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Abstract:

construction “long-multiplication, short-convolution” is analyzed in edge frequency and non-complete intercept. By ambiguity func-

Using the chirp Fourier transform which is the working mechanism of the compressive receiver, the most important

tion, the output waveform of this receiver is set up in this situation. The parameters of output waveform are discussed, which are the

output pulse-width, output peak time delay, and output peak value loss. Then the performance of frequency detection by these pa-

rameters is deduced, including frequency coming time, frequency resolution and intercept probability .

Key words:

1 5|5

TEBACE b, WX EE 0 EEAM
1120 SRR TR X T e ) A R 4 )
BN S BN QUL Bl X B R iy 0 A NI AR )
R4, T 76 5 00K S OO & IR A R %007 R
TR, AR LA 14 R AR S DS AR, s 4 1 i
HL(Compressive Receiver, CR) LA H /MR 5 5 8 AIGAK
A iR R R BRSPS R R I #5298
Ik 167 Sk A e A e 2 A BT ( chinp ) ik s S 4
AR PRAT B I ZEHML , HAT LU H ML LI R 73 %
T35 R T L, TEAL BR 22 A [ 3 1K 45 5
AEJL MR

ZH SRR TR IR 1 is F e i S AR R AT 0
A CR BT S RSB 5 SCHRT9 ~ 113 CR #9 TAE
JERE B T AR AT T PR M, I HLAE
PR A BT S AR TR A SEIEEAT T IR0 I 5 3C
BRC12 T% CR 7R K vh 455 0 2245 5 A6 I o 14 7
FBERT T 20 Mt 0 LR ME AR A AT T (i T35 STk

Wi H 397 :2012-12-22; 8 18] H 151 : 2013-04-01 5 54T Zhi 4 - Mok i

frequency detection; compressive receiver; chirp; ambiguity function

[13]45 1 1 CR f#pr IRl 2 H bndi A5 5 iR IS 80
SR TR A BT T MRS SR O 2 H AR A 5 1R
M 5 SCRRL 14 4 1 25 7 DG P50 18 82 i 4 1A D 40 1 406 H AR
PR AL B CR AR, v ik 116 GE 5 T U HUEIR 2k CR
R REAR 32 PRI 52 ) R A5 Bk 525 SCHR [15 1764 41 CR Jt
PRAYHERL b, AR 1 an ] A1) HD6 I R AT CR
SRS M5 5 ek [ 16 3 i X CR A ek, an bR
W - P 7 - R4 BOR 1932 T, S 8L T % OFDM A BP-
SK A {55 1A

SRTT, HETXS CR AYVERE 2 MR 2 ik T8 Ik 5 o4
AL BN A, ELIBORE I E] A 5 B 8 A MR
FEth B (LU PR Teatin & ) , s 2 %F ik P 1 g
FISHT . R Fe sy T f# CR B TAERFE K M RE S 80, A8 3C
Z: BRSO bR 4 ( Ambiguity Function, AF) X 75 ik {5 5 1 43
BT 5 i, % 4 i R A fe— %8 45 B ( Long-Multiplica-
tion, LM)” 1 CR % tB A5 SRR AEHEST 14007, fiik T 5 1
IR ICA I A LA L R R SRR S ORI S B ik e R R
FLIR 2k (Pulse Expand delay Line, PEL) ' %5 3R 5 | L #Y 4 H
WRHAE I s B[R] A9 22 4k . 38 2 2 RO CR I PERES:



506 H +

2 i 2015 4E

BUATRAYHE ST AR AT 2 T T R A
2 LM ESEH#EIM

K108 IM g oL, iz I bl2 C-M-C 2 CR,
B2z HORZ A R 7 e 22 IS 1 7 4k P 3R iE My PEL
PP R C O Ko s 46 42 3R 2k (Pulse Compress delay
Line, PCL) ZE 8. B AAE 50 s (o), W 550

| SCKe) | = | [sCe)ech (1)1 % ch* (1) ] (1)
Horb JRBARRL K W HEB(K > 0) 57 Mkt [ = 3%
R, ch* (1) = exp( ijTthz) b chirp ik, B, i
HTE, Ty NI TE 5 By AKHTTE, T, A KITTE.

