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Abstract: For the transmission performance degradation problem caused by the coupling of nonlinear distortion from
high-power amplifiers and linear fading effects of multipath channels in satellite communication systems, traditional blind
equalization algorithms, such as the constant modulus algorithm (CMA), have a certain effect in addressing linear intersym-
bol interference caused by multipath. However, the traditional methods cannot effectively compensate for nonlinear distor-
tion in high-order modulated signals,especially in blind equalization scenarios without training sequences, making it diffi-
cult to provide sufficient supervision information.To overcome this challenge, this paper proposes a blind equalization algo-
rithm for nonlinear satellite channels based on decision-reconstruction (DR-NEA). DR-NEA adopts a decision-interpolation-
reconstruction mode to generate reference signals, thereby realizing the joint compensation of nonlinear and linear distor-

tions under unsupervised conditions. Firstly, the algorithm performs linear equalization on the received signal through the
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CMA to eliminate linear distortion caused by multipath effects. Subsequently, a reference signal is generated through deci-
sion, interpolation and reconstruction, providing supervision information for the parameter identification of the nonlinear
equalizer. Finally, DR-NEA uses the Quasi-Newton method to identify the parameters of the Wiener-type equalizer under
the criterion of minimum mean square error, thereby realizing the joint compensation of linear and nonlinear distortions in
the channel. Simulation results show that under high-order modulation modes (32APSK, 32QAM, 64QAM), the traditional
linear equalization algorithms are outperformed by DR-NEA. When the bit error rate is 1 x 107, its performance gain is
more than 4 dB compared with traditional linear equalization algorithms, which reflects its strong nonlinear compensation
capability under high-order modulation. In addition, when the decision error rate is lower than 9.44%, DR-NEA still main-
tains stability and its output performance is hardly affected, which further verifies the robustness of the proposed algorithm.
By innovatively introducing a reference signal generation method based on decision reconstruction, DR-NEA solves the
problem that traditional blind equalization algorithms cannot provide sufficient supervision information. At the same time, it
adopts the Quasi-Newton method for Wiener model parameter identification, realizing efficient optimization of the nonlin-
ear equalizer. Experimental results verify the superior performance of this algorithm in compensating nonlinear and linear
distortions, and it is particularly suitable for the transmission of high-order modulated signals. In summary, the DR-NEA al-
gorithm effectively solves the problem of joint interference of nonlinear distortion and multipath fading in satellite commu-
nication, and has important theoretical significance and broad practical application prospects. Especially in high-data-rate

and high-order modulation satellite communication scenarios, it can significantly improve the transmission performance of

the system.
Key words:
tion; bit error rate of decisions
Foundation Item(s):

1 35

PREBAEEN 2R W ] S E BT
B AR BRI ZE R A5 | T8 e A S SRR A
AR IIVE ] . RN, AR a1k B i 52 2™ IR PR AR -
Ij]%]ﬁ(j(%ﬁ(ngh Power Amplifier, HPA ) 7510 F1 55 B
AR, 235 1A 25 1 M 32 - J32 CAM/AMD) i J32 - AR 37
(AM/PM) AR P26 B0 5 TR , 2242 530 2 Ol ik 4 %
PEHEVE R I8 235 | R L MEAT 5 8] T4 (Inter-Symbol Inter-
ference, ISI). X W AP 2L A 2L W VR HT, S EEZWE 5 1
TR A IST 5 L e 1R I AE | R G A% i 1 AR Ak
I 7] 7 g R B R ) (32APSK . 32QAM) 35
TR T, A% e 35 A 530 D X LA A 2800 %o e B 9 ) T R
LM HAMER B ARG, 2 TR A 1
REFZ T 1% B 2

1 58 5 ¥4 )5 v, A E A58 (Constant Modulus
Algorithm,CMA)B:&}EE&J‘&%%M’S],E\ﬁgﬁ'f:*%ﬁig
AR LA IS, A TCEAME AR LM R B S — Ty,
B AR R AR, Wph e 45T A AR T I 2
e 50, M LA T JC ) 25 0 s 257 51 oK Y T 44
Wsmse. seob, B e % E B R L B B
BT

