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Self-adaptive Intelligent Wireless Propagation Model to Different Scenarios
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Abstract The wireless propagation model, which can accurately predict the path loss of radio waves, plays an important role in
the estimation of communication rate,coverage and interference. It plays a fundamental role in the design of communication sys-
tems in civil and military fields. With the advance in artificial intelligence, there appears a significant trend to develop intelligent
wireless propagation model that replaces the empirical formula with machine learning algorithms to fit the path loss. The intelli-
gent wireless propagation model effectively extends the applicability of the propagation model and reduces the error in predicting
path loss. However,because the optimal input features set of the intelligent wireless propagation model may be different in diffe-
rent propagation environments,it is important to optimally design and select the input features for different scenarios. Therefore,
this paper proposes a self-adaptive intelligent wireless propagation model(SAIWP). Firstly.inspired by the processing methods of
empirical model for features in different scenarios, the SAIWP model extends the input features set of the intelligent wireless
propagation model. And then,the SAIWP model uses the simulated annealing algorithm to self-adaptively select the optimal input
feature subset to reduce the error in the prediction of path loss. Finally,the SAIWP model exploits the optimal input feature sub-
set in the optimization process and all data set to train the intelligent wireless propagation model. Simulation results show that,in
the LTE networks and the smart campus,compared with traditional empirical models and intelligent wireless propagation models,
the SAIWP model predict accurately in various terrains and distances,and effectively reduces the error in the prediction of path
loss.

Keywords Deep learning, Wireless propagation model, Simulated annealing algorithm, Empirical model
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PSSR R L — 7 M S5 Bk R A A A o i A OME ST S
IR b R T A L R S s O LT SRR R

p=c (13)
Horb, TCR) g 25 1T 220 9 38

TEHEZZ M J5  SATWP BERDKE 3E AR K By BEXT IR B 5 40t
AT 5B - 8 S O AR AR

T(k)=A+ T(k—1) (14)
Horfr b S Y ETE AT 204 O v R, BE IR G B W R
I o Aot A, 3 57 s T 8K
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SEIR R R AY S 5T NG 235 S0 SR A 2ot B2 9 B S b 0 2 72 P iy
I A RRAE F4E .
4.4 EBEIIZ

AR SR fife 2o 2T A B R Ay AR AE 4 DL S AR A X
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LR FE5E B RJE 1% 2 M 45 (0 ] 78 3% X3
1738 B I X B AR AR A7 T .

JREELL AR A SO A SAIWP RN 1 R,
Bk 1 —F AR TR 3 5 R 58 0 4 AL 4 AR
1. WYt AL - BE WL IR AL AE 1 AL k=0 8080 42 BE ML & 43 B 5 1 Dy

Dy Ds KRS EL TCO) Sk s
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R e e, I HEATIH — fe b B
TEREITAG (A)
3. Ewe=0
4.  for i range(5):
5. B THHE ) i A BEHLY) IR L1 2 I 26 S50 ws

6. BT Do (B Dy LI Y A B 2 L B 3 (12) X 4 2 9 4%
fu C « )% Epoch K ;

7. T DR R A 4K £, (o D IIZALIR 2 Ef Ene < Eae +
Ei/5;

8. return E..

9. % T A DL S HERRITAN L3R (3) — (8) 4B E;
10. while k<Tkpax :
11. 76 A PREPLSE#E a, FF A BB HAES 5] A';

12. HF ARGV A IR () — (OB H E';
13.if E'<<E.
14.A=A",E=E;

15. else if e T® >rand[0,1):

16.A=A",E=E';

17.k=k+1,T(k)=x+ T(k—1);

18. B TR (9) — (A7) T4 B iy mc LR AE 0] 5 A BEMLA) b Ak 1 42 1)
HKSH w SRR HET 2B E D LR Q2D X ZE ML [, ()
W% Epoch K,

5 EWFE
ASCIE 5L Tensorflow 3 X $2 485 8 9F 47 05 B 43 M. AR
SCIT R A 2 4 1 R S 5 R 4 T A v ki 2 N 4% 2 8K

MR SCHR (10 8 8 3 )2 LAY 70 2 B i 52 i H 1E 5. 2
T AT

AN

2R LTE W 45 3048 44 72 A 57 v
T T 2k A% #4580 14 ) 25 S K , MAE , MSE , ME } STD
W BT A PR 8 AR . S 80 BE ML IR 22, AR SCXEAS )
J5 R 5 3T 38 X TIE i #E AT 5 E

R £5 A R A ST B T vk 14 T A L AR SCHE A AR 5 AR
YINZ S5 H %0 14t 2 00 28 43 S31) DA S A5 DX 358 PR 17 AN ] O B A
TN 2 5 T T AT B8 UE . [ B SR I B AR ST R O Bk 00 A R
PE AR SCK A ) 5 T I SRR R AR L TR L K
ANFEAR AL T7 25 1 1 3E B B T R AZ B BT AT XS L
5.1 SAIWP #RI{FH