C M C
§—fearpes
7.3 exp(~ 1 k%) 1B,
1B,

El1 C-M-CE&#45H

B2 2 s (o)ad LM B o) /%5 SR &1 504530 1Rl Af
=fs=fi=By- B, W — A B, =Af, B B,=2B,. ¥
PEL UM f. M7 509 [fe = Biofo+ Bil s W] PCL A7
Sl fi-(fo+B)Ai-fe-B)] =[A-forfs-Ff,
HULHIE £,=0.5(/i+/3) = f.=0.5B, + f, - f.. B
BRO17 ] AEAE MR, Al f.=0.6 f. 4
f.=0.5(fi+f3) =0.5B, + f, (2)

it | \

4—T1 1
%o 7
)] 1

|
|
|
|
$§§§§/4&
|
|

L

[1]

TRl 2)

E2 LME#HIEHEE

3 LMiEGHEE

WedE E R, N RIE LM X s (o) 5820 BURE , — %
Ho> T, ZHE 3 SHAAMN 7, WESE S
S==+T'T;! (3)
Hrp. 18 T, RIS T, J5umas B, o B
M T, e eS B, 0 BUES . AR 181 < 1.
Wy A PEL #UKIE FE S kvE S PCL FIBKTEZ L.
p=T,T7' (1-18])=2(1-168]) (4)
B 0< 5 <2. %8 3 BASZ AR MO - 7%, L ¢00 )
ABFR S, TR BT PEL X R ISR ZE IR R foa, BE S0
=f0+fmjd7f”0 =f'0 - Kr,@}ﬂiﬁ(]),%ﬁﬁ AF %‘%ﬁﬁ
FI R F 75 AR RS AF B2 00 %111 < 0.5T) I,

ch " (¢) =1;1¢1<0.59T, B, ch = (1) = 1, GEHH f,
19 s (o) ik IV A5 it 2RR 0
IS(Ke) 1 =1y(zs 03 7)

[b ch ~(t)eh * (1 = v)exp(2nf"ot)dt (5)

Hr:a BT TR b AR ERRORSE 9 (8,
=0.5(9p-1)=0.5-|8/59,,=0.5(p+1) =1.5-
|| .z B gk 3 5) b an

Dls <2

ZHE 4,6

€Y i T<t< P T, H a=7-05T,b=
0.57T):

(e ) = | exl@af e = Gy Lol W)
— explj2nf"(z = 0.5T)]}
= (af"0) “sin[ 7f"o( e T1 = 7) ]
- expl Jf "o i Ty + 7) | (6)
Y - puli<t<puli W, H a=7-0.5T,
b=7+0.5T;:

y(osf s m) = JjeXp(jZch”ot)dt
= (2rf"y) ~H{expli2nf"o(z +0.57)) ]
—explj2nf"o(z -0.5T,) ]}
= (nf"y) ~tsin(nf" T exp(2nf"ot)  (7)
Y-, T1<7t< -0 I, a=-0.59T,,
b=17+0.5T,:

y(o5f o3 m) = J:eXp(j2rcf”0t)dt
= (j2nf"y) Hexpl2nf"o(z +0.5T;) ]
— expl j2mf"( —0.57]T1)]}
= (nf"o) " 'sin[wf” o (P 1 + 7) ]
“explinf"o( = Nuin Ty + 7) ] (8)
@0< <1
ZHBE 5,1
O - 9T << P VA a=7-0.5T,b
=0.579T:

b
y(zsf"osm) = J exp(2rcf"ot)dt
= (T[f”o)_ISin[th”O( 77ma>;T1 - T>:|
“expl /"o (uin Ty + 7) ] 9)
Y . Tist< -V W, H a=-0.59T,
b 20.577T1:
b
y(zsf"osm) = J exp(j2n&t)dt = (nf"y) ~'sin(wf"oqT,)