BEXT AR ) 1, A SCHRE H — b 5 T A e o A 1 A
et T EHE 1A B Y 5% (blind Equalization Algorithm

for Nonlinear satellite channels based on Decision-

Reconstruction, DR-NEA) , Z B AR ALK B HE

satellite channels; decision reconstruction; blind equalization; nonlinear distortion; coefficient identifica-

China Electronics Tianao Innovation Theory and Technology Group Fund (No.2024JSQ0101)

12, DR-NEA 5% H]— B ) phe -4 {1 - A S X ) 07 0

Jﬂi?"%%ﬁ” A A R AR A T A
5B IR b A 004 35 5 (Quasi-Newton
methods ) SEBUAR LA KM 25 2 0 B

2 FEXERIMERE

W 1 R, TR AR AR T A p AR m R
K 75 LR 2 AR 5 T A i JR e RS
RIRIUN LT HPA f AR M 4, 3l i 21205
EFIALNETIE. i T 0 SRR R B B e
AR, PR IR S T LR ATE A 2 IR AL R
FIEZ T, A TREFES RN

x(n)= Ljih EZak -s(n—m—1)- |s(n—m—l)|k)+v(n)
=0

(1)
o s(n) 22 BRI E IS 0 & SHE T s K AR ZR M By
xﬁ( W H W3 ~ 5B MO R, I T ) sh 2SR
LR s a,, MICILZ R h BRERGIES
B LR 20N B JE Y TR BE 5 v(n) S i v T
Ly
XFT B E AR P 1 T A A g s, Al DA
K Wiener 251 (AR M B Mg b A7 4 . Jrp
FIR{}/ﬁﬁi § L PN 1 Ze Pk 2k BT O CAZRE T I AR
%, 2R FH 22 30 5K 5 /) 1 I 2 MM B 50 52 0 0 Ty 3
j(%%ﬂ??)%‘@?’iﬁﬂ@?l‘%. AR AH%L Volterra 2 K 7l



4134 CIN S 2025 4F
| :' __________________ |
: (Bl : v(n) | Mz :
I I ! I
3 x(n)! 1 %
SOyl FAEK Lyl sy b rrsu b e
I ] I I
I____A ________ A—--—' | Y Y _ T ___.J
H e ez | |
| |
L M ___ '
1 eI & % FAMEAE LY

B 4, SR FH Wiener BEH T] DUA 30 A & P45 45 19
AR 2 RS AT A 6 PR 5 . A Wiener AU 7 2%
EF =%

P Q Q
f@=2%(2&Wﬁﬂ~Z&ﬂ%@

b x(m) AR5, %) A A 2 A B 11 B, D 2
FIR JE P R, o, Z AL ANE R B, P AR By
B, O AN AR BT

3 ETHIREMMIFLETHEE L

LB Y ST RHE SR IN I 2 B/ S A B i A
AT B OR - He— S o 2 P 5 285 SR e A
B 1E T T VR R L 8 B 7 o
T A 5 B T B AL 050 Wiener B2

P

(2)

x(n)

______

Wiener) i i H

FECGHATHER.

FEWE 5 x(n) B Fo i TAL 3, RIS 2o DG J5c 8 i
i FUR SR S M B A 4 I A5 5[] 20 HL M RS S iy
b A5 AL IR 055 B () B A 25 28 9 6
i G S I TEATRA X Z RO FEA TR AL ] .
TR MAE A S o e A R, [P 4RAE
WS EES , T Wiener A S EAY PN

i F Wiener 5 280 1) S 809N AR Ml 72
PR AR SR FH AU A ik SE IS R S 2 R R . ik
A b, DAY Uy i 28 e ME Sy Bas , [R5 S 387 Wiener
B R R A 5 AR S50, 2 0GR 20 R ISR
F, JF T Wiener B8 £ R . ARG 500 0 %
Wiener 24 i i - 37F 47 DG C 08 3 A0 T SRAEAS B4R E 2
JAE ]