5T SATWP BERLLE & 2 i 45 HCIX daf A2 BT 45 1Y
AR 25 DL R 2R 22 . AT LUE B, SATWP AR E A 34K 1
Z AR 22 (5. 436 dB) , I H H 3442 2% (0. 259 dB) £ 0dB 2
A B2 (4. 703 dBY/NF 9,3 2 [ Br L {F B¢ 2 (International
Telecommunication Union, ITU) (%K ,

TP E .31

B e

F 5 SAIWP R P g
Table 5 Performance of SATWP model
7EE MAE MSE ME STD
ik IR #E 5.436 52.493 0. 259 4.703
I %R = 4.308 33.312 0.150 3.772

SATWP #5874 X 38 o BT 44 9 3 0 i A RR1E 4R
N 6 FrF R REF FEM I Gl B UK 5 R, WFE 6 T
DLt SATW D 455 10 fil 8 A 20 b 0% 4 32 [X I8 00 45 0 30 8 A )37
FRAE 51 G 48 BCIX Bl 7 T 2 o W gk A T RIS X A i SATWP
HETY Gl 4% A7 A R 2 5 48 XA & R AE OK H-Suburban , |7
At SATWP #5881 1 57 4t ] 3 ZEAEAE Hh 5k U R TG 28 1% 5 455 4
B A AR S 100 A 2 4 i A S0 328 BURL UG R A, X R WA 5 %

F4 OHEBH
S o Sk 4T A6 T A L LA TR Gl M Bl
Teble t Hyperparameter I 3 S A A AR T B £ e
9
P - % % N NEERZ
o & S H R N BRERL
Epoch 5000
Wk B A MSE - 7\
BOE Relu E ¢ v“ AR A ey )
235 0.01 Ss|™
i AL 2 g
HoaE LA 150000 e o
4 Bl gL Y e o
Mg A %A 0.9 s Ay
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L N Epcoh
oA K B o 150
LR Y-F 3 B 5l 2 2ol 7
B A B A E LA 4 5 . ..
RaR#HEETAK 296 Fig.5 Training process of neural network
6 IR ARRE
Table 6 Features of model
A Iy hy, d, OK H-Urban log, (h) log o (hyy)) log,, (d,) log, (h)logy, (d )
EEHN X Y X X N N/ N X
o AE hey d Free Space  OK H-Suburban log, () log,, (k) log,, (d ;) log,, (h)log,,(d )
Z2EHAN X X N N/ X X X
BAE h, dy COST-231 OK H-Rural logy, (h,,) log,, (h,) log,, (d) log, (h)logy, (d)
EEHAN X Y NG X NG NG X X
HFAE ¢ h 0, 0y f Cei log;, ()?
EEHN X X NG N X N X —

it — 2 UG W] SATWP 455 700 7 0 4 B A O e 1 , AR S04
T SO B R S IR AR A R AR 25 B A A
W 6 FrR

NI 6 1] DA H AR A G0 43 T 3R 22 (AR /N, o

55.3% 1 WM {E % 2 75 — 5 dB #| 5dB Z [, i HAUH
1.6 % R TR 22 KT 25dB 8i/h T —25dB, X it B SAI-
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T X3 (160 AR B X (5) DA R i3 25 B 91X (11) B4 B 4y 1y ok
fie . 2t MAE(5. 516 dB. 4. 974 dB DL & 5. 482 dB) % /v, I H.
ME #3EF 0dB, B& 8GN STD, 2 1TU BEk, &
A RLTE BT (2) HUOB 1 ) T (8 5% 22 W R 7 oK L AL 5
fib M FE A HE IR 22 BT R hn, IF B ME(3. 064 dBYH T — &
P 25, 8 B2 5B R 0% X Sk i PN B T B B (S
0. 396 %) , i 532450 Y 3= AL G T DX 4 P L Ath b B3 (ot s
FER X IR 4 50, 1459, #1 4 X 4 7. 057 %, = % B I X Y
9.172%).
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Table 7 Performance on different scenarios
HH KD MAE MSE ME STD
2 6.143 96. 753 3.064 7.646
16 5.516 54. 841 0. 244 4,855
5 4,974 42.027 0. 337 4,069
11 5.482 53.132 0. 339 4.714

# 8 ALY A BE B A4 1 A

Table 8 Performance on different distances

¥ % /m MAE MSE ME STD
0~500 5.468 53.102 0. 245 4. 814
500~1000 4.614 32.950 0.335 3.590
1000~3000 5.213 46.998 0.215 4.487
3000~5000 5.527 65.532 0. 340 4. 888

