB. The similar conclusions obtained in different scenarios show that the proposed
model is universal, and the small prediction error shows that it has potential application value.
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Figure 1. Research scenario planning map
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Figure 3. Simulation area planning map
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Figure 4. Regional division map. (a) TX1 scene; (b) TX2 scene
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Figure 5. Relationship between euclidean distance and path loss of RX in each region. (a) TX1 scene; (b) TX2 scene
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Figure 6. The results of the data fit for all regions
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Figure 7. The fitting curves of each area in the case of TX1
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Table 2. Radio wave propagation model of each region in the case of TX1
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PL(d,p)=PL,(d,,0)+10xn(p)xlog(d/d,)+ X (d,p)
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Continued
Pl PL=PL,+10x1.5318xlog(d/d,)—0.0447,d =0~9,p=176.2~185.6;354.9~ 3.4
P2 PL=PL, +10x2.7564 xlog(d/d,)-0.0621,d =1~11,0 = 6.8 ~176.2;191 ~ 349.7
P3 PL=PL,+10x3.6718xlog(d/d,)—0.0193,d =7~12,p=3.4~49.7;313~353.2
P4 PL=PL,+10x4.4951xlog(d/d,)—0.0154,d =10 ~12,¢0=324.8 ~354.9
P5.1 PL=PL, +10x4.2886x log(d/d,)—0.0559,d =12~13,p=3.4~25.9
P52 PL=PL,+10x5.1372xlog(d/d, )—0.0189,d =12 ~13,p=332.1~354.9
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Figure 8. The simulated path loss diagram and the model predicted path loss diagram. (a) The simulated path loss diagram;
(b) Model predicted path loss diagram
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Table 3. Radio wave propagation model of each region in the case of TX2
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PL(d,p)=PL,(d,,0)+10xn(p)xlog(d/d,)+ X (d,p)
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P2 PL=PL,+10x2.7612xlog(d/d,)—0.0043,d =5~11,¢ =180 ~ 360
P3 PL=PL,+10x3.6024 x log(d/d,)—0.0392,d =7 ~18,¢ = 202.4 ~ 360
P4 PL=PL,+10x3.9820xlog(d/d,)-0.0002,d =11~18,¢=210.5 ~ 240.9;299.6 ~ 345
P5 PL=PL,+10x4.7539xlog(d/d,)—0.0323,d =15~18,9 =317.7 ~335.5
P6 PL=PL,+10x5.2599xlog(d/d,)—0.0038,d =18 ~ 20, =323.9~339.3
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Figure 10. RMSE of each model in the case of TX2
B 10. TX2 15 T &R EH) RMSE

FEIE 10 R, 29 1~5 m BAEIRTERIA, TE2r XY ¥ RMSE {8 BERE 25 08 R L1 R ds, mAEe
5~6.5m MIVEE A, A —ER N, 6.5m )5, XEBZEHHEIESE . HIRFNZLE 1~5m N, RX 5
WX PL A, FrUATINE 5 B SREMZIRR, TRT 5 m fERIEE T, RX 240 T2 X
W, BOLTRINME S K SHE R RMSE BR RO/ . (H 7 XILA BT 5 AR SR RUAR L, TIUIIAR 4R 2 OR 4

DOI: 10.12677/csa.2023.136119 1225 MR 5 R


https://doi.org/10.12677/csa.2023.136119

FEAD BN RMSE 2, R W] T 73 X R F0I0 S J5E B v

HE AT L, AR SCHR A2 00 DXEAR I JE 26 F AR AR A B2 BT m iz AL R . A EL T e R A%
FEREE B A O AR R, 1205 VA9 B ) A% FE AR TR 16 B0 37 I Mt SR A = P 5 R 5 ) 15 T 2 R A R R
HISRIR o 5 SCHR[ 1914538 At e 4 S A B A PR P 2 20 TR T 3 9 TR L AR R R VE I VR LG, AR
SCHR R TT I B R SRS, dE RO TR

