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Deep Learning-Based Simulator for Radio Propagation Environment Prediction

Using Measurement Data
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Abstract

This study proposed a deep learning-based simulator for radio propagation environment prediction. The simulator enabled the training
of a deep neural network (DNN) model using the measured path loss values as labels. Input features were extracted from a digital
elevation model and land cover map to train the DNN model, and approximately 6.4 million received signal strength measurements
collected across diverse geographic regions were used. The trained DNN model could be used to predict and analyze the radio
propagation environment within the simulator. The DNN model outperformed the International Telecommunication Union
radiocommunications model (ITU-R P.525+P.526) in predicting radio propagation, even in previously unseen environments.
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Table 1. Measurement environments by region.

Region Tx coordinates Tx antenna Season
BN (atitude, longitude) | height (m) caso
ksan | (359101, 127.0757) | 30 | SPring/Summer/
Winter
Nomsan | (36.1502, 127.1034) | 19 | Spring/Summer
Winter
Paju | (377587, 126.7879) 7 | Spring/Summer
Winter
Spring/Summer/
Hongseong | (36.5414, 126.4718) 22 Winter
Taean | (367756, 126.1374) | 12 | Spring/Summer/
Winter
Seocheon | (36,1724 1265267) | o3 | Spring/Summer
Winter
Jeongeup | (35.6908, 126.8831) 12 Autumn

R Aol BAISIL O], TkZHE 1~15 km Dol A
2 ol A ol 5al] £AAY(P,)S SHedT AR &
APL)E 239 pol Sdal 4 ()3 2ol AvEn

PL=P+G+G.+ Gy —L—P, 1

—~
~

olif P& $4 £¥(dBm), G, 4 gHY o5
(dBi), G, FA1 Y ©]5(dBi), Gyt LNA ©|5
(dB), L 32 £4(dB)olth & w=iellA AHEE FES
P,=36 dBm, G, 2 G.=0 dBi(040 GHz), 2 dBi(1.40, 2.25
GHz), Gy, =40 dB(0.40, 1.40, 2.25 GHz), L=4.6] dB(0.40
GHz), 9.19 dB(1.40 GHz), 13.13 dB(2.25 GHz)o|t}.

¥ 2= DNN 249 8 AAE BoFth g5s
3 Ak =4, 3, A, B A A oA 24
PL%K6,391,62471)0] & 1€i AHEE QI 98 EAHE
< dlo]E A 2](data preprocessing) A F5& =,
29 sEHE oa 2ol

o Aut 3}2}u]E(general parameter): [log(f/0.40),
log(d), log(h,/26.69), log(h,/4), |h,—h,l,

97,‘5 97”]
o A 3}2}v]E|(path profile parameter):
[V17 Voy =0y Vlo]

24 dolHE 28 Held 71 Agt 7 o5 AlEdolH

| Hyperparameter
| tuning

Model
evaluation
!

————————————————————— =< Optimal? ">

Yes !

Output
J2 2. DNN 24 8 #x}
Fig. 2. Training procedure of DNN model.
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Table 2. Computing resource used to train the DNN model.

Parameter Configuration
CPU Intel Core i7-9700F
GPU NVIDIA Geforce RTX 2060
RAM 32 GB DDR4
Language Python 3.8.6
Deep learning framework TensorFlow 2.8.0

# 3. 243% DNN 2d 9] 3jo|uveinH
Table 3. Hyperparameters of optimized DNN model.

Parameter Value
Batch size 256
Activation function ReLU
Number of hidden layers 3
Number of nodes {512, 256, 128}
Optimizer RMSProp
Learning rate 0.00027

H 4. ITUR 29 2 DNN 292 RMSE
Table 4. RMSE of ITU-R and DNN models.

Frequency szf;; SOf ITUR P.525+P.526 | DNN

040 GHz | 111,956 1021 dB 627 dB
140 GHz | 68,042 1721 dB 558 dB
225 GHz | 60273 1672 dB 571 dB
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