a

(10)
’gl = Tmax Tl <7< M min Tl B{l‘vﬁ a = —0.577T1,



S

£ 3 H BN B THOR sR AR LM BT 4 S WSR2 A6 0 P R 20 b7 507

b=7+0.5T;: ly(z3f o3l =
b
y(r;Er;rj)zj exp(2nf "ot )dt = (ref"y) 7! Iln(f 'y - Ko)] ™ 'sin[m(f o = Ko ) Ty = 12 D11, (1)
*sin[ 7 "o (P T1 + 7) Jexpljref "o = 9yia Ty + 7)) lr]"'i"Tll <Iel < i
o= "0 - Ke RAOFOW 4 #r, Al 1F LM 15 0$'T'<"/minTl
5 PR Rk
T2 TZ T2
) ) A
T | zl ARG
% > % > % >
t . t . t .
mld‘F’ ‘mid 4—,’ ‘mid
B3 R A 5 R E 2 % 5<0; 6=0; >0
\
c/l;'*(t—r) il'l'*(t—r) c/h"*(t—r)
;h"(t) c}_"(t) by (0
7
_ |
Loaf % af A R S A
272 2 2 2 2 2 2
B4 1<n<2#5 MRk
/gh"(t) /c'h"(t) /c(h"(t)
ch™(t—71) c/h'*(t—r) ch"(t-7)
L L om Lk oh o Aok T
2 2 2 2 2 2 2 2 2 22 2
Es5 0o<n<1F4FRAE4L
"o — K Ty min(1,7) = 1 15
4 MRS e 0 R T = 0S)
)rllHig)ilEﬂEE Td(f,0;7]>:
7 =5 y sy PR S ; , . _
@6ELM1'FI7§ 77j‘72*n05 HT%JHjIZlﬁly(/?j Td(f 0;77)20.5|2'1—T2| Z[Bl'mln(l,‘/])] 1’
Flosm) VIR—FC ARSI 55 AR AL LA BT O 1y 7By (6
%vﬂ vﬁﬁ;ﬁgﬂiwﬁ —L @}E’%lrimi"Bll < |f’()| < 7]maxB]’
ZHE 6 M (12) , LM i 55 R 2] 0 h )
T = K7 (13)
/o X s i[ wBi=fo)? 1 Bl 2 1]
2 I (12), (13) , LM 4t 3 5 T 47 T W 0 2 )tk
Ly (2505 7) L = Tymin(1, 7)), 1
i B |, — ‘ _
0< 1/ ol < | By | " . mm( | uin By ’rzmTl) <[ f'o| < B -2V K
|y(f;f/0;77)|max:T1(7|nﬂ_|f,0B171|)’ —;LZ’
|77minB1| < lf’()l < 7]n|axBl Bl( Tnax = #4 )
WO 1S o1 < 1 i By 1, 208 20 (12) 4 o A 300 2% I pun Bl < | /0] s‘ﬁ‘ &&| 77 -1 <%
max * 1 1

00, S HF LM i et o R 55— Ay 7T AR A 5 .
(15)BUE £ 11 £/ Hfi



508 H +

2 i 2015 4E

FRAARUE R AR TR 5

=2
15 n
1+
0.5
fl
0 0 B
Bl
-0.5}
s
1.5 1 1 1 1 1
-1.5 -1 0 1 0.5 1 15
7/T,
(@) 1=2Mly(z; f; )| FERLk
n=0.5

7/T,
(5) n=0.581|y(z; f; ;)| FH L

B6 n=2Fn=0.5Mly(z; £, ;)| Z R

5 LM M3itER

5.1 T f, EERZIRES ¥R
LM XHES AT £, (14953 BT I 38 48 5 B ] 43 A AL AS
ARG RO TV AU (EET ZIAR X T PEL 0K 155 1)
GRET 2RI AR AE 5 AR AN ] 3 B, UL HE e
BRI ZIFERT TR R 2R -
tia=0.5(1+8)T,=(1+6)T, (18)
Z(13), 115 IM WE(E RS ZAH X T PEL 80K (550146
et 2 SE Ay 2
o = bid ¥ T = (L + O T+ K7 (19)
S B3, PEL IS8R [ f. - By, f. + B ] WEGR(E S
HY LR £ = fo + fruiaN :

flo=Jo—(fo— B+ 1K) (20)
¥ 1)MARK (20015
flo=fo-fo— 0B =f" - 0B, (21)

IR CDRAK(19)715:
o =1 +0)T + K[ (fy-f.) - 6B, ]
=(T,- K 'f)+ K™ 'fy (22)
HT T f. K B usls A B rrEm, et (22) e
TRy w8 BITCIE PEL KR T, 1825548 & e, 2
So BZMVE(E RS ZIAE X F#RAF S W LR B 2B/ < 1

