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Instantaneous attributes estimator using in ground penetrating radar data
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Abstract: In order to advance the identifying power of the buried objects and improve the estimate precision of the ground pene-
trating radar(GPR) data instantaneous attributes- The instantaneous atiributes estimator of analytic signal is composed of the differ-
entiator and integrator based on FIR filters having maximally flat frequency response- They first are applied to study the instanta~
neous attributes in GPR data and compare with the center difference method(CFDM) - The results find that the resolving power is
advanced using the instantaneous frequency estimator of filter( FIFM )in GRP data- It is proved that the FIFM method is very valid

to deal with the GPR data and can be applied identifying the position and shape of the buried objects-

Key words: instantaneous attributes estimator; instantaneous frequency : ground penetrating radar; data processing

AT HERG AL 5 S R R YRR (5 S AL B

W5 H 28 2005-01-31

I Y L S B L e
B R S S A AR A B B 1 T 3
R R S AR RS R AR5

EEUIR . Beviy B ARG H (2004A07) B8 Bl s K2 KA ik 62 091 H (04301) B By
EEE . B E (1964—), 55, B H Z A i+, BIER (5 5 A B 5155 04T -

RIEEER ST m: B Z I F 2SR 4.7 m, ZEW
AR E AR B TR SR R TR 5. 82 ms
DU 25 50 5 SR Bl PR 4 R AR o el AR 22N T
3%,

4 e

=

/N 2 RBE I TR B SIS -5 0 AR EIAS
[ ROBE B /MBS ) R RBESROR 115 5 B AR A3 ARk
S NREMZOR TESHAT, SdMESAR
REE BRI a5 T LALE & 73 B P A 5 1 Y
SFHBAR 5 T A8 Ay T b SR A TOUE 5 % VR
SR S AL BREE SRR . /N2 R M KR GE

TG S RO R B RE ) BOBE M ARG T
HEE S BT AR 5 IS T 2R A A AR TR R
R

SE

(1] SR FARF . XU 75 V5 O ORI 0 i B 5

[1] BEseRraEHR 1997, 25(12) ,17—20.
(2] BREX4 /NS HT ST S5 R (M. 70 %, 7 26 33 2% H AR

ik, 1998.
(3] skBEk 4R - JEFRE S ST M] dbnt. =B Tl
L L 1998.

[4] Mallat S- A theory for multiresolution signal decomposition[J]- The
wavelet representation, IEEE Pattern Anal- and Machine Intell, 1989,
11(7),674—693.



ERE FHE BALSCE BB P 2 A R B A B AR A B - 73 .

(BE5):RENERESHMAETRKFEIES
R L X Ry vk BARTERR IS E R ATATAY
(EEFERUE T SRR Sl R 5k —
fER B 227 (CFDM) . X TE 28 2 TR R
PG N R KR E . BG5S 5T
WERIRE AR X IR ZZ R, b W R BB 7 A 77
AT 5 MBS 3k 25 46 1) B A 88 R A1 - e A
BN ESE S HAHB IS, (Al TR
TR A VR PR B 205 SR 7 R 2 5 T IR
il ELAEBTI PN A AE 2 S BRI SR A

AT PR GRS JE YA T BORS B (R R R v A
J843) - LA E- Hermanowicz 8¢ A\$2 ) —FP B A 1) F
AR A R K b e R (FIR ) 8 8 25 19 JBAR
TR K AR MR o3 75 F1IE I 48 28 BT 5 5 B At
JRYEAL TR (FIFM) » F 2 Al 2 52 52478 3 B s
B HBER B 45 SR A5 E B0 BB TR 1 T 0 R
ZRIFBM TS 1% HiTEER CFDM £ [/ —%
B R B TR SRR A

2 FIR RERTESANGS) 25

21 EME

BRARSE I} SRR 7 52 L

H(w) “exp(—jwa). ()
forb = T FRAEAT B 2 I v I
(—mom), RIEAEKERS N K FIR BRIER . 5
BT Yy

