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OFDM Specific Emitter Identification Using FFB-EWT
LIU Gao-Hui, LI Rui-Chen

(School of Automation and Information Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: This study proposes a novel identification method for OFDM emitters to addtess the issue of low classification
accuracy in traditional methods for specific emitter identification, where subtle fingerprint features of OFDM emitters are
affected by data signal components and channel noise. Considering the subcarrier spectrum of the short preamble, this
method utilizes the fixed frequency boundary-based empirical wavelet transform (FFB-EWT) and a deep residual
network. Initially, the short preamble of OFDM signals is extracted to define fixed boundary conditions based on the
frequency intervals of the subcarriers in the short preamble. The boundary values in the frequency domain are then
applied to FFB-EWT for signal decompbsition to remove the subcarrier components containing preamble information.
Subsequently, the signal-to—rioisé ratio of fingerprint features is enhanced by accumulating the null subcarrier components
of adjacent frames. Next, a dual-channel residual network called ResNetl18, integrated with a non-local attention module
and a channel attention module, is used for feature extraction from 1Q data inputs, with classification performed via the
Softmax function. Finally, the Oracle public dataset is chosen to validate the feasibility of the method. Experimental
results demonstrate that the FFB-EWT method achieves accuracy rates of 98.17% and 89.33% for identifying six different
emitters under 6 dB and 0 dB conditions, respectively, proving the effectiveness of the method in environments with low
signal-to-noise ratios.
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TR B, SRR SO (S S I e L.
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I 352 AT B R SR 3R = 1R BURFIEAS S B M LL . R X
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B A AT, 7O B % TR R
e 7 ) F2AE AR BEWLA 6 . XA 480 %
TR R AT AR, T LIRS 2 0,0n)
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4 F:F NCAB-ResNet18 [ 4% 45 {4
4.1 ET NCAB REERIVFFIEIRE

B2 M 4% (ResNet) H1 He 25 AT 2016 E42 H gL,
BHIN T HRZ S SIS, il s Nk Z= B (residual
blocks) AR R 2 A 25 0 28 I ik A2 v ek 55 Y S AT
T B 45 JE 1] . ResNet MUR% 0 B &, dlid A T
Shortcut 4514, JEAT 5 2 5k 22 142, IR 1 N 2508k
R, BRI S E 2 A2 IR BRI ASRE, 15
THEBUHZM A TE G525, BRI % o iR
FITERE. S M DAL ESON:

. ) ‘; V= F(x')+x (11)

L iSRRI R R BB B R GE, R
B S U RRAE, FQx) 2 A7 2 2 1 5k 22 Lo AR 10
T, 2% Bk A, Bk ZE LK B4 0. ResNet J& T
— PR BRI E M4, BRZ RS SR S
FUZ IR0 2R, B AR ME SR EUAE 5 B0 () AR R AR, 7 52
PrE ERAE 5, 252 BN 7S T, 5200 0 28 %) - 53
EHEIURFIE I RCR. A SIS T4 G EREER
FIHLH#] (non-local attention block) FEHAIIE & VF: 2= S 4L
il (channel attention block) )5k ZE Bk, ASCH 254 9F
Je 9 AN B TE B T BB ER 9 NCAB 5% % 15
e, AR S WK 6 Fios.

\

¥ N EmEEEsEmsR ]
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v 5 —.—r>| Conv_ |—»{ Sofimax | |
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[

\ | I

. [BN, ReLU | |
WxHxC

f |

I [Average pool] [ Max pool | |

I o |

JHAC [ FC__] [_FC___JixixC

xS | + + |

| [BN,ReLU | [ BN,ReLU | |

xt\A

: | ] [_FC__ Jixixc!

|

| !

Bl 6 gl R A RN E R ik 2

BN RORHE B xRS  wxHC, Horh w ARG
E K98 5, H ARSI &I i BE, C ARGRAFE B S\ )38
&%, Conv REHRE, ReLU AUIE B %L, BN AL XS
ol AT VS AL AL PR A5 4R J5 A B A X

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F 55334 9

http://www.c-s-a.org.cn

i H AR SN A

NAE 5 F e T SR DG A L, AR Ji5 A8 AH DG M AL R
TR BT A 8 A, 3RAF R R e e U, xR A3 4R 5
R B S NS 5 BT R B, MRS B e
SR TR G I M S AT R L TR R A A
B n] LA 2 8] F A 3 2 ST 50 SR B AR AL 4 K AR R,
58 X 28 B A O 3 ARE AAE PSP A0 AR AAE . T R
Bl 3k 4 RSP S8t Ak R 4 SR B KA 2 A5 5
R RRAE B BF Al 1A — 4 1) &, BAT 0T DUIE I Ky
A PR XsF I 1 4 R R AIE AT WHXWH 2B R WH>1x1, H
By N WX H>xC AZ R 11 C, AR5 W 3% I 45 A N4t
ANREAIE P AR08 T Y R D PR, A i e R A A
JEAI—/> ReLU W0 o £, AN 8 2 )AL, SR )5
B I A B2 14 R S 38 A AN 4 R B K b A A B