HRE LIRS EE S

BUEE
PiRBH |

RECEH |
x‘ref (n)

e

3.1 BETFHREHMHNSERESER
3.1.1 &

TEASL Pk CMA VRN M B W 8k w1
HEEDEGE RN ZE T . CMA .0 H R sk 8E

e
JCMA=E[(|z(n)|2—R) }
Hrr,20) = wh (n)- 0 (n) 155 3o 8 16 08 D28 () =
[ oo wys -y ]| 0BT, R R A 5 x,, () B9 1T
BT EEA I 5 U 1 O
6 21355 2n) 5 TG EAZ AR R bR B g (), 7 5
y(n), FiksLHy

(3)

B =iy

Lyl i e FRR H—“»

|
12 DR-NE

X,

(n

|

= H R }<—| ERA ‘ E
A |

|

|

|

(m)
L B4y }—»{ e |

A IR

’i(Z;||:| Z(n)| +R- |z(n)| - ‘z(n)’3:| (4)

CMA FY A% U 76 T 3k 0 18 2 A 1) 308 U0 48 19 3R 4K
w(n), X — i 2 i 1 e s ¥ 07 553 (Least Mean
Squares algorithm , LMS) S 8HL . 48 [ 35§ Ui % 52 50 57 20
Wy

y(n)=g(z(nm)=

w(n+1D)=wn)+2-u-e" (n) x,,, (1) (5)
Horp R 2Z(55 e(n)=y(n)—z(n), KR IEWE a5 h (555
WIRAF S y(n) Z 0] A 2218 s o2 A0 K S8, 1A SR AY
RN RRUE T 3 A AN T R SR 8 0 2 R, CMA R
7R KA AF S b i 2tk Ok L R A Y A

5 z(n).



£

TR ST HI A AR DR EIE H Rk 4135

3.1.2 FIREHERSERES

A AR L A5 5 YA 48 00 5 2 (), PP TR A A
WE G5 x,. (1), WG 5E Wiener W S KU R A0 1
BHEE . ARG R AR I | ORAE S R R =
BB, FOm AR A 3 PR, e S S 5 R R R
St A Al 15 5 AT — B B AR

z(n) d(n)

—P FET AR R
d,,(n)
X (1) Xpop (1) I A
[ RSP

K3 ZHES LR

9GRS W B, R CMA 4485 28 4 5 5

2(m) PEAT Fie /N R EG B 25 ) e | A AR AR )Y A A
# d(n):

d(n)=arg min|| z()—s I (6)

Ho  AFR RIS S 2 FIR i E 5, i TAEZ
PER BT, A AR RN R s, e e S5 o 20
FIPL AR D2 DR-NEA PERE Y 5 R EA T P4 .

He NI G HMUF 5 x(n) B RAE AR ITHES , % H]
PRATZ FEAT _LoRAE 38 5 (A A B0 17 5 R 4
TEEB 5 1R, B RIA AN

d,,(n)= i d(m)-o(n—m-Y) (7)

Horp Y ik R F Gl R Y=T,- F,, F, UG5
x(n) SRR TORAF S R . B s >R FH & 5 i () A0 1
PR 4 g (IR TR 52 08 U 2%, RFFIR MR IR 7 5 & 4
i — 30 AT AL UE U L B B BT T i i R i 2L IR
xref:dup*g (8)

Hrp s« B BERBE . ZET x ) BE IS HF K
BJ) Wiener 25 ¥4 [ 25 £l % (1) 22 B9, LA Bl o i 4%
HE T DR-NEA 1R 445 1F fiE

AE A5 FH 400 25 i 72 X Wiener #5554 (18 2 B0 47 PR
HE L UG T x(n) S B H A5 x 0 (n) Z BAFAE AN 4E
B 22 , A B R e B2 S B A HER P, 75 X P A A T
[F) 20 X6 5 A 3

ATl FH B AH O PRSTS84 B B A G

R (0= NZI X(n)- X (n = 7) (9)

Hr 1 e[-G, G W I SE 8 R, () R BUE
SR I . IR E A SC RO R S R IR, B
SE I IE S 22 7,

Tpeatc = AT MAX

R, () (10)

B0 5 N SOl 2 7, ST, RIVRT 25 280 ] 20 X6 55 I ) Wike-
ner BN AMG 5 X(n) 5 S %55 X . (n).
3.2 E-TF4ER Wiener 22 S #1341

