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Signals Based on Subspace Distance
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Abstract: A Power Amplifier (PA) fingerprinting method based on the Volterra series model is proposed for specific emitter
identification of wide band emitters. To cover the adaptability and dimension explosion shortcoming of the traditional Volterra identi-
fication method, a new MIMO model is derived for the code modulation signal and the linear/nonlinear frequency modulation sig-
nal. And the distance of the subspace is adopted to compare different Volterra systems. The independent and measurable properties of

the method are given, and the principle of the method is verified by the simulation experiments.
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hl0(1) =[0.2,0.3,-0.7, -0.001].
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HIMSEFEE, 0 EBIM = E#ETHR ]
N =8,LA 1000 BEBIE/ER R, IR{F% LM 15dB F| 35dB
AL, BB T /E 100 IRBHASSR, S8 2R 5
EHFE B 1 4AHE T LI F5SE 12-Hausdodff B (/D E
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A W=7 Bt B2 BIAR A, T EL Y e 75 #0400 BURR,
{B7E 32dB Bt R B IE B AR BB X B 80% . A1 EL AR R At
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100
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~a— L.2-Hausdorff Distance

40 —e— Least Principal Angle

4 —— Wolf-Shashua Similarity
1
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3025 30 35 40

SNR/dB
B RETF2E LT &R R

ERIEXS V45 Vo ZHIKNEE.

DI ES A ST SE m T EA G, B
S RERARESHEE T R R E R TR AT ERNS
FHERE. % PAM i L QAM JA I A1 8PSK 1@ BT 5
55y RIARE A 16 MBEBH S, 8 AEHHYS
AR, RN Uy(n) RRFS],35dB T 4T
100 X5 R, iHER R FZ RIMEBEA, it 4R
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BIRK, BIE B E 5 MR B R £ LA, [/ — Bk
U B BE S A8 b 5 R[] 26 U K T %% B S AR b 2 AH O

#y.
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ERSE
_ PAM 16-QAM 8PSK
S Q
0.004701/ 0.004342/ 0.004122/
PAM 0.0006522 0.0005843 (.0005358
0.004342/ 0.003575/ 0.0038871/
16-QAM
0.0005843 0.0005200 0.0004872
8PSK 0.004122/ 0.0038871/ 0.0039706/
0.0005358 0.0004872 0.0004733
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T, oA S50/ B YL 00 6 e i R S A X O M AT

precision/%

—a—condition number=25

—e—condition number=17

—a-condition number=13
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25 30 35 40
SNR/dB
B2 RRAEHBHVolterra RARIRF EHR
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AT H T IHEY Volterra 22 B0 I i Fp MIMO
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i Q15 U Y B = BNy 7.1 M VA | R B
WO AT T e, BJE TR E ST T RAE.

AXHHERANRSEFEN FEEMIES K
xE BETAKEMITE AIBPEAS LI, AE
ERBRENEREER ESM RET .



% 8 M

# L ETFEREROTFES TR R H5 K% 1717

B 30W:

(1] EE, 84,200, A—F BT HESEKNEHE

MR ERBR T EI]. RETE 5B FHAR, 2006,28
(6),795-797,936.
Zhan Guo-zhu, Huan Ke-sheng, Jian Wen-1i, Zhou Yi-yu. Emit-
ter feature extract method based on signal envelope[ J] . Systems
Engineering and Electronics, 2006, 28 (6),795 ~ 797,936. (in
Chinese)

(2] #RE, ZKE, AP B EE B UL o i B 351 %

BRI BFHIIHR,2005,20(5),7 - 10,22.
Dong Hui, Jiang Qiu-Xi, BI Da-ping. The technology of mea-
suring instant frequency in digital reconnaissance receiver[J].
Electronic Counter-Measures Technology,2005,20(5),7 - 10,
22.(in Chinese)

(3] 846, FBAR ETIEMERENEMKRMI] &
e ,2007,28(2):75 - 76.

Cai Zhong-wei, Li Jian-dong. Study of transmitter individal i-
dentification based on bispectra[ J] . Journal on Communication.
2007,28(2) :75 - 76. (in Chinese)

(4] HME, 23CH, B —F . 2T/ BT RKEFERE SR
F[J1] 554022, 2005,21(5) :460 - 464.

Liu Zheng, Jiang Wen-li, Zhou Yi-yu. Emitter signals recogni-
tion based on wavelet packet transform[ J]. Signal Processing,
2005,21(5) :460 - 464 . (in Chinese)

[5] T L Carroll. A nonlinear dynamics method for signal identifica-
tion[ J] . Chaos 17,2007,05 - 09:023109 - 1.