5. G5RIB

ASCHRW T — A S XL AR AR IR B SR R BORM B AR BRI R T ik R N =
ANDYR, T LT BT Altair WinProp HEAT LU A% 3 07 FLORIRAT 07 LA LU0 52 17 B IX 3
W& RX 2 TX Z [ EGRHE, HT BRI RS, foafe Lkt b, BEE RX 5 TX Z
BRI JTALA s ARV R SE D 2, X S A DLEAT XS Jl 70, 19 310 52 PR A3 JSE R A% 6 Vi B PR A 1) i
(EXIEEE it

SIS S5 RRI], A BT R GO e A% 1 B B M A R B AR AR Y, 20 IR R R BRI A 1Y
HARBAE TN S vk HE, RMSE S/, BRGNS HETIIN 2 2808 T B L AL 3k ke itk S PP B o
IR FTHE A% AR A Y RELE WF 7C X I = A8 N SEBLRL R M B AR, (B = N TE R, & XA
FEMRRAEOUE 2, WX 7 MA@ R e 2, — € IS TR DRI, dnf] 25 AL AE 5 ) R A B2 1 1Y
oD, IR DR BORERY, SN BE g R AR 5 PN T A HL R A A P ) LI A R 4 S gt — 2D e R 1Y
WETEAZR .

E&WE

R R FHA I 42(61963037, 62261059, 61863035).

SE

[1] Chen, Y. and Ma, C. (2020) Overview of D2D Communication Technology under 5G Cellular Network Coverage.
2020 IEEE 6th International Conference on Computer and Communications (ICCC), Chengdu, 11-14 December 2020,
1297-1301. https://doi.org/10.1109/ICCC51575.2020.9344968

[2] Goldsmith, A. (2005) Wireless Communications. Cambridge University Press, Cambridge.
https://doi.org/10.1017/CB0O9780511841224

[3] Tranquillini, S., Daniel, F., et al. (2012) Process-Based Design and Integration of Wireless Sensor Network Applica-
tions. Business Process Management: 10th International Conference, BPM 2012, Tallinn, 3-6 September 2012, 134-149.
https://doi.org/10.1007/978-3-642-32885-5_10

[4] Ansari, Y., Tiyal, N., Feo-Flushing, E. and Razak, S. (2021) Prediction of Indoor Wireless Coverage from 3D Floor
Plans Using Deep Convolutional Neural Networks. JEEE 46th Conference on Local Computer Networks (LCN), Ed-
monton, 4-7 October 2021, 435-438. https://doi.org/10.1109/LCN52139.2021.9525019

[S] Wang, W., Marelli, D. and Fu, M. (2019) A Statistical CSI Model for Indoor Positioning Using Fingerprinting. 2019
Chinese Control Conference (CCC), Guangzhou, 27-30 July 2019, 3630-3633.
https://doi.org/10.23919/ChiCC.2019.8865763

[6] Pakravan, S. and Hodtani, G.A. (2020) Semi-Deterministic Broadcast Channel with Side Information: A Secrecy Ca-
pacity Outer Bound. 2020 10th International Conference on Computer and Knowledge Engineering (ICCKE), Mash-
had, 29-30 October 2020, 245-249. https://doi.org/10.1109/ICCKES50421.2020.9303628

(7] #A#, fadE, S B2 P i B SR T 7T )], PRk SR, 2022, 38(4): 95-100.
https://doi.org/10.14183/j.cnki.1005-6122.202204019

[8] Wang, Y.-X., Liu, Z.-Y. and Guo, L.-X. (2021) Research on MIMO Channel Capacity in Complex Indoor Environ-

ment Based on Deterministic Channel Model. 2021 IEEE/CIC International Conference on Communications in China
(ICCC Workshops), Xiamen, 28-30 July 2021, 405-409. https://doi.org/10.1109/ICCCWorkshops52231.2021.9538881

[91 Wu, Z.-Y., Ismail, M., Kong, J., Serpedin, E. and Wang, J. (2020) Channel Characterization and Realization of Mobile

DOI: 10.12677/csa.2023.136119 1226 MR 5 R


https://doi.org/10.12677/csa.2023.136119
https://doi.org/10.1109/ICCC51575.2020.9344968
https://doi.org/10.1017/CBO9780511841224
https://doi.org/10.1007/978-3-642-32885-5_10
https://doi.org/10.1109/LCN52139.2021.9525019
https://doi.org/10.23919/ChiCC.2019.8865763
https://doi.org/10.1109/ICCKE50421.2020.9303628
https://doi.org/10.14183/j.cnki.1005-6122.202204019
https://doi.org/10.1109/ICCCWorkshops52231.2021.9538881

