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APPLICATION OF A FEATURE SELECTION TECHNIQUE
TO SAMPLES OF HIGH RESOLUTION SYNTHETIC
APERTURE RADAR IMAGERY

The purpose of this research note is to show the appli-
INTRODUCTION  cation of a feature selection technique to samples of
synthetic aperture radar imagery and to present some
preliminary results. In the past, feature selection techniques have been applied to
data computed from digitized aerial photography. However, it appears that no one
has as yet applied feature selection techniques to high resolution radar imagery.
In order to perform classification of terrain features using radar imagery, feature
selection is an important initial step. Feature selection consists of choosing those
features that are most effective for showing class separability and for performing
a reduction in the dimensionality of the feature vector. The following sections will
present a discussion of the feature sclection technique, along with its application
to selected samples of radar imagery.

The application of pattern recognition techniques is
METHODOLOGY  accomplished usually in two steps. namely, feature selec-
tion and classifier design. The featurc selection process
that precedes the classification process consists of techniques applicable to one
class or to multiple classes. The feature selection technique to be discussed here
is applicable to multiple classes. It provides the capability of reducing the number
of components of the original feature vector in such a way that the resulting com-
ponents are optimized to show class separability. The feature selection technique
comes from the field of discriminant analysis of statistics and is independent of the
probability density functions of the feature vector data. The feature selection
operation can be expressed as a linear transformation of the following form:

Y = AX H




-

where X is the original feature vector with dimensionality n x 1; A is the trans-
formation matrix of dimensionality m x n, where m isless than n; and Y is the
transformed feature vector with dimensionality m x 1. The feature selection
problem is now reduced to determining the matrix A. In order to calculate A,
use is made of the within-class and between-class scatter matrices. A within-class
scatter matrix shows the scatter of samples around their class expected vector and
can be expressed by

N
Sw = 2 P(w)C; (2)

i=1

where S, is the within-class scatter matrix, P(w;) is the a priori probability of
the it" class, C, is the covariance matrix of the itP class. and N is the total
number of classes. A between-class scatter matrix can be defined in many ways;
however, the following definition was the one utilized here:

Sy = C; +C, +(M; —M,y) My —M)T (3)

where Sy is the between-class scatter matrix, C; is the covariance matrix for
class I, C, is the covariance matrix for class 2, M, is the mean vector for class 1,
M, is the mean vector for class 2, and T means transpose. This definition of the
between-class scatter matrix is valid only for the case where N (the number of
classes) is equal to two. In order to have criteria for class separability, a number
must be derived from the scatter matrices. This number should increase when the
distances between points belonging to different classes are increasing or when the
distances between points belonging to the same class are decreasing. One criterion
is the use of J,, which can be defined as follows:

~1
J, = trace (SZm S ) (4)

1m

= T = T
S,, = AS,A" and S, = AS,A

2m




The feature selection problem now requires that we select the particular trans-
formation matrix A, which maximizes the value of J;. Fukunaga! shows that
A is made up of the normalized eigenvectors of the matrix S;vl S,

AT = (¢, 0,....... .1 )

where ¢, is the eigenvector associated with the largest eigenvalue, %, is the
eigenvector associated with the second largest eigenvalue, etc. Once the matrix A
is computed from (5), the new feature vector Y can be computed for each point
in each class.

The feature selection technique was applied to samples
INVESTIGATION  of high resolution synthetic aperture radar imagery taken
over the Huntsville, Alabama, area with the APD-10
radar system. Sections of the radar imagery were digitized and stored on a digital
disk unit. A Lexidata system 3400 display processor was used to display the images
on a cathode ray tube and to take 100 samples for each of four terrain classes
from the imagery. Each sample consisted of a 32 by 32 pixel element window
located within a section of one particular terrain class. The four classes considered
were cities (combination of commercial and residential structures, DLMS cate-
gory #504 FIC 301 and #505 FIC 401), fields (agriculture used primarily for
crop and pasture land. DLMS category ﬂSlO FIC 950), water (rivers with smooth
fresh water. DLMS category ﬂSlO FIC 940) and fresh water subject to ice (lakes
and reservoirs, DLMS category #510 FIC 943), and forests (mixed trees, deci-
duous and evergreens, DLMS category H510 FIC 954). A feature vector con-
sisting of 13 components was computed for each sample. These 13 components
were made up of the first- and second-order gray level histogram statistics computed
from each sample window. The explicit equations used for the 13 components of
the original feature vector are shown in appendix A. A computer program was
written for the Hewlett-Packard 1000 computer to calculate J as a function of
displacement in  x and y. This computer program was also used to calculate the
transformation matrix A. A listing of this program is provided in appendix B.
A second computer program was written to calculate the new feature vector Y for
the four hundred samples taken from the radar imagery. A listing for this second
computer program is given in appendix C.