(6] 5%, MME , £ 3CH, B —F . BHESHFHB AR EL"

FHERBC JFEM R PM B WER[T]. B FEH,
2008,32(5) :927 - 932.
Xu Dan, Liu Zheng, Jiang Wen-li, Zhou Yi-yu. Extraction of
amplifier fingerprints from narrow band signal: principle analy-
sis and FM broadcast experiment[ J]. Acta Electronica Sinica,
2008,32(5) :927 - 932. (in Chinese)

[7] Rappaport. Wireless Communication Principle and Practice
[M].US New Jersey :Prentice-Hall, Inc. , 1996.200 — 202.

(8] BEAE, M, A, % XM RAEREIS(M] AR:
P95 3l R AF AL, 2001160 - 176.

Cao Jian-fu, Han Cong-zhao, Fang Yang-wang . Theory of Non-
linear System [ M ]. Xi-an: Xian Jiaotong University Press,
2001. 160 ~ 176. (in Chinese)

[9] Shankar, Prakriya, Dimitrios , Hatzinakos. Blind Identification of
LTI-ZMNL-LTI Nonlinear Channel Modeis( J] . [EEE Transac-
tions On Signal Processing, 1995,43(12) :3007 - 3013.

[ 10] Shankar Prakriya, Dimitrios Hatzinakos. Blind identification of
linear subsystems of LTI-ZMNL-LTI models with cyclosta-
tionary inputs[ J]. IEEE Transactions on Signal Processing,
1997,45(8) : 2023 - 2036.

[11] A. Saleh. Frequency-independent and frequency-dependent
nonlinear models of TWT amplifiers( J]. IEEE Transactions
on Communication, 1981,29(11):1715 - 1720.

[12] M C Jeruchim, P Balaban, K S Shanmugan. Simulation of
Communication Systems-Modeling, Methodology and Tech-
niques| M) .2™ ed. New York: Kluwer,2000.303 - 341.

[13] Giannakis G B, Serpedin E. Linear multichannel blind equaliz-
ers of nonlinear FIR volterra channels( J] . IEEE Trans on Sig-
nal Processing, 1997,45(1) :67 - 81.

(14] HHE, BEZR, HEE, ELEFR M T WAL Volterra
FEMEFRI]. BEZEKREFR,2000,34(12): 24
-27.

Fang Yang-wang, Jiao Li-cheng, Han Chong-zhao. Blind iden-
tification of nonlinear FIR Volterra channels[ J] . Journal of Xi-
an Jiaotong University,2000,34(12) :24 - 27. (in Chinese)

[15] Golub G H, Van Loan C F.Matrix Computation[ M].2™ ed.
Baltimore: The John Hopkins University Press, 1989: 121 -
123.

(16] G5 EHEM T RN A M. FE, LR HERES
JiAt ,2004.

Zhang Xian-da. Matrix Analysis and Application[ M]. Bei-
jing: Tsinhua University Press. 2004597 - 598. (in Chieese)

[17] Liwei Wang, Xiao Wang, and Jufu Feng. Subspace distance
analysis with application to adaptive bayesian face recognition
[J]. Pattern Recognition,2006,39(3) :456 — 464

(18] k3R, TKAEEA, |6 B HBE R AR B ER KRB
(3], S 3% ,2004,20(4) : 79 - 82.

Lin Qiang, Zhang Zu-yin, Guo Wei. Analysis of microwave
power amplifier nonlinear distortion [ J]. Journal of Mi-
crowaves,2004,20(4) : 79 - 82. (in Chinese)

[19] Jose C. Pedro, Stephen A.Maas. A comparative overview of
microwave and wireless power-amplifier behavioral modeling
Approaches J] . IEEE Transactions on Microwave Theory and
Techniques, 2005,53(4) : 1150 - 1163.

EEEN:

W A B 99 FETHALER, S5 T
2001 4. 2004 £ #1 2008 £F7E I B BHEL K% K45
FR R0, AR ER R TREST
BERHIN, TRNE S EE X B FHE
B LB R BHRMERBE T EHBI.
E-mail : stfan79 @ yahoo. com. cn

5.,1967 4 L, BB WL ERM, FIR AN E

EXH
EHTRER, ZEMERLEE.

A—% B &4 WL HR BLESW AT ENE
FRTEER, ZRHRRLESE.