IR K UL
SEF FSCHEEY |fy — £, — By | < g By B
SN

Fo€[-1.5B,+ £.,(1.5+28)B, + f,], -1<8<0
fo€[-1.5B, +f.,1.5B, + f.], 5=0
fo€[-1.5-28)B,+f.,1.5B,+f.], 0<d<l
(23)
ZH(16) (DA ISR BER N «
fd(f’o;ﬁ)
m, 0$|f’0|$|7]min31|

SN =]

= min( |17m-n31|,717 1T) <1f "0l < N B1 =2V K
max £ 1
zmdx
Tl(rlfmx_#z) ’
|77minBl|s‘f0‘s‘Yimale‘(&'&lv—1 <D1
(24)

5.2 ESTAGIEERE
iz PR (12) e :
ly(zsf i) 12,
" ly(riflo=0s7= D2
min[1,4 (1-151)*],  0<If'ol<!7mB!
) {(1.5- 101 = 1B 701, 1 0Bl < 1f ol < o B
(25)
FRAE SCHR[ 181,151 T FRAS: I 25 1 s A M5 5 1l CR 584
VERCHT S I (E TR N S A1 N = Ny By W e e 7= 24
B WS LA IR p,y 5 M EHER p IO R A :
pa=~FL/25,CS/N) -/ —2n(py)] (26)

Hrh, F(x) = f: (V2r) exp( —0.5¢) de.

7 gt TRSIER p, S1EMELL S/N RIRR, H
FEBAER p WP S E 8 A T pp=le -6, BSS
o WNEIBYERS , BHURF A £/ B, B BRI

ZE o€ [0,1], 5N 6 =0 AL, X o€ [0,
0.5], MehT 7, mirdm=s &, S (@) #R pe [1,2], 0]
4 B3 £/ By > 0 B a] Se e, £ J45 R 5 Tk
DUBSARIE 107 £/ By <O B RESE A6 , 47 FLA5 HOKE L
JCIAIN A I R 5124 0 € [0.5,1],4 n€[0,1], BRI
BFRIE £/ By > 0 B IRARBESE Al , BOf7 15 FL 4 3K L
TSI T R

M2 o€ -1,0], HAGEEER Y o€ 0,158 M.
d€[-0.5,0]mF HATHLR 6€[0,0.5]58 ML, A 7




B0 RE T RO eR A LM R i e LA A I 1 BE 23 A 509

— —le-12

1 1 1
10 12 14 16 18 20

S/N/dB

B7 {50 R I i 2R

0.I6 —0.I3 (IJ 0.]3 0.]6 O.IQ 1.I2 1.I5
fB,
B8 CREYJ Lk

€[1,21, 00 f'/ B, <O BRI A R TCREMm 1Y £/ B, >
O P FLEE R A I RIS o€ [ - 1, - 0.5]0),f p€
(0,11, BT B £/ By >0 B, IRACRESE A I , H5CA G o
5 L5 SR L TCASAG I TG T

6 Z5it
ARSI AR, Y ETE ] CIM” 1 CR SR 1 T

TN A TS TR A AR L, TR IR A S OB
PEL JEAARSE B B2 R 6 5 1 a0 i i (L Ay 14 1 1)
A2, i i BREON CR APERES RSO 1 bk i
IIMTRWIJGIE PEL BRI 7, BB AR 6 Qi , %) [
TERY CRLEIR f, A 181 A s 220, e R I3t i LAy
[ =158, + [0, 1.5B, + f] s HGA GG BT AR T I0d
DA FT I s 28 I A% 155 | b SCRG ISR ) e

Misx = (17)IERAFOLEIE

i scXi(12), 1 Tin 111 <171 < Y T i IM {55
o 4 PRI R
ly(zsf o5l
= I[Tt(f'o— Kr)]_'sin[rc(f'o—Kz‘)(rjmTl -1z,

