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Abstract:
Frequency Modulation) signals is proposed in this paper. The reference signals are constructed depending on the certain modulation

Based on NP( Neyman-Pearson)criterion, a reliability test to evaluate the blind processing results of LFM( Linear

model in accordance to the identified result at first. By analysis of the parameters differences from the probability distribution charac-
teristics of the modulus of the correlation series under the different hypotheses, the reliability test problem for blind processing results
of LFM signals is performed by the proposed statistic and the threshold based on NP criterion. Simulation results show that the pro-

posed method can be used to verify the reliability for blind processing results of LFM signals at low signal-to-noise ratio.

Key words:

1 5|5

TEBRZ A5 5 e (5 B LARAR MR LA PE T XL 5
ST IR SR REUEAT AL B R g A P
ERUE TR IER R 5 A T B AT A S Ak B
I 4 — A2

FAT, & TA5 5 B AL BRZS S ] SE PG50 J5 vk 98 3C
ARV Fehske > 45 5 17 8 ] U3 43 25 25 AT S ol
R 22 I 265 3 At ) e K 5 O K HH = (E Y —2F
VRSN 23 AR i ] A5 B2 BE o, {ELTG RO R 9 I R AR
Lin'* 4R T — T (5 A0 1 8 i P50 4 SR T
OISt AR T ALK BR B AL 3 i S

Wik H #1:2012-05-18; & 7] H 1 :2012-11-28

blind signal processing; reliability test; NP(Neyman-Pearson) criterion; LFM(linear frequency modulation)

THEZ ) fE 005 SRR BE s R R A AT S A5
Y/ IMAR B 1 1] S H % AR SR AR 2 ) ) 2 5 K/, B
SCEARBL T PR 45 R R TR (HAE TSRS e g A
PSR TS R T LSR5 Ry R . 4,
RPN AT T HE S I AR AT SR
R AT 5 2 b L, S 1) P SE P AG: 9 [ A
ARSCEE X IS I 2 PR R A (LFM, Linear Fre-
quency Modulation) 555 5 Ab 3 45 S 114 W 5 P4 6 55 (1) 5T,
Pei T —Fh L T 4l 2 FZ K5tk (NP, Neyman-Pearson ) 1 1
ARG B A . HL AR JEL B Sy S MR A0 8 i TR 45 SR T iz
5 HRLET S B AS T RE S E S TR AR Rl
WG S 52 %55 A0 RINEM S50 11 S 80

FATH ITIE A REFE 34 (No. BK2011837) ; VL7458 BUR B 2 345 (No. JS-2007-105)



740 H +

2 2013 4f:

S EEA L, R NP o DAL A 50 T o O A
TR, % LEM {55 B AL 45 R 0 T SE PEEA TR 50 . 15 45
TR 5 A Bk Z A5 5 S 5 R IR S AR M L A5 A
AN LFM {55 5 AL FRZE SR ) IE R PE R T ARG 06
2 EXRBSR/RE
BRI S e LIV {55 2h
r(n)=s(n)+w(n),0sns<N-1 (1)
Horr
s(n) = Aexp[j(Zth})nAl + whn’Ar* + gp] ,O0sn<N-1
K AL fo, by o, Aty N 530G 5 B IE BE I 16 4%
PEI AR B AIAOL CRAE ] B SRR S8, w(n) A&
(B 0T MR A e AR, SR S R PR LN, T 25
o fEME L RE XA SNR = A%/6 R, LM {5 5 (105 4b
PRk AR v R Oy 2R R IR AR AL T R A R B T
SERATRY B, FCAb PR A5 SR A T A 56 T I 25 S an R
AT B 7] A«
Ho TSRS ST E SRS N ()
Hy SR 2 R R s S E A TR 25 K
B3 Hy BT SRS TR 22N X — Uk, AR A
NI T Af <0.5AF (Af R R IG AT TR 2, AF
= I/ NAt s A2 B ) , W 280 T B e, 1R
25/ A7 R G ) B 1 2 Wi =022 4 (DPT, Discrete Poly-
nomial Transform) 75 %57, 45 2 KA A AR 0 _L 4T3 2 4
FAGTT. ] DFT A5 ARSI, 24000 3R (R A A %
o EAE R L Sk AR I e R A s 52 R S ) B
Mel , AR AW RS, S 3 TR 25 A8 K (HAE(F MR LT TRR Y,
S RAG TR 22 Y 48 XRHE — /N T 172 45 0% 5 A A % 1]
b .
3 EHirHR
3.1 WRGEITENHTE
TE Hy BT, 43 BIHF 5 0 S 1 41 3 | 1431 3 4
PEATAIE AR E] Jo, b IFRIE S S
yo(n) = exp% —j[anonAt + chc(nAt)zj} ,0sn<N-1
(3)
FMES r(n) 52FES () FEME RN,
155

N-1

Zo= > r(m)yo(m) = s+ wy

m=0

HH s = i Aexpl j(2emAfAL + Ak (mAL)* + @) 14

N-1

EEW wo= >, wlm)y,(m) R4, Hdh Af

m=0

= fo— for Ok = k — ki 4F 50 g G 9UR AL TR 25 5 JE A
REAG R .

