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Radar HRRP Automatic Target Recognition Using Amplitude Information
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Abstract:  Radar higr resolution range profile ( HRRP) is sensitive to amplitude scale, which is overcame through simply
nomalizing the amplitude scale to unit energy by mos available HRRP radar automatic target recognition (RATR) approaches. In
light of the tangent digance, we propose two algorithms to impo ve HRRP recognition performance using amplitude information. Ex

periments based on measwed data shows our algorithms have a larger average recognition rate than that of the regular method by
about 5 percentage points.

Key words:  high resolution range profile( HRRP); amplitude scale sensitivity ; radar automatic target recognition
1 . HRRP s
HRRP ,
HRRP , ,
> , [L 6] ,
RATR ) , ,
HRRP HRRP
e, .HRRP
, HRRP HRRP
) HRRP
, (.9 (
6y ’
2 (
) ’ B
HRRP
(4. 61 HRRP
2 2 (
: 2007 0F 09; : 2008 11- 13

L« »

(No. 51307060601,



460 2009
) . x H DT (x, 1)
K R . < 2
( \ :DT(x, )= min |l B+ Ya,. T)— x |12 Il
) @ I=1
, k ’
( 3 ), ’ Tl(p')al: 1527 :L
k cTi= t( W, a)- M
p E , ,
E) R 2
*12 3]( ) R E ,
HRRP , )
, xX= a*x (2)
2 '; 2 2 2
, ) (1)
’ DT(x’ l’l): m]n || a.x_ﬂuin_ x_tett ||2 (3)
’ (MCO)
HRRP , ,
, (MCC) >0 .
(AGC)Is9 :
, (ASMCC). x o
, . dp= (a*B= x)"(a* 0= x)= a®- 2aWm+ x"x(4)
2 i7k7 T 2
2 i= 1,2 o C k=12 L, T=01 ...d, d
;3 0dya/0a= 2aTkT, By 2= 0,
4 0" = B/ Blym M (5)
, 5 AGC, 0~ d
B 6 ) T* — arg m_i[l’dik-[
= arg m%n( dzﬁz‘k'[ﬁ%'[— ZaEF,ka+ xTx)
= arg maxLyx (6)
. [2,3] . . —
193 Simard : = X2 (B x)’= Nx 1%(1- P ) (7)
’ ’ . p E
3%
(M a),a L ( » p
) x H
D(x, W=minll¢( W, a)- x |1 (1) *
“ : HRRP
(4, a) , AGC

> . i

i(nel) =P Ta, T



* . . 1 -1
T = ag Tmmi,;.-'r: arg mirt ?IFFTI:FFT(x' x) FFT( ZikT)]

-1 —
- %[FFT[FFT(x) FFT( ZikTpikT:I (10)

v

3 HRRP 461
(6) , T (9) a ,
\ , Odir 2N 2 -1 2 -1
e B 20 T e 2 T am 0 (1)
. (7) , a> 0,
% - 1 - 1 - 1
MCC a = [_ Y e (2 2 E? e ane” ZM] \2N
4 (12)
( (10),
1)15:61; ; (2
2 2 AGC 2
1:
2 ’
s I/p'ik? clkl i= 1; 25 ) ’
C.k=12 - K], c K 2):
T 1: ap, TOa t= 0>
: Wi [ H(1), W(2), oy B(L)] (8a) v 19 ace
: KT b
=[O, o2), . P(L)]" (8b) N o T .
R b a, ( ) 1+ 1o 1+ 1 ( )
Bn), 0%(n),n=1,2, .., L n a
t+ 1
4: (9) AGC dig 14 15 dyn 4 1<
¥ dii s t= t+ 1, 5 ,
z, z, dy= = 1 InG;, a, T, dysae= diym -
N = 2 2 .
(n)+ 25 [Z(n)= W(n)]¥ O(n), i= 1,2 - C,
k=12, ...K, , j= dit
ag min(mind, ), i= 1,2 ...C, k=12 .., K, >
i k
z T. '
’ . (12)
| (12) (9)
2 2 d 1
AGC ’ 2l d d I/(I;WNO 7
’ A G C ASAGC — true3 true )
, ( ASAGC), i
AGC
, , AGC |
)
dyr=Inl a’cyd + (x- aEkT){%ZM} (x— ablyr) 5
a
_ o NO- 1
= 2N]I1(l+ ]Ill Cik'fl + aile ZMX
2 - = -1=
- EXT Zikruikr" EEHZMUM (9 , , ,
N  HRRP , Bo= W/l Wal, cip= e/ ’
pm' 2’ Zik"-: dia,g(akT)
ISAR ,