AT BT WD 5 1 X(n) TN X o (), 18 FH AL A 075 BF
P (2) 7R Wiener fRI S 50 . S 80HFRAY H b ok
ML (2) TR BV S X(n) S S5 5 3 (n) 37
PR, AT AN A AL A ) A

N

min J(0)= %2 F ) —3)| (11)

H o= [,BO,,BI, -~-,ﬂQ,a0,a1-~-,aP]T,@/E\ Wiener 5 %
B LR o R B AR MR 4 2R 50
HAEHITSERI L, VIR 1k 0, PS80 1L
H CMA ¥ gl st s & LS 8 o= 1, Hax R 0.
Hessian & B 119 356 55 B 470 45 Ak ok 5007 6 [ , 1/ H =1, i
PROTGRIE R T B ). K =1, XA iR 1k
J5 BB R I AR EL
5 EUGER L IR
HAEHATE IR, T E RS0 ViR B s
PRELJ(0) B S AT BR BE VI © SR 5 BEAT US40 2
DAz — Atk kA0 1k
(1) S HTA Y m@%ﬁzﬁ%iﬁﬂvﬂ” stg,ﬁtlﬂe%
—ANME/NAY TS, B Y L2 U0k T T2, Ul AR 24 Bl
S0 0 ORI, AR RBUL T A FE TR, © k3 R
e/ IME B R
(2) 353 B 1 B R E UL 100.
GRS, MR EET A R Tl d,
d=—HVJ® (12)
SRAFIE R TT 1) 5 P I Armijo JEEU U EAT A KA
K, R B s S LK g, VIR PR
AR e FHRE SR 2 R X
JOP+n,d)<JOP)+107y,VIO)'d, (13)
PR R I A S4L
0% =0O4yd, (14)
T3 3 BEGS' 3T UL 5 4 B Hessian FY 338 1 [
H, W5 HAZT 5 Hessian A PR35, AR 9IS S 80000
5k:0(k>_0<k-1>%uﬁg§iEyk:VJ ®_vyJ “’”,Hk+1§5|3$
YO A XA

T T
H, =H+ (1+ Vi Hkyk)ékak

T o1 ikT}’k (15)
_(6kyk H,+H.y,9, )
A

EHRERUG, 2 k=k+1,EE LRLHE.
AL LR i TS A0 FHARA Wie-
ner 5 BV AT . f5JE R MU 5 x(n) 180 % Wiener B4



4136 CIR S 2025 4F

PRI TER B LR AR A IEAS 8 Wiener I ATR H X(n),
FEHEATCHCIENE 5T RRE i R I 1 2L E ] 2(n), 1o
3.3 BEREZRESN g OF

2R SRR 0 B B R VR 40 2F W0 1) 2 R LA <06
e Wiener 257 2510 151 B 5 76 68 P DL A B LR €.
ot AR B TR TEVCRC O, 24 R SRk A & .
SEERLJE B 5 2% B R IR T Wiener K 25 (93153 4 b2 e
thy P25 0 LA 5 LU e (5 vk P+ o
O, FHEP+0O+21K. VAP A

(a) AM/AM Bt

4 FEXBEERSW
4.1 LHFESHEMIR ij‘;

HUERRIGIE DR-NEA [1ERE , 7E System Vue 175 B o
B LR T T RN . DB ] Keysight ‘23135
ADS 5 MATLAB, BAKJ5 1 W 1E Keysight ADS B4 s
2 ) e B AT, % R4 A A 10 155 = 8
MATLAB b B3 85/ — ek 61400 45 15 B Sy e - i

R (e 2 m=) 280, Do ) A 28 B B0l 5
W, ACIZ IR BE Ry 2, H AM/AM 25 5 AM/PM 2k EL i 28 4
4 FoR A S i B 20— ab 3R, K 4 (a)
78 T AM/AMZON, E 4(b) S AM/PM S0

LG IEEPE System Vue P RFE N BI5iE, HoRH
44K HEIR R ), 25 Sk SHCUNT 565 14l Sk AE X 228
0 ns, F¥J 328 0 dB; 55 2 413k ZEAT 110 ns, V3 52 98
=9.7 dB; 2 343k 190 ns, I8 -19.2 dB; 2 4 %
410 ns, F¥J 08 -22.8 dB, TR EGF 045 . W
T T RS . Wiener B4 25 2 M B BB R 30 B
LR E N SB