2 Ho ABRBEMAT I, TE— & {5 W L 261 R, S5
TR REE 0, (5 5 & S8 TR 22 — /. 7T
PIER S8R TC 1R B S5 HR 22BN A s
~ NAexpjfy, i By J&— RN K Z, 5 AL
s Zo= Zyo + 1 219, e VISR Zpg LT 71073 51 IR
M oA, L XE S 3R E(Zgy) =~ NAcosfy, E( Zy)
~ NAsinBy, i Z N D(Zy) = D(Zy) = No*/2 = 0>, 10

VE(Zy) | =/ E>(Zyy) + E*(Z;y) = NA

AT

T2 H, ARBCT MR BTl i ] il 7 X8 R0 0z i)
BRGSO E S %G S

yi(n) = exp% —j[anonAl + ng(n)] ,0sn<N-1
(4)

K fo 5 o(n) 000 H, BT 8D 5 H A7 o6 4L
FhTHA . BLR, AT BB H BP0 -

()RS 7 PN AR R 2 LM {5507 508/
AR5 32 T Kk A W 722 I, 7 3 W0 A A e )
HE AT B EES . DR E S S 6, 25
SRR LGS B IR AL B LFM {5 5, th 105 5 B
RBC, Z Bk R 22 B AR K. I I, 5 K WA 5
x(n) GREENSFEES v () EMRE RN, 155

N-1

/= 2 x(m)yl(m):s1+w1

m=0

Hrprs, = 2 Aexpj[ 2nmAfAt + 7( kmAt)? + oI HES
W owi= D) wm)y, (m) WS SN K000, 16 7,
GBI K 2, = Zp + 2y, AR Zyy, 2053 51 i
oA, Jr 265 Hy WA Dy (Zg) = D(Zy) =
o2 F LS S HE S B ), ECZ0) 5 Ho T
BEASTE] . 0,

\E(Z)| =

E(Zy) + E(Zy)?
=4 ‘ Z} exp(jZTtAfmAt)exp[jTr( kmAt)z]‘ (5)

TS BR, b X i R A TR 22 AF B
K MMFENE(Z) I < TE(Zy) 1.

) JEH 7 AR BN, (A BB THR E K A
AEIE T, AR IRy 2R A A, {H AT B8 B T 8
FHUANG 1R 22 K, R IR AR A TR 22 K, ok S 8K
VE(Z) 1 < 1E(Zy)].

R T IHBRARSL R T8, g V=1 2,0,
i =0, 1, HAR R B ol B0 A o

o (o) = :%exp[ —2%‘3(02+ 5%)] Io(i_g;) , v=0
L 0, v<0
(6)



o4 M

B IS T NP EI B9 LEM 55 5 A BRAS R Al S 5 741

K 1o(x) A —REHE IE DR RE, S5 &) =
|E(Zy) | =~ NA,& = 1ECZ) . T H BEWIEHLAME
—, & IRMEMENT O, (H B BTR  BT ] HUA &) < & I
M.
3.2 FIRA KR

Bl 1R AG e v AR NS B E
B4 B (5 M b 3dB) . | BT WL, 22 R MG T Gt
&V MR SR s AR OR 25 . T, (DA
EEAL AN SR 56 (7] R

2000

1750 F H (RAER)
1500}

H,

0

1250 H (R IE 5, 55040 4 1/24% ik
PSR 161 )

§1000-

750}
500}

200 400 600 800\ 1000 1200 1400 1600
Gk X i)

B1 StV ERRBR TS ETEEUAE

Hy: € = &g~ NA= R GNEH 25U 1R 22/
H: €= &, < Gy iFAHR B SRR 2 K
(7)
HRAE NP Lo
=P (8)
PVO( ”)
Ay MTTRRAE, $:0 (6) R A B, FE55 B 3 ¢ &R
TN G — S W L 35 K, B Eo/6” > > 1, M
ﬁ[é]
1o(E0/6%) = &7 1) 2t/ o

2R S
Pn(v)

&-& <s]—so>vﬁ ,
pr (0) =P 242 ]eXp[ 5 ] g =7 A

9

Xof b 3 0 RO B, 3 PR
(& -&)v=7,H H, (10)
Ky, =02(Iny +Iny/ £,/&) + (&1 - &) /2.
FIREIE H ARET & - & <0, EXEF NN
v<7,, 5 H, (11)
HR A NP HEN], 76 25 22 1) 3 PEKF o B, X
HET TR 7,,
Piv<7y;Hol = a (12)
R E M AT, Rician 2377 35 B 5
o, ) Vo SERUIRMIIE N &, T7 20 oF W m 4
i, (Vo = &) /0. SR bRUETE 2553 A, T A

