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Identification of Communication Radiation Source Individuals by BDmin-VMD-CA Combined
with MDFF

LIU Gao-Hui, YAN Di %

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

Abstract: Addressing the challenges in extracting subtle fingerprint features E)f communication emitters and the low
recognition rate of single-feature identification, a method for individualidentification of communication emitters is
proposed. This method combines variational mode decomposition (VMD) with multi-domain feature fusion (MDFF),
based on the joint application of minimum Bhattacharyya distance (BDmin) and correlation analysis (CA). First, the VMD
method based on BDmin is utilized to decompose each symbol waveform of the communication emitter signal into
several intrinsic mode functions (IMFS), including low-frequency IMFs containing data information and high-frequency
IMFs containing fingerprint information. Next, the correlation coefficients between each IMF and its symbol waveform
signal are calculated, with IMFs exhibiting small correlation coefficients being selected as the subtle feature components
of the emitter. Time-domain, frequency-domain, and entropy-based multi-feature parameters are then extracted from these
subtle feature components and concatenated into a multi-domain feature vector for feature extraction of the
communication emitter’s symbol waveform. Finally, a long short-term memory (LSTM) network is employed to
sequentially learn and classify the multi-domain feature vectors of each symbol of the emitter signal, thus achieving
individual identification and classification of communication emitters. Experimental validation is conducted using the

publicly available Oracle dataset. The results show that, when the signal-to-noise ratio (SNR) is 6 dB, the proposed
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algorithm achieves a recognition accuracy of 96.7%, representing a 22.1% improvement compared to the average reco-

gnition accuracy of individual domains.

Key words: identification of communication radiation source individual; Bhattacharyya distance (BD); correlation

analysis (CA); variational mode decomposition (VMD); multi-domain feature fusion (MDFF)
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5 : Z:n’c = (Zf’Zg-d"" ’Zg-(m—l)a') (29)
AR 2 R B AT 70,00,
v=1,2,---,C, Hrr, Z€ =vo. I HA Cm R R,
AR p(rtyg0, v,y VI T
Number(myyy, .., )
N—(m-1)d
Hort, Number(m,y,...v,, ,) #& 18 N [F] %Z;"’C T
Ty oy, TR,

HR#E Shannon J (115E S, I 18] 751 u ., () PR ESCATT A6

AT LASE S

P(ﬂv0v1~--vm_1) = (30)

Cm
DEk(m,C.d,N) == " p(uguy 1, ) Iy, )
n=1

1)
WEBUAE NS m=3, d=1, C=6. ¥ 1X P i 4F
AL DR A A R AR LR R R A 17 B T3 = [FEL, DER].
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B985 1) 2 B E M 2R KT 5 219025,
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£ 128 AN LSTM ¥JC. 76 LSTM E¥ih 2 )5, M T
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UK. B A 2K LSTM J2 % H e S5 21 e 24 1)
B 2. M ZR Ik ECH 50 Ik, Batchsize A 32,
521 EBEA 0.001 FEATIRER. JET LSTM 140 23 1
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S0, SRR I R AE 15 540 T, SRS ik
BRI A 85 2 e, AR 5 I S 1
Ty S RT SRR R T, Prim o R
SRR IR T = [T1,T2, T3], HUCR RIS NIl 2Rk
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v
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!
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v
LIRS 53t

I
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PRI ARFAIE 2 5L PRI IE 2 5L FEIURRIE S 5L
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PR B2 SR AIE 19 5 Dy IO 65 e i 40
v
1%\ LSTM Il 5
v
SEIIEAF R IR 2 SR

K3 BDmin-VMD-CA 5 MFF 3812 45 S5 AN I8 51 5
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4 LIRSS R0
4.1 BIEER
S50 B A 1 s 45 S T JR 0 8E 4 Oracle, LA

USRPX310 Jo2k K S A 0 45 4 SR, MKt £ b ide
I 10 & OFDM KHHIUE 51T k5. 4 G OFDM X
FHLE SR 1000 MREAR, 73 3T 55 Tk 3, Jf
W b A J5 10 22 SRR m) B MR AE B 42 7 S il
b, ARIE U GR AR S 2 8:2 1 AP R o R AE £ R
£, AT EAEALSEEG. {5 5 TilAb B2 54T Matlab 2023a
FE S, A 2% I 252 2T Python 3.9 Al
PyTorch 1.9 SEHLIK. 5 fE F 4 £ W0 28 2% > 1k F A7 7
FRIBIALI 2, ASCRT T 10 R S0 IF R 2 {H )
7738, I T S g iR e mpEe |, |

42 BDmin-VMD ESEDH =

A RAEASCH IR BDmin (135 R VMD 4
iR 0 K AHT T e AR & 1 2% S, B 24 BDmin
T 0.001 i, L5 IEFF. LAEMEEC A 0 dB. 2 dB-.
4 dB 1 6 dB ] OFDM {3 58 S I8 15 5 i, #2518 HL
100 M S HEACAT AL,

M 4 Har DLVEH Y KA S, 6, 7, 8 B, BDmin
A R EAML, X R, VMD 2t f2 b, i IMF
oy AT A RSy, ki 4. FHIAIERH T BDmin-
VMD HEHIEAR L A AF AL, BT LK VMD 43 f#
EH N 4, #Ei RS 5347 VMD 4.