RO BERITEA [ A A A BE

Table 9 Performance on different frequencies

% /MHz MAE MSE ME STD
2585 5.486 55.950 0.253 4.708
2624.6 5.279 48.220 0. 245 4.421

e 8 MK 9 BN T A AT A [ BE g LA KA [R) 43 %
TRYPERE . T LUE A BB AE R R BT 4 B B i
HE.JF HL5 3% 5 w48 R 1 BE i 25 A8 O, W6 2 I8 A9 52 B 7
Ko AR T—F 9, AT LA S5 IE  SAIWP BB R 8 35 ) T
A5 (LR HIE s LR 8 | AR A% 58 22 B i Rl LA
Fe off 58 PERERUIR AR O T T 80— 8 2 3 5t
5.2 BB¥EMm

E AR SO £ R HE TG 4 AR 1% B I 00 8 S 0K & T
SATWP A5 70 B4 T50I0 o 8 52 . A 755 6 X0 2 K0 id %2 ) i AT
S HT.

B0 R T 4R A% R A A rh 451 2 bR BN SATWP A5 2L 11 5%
Wi, AR 343 B MSE LA K MAE 33X WA # F 0 10 2% o6 5t A7
TS g R nZ 10 g, AE Al LUE B, PR 2R o
B ELAS AL A PR AR FER 22 DL & STD ¥ 8% . 3F H ME %3
T 0dB, i R Bk, (S0 & B, 1K iR g MSE
3G T JO LR A% R A R Y A,
F 10 BERTE AR [ 5 2 PR T Bk

Table 10 Performance of model on different loss functions

K B MAE MSE ME STD
MSE 5.436 52.493 0.259 4.703
MAE 5.486 54.712 0.291 4.916

11N 28 45 B 2 T S TR 2 T A B B2 e R AT
TR, R LUE I B T BN 64 36 =
256 1T (Y S 25 JRE 0 T I A, A 2 TR 0% 5% A T B Y 0045 B
T3 BARRIA R 22 B W . (EBE A R 40 i 256 HE &
512, AR P22 N 2% 1) 0L RE 0 A I B2 0, (B R 1Y 1k RE 20 7E
TR 2 PR S I 46 5 R A 0L BE T ) 4 B LS T
SR T e TR S B I B B iz Ak RE .
2 2 TEANECN 256 I, 0 2 B 45 3 B9 L5 BB T L LI R
BB T 22 A A5

11 BRI AR E 2T ROT B e

Table 11  Performance of model on different number of neuron

W% TTA K MAE MSE ME STD
64 5.592 54,935 0.319 4.772
128 5. 504 53.908 0.254 4.771
256 5.436 52.493 0.259 4.703
512 5. 464 53.128 0.263 4.737

F 12 HI T %) AR X SAIWP #8 f 5 m, W&
F 12 TH R 2 3 3R T 1) SATWP #5570 P ik B A 3 K 2%
S, M p=0.1 8 =1 I, SATWP £ I ¥ G & 25 (MAE 43 3
h5.830dB Ml 7. 164 dB) , R & 5K By 22 2] R T 8 &
W 2% TG B W 80, I\ 1T S B SATWP #5809l A 4, 4 p=
0. 001 I, SATWP & 2 ¥: {38 [7] 4% 22 (MAE 2 5. 762 dB) , It
A 0 LR A < /0N ) 2 = % 5 B0 2 T 45 1 I o AR W S
B8 A 4 M4 TCIEAE Epoch B EE SR B AL S $ w,
o WS B R AL AR C Bk . Ik B=0.01 REALGRT
) — A~ 18 I 2 3] S

12 BEIRTER R 5 3T R P

Table 12 Performance of model on different learning rates

FIAE MAE MSE ME STD
0.001 5.762 55.509 0.581 4.737
0.01 5.436 52.493 0.259 4.703

0.1 5.830 56.023 0. 342 4.750
1 7.164 85.030 0.616 5. 805

5.3 JHik3tEt

AR OB B 3 SATWP #5715 BLAT 1 AN 5] 45 700 Bk 47 %) 1L .
R TN ST DA B T 4 T M R R R [ B 0R MR BE L BR T AR Sh 4R L
B LTE W28 84l AT WA [6) e AE SClR[23 ]9 2 FF I A%
Pl & s B b R AT 960

B 7 45 H T A S SATWP A5 A1 5 31 1Y A ] JG 26 14 7% 45
RUZER RO 4 B LB gl SR, b 48 I 2% S 45 ) St L 40
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Fig. 7 Performance of different models on different data sets
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Table 13 Performance of different models

# A MAE MSE ME STD
SAIWP 3.812 28. 194 0.213 3.253
2 W 4 4.353 34,223 0.249 3.767

X F &AL 4.891 40. 836 0.307 4.173
2 0 M A 5.616 50. 551 0.532 4.672
& ME A 5.965 55. 657 0.613 5.436
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Fig. 8 Performance of different input features
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Fig. 9 Performance of different optimization methods
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