P,{T0$73;H0fz1—@(73) (13)
Rrp Ty =v/6. - V2NSNR, & (x) = 1/@r e 2di

®

SR IE A5 20 A B 43 A1 R Rl RS o I S A
T 3 AT A BT AL A T R
Y3=® (1-a) (14)
K @7 () M bR UEIE S BEUNM G R EL. T, X
(11) Wy e AT S AL fRT A
A To<< 73, W Hy SN H, (15)
4 MEHESHW

PrE A LEM B804 1 FH ik 19 DPT 48318 ik
PRI RIEN R SCk [9 1073, 1 BLREL NV, = 1000 1K, R
FERTR 100MHz. JG 2245 R 2 ny R EBRMBEH H;, F
PRI SIE A Hy (U8, P SRR P, = (nyo
+ ng )/ N,.

PR NG SR A SR 19.081MHz, ¥/ 45 £ %X
0.05MHz/ps, £ A 15 50 1000 5, 2 2 P 7K S 4 51 B
0.001 2 0.0001 B AR Sk 1 G 1R fE . th ] I AR5
TAEAE B W L P, TR Gl B, B ARS8 RN
LEM {555 5 Ak B 25 S 1 W] S MG 60 76 4 [R) 15 M L 5%
PER AR ARG 56 BE 52 0k 38 M /K S B A 52, 52
o o R B T B 5 3 S R KT 1 RN

F1 FREEILEBEMKFRAR RS

SNR/dB a o net | ni | npo P,
0.001 1000 0 0 0 0
0 0. 0001 1000 0 0 0 0
0.001 996 0 4 0 0
- 0.0001 996 0 4 0 0
0.001 988 4 8 0 0.004
2 0. 0001 991 1 8 0 0.001
0.001 984 2 14 0 0.002
- 0. 0001 986 0 14 0 0
0.001 982 5 12 1 0.006
! 0.0001 986 1 12 1 0.002
0.001 970 0 25 5 0.005
- 0. 0001 970 0 25 5 0.005
0.001 866 1 117 16 0.017
-° 0.0001 867 0 117 16 0.016

2 PR W5 SR IG AR PR R B S W AR 1
HEH, BEMKFE o BL0.0001, FEAS S %57 511 HL 800,
2000 s AL ST PERE . B2 AT L AR A S BUAN TR
B, AR SCH R I A R0 e BT T BR RS ), B AR S BRI



742 L

EE ' 2013 4F

TR LU TR s AR R IR LE A5 F T, RSB R ME 50 R/
B AEAS SBT3 2 DR AR A s O8O, A
SR BN {5 M L 4 3 £ iR, HLAR 05 4 5 10 4% IO
TBAAS At B T A, DR ARG 56 P R Al A

®2 FREFREHEEENSITIEAE

SNR/dB N ngo noy | ny | P,
800 979 0 21 0 0
0 2000 999 0 0 0 0
800 966 0 34 0 0
- 2000 1000 0 0 0 0
800 920 3 76 1 0.004
- 2000 998 0 2 0 0
800 616 0 | 32| 12 0.012
- 2000 942 0 57 1 0.001
800 56 0 | 927 | 17 0.017
-8 2000 226 0 | 764 | 10 0.010

23 At RS AR BN 0.05MHz/ ps, 15 5 FEA 5
U 2000 £, 2 46 45 32 43551 24 10.081MHz,29.081MHz,
BEMIKF o B0.0001 BFAR B L MG ERE. il
UL (5 KT - 4dB B, AN R G 45K 404 F , 1000
U Erp, PSR IR MR R 24 4500 0. fF MR L/ T - 4dB
B, AN RS AR AR T, 33005 1 PO R R A R Y B
i, B ASAAR /N AT UL, £ W bea BE B, ARSI SE T
PERBIEA Z R MR AS L 5

R3 TREBFERAE LRSI

SNR/AB | fo/MHz nw | no | nn | n P,
10.081 | 1000 | © 0 0 0
0 29.081 | 1000 | 0 0 0 0
10.081 999 0 1 0 0
- 29.081 998 0 2 0 0
10.081 998 0 2 0 0
- 29.081 999 0 1 0 0
10.081 939 0| 59 | 2 0.002
- 29. 081 932 0 | 68 | 0 0
10.081 230 0 | 765 | 5 0.005
-8 29.081 230 0 | 763 | 7 0.007

