£ 60% FEIHI/2023F 06 B/HMAEXBFEHE

It Bl St FFIHE

B T RPAESE I N T8 HE A RIS XU Sk 52 BIR

EEE, RF

HERZFERPAE TR G5 TRA RN G RR A M E A%, Ll 200433

WE OG5 BSR4 e, B5G/6G AR B TR , 800 15 A 1 AT E R BB BE . S 17 N g 3 A A
W5, A R A V8 4 SO I2 1 A=, BN TS TR BR A o A A [R] R ) AR [R] 4350 o e i o A X, AR T RO
TEA A o SR, S S sy o 22 54 R o) s O T S MO WL TTT 5 2 R R 35 S ) 7 A [ 3 £ 7 2R 98 22 [ W90 322 4%, BT 52 i
AR Y 2 K 9 — T A 5 0 4, 1 3l 9 ) A% U B R O ) S .l TN T RE ST A TE A 5 Ak AN T
kB 532y T LA AR R AL Fe , TR I 5 R0 A1 B B L T BB 2 S 580 06 A 3R A% R BT A R BRI 5 A (6 1 552 )
Wl A48T JLARE TR 0T BE 20 28 BRI J5 15 , I ek HUAi 30 A U ) 1oz JH BEAT 1 20 7 AR T FLEL 45
KR PG RR; KRG N TR RE MM

mESFES TNILL.3 XEARERS A DOI: 10.3788/LOP221055

Review on Artificial Intelligence Modulation Format Recognition
Algorithm Based on Feature Extraction

Qin Guojin, Chi Nan’
The Ministry of Education Key Laboratory of Electromagnetic Wave Information Science, Department of
Communication Science and Engineering, College of Information Science and Engineering,
Fudan University, Shanghai 200433, China

Abstract With the information field continuously evolving, B5G and 6G have been introduced, and the development of
digital communication has entered a stage of faster updates. To adapt to higher-speed communication and more diverse
channels, different modulation formats have been proposed and applied in different environments. The purpose of changing
modulation format in different time and channels is to maximize the channel utilization. However, the modulation format
changed at the transmitter i1s unknown to the receiver, which does not facilitate the connection between different
communication subsystems, thus affecting the construction of a large-scale air-space-ground-sea integrated communication
network. Therefore, modulation format recognition may be key to solving this problem. Because artificial intelligence (AI)
has great advantages in signal processing and classification based on feature extraction, modulation format recognition
based on feature extraction combined with Al classification algorithm has great research and practical value. This study
introduces several methods based on feature extraction and Al and analyzes, discusses, and summarizes their application in
the communication field.

Key words modulation format recognition; feature extraction; artificial intelligence; neural network

A - P 2% e TR S AR R R B AR R O, A

H 2y 98 i) A PR I 7 BT R RY a5 R Geh S L2 B

TEARK 6G RBE fF — AL & JKF Bl = fb RaE MR RS B AL s R ZE S W, R B R RS

R AR AT A R 45 0 I AR ST RE TN AR R SO R A IR SR P A A X O A R RO T
RS e K AL 5 TR % R THE AR R el E o SR Ty S

B R AR A I, 4 i 1 A st R A% SR 4 8 48 114 98 i #s XU 07 3k 2 R —

AR HEZE . WL, A S GARRPTERBGE R TR RS R a3 B DL

—_

5k
e
=

KRB 2022:03-21; EEBH: 2022-04-29; RABH.: 2022:0526; MEEHX B 2022-06-26
HETH.: EEAKPAIESAEDH(61925104) (H K HRR# 3L 4 F 55 H (62031011) eI 52 56 = 5 H (PCL2021A14)
BEEE. nanchi@fudan.edu.cn

0906009-1


https://dx.doi.org/10.3788/LOP221055
mailto:E-mail:nanchi@fudan.edu.cn
mailto:E-mail:nanchi@fudan.edu.cn

%605 &£ 9HI/2023 £ 06 B /M EBFEHRE

Jr M AR MBL AR LU AR B 36 AR R PRI TR R, B T
IR LE K Tk BEAE T T R AR B O7 0k A E B LA AR
BT SRR HE A RS AR R . X 2K
D5 B AR B A R A TR L S 2
Jo Y R B 22 (0 A0 o A R B B IR B R B . D)
— 2R B TR AE BRI U vk, 3 A R AR £ IR
RPN 2 A TR . A T RT— M OT I 2 TR AR
S B A SOR BN R A B S LM AT HLE L
9N SR 2 L AT LATE A AT ART St 90 0 LAY 155 D0 T 58 Ik
Fa . ANTHEfEEDS L HZEPE LRI T

WA BRI B A B T R S

AT LG 5 P ST P O AR R P 2 R 5 8 T

FEGOHTEE 0 A T A 5 TR G R0 A

VL o i 4 SRR B ke, T AT B AR 0

S N LS AR B R R RES 37

2.1 EFHERNMATEERHERRNRS
S T HE AT 98 A SRR (MFR)

RGP 1R s T a8 {5 2 58 b 52 B
% B R G 7

Tx data up-conversion

AWGN and fading channel

s |

S |

S

|

|

|

|

|

|

[ |

SE |4
EE
5@

feature
extraction

\

pre-equalization

[ R R R R R R RO

. . . \
o dat pOSt_equahzatlon

modulation

mapping

bit data in

classifier I

bit data out

de-mapping

P BT AR SR IR N T IR ks 50 Tk (9 AR e A 2

Fig. 1 System architecture of artificial intelligence modulation format recognition based on feature extraction
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Fig. 2 Algorithm module of artificial intelligence modulation format recognition based on feature extraction
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Fig. 4 Principle diagram of modulation format recognition using ANN combined with CWT and HOM""!
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Table 1  Conclusion of methods of artificial intelligence modulation

format recognition based on feature extraction

Feature = Dimension Classifier Convenience Complexity

HOC 0 SVM/ANN  Common Low
Instantaneous 0 SVM/ANN  Common Low

CWT 1 SVM/ANN Low Common

MFCC 1 SVM/ANN Low Common

ADS lor2 ANN/CNN Low Common
Eye Diagram 2 CNN High High
CS 2 CNN High High
STFT 2 CNN High High

B B JLAR AL 52 BOT 36 AN T8 BB 2 2607 1k
FREREAT T T B A IR L o AT B R AR R B
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