[ Din T1 1 < 121 < 9 T (A1)

u>0
zmax
Zo

KN

&y

N

0 H
Ziin
0
M max v 77 max
(@) OIS 2(v;p) ) Hh 25
u>0
zmax
0
3 H
s
N zO
Zmin
0
M max v Tmax
(b) u<OWtz(v;u) i 2%

BIA1 z(v;u)f 2R

LIS I 4t R AR SR —F R 7 o T E(A2) B
1B = 1IN 7o HOfR -
(flo=Kr12) (g T = 171 01) = 1 (A2)
W B o=, T i = v B i | < e < s
Ejﬁ%ﬁiﬂ\ D, =B, Tl)rlﬂiitﬁf%%%jy
z(u;;x)=(,u—u1v2)(7]max—|v1,2|)=inl (A3)
HA:
Zyin = —0.25(7]mx—p)2, v=—=0.5( 7 + 1)
20 = Yol 5 v=0 (A4)
Zox = 0.25( e + 20075 v =0.5( G — 1)
HE >0, 20> D' Ho | < gl < s AT
1,20(A3) A0 + Dy A, v, > 0 U/ IME :

11 =0.5( P + 1) = 0.5 e = gV 1 +4D7 Y (s — 12) 72,

(1 in | s (D ) ™) < 1 < G
(A5)
W 2o < DY il < Tl < s B 19 = 11
<4D; ' R 1, (A AU + DT A, v, <0 HL
KA :
vi= =0.5( o — 1) +0.5( P + 1) -

\/1_4[)1*1(17m“+/4) _2,|77min|</l<(Dl77max) - (46)
B Dy (= p2)* >> 0,1 & << 1BV 1-x=1




510 G - 2015 4
—x/2—x2/8— =1 - x/2,fH 115 [3] Schrick G, Wiley R G. Interception of LPI radar signals[ A].
yi=p+ D! ) ™3 I il < 2 < (D) ) -1 IEEE International Radar Conference [ C]. Arlington, VA:

(A7) IEEE, 1990. 108 - 111.
R 1,58 (A3) A 3R — D AT vy > 0 BN [4] Satyanarayana J V, Ramakrishnan AG. Frequency detection
- from multiplexed compressed sensing of noisy signals [ A ].
) 2011 National Conference on Communications (NCC) [C].
V3 =0.5( e + 1) =0.5( e = )V 1=4D7 " (e = 1) 2, Bangalore: [EEE, 2011.1 - 5.

| 77rnin| < H < 7]max _2D1_0‘5

(A8)
BT (A7), TR | | < gt < (D)~ HUAE T
[ v, FIAER

va= g4 DI (= ) ™! -

’|7]min| <#<(D17]max)
(49)
SR, > OB, v 2EE AR v, (e, p) A

sl () e () -,

, 1 2
fnll’l( ‘ 77min ‘ ’ D17] ) < M < 77max - ﬁ
max 1

valp,m) =
e 9
Di( Yo = 1£7)

|77mjn s,us’ﬁ‘ && | 7]2_1‘ <%]
(A10)
B e < 0, v PE G vy (e, ) M £ 0B =
1T T = vy S (A10) T S 0 (f o3 7):

zo(f 05 7)
maxBl 2_ 1 ]

2[\/ mBl )2+LK_\/( 2K

mjn( ‘ VminBl ‘ ’ﬁ) <f’0< 7]maxBl —2\/7<
- Y max
Bl( 773113.‘(_#2) ’
: 1 4
| i B | <f os‘ —7 && | 77 -1 <D
(A11)
S 3k
1] 480 o A AL 5 R T AR DR (1] v T4

2004,32(12) :2035 — 2037.

Li Bing, Hong wen. Study of noise jamming to SAR[J]. Acta

Electronica Sinica,2004,32(12) :2035 — 2037. (in Chinese)
(2] JEe, FRIE , EAME, 55 B ALAR R ik = 4E A P51

LI 7240, 2007,35(6) : 1203 - 1206.

TANG Bo,GUO Kun-yi, WANG Jian-ping, et al. The 3D ac-

tive deception jamming of SAR[J]. Acta Electronica Sinica,

2007,35(6) : 1203 — 1206. (in Chinese)

[5] Zhang Yi, Yao Fu-giang. Optimal noncoherent frequency detec-
tion of differential frequency hopping signal[ A].2010 IEEE In-
ternational Conference on Wireless Communications, Network-
ing and Information Security ( WCNIS) [ C]. Beijing, China:
IEEE, 2010. 146 — 149.