lKeinosukc F'ukunaga, Introduction to Statistical Pattern Recognition, Academic Press, 1972.




In this section some results of numerical calculations are pre-

RESULTS  sented. Table 1 shows the results of calculating the value of

J, for various values of displacement DX and DY for the two

classes of forests and cities. The a priori probabilities for the two classes were
assumed equal to 0.5.2 In table 1 the largest value of J; is 29.8525, which is
associated with a DX of =3 and a DY of 4. The significance of 2 maximum value
of J, occurring at these particular values of displacement is not understood at this
time. The values of the displacement DX and DY associated with the largest value
of J; were utilized to compute a new feature vector Y with two dimensions.

Figure 1 shows a plot of two second-order statistical components for the forest and
city samples. The triangles are the results from city calculations; and t' x’s are the
results from forest calculations. This figure clearly shows the necess  tor feature
selection because the original data for forests and cities is not sepai . Figure 2
presents the results after the transformation Y = AX is applied i original
feature vector X. In this figure the Xx’s again represent calculatio >m forests.
We now see that the data from forests is clustered and almost totally . ‘ed from
the data for cities, represented by the triangles. Even though a : . vints still
overlap, the improvement is very dramatic. The transformation has succeeded in
reducing the dimensionality of the original feature vector from 13 to 2 and also in
separating the clusters of data for the two classes.

Figure 3 shows the results of the transformation for the two classes of cities
and fields. The x’s represent the data from cities. Good separation is obtained for
the two classes as only a few points are overlapping. Figure 4 shows the results of
calculations for the two classes of cities and water. The x’s represent the data from
cities. In this particular case the two classes are totally separated as well as being
clustered fairly well. Figure 5 presents the results for forests and water. The x’s
represent the data for forests. Again the two classes have clearly been separated by
the transformation. Figure 6 shows the results for fields and water, with the data
for fields represented by the x’s. These two classes have also been totally separated.
Figure 7 shows the results for forests and ficlds with the data for forests repre-
sented by the x’s. The two classes are not well separated and other features may
have to be investigated to obtain better separation. Another possibility would be to
try using nonlinear feature selection techniques for these two classes.

YThis sssumption of equal probability for cities and forests appeared to be appropriate for the area where the samples

were taken.




TABLE 1. Values of J; for first and second order histogram statistics
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22.1485
19.8078
19.4333
19.3099
19.7508
20.3677
19.8529
21.0314
21.76'3
21.3524
21.7343
22.3144
23.1462
23.5903
20.6771
20.4869
24.3979
23.9334
21.5577
25.7921
20.2745
24.4373
25.0272
29.8525
22.7131
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1. The feature selection technique discussed in this report
CONCLUSIONS appears to be a powerful tool for the application of
pattern recognition to high resolution synthetic aperture
radar imagery.
2. In order to separate forests and agricultural fields it appears that the first and
second order histogram statistics combined with a linear feature selection technique
may not be sufficient as a feature vector.
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APPENDIX A

FEATURE VECTOR COMPONENTS

The following first and second order histogram measures were used to construct

a thirteen dimensional feature vector:

Mean

Variance

Skewness

Kurtosis

Energy

Entropy

Autocorrelation

- %

l\llﬂl

bP(b) = x,

(b=b)? P(b) = x,

-
)
_

(b=b)3 P(b) = x4

o
1}
(=]