2009

462
. (6) .
> 7. 2' + H
AGC s (11) s
, ;3 + ,
, (6) . (12) .
(9) ;4 + , 2.
(9)7 _ 2 2
e, € 2 16
— —_ -1 —
dye=Inl Cel + (bx— BT 20 (b= Be) (13) -2 :
2
0 AGC( 1)
* - 1= -1 ?
b = [xTZk-[u'dcq /(xTZLk_[x (14) 5 , . wyp
3 : 4 , 3
1.' + s
2: Hq Cyt +
M= W/ Myl cit= cyr/| Wyxl? | | + , s
5 b(): L 1= O .
3 a=1, (6) (10) Ty, HRRP , Box — Cox
T, (14) by | HRRP ;
4: b, = 1, , x= b, x, t= t+ 60} 5*\‘
1, 2. 5 401 2 -3
= 20 _ _'..—-")
6 Radar
0—: OK 5
m
ISAR (a) Yark-42
1 15 7 i 15 Radar N
~N ar Y
l B B & \"ig) 1, E 10 o 6 .\'\
. . <5 4Q<.3 y < 5&\?" 3 %
‘\--_ w v"r
» Yark-42 25, An-26 56, % S5 10 5 o0 % 5 0 5 o
6 7 Km Km
> (b) An-26 (c) %R
, Bl kiTHhEE
s 16 HRRPs 5200 HRRPs 1 ISR
, 16
400H 2
2 ’ 4 De chirp 10MH
:1 ’ 400MH2
) (m) (m) (m)
, , Yark 42 3. 38 34. 88 9.83
%) + HRRP Arr 26 23. 80 29.20 9.83
’ ’ " ’ N 14 40 15.90
. 3 (6);4 2
+ , 3 (10).
3 5
H + +
T ! _ 5 87.04£0 18 | 88.4610.22 | 87 03%0.34 | 80. 41t0 33
o Bye= M/ 1 Wyl s €4/ Myl = 86.9610 19 [ 88.92+0.15 | 87 80£0.26 | 81. 88t 0 35
4 90. 650 21° [90. 650 23 92.57+0.24° | 9L 670 27
1 + , 0.57%0 16 |90.35%0.31 |91 810.33 |93 17£0.29*




463

, 2007, 29(6) : 1450
1454.

3 HRRP
Chen Feng, Du Lan, Bao Zheng, Liu Hongwei. Improvement on
7 Radar atomatic target recognition using HRRPg[ J] . Journal of
) Electronic & information technology, 2007, 29 ( 6) : 1450 —
HRRP 1454. (in Chinese)
MCC [6] . [D].
: AGC ) , 2007
Du Lan. Study on radar HRRP target recognition[ D] . X7 an:
’ 3 Xidian University, 2007.
AGC 5% .
, 1981 1 , 2004 3
[1] Du Lan, Liu Hongwei, Zheng Bao, Mengdao Xing. Radar . Email: chenfeng6120@ 163. com
HRRP target recognition based on higher order gpectra[ J].
[EEE Trans on Signal Processing, 2005, 53(7) : 2359 2368. 19803 > 2001
[2] Simard PY, LeCun Y, Denker J. Efficient pattem recognition 2007
using a new transfomation digance[ A]. Advances in N eural ’ (SAR/ISAR)
Information Processing Sysems|[ C]. Morgan Kaufman, San
Mateo, CA, 1993. 50— 58. o 3 ’ 7
[ 3] Simard PY, LeCun Y, Denker J, et al. Transformation nvarr 1992 ’ , 199% 1999
ance in pattern recognition tangent distance and tangent propa
gation [ A]. Lecture Notes in ComputerSciencel524 [ C . . ’
Springer, Heidelberg, 1998. 239 274.
[4] ; [M].
,2002. 128 141, 153- 163. ,1927 12 , 1953
Ding Lufei, Gen Fulu. Radar Principle[ M |. Xidian Universiy ) [EEE
Press, 2002. 128 141, 156— 163. (in Chinese) i
[3] , ) ,
, 1981 s