Bahiady

11 - i :
% 02 04 06 08 10
JA— A A\ R B

(b) AM/PM ¢t

K4 S FREE

4.2 FKWERSWHNLSHT

E 5~& 9 43 5 2 78 T 16APSK , 16QAM , 32APSK
32QAM 5 64QAM {5 57 LR (F 15 L o 30 dB 4514 N 15
1 B L LA Kl A8 IE AR E 25 D (Modified
Constant Modulus Algorithm , MCMA ) Fil DR-NEA ) ffif j5
F14) B2 JE PR L

i SERREIEA 4+ BRARE R b
10 * 0 10 s S
P . ’
0.5 o : ' 05
0 e ’ ] —
st " ’. ‘ -0.5 - L 2 - -
-1.0 . ‘ ‘ -1.0 ¢ ‘ & >

1:5

(a) fRIEHH AL

T <10 05 0 05 10 15

S

(b) MCMA 47 5 )% &
5 16APSK ¥ 25 4T L

(c) DR-NEA 47 2 J32 %]

INE 5~ 9 T] LT HY, MCMA A DL e 5 1B 2tk 2k
BT EU RSP H T AR B AR 1Y
17 I e AR AR 5 D B R AR B, TG & APSK i J& QAM
PE Oy 2, R S R B R B, HAM/AM 5%

o 5 BN R 5 PN R P S ELAE R, X — I AE QAM
PE R OC N 3 R R S e s R R Y A A L i
K HI DR-NEA ¥4 , 52 e &1 %) 5 5 BH S T MCMA 3
i o P 235 R, R I S A DR ) A A AR A AR



o111 TARAR S T A EM AR LM TR F I H ARk 4137
b =P SEPRELE S+ PRARE A b
10 10 .‘ * ‘ ’ 10 \ S ’
0.5 0.5 e T 0.5
. an =y - o s »
Ao -
E oo 0 - . - 0
-0.5 -0.5 ‘ ‘ ‘ ‘ -0.5 . ol ..
-10 -10 ’ ‘ W | w #F 6 8%
1357500 05 0 05 10 15 S5 -0 05 0 05 10 15 25 -10 05 0 05 10 15
(a) friBfH AR (b) MCMA ¥4 5 32 %] (c) DR-NEA $4)767 5 J3 [%]
Fl6  16QAM ¥fyeh st
. T ‘fii&%@ﬁ . s b a
1.0 10 s 1.0 “' ", P
0.5 0.5 “ 05 “-‘-.. .-. »
e % pe
}33 0 0 of =3
” 4 2 @
0.5 0.5 —0.st 4 P - -
-1.0 -1.0 -1.0 ' ‘.“‘*
1550 _0‘5..11)'. 05 10 15 25 Tlo 05 0 05 10 15 U5 Clo 05 0 05 10 15
(a) B % H AL AE (b) MCMA ¥ 5L JR &1 (c) DR-NEA ¥ & iz 1]
€7 32APSK ¥4kt
NI R " :
- e o 2 S @
0
- e & 5 & W
-0. , :
I FEERSE
o FoIan
15
L5

(a) fr B AL

(b) MCMA Y57 5L )8 P&l
B8 32QAM Hffi L Xt H

(c) DR-NEA ¥ 55 )32 [/

SSRYOLE, R DR-NEA 0] LA 85 kM {5 18 Ay JR et ok
L S v A R AT DR L Al e e R A B B
Ji 4 ) 1

K 8l DL Y, 5% DR-NEA b F 5 14 L )38 i 7
e WP B G, 7F AL A PR A SR B R B B, 2250 W
G A BB P B G, Wiener BRI &

WA BCA B, AN RESCEE I R MR L (242 i BEAR
M T AR ME R LA i AR, 2 T B SR A
RIS . R, D A e Rl 1L 2 T A5
1M FI87 2R FH Wiener 857 | PR W 25 17 76 — o 7 5 ) A
RURMER 22, 2 S BUR R LR RIS

R T AR 75 7 FURRE R O 30 dB



4138 FH, I % Eire 2025 4F

5
SRR+ HUEUR R

05 W ® 8P PP
R se eI

05 ﬁﬂ ' ":':
A ERER R
o TGS RN

-1.5

15 -10 05 0 05 10 15

(a) fRIEH AR

(b) MCMA 2 FE [l
19 64QAM EIH 4RI L

(c) DR-NEA 47 52 J32 [&]

L AFE B B DL fdFH MCMA fil DR-NEA ¥4 5
B EVM. 7] LLE 2, 76 fUFP #9720 , DR-NEA ¥
Ja WS 5 1 EVM BN T 6%, 3 MCMA ¥ 1 J5 1)
EVM i35 g 3% .