Ll -
Y b Pb)-3 = x,

b=o

2 _
(P = xq

P(b)log, [P(b)] = x,

L=l
E abP(a.b) = x,




-
1
—
-
¢
—

Covariance Bo = Y (a=a) (b-b) P (a,b) = xg
azo b=o
L] Ll
Inertia B, = E E (a=b)2 P(a,b) = Xg
aFo b=o
L~1 L=}
Absolute Value BV = E E |a=b | P(a.b) = X10
a=o a=o
L=t L—1
Inverse Difference B, = E E _Pab X114
1 + (a=b)?
a=o b=o
L-1 L-~1
Energy By = E Z (Pa.b)}? = X194
a=o b=o
L-1 L=l
Entropy By :"E E P(a.b)log, [P(a.b)] = x,,
azo b=o

where L is the number of grey levels and P(b) and P(a.b) are given below

Q(b)

P(b) =

M is the total number of pixels in the sample window. In this case M was equal to
1024. Q(b) is the number of pixels of greytone b which occur in the sample window.
Q(a.b)

P(ab) = M

Q(a.b) is the number of times greytone a is located next to greytone b by the dis-
placement Ax and Ay.
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APPENDIX B.

Computer Program for Calculating J, and the Transformation Matrix A
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bUb 42 K=35 o

STV EG2 ] LI T LK) RP (KD

DI} 34 J:=) .43

Xih(i(Jy)=0.0

DU 40 J=1 .14

DO 40 M-y 1 3

SICI M=CI . M+ M. I+H (AT ) -A(T 2 XAM ) -AM.2))
Du 160 =y 13

D 360 129 014

K+ 1+43%(J 10

REKI=S3 (. J)

ROKD)=S2(T .0

CONTINULE

v 4y 1=t .98

XMuUCL) =00

Al NROUBT (Y3 . R.B.XMU L D)

DU L6 L3

DO 36sH 1= 013

K-I+13%C) 1)

Sa (L) =EE TR

CONT INUF

WRLITEC(H 4D

FURMAT(&X  "ETGENVALUES™)

WRITE(H . 46X (XMOCT) . I=1 . 1.5

FORMAT (1X Y 8CES 3. 91X

WRITE(H.48)

FORMAT(2X . "EJGENVECTORE")

D S0 (=3 .18

WRITECH . 7RISR (1) S+ .1 4)

FURMAT (1X . 53¢-8. 5. 1))
{.UNTINUL

WRITFQLL . D20
FURMATC"ENTER A Val UL
READCLU.40M

Ai=U. U

DO 54 1~ .M
AJLEXSIHXMOCL)
WRITE(H.56)X)1 .M
FORMAT(2X . "THt VALULE GF J§=" Fiu.4.9X,"M=",11)
CALL IRMAT(S2,91.53.454.0)

WRETE (6. %8)
FORMAT (2X 0" 1HIE
N 6L L=1.HM
WRITECH A6)(SSC(S.D),0=1.§3)
CONTINUE
WRETE LU 62
FUORMAT DO YOUU WANI
r'YPE 2')
READ(LU . Q) [/
FORMAT (1 1)
(LSRN A o " I I A YA
WRLTE L H2)
FORMAT (DO YOU WANI
TS (YPE
A iAZ

FOR Movt . HO™)

TRANSFORMATION MATRIX A™)

10 UHANGE THE VALUE OF M? T+ YES TYPE § TF

4 ~4

10 UHANGE  THE VAL UES OF
Lol NOOTYPE 2"

THE APRJIORT PRORAFRIL
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(Continued)

FFCIALLFG. 360 T 150

WR ik (LU aR)

FORMAT (DU YOLL WANT 9 CitaNGE 1L Al Ut &
YIYPE 1, LF NUTYRE 20

REably.a4) X2

HECIXZ ER. 100 10

RRERIY

END

SURKROUTINE COVERCKK U0V AV N NT X s
DUMENGION X100 . 387 Lara 13y mur ) s,

APPENDIX B

L2) VAR (LA

K SKK

PO SH K-t N
WRDY <4, Y

DU 45 0= (Kb

A Y=ACKY X (J KD
ACK) “A(K) 7 Ak

DSBS K-t N
VARCK) 0.1
D4 g KK

VAR UK Y OBk kY v XU k)
COMY INUL

[SERIRINE ¥ O

e ong K- o

VAR LR D) VAN K 1o (a0 o
B

Nt AS K- v
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APPENDIX B
(Continued)