Hv.u(w):lﬂgl)hwza(n)exp(*jwn), (2)
A B¥ hyvo(n), n=0, 1, 2, .., N—1,{0%
DRV BRI B R, BEARAE w0 € (— T ) ARCFIH.
Bl Ao (w) BARIT H(w) » H

dk[H(w)*kHv,a(w)]:o’

dw (3)
W Wo s
k=0, 1, 2, e, N—1_
= (3)8"
h=¢ 4, (4)

Hep oS

(kDT =1,2,3,4, 0, N1

[ hxa(0)s hya(l)s oos hyo(N—1). 15

=lexp(—jwo @), cexp[ juwo(a—1)], -,
o exp[ —jwo (e NTL ]I,

H20(4) AJ15E] Ay o (n) AU

_ NHa—k
hy. o[ n]=exp[juwo(n— a)]kIZIUn_kO
k#n

Qv ol R

(®)

2.2 #ipEs
7 82 AT 2R A BRI R A
D(w) =jwexp(—jw), (6)
Hrp o RIRIEmR &, ZHERSEG W IR(— o),
A KN N A FIR AR UE A FARE Y
D,\e,a(w)::z::odma(n)exp(*jwn), (7
A B Dyv.(n) n=0, 1,2, .., N—1, {05
DRI AR KRR Y, BEARAE wo € (— . m)ARSFH,
B Dy, o (w) SBRIT D(w)» oF
d'[D(w) = Dyo(w)]_,
duw' '
w=wo, k=0, 1, 2, ..., N_lo
HENCICIR
d=g 4. (%)
Hrb OR—TEIESMNE.
g = (b~ 1) Texp[ ik Da],
i=1, 2, 3,4, ---, N;
d=[dno(0): dyo(1)s 0 dyo(N—1). T
a=exp(—jwo @) X [jwojwo a1, a(jwo a—2), -+,
oG e NEDT,
H=C(9) ATARE] dy. o (n) B PIZURN
dy. o[ n]=exp[jwo(n— )] X

(8)

[;0 /;tf()
= Fnk7Z L n . (10)
I (n k)

K n

3 BREHRERAGEITER (FIFM) RS R IR EE

FHEA PR R R SR A FIR Y83 25 04 4
A2 RN 73 4 2L A0 4% 1 B 35 15 55 Wk B A R A 1
# N LFT7R. Dy A Hy 730 B3R s KA N R
Iy AAERT A, HE LIRA SRS FIFM KR
TGS H— BRI ARy .

N1 NNl
jun IT (e )— 5 T (a— k)
k#n

_ []:L Uhy. o[ k1% x[ o]t {dy. o[ K] * y[n])
e oL k1% #L)) (g oL K1 % y[a])
{dy. o[ k1% x[ 2] {dn. o[ k] * y[ 2]}
i N. ol k] [g \t[]}/[]2y (11)
2l hy o[ k] x[n]) T {hy o[ k] % y[ ]!
ﬁl:':‘ k:()a 17 27 A N_laniléﬁ—\‘éyTE)‘J—iv *43/‘:_{

RE,
[FIEE . I FIFM SRAFRI A 56 0 AR
Unn o[ 6] # e[ ]! o[ £]% [ n])

1 {hw,a[k]*x[n]>2+{hw,a[k]*y[n]>2

GLKN[ n]i 27 <dN. o[ k] % xf n]Hdw, o[ k] * y[n]}

U o[ 1% <[ 2] 54 Chy, o[ K] % y[n])

(12)



- T4 B T By R % 33 %

S{nj

M e R B

o < fisin]
£ KAsile 12T

] b _
n
: i k&R | S REAR]

(b)

L At 3 £y [ ] RE
Fig- 1 Flow chart of instantaneous frequency (fi.v[n]) estimator
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Fig-2 Instantaneous frequency and error estimator of signal

with noise
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