®1 AAEFERRFHAXTHEVM BT %
W 7 =X {51 EVM MCMA EVM DR-NEA EVM
16APSK 17.06 9.20 4.29
16QAM 19.47 10.15 4.99
32APSK 24.65 10.38 4.63
320AM 25.29 11.81 4.97
64QAM 26.21 12.06 5.68

10 % e T DR-NEA 5 MCMA B3R & AR LRk
REBAUE MR A TR tERE R . 45 R/ 1
I 22 B 5 F , DR-NEA B8 T MCMA 35 ; 11
AL AR LR B serh, T MCMA AR —Fh i
P, Dk g R 2 bk L B DR-NEA (1) H: 8 il
2 W E T MCMA.

B 11~ 13 JE s 1T 8 J7 X 32APSK . 32QAM #1
64QAM 7E [] i 2 JE Lot 2k EURNZR 2k B, ] DR-
NEA 78 /S [a] 15 W Lo AR X T 2R PR 2 6F MCMA /) EVM A1
TRA R gl ZE X b, S SR AT LUE Y, BE 5 15 e L 32
F+, DR-NEA 7 33 P 8l il 77 =X 4 R i s b 25 P g
FTF. LIRS 1 x 107 S 3EE, 35T 32 APSK i ,MCMA
T 7E 23 dB B {5 M L A gk B IR SR | 1l DR-NEA 78
19 dB 95 M L B AT SCEUAR [R] ) A5 R 4 B8 , DR-NEA
FHELT MCMA £ 4 dB PMEREIS £5 T 7F 32QAM .64QAM
W R X — M RE R 45 T

BEAR , FEARAR M b XK, 2R 40 1 BB T2 2 2 e v
A BRI I MCMA 5 DR-NEA (99 RE 2= 48/ )
Bif 2 {5 e LU B T, 7 b s £ TR L DX, MRS TP
VS, AR PR M FERAGN 2E  MCMA 1E £k ik
PR A A REAMEEE M 2% L, Toid i % A Ze P g AR

—=— MCMA
10-4 —A—— DR-NEA |
N
I
B4l i
210
107F
s L L L
1070 15 20 25 30
E,,/Ny/dB
(a) HEARLMER
1074F —8— MCMA
——A— DR-NEA
=4
K2 -5
@107
-6 L L L
1070 15 20 25 30
Ey/Ny/dB

(b) REdtkRit
K110 32APSK T RS AR MR Bl S 2k e HUR PEREXT LE

B R S ARES R4, R EVM AT BER #H£6#2% ;
T DR-NEA 1] 34 ffiy 2 4 F AE 28 1 2 B, g Bl £ Mg L 334
R REHE TRk A
4.3 ¥|RIRFLXT DR-NEA Y14 B8 B 820

P T M R RN AR £ DL B ik B 4 2k FL IR R ), R
P 359 i i ) 45 SR T e o AR v 2 s BA H p
B, 5 H0E R (U I R SR S A i
S AR A HERURS BE , DR R I PR A X6 DR-
NEA 59 P BE S i J2 T 70 Hr