0.10
—e— SNR=6 dB
—=— SNR=4 dB
0.08 —— SNR=2 dB
—— SNR=0 dB
\
- 0.06 4 .
£
g
£ 0.04
m
0.02
\,
4 ol o .
2 3 4 5 6 7 8
REEK

4 BDmin {HE K {52510

M 5 HFATBLE B OFDM 345 48 SR T 5 %
JE 347 BDmin-VMD b, 3% 42415 5 MRS &
B4y JF. B 5 o IMF1-IMF4 & OFDM 755 %
II RIS RN A 1-4 DN ARTEB S R ELL
4.3 BDmin-VMD & X151F

NEGEAS AT BDmin-VMD J5 v i a] SE 1, X6t
A5 5 SRS 54 SNR HUE X 18] 4 [0, 6] dB, Bifig
5 78 25 MARACAS M bt (B30 08 75 7K 1) S8R G A5 A5 e
L (RESSIE T RAE 5) 1) V2 G F, iZ 25180 2 dB 11
e H0T 1 W 7 T 3 A B 1) S 4 SR P AR SR HH
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ZIRERL S 7B AT A B R4 IR S5, 0
W AR R AT IR, JFPPAl SR AN AR e L 2R 1R T

IR I, M ITTIE )5 E BDmin-VMD & 143 5 5 3%
BB AERH K, R4S R 1.

ojp 2
4\@
g 0
= ' . . : . :
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
- 1
g o
= . | | . . .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
g i
E 0 “\ '|
-0.5 . . . -
o
0 0.1 0.2 0.3 0.4 0.5 0.6 0‘7 ~ 08 0.9 1.0
- 05 ‘ 2 ™
s 0 ‘
05 : : : R — : : :
0 0.1 0.2 0.3 045 05 0.6 0.7 0.8 0.9 1.0
0.2
<t
g o

0 10.1 0.2 0.3 0.4

0.5 0.6 0.7 0.8 0.9 1.0

S 1) (s)

K5 VMD 4RI IMF K

B0 Al T AR (%)

JEH 0dB 2dB 4dB 6 dB
2 445 65.6 72.6 76.1
3 51.2 70.5 81.0 82.9
4 72.6 82.9 90.1 92.7
5 58.3 79.1 86.4 90.2
6 53.8 73.8 84.5 89.3
7 403 62.2 74.9 80.6

H1Z% 1 A1, VMD 7 g M RE 2 K E2RECR. £
AFEMEE LTSI T, 2 K=4, ]l VMD 73fif 4 J2 1), 8

B HR AR AR 0l A d v, PRI, AR SCHR HY 9. BDmin= |

VMD {5 57 il AR R : >

4.4 HEETHEXMD MRS HEEIFTIRAI 148
B

0 ‘ ¢

{15 2 T, A (S 4R SR S U AT BDmin-
VMD A E S, 4551055 — A AR B A 15 5
KR EEK, NN IMFL 48 N EEEE S, 1 IMF2.
IMF3 1 IMF4 45 5t 55 L0 55 B 1048 56 2 $0 8 B
T IMFL 5L 6 5 5 A RO RS 54 B

#£2 % IMF frEMRGEE S 2 A R AR 2 EUE

HIMF 4y IMF1 IMF2 IMF3 IMF4

AR R HUE 0.7067 0.1294 0.0963 0.0034

FEARSLYS R, DS UEAR S 73 ide OB 25 73 B xt
PUNTERE RN, K K=4 I AR 8 5 LB IMFL
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I B 3 AR5 5 20 R A SCHR Y 1 22 SR AR R 5 7
TEREAT AL B S IE N LSTM AR rp 7 28 U0, kiR
BRI 6 A 7 fros. WEI AT LU H, #6506 4 i
55 B AT R SR UG 20 SRR, U 2 1K SE

S22 e, AR, 5% IMF1 B, HL R
PR 43 BT G R I 2 28500 1 L 3 v 3y
96.7%, LRSI SRk AT R S0 R
BERIT 4% DRItk X BHEA A B 5 R AR S S 3AT IR
e S HR AN K F 43 T DAL 800 (e O £ 5
N RS
45 WIEEHES BB R RBIE RN

9 T YR A ST TSR ) 45K 2 O/ 8 5 4
AU TR RO, AR TR HOSe 8, A 4
I 25 0K e A AL 0 . XS5 4 0 £ 55 4
AR MR £ IMFL &5 0 [0, 2, 4, 6] dB
H T LR, RO F RS R E S ML R B
AT LS, AT S0 350400 B 0 2 it
TP, ERECAE IR A 1 Bt i Ho . U3
Rk 3.

