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Channel identification and compensation of OFDM system
based on artificial neural network

Xu Guiju Qian Ya'nan Dai Hongying
(College of Electronic Information. Chongqing Institute of Engineering.,Chongqing 400056, China)

Abstract: Aiming at the problem that the pilot aided channel estimation of OFDM system in fast fading environment is
greatly affected by channel state fluctuation, a channel identification and compensation method for OFDM system based
on artificial neural network is proposed. Firstly, the traditional decision feedback channel estimation method is
analyzed, and its problems in fast fading environment are explained. Secondly, the decision feedback channel estimation
is used to obtain part of the channel state information at constant intervals, so that only a small amount of estimated
channel state information is used to train the artificial neural network. Then, Levenberg-Marquardt algorithm is used
for neural network training. Finally, after the training of the artificial neural network, all data symbol indexes are
serially input to the artificial neural network, so as to interpolate the whole transition of the channel state information,
thus effectively compensating the channel variation. The test results of OFDM communication system in fast fading
environment show that, compared with traditional estimation methods, this method has better BER performance in
high mobility environment with Doppler frequency of 700 Hz, and can eliminate error {lat layer, and the BER is below
107"

Keywords: OFDM ;rapid fading;nonlinear prediction;artificial neural network;channel estimation

5l

il

S R R ] S S A R G R T

S AERFERRE. fTNEERSFEAERKEE LS

AT JE AL, H R G 2R IE 22 4 4 B A (orthogonal
frequency division multiplexing, OFDM) & 4 i 15 & £ 31
FEE R H W2 S 8 BB 15 3 4 3T (pilot-aided channel
estimation, PCE) , H & %1 i Il 25 £7F 5 9 8 A 5038 (2 1 2k
WO, AT R SRR BT ol T 1230000 45 B B e

g% H 31 :2021-03-16
*» HA&TH . &R HER - H AT R H (2020CQZX062) ¥EB)

« 120 -

T AR AR, Acar 455 HR i 3 A 0 SR A KB
FR S AT 5 of HE AR Y TR (R I R TS AR B DU T B B0 1
. BRSBTS AR TR AL, R T £
FACR I HB RN T B A BT R BE R . IO T K
L ] 5, Hossain 451 32 T — Pl 854 4l Bl i 40 D S 5%



HRH . A TAIANZM%H OFDM # %4218 #2475 Mg

% 8 3

R TE A TE s 5 20 1 AE Bl 38 20 v R T 98 1R 89 45 5 A
G FHESHEERSER SRABIZRE SR A4, JF
F & #1150 A R 5 0T 2 1) 09 22 0, 5 iR 2240 R 4b
G TEAR L . SR, IR 7 B 55 K 0 19 T R ) A7 5ok 1R
BIET R E RS E B, Bk, & AR #FETEERE
5 BAL VA, B4R T LUAG 20038 4 A% B 300 19 R AR, (BER G
# (bit error rate, BER) HEBEHI A 15 2R R B .

o 1B AR RS AT B R AL T o w0 AR SCAR
T —F AT B2 W 2% (artificial neural network, ANN) 75
B BTSSR AR AT S N T AN T Bl ) A e 5
AT XTI 4s AT U . R 4 12 AL R D
BE X5 AR B AR 75 4% o 12 HEAT 4 A, DA T %ot 45 3B A
AHEAT # B2, B A, R A B 3 W 4 B2 1T B B (field
programmable gate array, FPGAYIEHE TR EHERE F Y
OFDM 315 748 . % 48 5 ik i e S 847 1 AR L
S8 SRR LS 07 v 17 BER PEREST I, WA MR
S RIUE T BT 7 R AT AT .

1 FRERBEEGT

5 AR TE B A5 0 1Y Sk 38 3% A SISO-OFDM 4% i
YT, AR EEAIT AR ESENSES
PSS RTINS MR B R A WS S R,

BH G B X i) 47 BIZORE kAT UK/ 21 8
ZJE WS B R B AS fF RANEE - DRI OT.
ZHET Yo (kai) PR

Yo, (kai) =H (DX (ki) %)
i M ITAA RIS IE AR AH (R Li) W DUE 30T 4y
NITHEER .