[10]

[11]

[12]
[13]

(14]

[17]

[18]

[19]

Optical Wireless Communications. /EEE Transactions on Communications, 68, 6426-6439.
https://doi.org/10.1109/TCOMM.2020.3009256

Hou, M., Qiu, S. and Xu, Y. (2008) Indoor Channel Modeling for Zigbee Wireless Communication System. 2008 4z
International Conference on Wireless Communications, Networking and Mobile Computing, Dalian, 12-17 October
2008, 1-3. https://doi.org/10.1109/WiCom.2008.517

Andersen, J.B., Rappaport, T.S. and Yoshida, S. (1995) Propagation Measurements and Models for Wireless Commu-
nications Channels. [EEE Communications Magazine, 33, 42-49. https://doi.org/10.1109/35.339880

REE, e, MYFE. BLEERRIIRLHAN]. LR, 2015(16): 26-27.
Pometcu, L. and D’Errico, R. (2019) An Indoor Channel Model for High Data-Rate Communications in D-Band. /EEE
Access, 8, 9420-9433. https://doi.org/10.1109/ACCESS.2019.2960614

Shafi, M., et al. (2018) Microwave vs. Millimeter-Wave Propagation Channels: Key Differences and Impact on 5G
Cellular Systems. [EEE Communications Magazine, 56, 14-20. https://doi.org/10.1109/MCOM.2018.1800255

De Piante, M., Tonello, A.M., Schiozzi, M., et al. (2020) Indoor Path Loss Statistical Characterization and Modeling
for the Broad VHF-UHF Band. IEEE Antennas and Wireless Propagation Letters, 19, 2315-2319.
https://doi.org/10.1109/LAWP.2020.3031038

Degli-Esposti, V. (2014) Ray Tracing Propagation Modelling: Future Prospects. The 8th European Conference on An-
tennas and Propagation (EuCAP 2014), Hague, 6-11 April 2014, 2232.

https://doi.org/10.1109/EuCAP.2014.6902256

REVE, BN, W5, A JFATOTERRER SRR S LA A I A R 0], FRH 544, 2004(5): 581-585.
https://doi.org/10.13443/j.cjors.2004.05.015

Jang, K.J., Park, S., Kim, J., et al. (2022) Path Loss Model Based on Machine Learning Using Multi-Dimensional
Gaussian Process Regression. IEEE Access, 10, 115061-115073. https://doi.org/10.1109/ACCESS.2022.3217912

Raj, N., Teja, D. and Vineeth, B.S. (2020) Pano2RSSI: Generation of RSSI Maps for a Room Environment from a Sin-
gle Panoramic Image. 2020 /EEE International Conference on Advanced Networks and Telecommunications Systems
(ANTS), New Delhi, 14-17 December 2020, 1-6. https://doi.org/10.1109/ANTS50601.2020.9342750

DOI: 10.12677/csa.2023.136119 1227 MR 5 R


https://doi.org/10.12677/csa.2023.136119
https://doi.org/10.1109/TCOMM.2020.3009256
https://doi.org/10.1109/WiCom.2008.517
https://doi.org/10.1109/35.339880
https://doi.org/10.1109/ACCESS.2019.2960614
https://doi.org/10.1109/MCOM.2018.1800255
https://doi.org/10.1109/LAWP.2020.3031038
https://doi.org/10.1109/EuCAP.2014.6902256
https://doi.org/10.13443/j.cjors.2004.05.015
https://doi.org/10.1109/ACCESS.2022.3217912
https://doi.org/10.1109/ANTS50601.2020.9342750

	一种改进的室内无线电波传播模型
	摘  要
	关键词
	An Improved Indoor Radio Wave Propagation Model
	Abstract
	Keywords
	1. 引言
	2. 研究场景和传播模型
	2.1. 研究场景
	2.2. 传播模型

	3. 仿真模型和数据集
	4. 结果与讨论
	5. 结束语
	基金项目
	参考文献

