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Fig. 1. Structure of the neural network model combined
with PCA.
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Fig. 2. Flowchart of the GA-BP model development process.
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Fig. 5. Comparison of the results of 11th order polynomial
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Fig. 6. Comparison of the signals of the proposed model and simulation: (a) Test sample #1; (b) test sample #2.

# 3 CPU a5 t:RE

Table 3. CPU time and computer performance.

AR

FDTD#AMAT A

CSTh EAx 4

CPUHRA] £J2 min 11 s

#123 h 225 h

A4 Intel i5-4430 3.00 GHz 16 GB(£3HL)  E5-2690v3 2.60 GHz 128 GB(IR557#%) E5-2690v3 2.60 GHz 128GB(fIlk55#%)

ey L 5 45 5N,

FIF CLEAN S35 8 AR A 1 42 005
SEATAC IR, PEEUEE v N, DA B EE
R IR 15 dB 24280 H LLSF I SEIX =
MEIESE. A T B S AR RS EE ) P
)4 %R 2% B 4 b (mean absolute percentage
rrror, MAPE) K378 Al AR RIS 2] 932255
FEHEE S S 0BG S IR F E S8 ]
w2, HatE AT

Of, — Ok,

MAPE = 1 i

n
k=1

o, o T 6p 23 BN XF T4 kAR AR
LG FURASASE R R A A 25 5 n A TIHRE A B

R AR AR B = MEIE S8, SR
U5 BB $2 B = A S50 R R 2= # N T
10% (h 38 AH B WA, 2.74%; 15 dB Z 2% H
6.25%; FHIHAE, 9.01%), HLAF T8 wisomi 7 06 i 1)
RZEEAN 2.74%, F R ALY e G2 R AR 75
FIESEL. 2% 3 SR AR 54 R BLARE R
P55 rRERT ) K o AT LR RE X Ee. 7T DL
AR RAR B S, Atk K B ], B
XFTHEHLPERE YR FEAL, ATTFEAR TR TR 5
HSE A

B, BATHX 36 MNZREA, 435% BP #

x 100%,  (14)

Ok

LM FN (ANEA AT GA-BP #4453
T4, JERFRER 8 ANIAEA HEA T, A
SRR TR (538w i R4 75 Ee, 25580
Bl 7 FR. ATLAREE, 75 JA 36 DI 4%
R, BP M4 LA & GA-BP #4248 I %A
HRE R, SEONREEA R 22 580K. B4R,
FEVNGRREARBCE AR TS T , ARRIRE IR B 5 4T
PR

XFF S H 2 AR, LU A =
WFE R P20 fE 2R FH AR T, H TR (FiHE

9
—— FDTDf{H
AT L
-~ - BPHEMLEL
a THEG A-BP LR

Bnh e R /1071 V

&

SIS

B 7 SRS RIS BUAS 3 /4 17 T oo 5 o7 068 {0 %o L
Fig. 7. Comparison of different modeling methods for the

channel impulse response peaks.
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Prediction of time reversal channel with neural network
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Abstract

Because of the strong non-linear fitting capability, the artificial neural network (ANN) can be used to
establish the mapping relationship between the terminal position and the received signal for obtaining the
channel characteristics at different locations. The accuracy of an ANN model is, in general, determined by the
number of the training sets used in constructing the model. The more the training sets, the better the accuracy
is. However, getting a large number of training sets by deterministic model is expensive. Therefore, under the
same number of training sets, improving the accuracy of the model is crucial to develop an effective time
reversal (TR) modeling method based on ANN. In this paper, a new TR channel modeling method based on the
back propagation neural network is proposed. Genetic algorithm (GA) with excellent global search capability is
used to optimize the weight and threshold of the ANN to avoid the possibility of the ANN falling into local
minimum. According to the basic principle of time reversal, the peak characteristics are obtained by the fitting
method. In order to improve the accuracy of the model, the peak value characteristics are integrated into the
GA as empirical knowledge to change the fitness function. Meanwhile, the principal component analysis
technology is utilized to process data, which reduces the data dimension and the training time of ANN while
data characteristics are ensured. Once the terminal antenna positions are input to the proposed model, the
accurate TR received signals can be quickly obtained. Finally, the deconvolution operation of the received signal
is performed by the clean algorithm to obtain the channel characteristics. A simple indoor TR scenario is used
as an example to demonstrate the effectiveness of the proposed method. The results show that the three channel
characteristics obtained by the model, i.e., channel impulse response peak value, 15 dB multipath number, and
average delay, have high accuracy. Furthermore, the proposed model has more excellent performance than the
other two ANN models under the condition of the same number of training samples. Based on the basic
principle of TR technology, the electromagnetic waves have better focusing effect in more complex
environments. Therefore, the proposed method is also applicable to more complicated environments than the

simple indoor scenario.

Keywords: time reversal, channel modeling, artificial neural network, empirical knowledge

PACS: 05.45.Vx, 41.20.Jb, 02.10.Xm DOI: 10.7498/aps.68.20190327

* Project supported by the National Natural Science Foundation of China (Grant No. 61331007).

1 Corresponding author. E-mail: xsyang@uestc.edu.cn

170503-8


http://dx.doi.org/10.7498/aps.68.20190327
mailto:xsyang@uestc.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