AL )2y S R AR (R )
[

DEoygs A M

DU SES LM
KoIC#
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N
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APPENDIX B

(Continued)
NRve VAR=0 . 0
0300 BKW=0, ¢
D301 XK1=0,0
3o tNG=0.0
0303 FNT=0.,0
N34 AUT=0.0
DAUS COov=0,0
0304 Xik=0.0
0307 AHSH=0 .1
VRIS Xip=0.0
nsy ENY=0,0
03wy ENR=0 .0
bati (TR I A B
[ DG Y0 1=9 . a2
048 M-
3 TR YU 1ARCE I = IEMAGE (1 +MK32)
3 RSN M 1024
B [IRS¥S DO 20 K=1  NGRAY
‘ IR 20 CONTIK)Y =00
[LEARX] (1 B Y T IR B P
RS [ PTRIC Y | R I B P4
O3y IR TARCT 0
(18,21 CONTCIR+T ) CONTCIR$ LI+,
(LR YR Su N NLI
A28 XM
TR ) AP K-  NILRAY
[ICSCEN DU 42 M1 NLRAY
X TR ae OO (K MY 0
i [N MXNX. 341 DX
: ; TRV IFeAe=MXDi1¢ . 14 46
2 IRY24 12 LNUK -MA~ %y
o Wiln WARE)
k- RN NXF 3= i
- [P ity oY
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APPENDIX B
(Continued)

P(K)=CONT(K)/XM

Pl 45 K=3 .NGRAY
AYLAVGH (K- 1) XP (K)

PY S0 K=9 .NGRAY

VAR =VAR+ ((K-{-AVGI XX ) XP (K)
S1D+-SEKRT (VAR)

DO 99 K=1 .NGRAY

SKWSKWH (K §-AVG) XX3) KP (K)
SKW=SKW/STHRKS

BU 60 K=3 .NGRAY
XKT=XKT+((K-1-AVG)XX4)XP (K)
AKT={XKI/(SiDkEG)) -3,

DI} &5 K<) . NGRAY
ENGzE NG*P (K RP (K)

DU 70 K -1 . NOGRAY

P (P(K)Y bW, 0. 0G0 TO ¢
ENT=ENT+5. 521 9298P (K)RALOGT (P (KD
CUN I INUL

ENT=-FNT

b 7S K=1  NCRAY

DU /5 M3 NGRAY

PO MY COUT (K M) /XM

DU 80 K=1.NGRAY

LU 8BU M=3  NGRAY

AUT =AUT+ (K-35 ) R(M=1)IXPP (K . M)
COUNT ENUE

AVGK =0 . 0

AVGM=0 . 0

DN HS KL . NGRAY

DO 8BS M.y  NGRAY
AVUK=AVUEK+(K~-1)XPP (X . #)
AVGM=AVEM+ (M-S ) RPP (K . M)

DU 90 K:1 . NUKAY

DO P8 M=1 . NGRAY
XJE=XL1E+(K-M)RK(K-MIKPP (K .M
DU 95 K-=1.Ni;RAY

PO 9% M=3  NGERAY

ARGE=AHSE+ (JARS(K-M) Y RXPP (K . M)
CONI 1NLE

DO 100 K=1 .NGRAY

D0 100 M=1 NURAY
XID=XID+PP (K M)/ (1. 4+ (K-M)%KK2)
D 105 K=1 NGRAY

DO 18Y M=§  NGRAY

ENY SENY4PP (K . MIXPP (K .M

DU 110 K=3  NGRAY

DO 110 M=t NGRAY
FF(PP(K. M) EQ.0.0)GO 0 1350
ENR=ENR+S, 321 929%PP (K. M)RALOGT (PP (K . M))
CONTINUE

ENR=~FNR

PO 115 K= (NGRAY

DO 145 M=1 NGRAY

COV2COV+ (K~ 1 ~AVGK ) X (M~ § ~AVGM) XPP (K . M)
CONTINUE

RE TURN

END

END$
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APPENDIX C.