[l 28 SR AN, FH Sigmoid R %5 kb B 46 25 5 4 el o

B0 A1 2Z (8], R A [F)1E TE RAE AR E, XA AR
SRR T A FOM R B, AR5 SR R
TH R, 4%?%?&]E‘Jﬁ%&i%iﬁ)\%%*ﬁ%, LA
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7t OFDM g 4R MR AT S 4, AR AS
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NCAB %% Z2 S8 ] LS X 26 5N OG5 SURFAIE D ik B
Z W55 50 L IRHE, [R] B AT DABR Rk 22 i 25 [ 2%
%) Je ¥ IR 52 BB PR SR s, 2 T D9 28 FE ARG A M LU 2% 1 T 5
FROURFIE IR FR B e, Fe 238 il .
4.2 ETFIEEAR NCAB-ResNet18 P4 H 53 2

TE ResNet &%+, ResNet18 3 T ResNet34,
ResNet50 13 UK [ X 45 52 4% B, LA 11 I 4 25 g WL SC

BR[9]. RIS B A2 FFB-EWT 23 fift 5 BIREAS R~ 8 |

AN, e T 45 5 T LA MCHE U A, R A S ik Y
ResNet18 £ HE 4211 9 2%, 45 EE ) NCAB 5% 24
Bk \F ResNet1 81, 155 NCAB-ResNet18 fE 4+
PRI AT A SRR,

BRI LS55 Q B SR IERH, M
B 15 5 10 I SRR b R B 5 A U AR I 9
SR . 5 P B 15 5 005 G 45 2K, 7T B 4 1
T PR35 5 e 4 A 5 L, AT 85 46 30 4 Y
AT S g e A SR 7 777 0 U3 9 10 24
oy Al
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3) XRS5 A 2(n) #EAT 20 (12) HORRTE
AR, LEAERS B — B A5 5 AR FEAS I (E 55 T 0,
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4) f# F FFB-EWT 5 A X 9 6 b 14 A4 Ak 22 5 (1)
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6 LI R KR
6.1 SLIEFMHIRE |

SEIG BT A A9 44 5 4 Gen InterCore(TM) i7-
12700H CPU, GPU A NVIDIA GeForce RTX 3070 Ti
Laptop GPU. {5 5 4b B> £ Matlab 2021a P53
17, RS 2 M 48 YII 2R A5 A Python 3.9+PyTorch 1.9.
6.2 HIREALIE

S BT A 0 8 A R R #0404 ORACLE!),
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FHEWRR, 3R 1 8 0 dB {E M Lb 2614 FANE 4 iR 7 vk
XEE.

£ 1 0dBGMELLRAFAN R il 7 iR EE

X b T FFB-EWT FBR-EWT VMD EMD
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3% 1 AT %0, Bk EMD J53%4h, FFB-EWT, FBR-
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70 2% 5 75 5 4 T B S 4 SURRAE. 45 198 AR 1 2 i
VMD J7 % b FBR-EWD 77 7 1 B E B % 1 4.60%,
VMD 75 A0 B 18]y FBR-EWT 7532 1 &b B2 B 1]
(1435, 1%. 43 BT H B RE 45 5L 2 B VMD J7 4
J A 22 AN L IE LI 4E 8 I B, oF Wk A T iR )
PE, R AR 0K B % T FBR-EWT J5 i, {E[AIRS 5 HF
BT R, TASCHE ¥ FFB-EWT iEfE A5 515
BB o B S T IR AR T 2L VMD 7 A
R, B T FFB-EWT J7 ik A 2tk [R5 5
JEHUE 2 B 15 BT BT A R A b B[R] X B FBR-
EWT % 11.3%, ¥t 8] T FFB-EWT J7 48 i B IT45 A
KIRIE, REA R XSS 5 HEAT 43 A, 55 B 45 58 4
PRI AE 5 P R B SURRAE
6.4 XTLESIIE Cy

9T YA ST i 1/Q I A U 5 R B
AR, iﬁ%%@ﬁﬂtﬁﬁ%i&ﬁ?ﬁ b X L SCRR[12]
{8, 7 FBR-EWT XP& 5 2EAT 50, I8 FH 2R 5
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A £ AR St — I [ 7 31 (1 1Q Hiedi it 4730315 SCHiR[ 18]
Wit — R 2% CNN (CV-CNN) W%, il 25 1Q 15
T EIEA AP BT IR0 SCER[191EH] VGG16 2K
AL 285 B AU $ Y 1/Q 1 5 PRI AR SRR AAE . A FH DA Sk
H S FH A G 7 ¥ 5 AR SOOI T R S0 T 8
Xof bb s 4k L.

W 8 BT, AXSCHE HY I J5 1078 25 A e L 24
NIEUR T B BRI AR [ B A M L I T R AR,
T VA B AR R A (0 T VR . 3R 2 AN IRIME e B 2%
PE R AN TV BRI R R
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