e 3 ATLL th, BRI HHESHUR, PUHHEH
SIGATIT T e, F W AR S H 0 500 5 AT —
FE MR, BollE T A SOITERFE B4 et
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i -75 i
7 7 . -75
8 -50 8 0 -50
9 -25 9 -25
10 10 o 3 0 2 0 0 0 0 0 95
-0 0
1 2 3 4 5 6 i 9 10
" =

il
Bl 6 A 2y B HURHIE 7 SRR I A 5
£3 BIHESHEE S HAHE LR AR (%)

TR

K7 kk IMF% 45 B RS F I TRV

B 0dB 2dB 4dB 6dB SERRRIR
ZRESHRE S 74.1 . 849 91.1 96.7 86.7
ERUSEESEENE =4 68.3 79.2 87.5 90.1 81.3
F BRIk o A7 2 FH R B AH AL ARHAIE S48 624 72.8 80.3 84.6 75.0
EERFFTHE R EMARES S | 70.1 80.5 88.2 91.3 82.5
F:R3 dBHE BE AT RS B 69.8 79.7 87.9 91.0 82.1
BRI AR 5 5 67.2 71.6 79.3 85.0 75.8
ZBRECT R RRIE S 5 67.8 72.3 80.9 87.8 77.2

4.6 FELEBEINRRE RN
e IR AR SCHITHE H ) LSTM Mo 4 515 43 2
U BRI R, T 22 AR SCHR S T TUAL B RVRRAE
PG 10 0815 58 SRR AR B0, 0L T SCHR[16]
HH SRR HL (SVM). SCHER[ 1710 26 AR o 28 I 4%
(CNN) FIBEHLARAR (RF) 73 L AT X HESLs, DAR
Jon e 37 1 W R 1 7 3OR AR A e B, AT 2 IR E R S
56, MRS 7 B 04y R A4S R Ge i PR
R, DAk 1 2 5 SEIG R . AN RS e LR AN R

X RAF I NS L 5] 8 P -

100 =
90 |
80 |
S
; 70
£ 60
= —e—LSTM
= S0 —4—CNN
——SVM
40 1 —8—RF
30 |
0 2 4 6

5L (dB)
AN [R5 R bE T AN [R] 43 2548 0 R S 255 b i 26 1]
T SRR T LAE Y, fEfE ML 6 dB 1261

&l 8

N, LSTM {1 AR 43 K 88 R BIAERI N 96.7%, {5
LN 6 dB FRRE] 0 dB it 29, LSTM 4 KARFEAE:
{5 M LU AR PE T, VR0 AR AR AR T L th 23 25 8%, mT BATE
BA L 2 SOV T (R 38 A5 58 S JR A PR R 51 S2 36 1, LSTM
E A5 5 R AR AT 55 T R B AR, 1 — P iE W]
T LSTM 7EACFUS P GE RO PR 34, 30T 7 St
£ LSTM 119 KR A 5 B

4.7 SHESHEMAEN LKARERBITEL S

S TR A ST R I e, HEAT T 3 AR L
SERS . T e (S M LL Oy 6 dB, HLZEASEOE YISkt
R MR LR T, 1% I8 LR S HT U4

TEES 1 XTSRS0 A, K AL J572: (R BDmin-VMD-
CA+ZIFE) 5@ BDmin-VMD-CA+HEAFE. @
BDmin-VMD-CA+UBAFE. B BDmin-VMD-CA+3E
LEPERRAE (A ) 34T 22 W R LRS00, SR AR
LAY RN EE G TT T R HER 26 B X 25 I ZR B0 IR K AR
Tl 2. 19 2 (% AR (b i 28 4 B 9 B,

TEES 2 ANXF sz se K A 3777 5 @© BDmin-
VMD-CA-+ 35 R AiE 5 A3 FF fiE . @ BDmin-VMD-
CA+IIRRFAE 55 JE 2R PEAEAE (45 1E). ® BDmin-
VMD-CAURHE 5 AR VERFAE (RFAE) [FIREEAT
2 U LRSI, 15 1) 1 TR M 5 B X 48 )1 R
WHIZE AL 28 A B 10 FTR.
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P10 PR AR F R 22 3 ik ) i 15 1R 45 SR L 3K

I A SR B, 78 10 > OFDM 17 ELAZ U5,
JiT R FH 1) 22 SRS AIE Rl 55920 B B i R R RS 2L A
W2 )11 25 20 5 2 JE B A T URSK, WSS 1-F 2R 51
HEHI RN 96.7%. Bl 9 SR, UK S8RF iF SR R AE
i, PIgRgs AT HAR B R A &, ISR 173418 51

YT 2245 W15 55.3% A1 78.5%. R 9 4 4 A

HEIT 628 b, ELTE v 4 T SR FIRE 40 T e
M B 2 DX 45 5 [0, SFUBRAE B4 A
S 20T IR E 2 MR, RS 1T 8
HERI A 90.1%. 3T I8 10 1] B H) 2 S & 2
SRR B B8 0 2GR 2. IF R KR 45
Sl R 3 25 SR AT B MG AT R, A T LS 1
/RN T PR, SR 0 P i R ASCR.
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WUMHERIE N 96.7%. ¥ {5 WL FF#%] 0 dB I, 243
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-5 6 AR V2 1 5 R AL e
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