FE30 dBAE M LL R, I8 5 30 16QAM , AE L5



%11 FAEREE LT R A AR LR M TR (5 B i vk 4139
16, 20
4 —=a— MCMA —=— MCMA
——— DR-NEA ——&—— DR-NEA
_12 15t
& B
=10 S A
> s
Mg “ 10
6
A
4 2 5
10 15 20 25 30 10 15 20 25 30
B, /N,/dB Ey/Ny/dB
(a) EVM %t (a) EVMXJ L
107! — a MCMA . —=— MCMA
102 —a— DR-NEA 1074 ——A—— DR-NEA
107 &0 '
23] m 10
a @
10
107 1073 ‘
10_610 15 20 25 30 10 15 20 25 30
EIJ/NO/dB El)/NO/dB
(b) BERXT Lt (b) BER XLt
11 32APSK FAHYHEREXS 1L K13 64QAM T HYTERERT L
TR RAL T 9.44% IF , EVM 1 £6 443544 5 , DR-NEA
i — = MCMA PERE S PEARNE T (B PRI R A 107) B9 P RE L —
1 sl RENEL. 0 AR D R K T 9.44% I, {th 6 A IF 4k & 4= B
o 12 I BTl EiR TR, DR-NEA 78558 i 10 ] P iz
% 10 TR T A Re e FRAR R g
8 9
6
8
10 15 20 25 30 =
E],/N()/dB QE 7
(a) EVM %} L =
6
107!
—=— MCMA 5
1072 ——A—— DR-NEA 104 107 10?2 107! 10°
H PR R
1073
= Bl 14 Bt 5 DR-NEA B 5 5 EVM 22
10~
1073 5 #ig
1076 B TS R G S YRR B AR 2R 2 A
N 5 A (AR P R L IR A 1 S B A A

(b) BER XTI
B 12 32QAM FYHEREXT [
T8 7] A AR B IR 8 o 7E A e B v ACAS [R] i A
A S DLARAS AN ] A FI PR i 2R ] 14 25 H T R e
5% %} DR-NEA H146 i 520, A& o] LA 24350 e

RS T — PR TR AR L TR R H 1
ML | ISR o SO AN S B R EL ARG
HEARME: M TN B BRI DA (A 25 (55,
fifp AR Gt B H4 7 e = WA U R MRS, 3 TR SR UL
LR AR M i SR T IR . SR A SRR, B
FTTEEXNS B 5 5 AR LMk BAMEACR B3



4140 BT

g

il 2025 4F

5% Sk

(1]

Sl A, Tt Sk AR Lt TR (SIS A 4R 0], TR
I H, 2013, 33(11): 3039-3041, 3075.

GUO Y C, XU R. Improved equalizer of nonlinear satellite
channel[J]. Journal of Computer Applications, 2013, 33(11):
3039-3041, 3075. (in Chinese)

SRAEFL, BT, BRI . T B 4] 6 2 R O e
A S S THI 7 1) A B 2% 38 135 (7], B 2741, 2024, 52(12):
3994-4001.

ZHANG Z F, LU K J, ZHANG C L. Intelligent reflecting
surface assisted terahertz communications based on array
sliding window and beam routing[J]. Acta Electronica Sini-
ca, 2024, 52(12): 3994-4001. (in Chinese)

QIN F,ZHU T L, LIU H, et al. CMA blind equalization al-
gorithm based on linear fitting[C]//2022 International Sym-
posium on Networks, Computers and Communications.
Piscataway: IEEE, 2022: 9851792.

BTK, X le K, A, & RS GRS E ik
#t CMA-FSE H # i 5 [7]. 4 {5 2% 4, 2019, 40(3):
102-108.

ZHAO TF, LIU L F, WANG J, et al. Improved CMA-FSE
blind equalization algorithm for wireless ultraviolet com-
munication[J]. Journal on Communications, 2019, 40(3):
102-108. (in Chinese)

B, BEHERK . BT A S AU R R U R B T 5
R0 H 244, 2018, 46(6): 1482-1487.

XIAO Y, CUI'Y Q. A new dual mode blind equalization al-
gorithm based on combination cost function[J]. Acta Elec-
tronica Sinica, 2018, 46(6): 1482-1487. (in Chinese)

CHEN D W, WANG Y J, HUANG X Y, et al. Spiking
neural network based nonlinear equalizer for optical com-
munication[C]//2024 10th International Conference on
Computer and Communications. Piscataway: IEEE, 2025:
1218-1222.

CHETHANSHARMA B, SUDHEESH P G, SATHISH
KUMAR M. Addressing intersymbol interference and non-
linearity in quadrature amplitude modulation systems using
functional link artificial neural network equalizer[C]//2024
5th International Conference on Communication, Computing
& Industry 6.0 (C216). Piscataway: IEEE, 2025: 10894814.
gk, FME, XIHEF] . 3T Hammerstein #5581 f JE £ 17
) N H WAL D] TR, 2015, 43(9): 1723-
1731.