% 4 PR NS SR IEHTER 19.081MHz, A4 2 B0
FIEL 0. 1MHz/ 18,0, 2MHz/ s, £ AR 25 %1 2000 15, 5k 3 1%
K o BL0.0001 B ARBIE M GE T PERE . 30T I, - £ 1t
FE KT - 4dB B, A [RIJAST R &4 T, 1000 YA FH
PSR ME SR 30E 0 BEE (50 LL I R I (/N T - 4dB

Ja ) PR ZRAE T IR SE BR LA I A B i, {5 35 2l
B/ AT £ M EEE R I, AR I P RE SR AR A 2 1
W2 BAEAL )

®4 FREMABMEEENSGITIEAE

SNR/dB | k/MHz/ps | ngo noy | nuy | nip P,

0.1 1000 0 0 0 0

0 0.2 1000 0 0 0 0

0.1 999 0 1 0 0

-2 0.2 1000 0 0 0 0

0.1 998 0 2 0 0

- 0.2 999 0 1 0 0
0.1 994 0 4 2 0.002

e 0.2 947 0 53 0 0
0.1 837 0 | 156 | 7 0.007
-* 0.2 242 0 | 752 | 6 0.006

5 SFRiE

EIXT LFM 15 5 5 Ab BE A0 25 S AT 5 1 4G 56 n) A2, A<
SCEEH T —Fh LT NP EN A3 Ty, BT AR IR
Lo 2 5SS I E B A T X LM {5 5 5 A H 45
Ryl SR, AR AN, BA —EMiie 5 T
TR A

Bt B wALE AR K R A A e 35 F

S Sk

[1] W SuJ A K,Y Ming. Dual-use of modulation recognition tech-
niques for digital communication signals| A ] . Systems, Applica-
tions and Technology Conference[ C]. Long Island, NY: IEEE
Press,2006.1-6.

[2] Pucker L. Review of contemporary spectrum sensing technolo-
gies (IEEE-SA P1900. 6 Standards Group) [ OL]. http://
grouper. ieee. org/groups/scc4l/6/documents/white papers/
P1900. 6 _ Sensor _ Survey . pdf ,2009.

[3] Fehske A, Gaeddert J, Reed J H. A new approach to signal
classification using spectral correlation and neural networks
[A].2005 First IEEE International Symposium on New Fron-
tiers in Dynamic Spectrum Access Networks [ C]. Baltimore,
MD: IEEE Press,2005. 144 — 150.

[4] Lin W S, Liu K J R. Modulation forensics for wireless digital
communications| A | . IEEE International Conference on Acous-
tics, Speech and Signal Processing[C] . Las Vegas, NV: IEEE
Press,2008.1789 — 1792.

[5] Shimon Peleg, Porat B. Linear FM signal parameter estimation
from discrete-time observations [ J]. IEEE Transactions on



%4 WIE 3T NP HENAY LM (55 5 AL BRZE T mT S P AG 56 743

Aerospace and Electronic Systems, 1991,27(4) :607 — 616.

[6] Whalen A D.Detection of Signals in Noise[ M] . New York: A-

cademic Press, 1971 .
[7] Wilfried Gappmai, Roberto Lopez-Valcarce, Mosquera C.
Cramér-Rao lower bound and EM algorithm for envelope-
based SNR estimation of nonconstant modulus constellations
[J]. IEEE Transactions on Communications, 2009, 57 (6):
1622 - 1627.
(8] w1k, Xy, P #% . LEM 155 S8l iy 4 13k Ay
EVIGIEOIFE ] B 72441, 2009,37(3) : 598 - 602.
XU lJia-jia, LIU Yu, DENG Zhen-miao, The Starting point
problem of parameters estimation for LFM signal based on
Newton’ s method [ J ] . Acta Electronica Sinica, 2009,37(3):
598 — 602. (in Chinese)

(9] W FE LS, Xl . T 1 52 Al B s ok P 9 il i LT
HHAHLTRE,2010,36(13) :21 - 23.
Hu Guo-bing, Liu Yu. Signal intrapulse modulation recognition
algorithm based on sine wave extraction[ J]. Computer Engi-
neering,2010,36(13) :21 — 23. (in Chinese)

HEE B,198 4 4 A& LIS EA.
2006 45 2011 4F 53 51 F i % AL 78 MR R 244k T
20NN L e A2 DR F N S AR XV REE
BEI L5 AU E B AR B R B
TR BB RIBE K , NG RE (5 S AL BA Ty
[IJiSEEPRTEIS
E-mail : hugb @ njcit. cn

a5, 1958 AL INARKRE N, T
P T BUT GR35 B S TR —%
T B AT LS 5 BRI B . 32
WNF 2GRS SRS & EAIEN
AL BRAE DT TS
E-mail : 1zhxu @ hhu.. edu. cn