[6] Abdallah M, Elkeelany O. A multi-channel frequency detection
and monitoring system[ A ].2010 IEEE International SOC Con-
ference (SOCC)[ C] . Beijing, China: IEEE,2010.309 - 312

7] Guner B, Niamsuwan N, Johnson J T. Performance study of a

—

cross-frequency detection algorithm for pulsed sinusoidal RFI in
microwave radiometry [J]. IEEE Transactions on Geoscience
and Remote Sensing,2010,48(7) :2899 — 2908
[8] Lyons W G, Arsenault D R, Anderson A C, et al. High temper-
ature superconductive wideband compressive receivers [ J].
IEEE Transactions on Microwave Theory and Techniques,
1996,7(2) : 1258 — 1278.
LR, X E |, 42 KUt 4F . SAW-chirp & 45 B2 H AR T
R3] L 5756,2010,32(1) :7 - 11, 18.
Peng Jiangling, Liu Jianguo, Li Qinghong, et al. Study on

[9

[}

SAW-chirp compression-receive technology [ J]. Piezoelectrics
& Acoustooptics,2010,32(1) :7 - 11,18. (in Chinese)

[10] HE Shi-tang. Research progress in SAW filter banks[ J] . Jour-
nal of Zhejiang University,2005,6(9) :990 — 996.

[11] Kawalec A, Pieniezny A. Some results of radar signal detec-
tions by the use of compressive receiver[ A].2010 Internation-
al Conference on Modern Problems of Radio Engineering,
Telecommunications and Computer Science ( TCSET)[C].
Lviv-Slavske: IEEE, 2010.87 — 88

[12] Pieniezny A, Fornalik J. Weak signal detection using compres-
sive receiver[ A]. Radar Symposium (IRS),2010 11th Inter-
national[ C] . Vilnius, Lithuania: IEEE,2010.1 - 4.

[13] Pollock B, Goodman NA. Detection performance of multi-

branch and multichannel compressive receivers [A]. 2012

IEEE 7th Sensor Array and Multichannel Signal Processing

Workshop (SAM)[ C] . Hoboken, NJ: IEEE,2012.341 — 344

ESV=1 2=y =L QUSSR N R RS

SR HF 1 P 40 A7 3] iR R, 2010,50(12) : 53

-57.

Wang qifeng, Xie feng, Huang gaoming, et al. Simulation and

[14

[

analysis of application of pulse-compression technique in digi-
tal reconnaissance receiver| J | . Telecommunication Engineer-
ing,2010,50(12) :53 - 57. (in Chinese)



S

i

3 M B0 RE T RO eR A LM R i e LA A I 1 BE 23 A 511

[15]

[16]

PR, BRIG 2S , iR AL 4, 56 0T 1205 7 3 v P 4R e UL
KUES BTG v i i (3] 74 2 i R R 2 25 4l
(HAABFAR) ,2001,28(3) :408 — 412

Cheng shuiying, Chen pengju, Wu chuanhua, et al. The appli-
cation of the offset method in improving the double signal dy-
namic range of a compressive receiver[J]. Journal of Xidian
Unviersty,2001,28(3) :408 — 412. (in Chinses)

HE Peng-fei, LU Ying-hua, ZHANG Hong-xin, et al. SAW
chirp Fourier transform for MB-OFDM UWB receiver [ J].
The Journal of China Universities of Posts and Telecommuni-
cations,2006,13(3):1 - 4.

Mark A Richards. Fundamentals of Radar Signal Processing
[M].New York: McGraw-Hill Professional Publishing 2008

[18] Richard G Wiley. ELINT: The Interception and Analysis of
Radar Signals[ M] . London: Artech House,2006.

fEZE '

EHUHS 55,1982 4F 9 JT A VLIRS 4 R 9 5 1) e
BETX, A E TR
E-mail : chongpeng @ 126 . com

MR 53,1969 4 4 Al WAL E BN AR, BFR D7
Ay 2 RE AR R R L £ 5 Ak BT

BRE 53,1950 4F 1 7 WA IO ME RN, R T A
FEBTTT W E S A EATC LR A