SH (ki) = D)

Y. (ki)
A Yk, BRFHBIRNSS . £ MFSAREE

(2

M ERAE A H (k) B T4,

H(k,i) = AH (ki) «H (k) (3
ELhr b EERSEAESETOE T BRI TR EN
MAEE TN, X B a5 AR SO AT B R PRAT e e gk R T

HGyvi— Dy H G 1 H kai + 1) SAPEA L BT
¥IE.

) DVH o)

H(k,i) = f )

ATREFERSESWERER SR, Mk 5E
WA s M-S EE — R ERAF RN .

H i, g Al e U AT TS « MR T
MR H o (kei) H:

H &), 1<i<s
+1<

H,. (ki) =< Hess + 1, sH1<i<2s

HGp+D, p+1<i<N,
XL pRARARRBF BT P FRAGERSFEEWN
BH; Ny RRBIEMFS .

B IITE AT .

[@:[¥—1w (6
A o BARARMGS, BIA/NTFHS NEFE N HR/NER
BH,

SR+ 24t B PG BRI b 348 77 12k A B R i B4 1
ARG S . Fk 0 FHREEHSE PR OFDM R4, 0
FLRAEPEGR IR T IR S5 A7 28 A T 07 s (9 R 1 Ak
REBCA 15 2 AH R R

2 RHMEBEEMGITAZ

ANN BA g @i oing , 7T T4 e uli
JIZ R R ARV 22 R B A S R H G, PR T vk
SR ANN HEA7T(5 38 B PR b2, R A 0 e S 4345 3 Al 3
VUE 52 A Re 2R3 3R (R R AR B . A B ANN B3z fL e
T AUT D A T4 TE RS AT B R YNGR ANN, g 7] DLSE
PR B R 5 RS AR B R 0 i R

TET BN £ B, BT AE B AL 1T F0 ANN 544 i iz
EIanE 1 s,

WE PR, L MQ, (k= 1,2, . K )& i i T15
ERBFEME £ A TR LZIMER. Hh, e TR
4R ] ==

YN ANN e 8% [0 )5 53-8 (A, 5% % ANN jii A
TREENPERTIMG . 22000002 W 42 0 2 M4
MR —., BRH T RN EERTZELSRNE 2
IR .

£ ANN NG ZET, B s MRS - EBERE
ER: 8 1 M5 HEs B EY JE (active constellation
extension, ACE) " Al 1114 , 81 F 19 A 2 e S B84 344 31
AT DA 215 B IB MW Y, [1,s + 1,005 8s + 113K A
WREA

AR Levenberg-Marquardt 55 35 47 ¥ 22 9 2% 31
Yr, R YTE ARV AR BRI 0T T B I SR
B 2 U G5 b S /N 5 A 22 R 4% (i i TT 3R JL B AN BRUED
MR i . KB VR 2T Rl T B A A vk
AR, YRR B 4R /MBI 8 -2 0k T AR
2 YR 3% A & BX, 1 Levenberg-Marquardt 2. & 0] 4b 2H
AR 332 K] D Y M i A B A AR AR A BRI AT O
FSAF e Bl T ek, FL R AR W Sek(11],

- 121 -



044 B woF o

(1541, fs+1]

—_——— o — —

L:ANNIZR

H1EE f

2: [ 3447

Bl 1 PR AT ANN S5t Bz

@ sxn
O nmns

2RAMNGE |
BKIANN

T

s+l
: LR

B2 BT R A B R S AP TR

2e3d ANN IS5, Br A ol 75 5 % 51 #0038 47
AF| ANN, [, AT DU A5 R 2S5 BB IR R 17
RAE  FFH X 2805 B TR A2, R Tr AT .

H,, = [h,.(Dh, (2, h, (ND] N
KA b GG = 1,2, N FRBETTH « MEERSH
B T 4 4 5 AR SR BAG T .