ZHANG T, WANG B, LIU S G. Widely linear blind equal-

ization algorithms for nonlinear channels based on the

[10]

[11]

[12]

[14]

[15]

Hammerstein model[J]. Acta Electronica Sinica, 2015, 43(9):
1723-1731. (in Chinese)

T A, RIS, £ ST 2/ RUE I A E LA TR
FE BB, B AR, 2016, 44(10): 2384-2390.
GUO Y C, FEI S N, WANG H. Nonlinear satellite channel
blind equalization algorithm based on multi-wavelet double
transformation[J]. Acta Electronica Sinica, 2016, 44(10):

2384-2390. (in Chinese)
W, SR, BRI . — 2R R BEGS A4 i 2 5
Al TURP 8L A 3% £ LE BRI 5T (0], R A B TR R
41, 2023, 38(2): 227-235.
YANG Q, WU Z Z, HE S Y. A kind of improved BFGS
Quasi-Newton method and its comparison with other Qua-
si-Newton methods[J]. Journal of Chengdu University of
Information Technology, 2023, 38(2): 227-235. (in Chi-
nese)
PAN J, CHENG C H. Wiener-Hammerstein model based
electrical equalizer for optical communication systems[J].
Journal of Lightwave Technology, 2011, 29(16): 2454-
2459.
KNG %, AR p . AR 2 AR B A S B B PR ). T
4, 2010, 38(10): 2219-2223.
LIUS L, JIANG S N. Equalization algorithms based on non-
linear channel[J]. Acta Electronica Sinica, 2010, 38(10):
2219-2223. (in Chinese)
M4, XU D4, sk BtG, % . 3T Rayleigh 4347 26 /)
TG AR EUE L K LMS Bk (1], 38 15 2 4, 2025, 46
(3): 62-73.
CHEN D W, LIU W D, ZHANG M Y, et al. Variable
step-size LMS algorithm with hybrid weight coefficients
based on the Rayleigh distribution curve[J]. Journal on
Communications, 2025, 46(3): 62-73. (in Chinese)
TR, WA, SEN] . HE T Armijo HEFI BFGS 51
(19 12 28 KR 4 B F 23 L 0. 0028 Bl 1241, 2022,37(1):
204-213.
YU H S, TAN S J, WU Z G. Reconfiguration control of
launch vehicle based on Armijo criterion and BFGS algo-
rithm[J]. Journal of Aerospace Power, 2022, 37(1): 204-
213. (in Chinese)
s, TR, Xk T, 55 . —2RApAR M IEZ R Ak )
Rt L-BFGS J5 k(] K5 5 TRER 274, 2024(6):
67-72.
YANG B, XING Y H, LIU F G, et al. Amodified L-
BFGS method for nonconvex unconstrained optimizati-
on[J]. Journal of Rocket Force University of Engineering,
2024(6): 67-72. (in Chinese)



o1 M TARTRAE T IR A AL TR (50 A ik 4141

[16] FRIE, #F R, B4R . 5T DFP A IE L2481 s 59 5L based on DFP emendatory Quasi-Newton method[J]. Com-
Iz W45 (0], THEAL TR, 2012, 38(10): 144-147. puter Engineering, 2012, 38(10): 144-147. (in Chinese)

LIN L, HUANG N T, GAO X Q. Fourier neural network

1EEEIT

FEE B 9774E . WL R E
BERFFEIT 6] N JOLE I 15 AR GEAR L M AR B A
R R K FARRH AR 5 M LA
E-mail: wanghuadong@cqupt.edu.cn

SRREE T 1971 4L HaR . ERIRIT
[0 R T A 5 b B A5 15 5 B IR A R Ak
JH 22 10 2% S BLLA K FPGA (VLSISEH .
E-mail: zhangtq@cqupt.edu.cn

HRENE U3 ,2002 44k . BN PO LR %
WA . F RS 5 1) S JCARE A R G
LR PR N H A
E-mail: m17700644370@163.com