3 XRERSHM

3.1 BREIWEE

A FPGA ## THREEF 5 T 1 OFDM i {5 &
g5, LAE X T 48 7 3k b AT B i, FPGA #L 5
Cyclone £%1 EP2C8Q208C4 , %% 14 £ 55 52 4y e an 1l 3
~. OFDM{g RA&SHWNER 1 PR,

19, N, BRFHEHFESMEE., AR Jakes
R0 o 25 B AR T L H b 16 A SRR BE M By
S)p At K £ AR R R 700 Hz, A — 1k
2.8%107°,

3.2 R

e FPGA 2 45 5L T B2 B A/D A5 S o 3 47 50

k. EZEMHA Altera A 6 #9 Quartus 11 R AF 3472 8 7

- 122 -

K3 #HSELYE

#7 . FPGA SEBUB I 88 )5 - #E ik OFDM i@ {5 & 4 2 B 4 14
T MR T A ST IR O R R AE S B, IR SR G e R s
M AT T XA . ' NOM, RN, AR
78 ANN I 25 5 B i BE R ANN I 25 69 B /e BE B & 0
ANN 22t H .

1 E,/N, =25 dB B4 T, A 35 DL [ el BR s 284k
B R 5 1 BER ST EC AN 4 B,

fE E,/N, =25 dB B & FF & RE % N, A5 faTt
i 7 By BER SFHCINE 5 Bk .



HFEH FATAIAZRNLEY OFDM 2 438 iR 5 402

X1 OFDMEEZLSH

B E
1% i 3 OFDM
H A 9 QPSK
IFFT R/, R 64
PR 8] FR 16
SRS R/ BRT SRR N,/N, =2/20
B 3 15 B A % 1 dB 3L
RRZE PR 700 Hz
1% fi i 58 20 MHz
T 1) 24 4 R
G R (RE 2 Logistic sigmoid
MR R Linear
23 Bk Levenberg-Marquardt % [a{5 4%

B S PR E E A
107 e ek (N =10.M =107, N =1}

R

m
m 104

107 5 10 15 20
3 R ) [RIR /s

Bl 4 B3E 6 E AR s 284k et B R O i5 1 BER
(E,/N, =25 dB)

—o— AICHIEWN,) (s=12,M,~107 N =1}

101
~a R, (=12,V, =10, =107}
& -4 |
410
109 5 10 15 20

BRI HIHN,
Bl 5 EREHIE N, B BT T kB BER
(E,/N, =25 dB)

1 E,/N, =25 dB W 4&FF . #aons N, 28 Lt fr
R BER X L& 6 Fiaw .

% 8
10°
et A SCTFER(N) {5=12,1 107N =1}
et KILTTHE(N) {s=12,N =10 M =107}
810
m
L
107 . . :
1 2 3 4 5

W%ﬁ&m
Kl 6 g mi N, B4 ir 4 Jr ik 1) BER
(E,/N, =25dB)

1E E,/N, =25 dB &4~ /M BERR BE M, A5 1k
B BT3R89 BER St L anE 7 s,

107 e RN = 12N =10N =1}

ﬁ 10+
m

10.5 1 1] 1 1 J
1ote 10 10 10+ 102 10°
M REBRREM,
B 7 m/bhERERE R M, LB BTHR 77 BER
(E,/N, =25 dB)

MR A~7 BN B IX SV BE RS R X A TR RSt
BT T i E SO s =7 WA 3RS R AR PR EE .
X T AT w05 ok . B S 808 s =12, N. =10,
N, =1H M, =107 &}, o] LURAGRAE M PR 70X IR
HESHBCE BT A g S BHE B AN 7 k89 g IR
o2 MR BTk 1. UL SRR, ANN (932
PLBE 7 U 2P RS AR B A VA AT AR A e
) BER {E8E.

TE LA RAES BB E R T oL 5 13 BT R AL
T (ACE) ARG P S A R IE AL 1107 ¥ A 3C 3 M7 ik iy
BER #EREHAT 1 XF H L S5 2R A0 1&] 8 R

MIE 8 " LLE ) ACE fh 1 F00 p S 15 5 38 A6 1 07 1
KRR THERFE. X=RN ACE f5iH A REIR B 7 8
REME B W RS ok BRI A T BUAR AT DUIRER AR

- 123 -



044 B woF o

¥ #H K

-—ACE

M
(e
107 ——k 7k

&
& 10

1
0 5 10 15 20 25 30
(K/N)/dB

B8 3F Iy BER HEAEXT L

RS ERER  HARRME. SR, AR SCT7 kT
DIOHBR R 2, BRI REBA 10" LT, XENN
ANN B3 B 71 B DU 325 Fh R 2R f5 B 28 4. Ik,
BIVEE 7 9 78 S PE R BT oh A SCHE Y T ANN K 5 38 b
A A7 I BB P RE T T AR A 2K

4 &

ASCERT —MEET O 2% H AR OFDM R 515
WHR G IMEITEE . EEATE BN ANN #H47(5 18
RASAE BRI B T D A o AT A 30T o AR VR 3R B
MFHP. OFDM R4 R LW, £ 2 L HP RN
T00 Hz (i m B e e A B (R ER IR B T LM L T &
ACE i1 g BB (5 8 A5 1T ik » %0 B Rl B ANME
EARASAE BAR T, 30 7T LLIRA5 3 47 19 BER HEAE . AR BE
BAF R e . B SR K 4k 52 0 5T R R I 4% 1 2 SO IR D
A B B, I SR AR T B R 4% 45 1 it 4T TR R
) OFDM & {5 B #Mz .

2% Uk

(1] ikl LW, B E. TR PAPR # R%E
JCIEAZH 4y B E AR R P R L. Wos 56 1
- E R ,2019,56(14) ;32-38.

(2] W%, R, FAR. — 5 8) 5 50 08 & v W 1
FBMC 5 it 5 R[] W PR K2,
2020,47(6):91-98.

[3] WEILY.LIUY. CHOW CW, et al. 6.915-Gbit/s
white-light phosphor laser diode-based DCO-OFDM

light system with

visible communication ( VLC)

transmission distance [ ] |. Electronics
Letters, 2020, 56(18):945-947,

[4] PANAGOULIAS P I, MOSCHOLIOS 1 D,

functional

- 124 -

SARIGIANNIDIS P G, et al. Congestion probabilities
in OFDM wireless networks with compound Poisson
arrivals[ ] ]. 2020, 14 (4).
674-681.

[5] ACAR Y, DOGAN H, PANAYIRCI E. Pilot symbol

aided channel estimation for spatial modulation-OFDM

IET Communications.,

systems and its performance analysis with different

types of interpolations [ J |]. Wireless Personal
Communications, 2017, 94(3).:1-18.

[6] HOSSAIN M S, SHIMAMURA T. Enhanced OFDM
performance with pilot-aided reduced peak-to-average
power ratio[ J]. Journal of Signal Processing, 2017,
21(1) :1-13.

[7] HERZOG S, TETZLAFF C, WRGTTER F.
Evolving artificial neural networks with feedback[ ] ].
Neural Networks, 2020(123) :153-162,

[8] HARTMANN C, OPRITESCU D, VOLK W. An

artificial neural network approach for tool path
generation in incremental sheet metal free-forming[ J].
Journal of Intelligent Manufacturing, 2019, 30(2).
757-770.

[9] RAZIN M, VOOSOGHI B.

tropospheric wet refractivity using tomography method

Estimation  of

and artilicial neural networks in Iranian case study[J].
GPS Solutions, 2020, 24(3):1-14.

BAE K, ANDREWS J G, POWERS E ]J. Adaptive
active constellation extension algorithm for peak-to-
average in OFDM []]. IEEE
Communications Letters, 2015, 14(1):39-41.
MANDEL J, BERGOU E, GUROL S, et al. Hybrid

Levenberg-Marquardt and weak-constraint ensemble

[10]

ratio reduction

[11]

Kalman smoother method[ ] ]. Nonlinear Processes in
Geophysics, 2016, 23(2):59-73.
HHR. R X R QC-LDPC 1 i i% i 5 FPGA 52
B B F R FEA,2020,43(14):177-181.
T, & oh, TH.%E. M-QAM #Hl TEs ¥ &
OFDM Y485 % iR # PE A [J ], A~ & 55 182 i,
2017,31(5):669-675.
AW %K W 5G NR {55 OFDM $ A B 5 5 5
BLID. B IR A, 2020,43(22) :146-149.
RS MAER ERANGES N EZE 5 A RS
BrLT 1. BSR4 AR 52020, 39(10) 1 46-50.
fE& &

VW, b BB, F RIS ) B AR R AE R
AhHE,
E-mail: kv3690@163. com

[12]

[13]

[14]

[15]