Computer Program for Calculating the Transformed Feature Vector Y = AX

T:00004 165 ON LKUDOSY USING 00018 KLKG R=0BUC
FINg (.
| O 91 o1 b o] o o o o o o o 0 ] o o Oy 1 o S o o D o M o o S i A O o1 M O 1 I A LML L WL D1 1 L B O S L A
€ fHIS PRUGRAM COMPUTES THE TRANSFNRMATINN [
€ Y=AX WHERE A 1S COMPUIED FRUM ANOTHER C
G PRUGRAM AND 13 INPUI HERF c

{6101 1 o o B 5 B i G o O o 1 O O S S o 1 O o1 S T L D DA DA O BT oL R S B Y DL D &L L L L O B O o o
PROGRAM YAXIR(Z. L00N0)
DIMENSLION LUOT(S) (IMAGECS024) . X(300.43) . Y(100.2).AC2.53)
DIMENSIUON [OCH(144) (IF LLEC3) .AM(2) . VAR(?)
DIMENSION aV(6.6).D(2 . )
EQUEVALENCE (IMAGE )
CALL RMPARCLUOT)
FO=LU0T CL)
CALL ERLUA W)
NC=2
4 FORMATCIL)
WRITE(LL ., 6)
& PORMATCUENTER THE VALUE FOR M THE NUMBER OF ROWS N THE TRANSE(OR
tMATIUN MATRIX A™)
READ (LU . 4)M
WRITE(LU . 8)
B FORMAT ("ENTER THE TRANSFORMATLION MATRIX A")
pH 10 I=1 .M
b 10 S=i.43
WRITEC(LU. 12)T.J
12 FORMAT (" =" [ 12.2X."F=",12,"ACT . J)=")
READ(LY, 14)AC) . J)
14 FORMAT(EY . X)
30 CONTINUE
WRITE(E . /9)
% PORMATOIX . "THE TRANSFORMATION MATRIX A"™)
nO 78 I=1.M
WRLITECE . 77)CACT ) J=1,53)
77 FORMAT(IX  A3Z(EY . 3.1X))
78 CONTINUE
N 8N NJ=1 . NC
WRETECLU. 16)

16 FORMAT("ENTER THE NUMBER OF TMAGE SAMPLES TO BE ANALYZED .LE.300")

READ(LU . 1AINDVATA
18 FORMAT(IS)
WRITECLU,20)
S0 FORMAT("ENTER THE FILE NAME FOR THE DATA GET®)
REANDCLU .22 IFTILF
22 FORMAT (3AL)
WRITE(LU.,1%)
% FORMATC("DISK LU NUMRER?")
READCLU. 2104 1DLY
WRITEC(LU.2106)
2100 FORMATC(YENTER A VALUE FOR IDX")
READ LY. 2401)TIDX
2001 FORMAT(IZ2)
WRUTE(LU.2200)
2700 FORMAT("ENTER A VALUE FOR (DY™)
READOLU. 2103 IDY
WRITEC(6.3400)1DX, 1Y
400 FORMAT(ZX ., "IDX=" . 12 . HX,"IDY=" _}2)
WRYTEC(SH.200) IFILE
FORMAT(1X . XA2)
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APPENDIX C.
(Continued)

CALL OPENCIDOB . JERR IFILE.O,0,-1DLUW)
IFCIERR.LI.DYGD TO 2000

GO 10 24

WRITE(LU.2010) IERR

FORMATC"OPEN FILE ERROR".1S)

GO T 999

JTCONT=4

CALL LABINCTDC® . 6)

J=1

NN 19 T1:1.8

CALL READF CIDUKH . 1ERR  TMAGE ()
J-J+128
JECIERR LT UGO
GO TY 26
FCONT=NDATA
WRITECLU.2020)1FRR

FOURMAY("READ HILE ERKROR".IS)

650 TO 999

NGRAY=16

vat L 1s80AL CIMAGE . TMAGE (1024 .0 .9%)

CALL FEVECCIMAGE . AVG VAR (SKW . XKT (ENGLENT (AU COV X 1LE
LENY (ENR .NGRAY . IDX. 1D

X (HUUNT 1) =AVG
ACLICONT (2) =VAR
XCICOUNT (30 = 5KW
XCLCUND . 4) XK |
KCLCONT () = NG
ACTUONT  6)Y = NT
XCLUONT V) =AUt

KCTCONT . 8)=C0Y
XCLCONY (9 =Xt
XKCICUNT 2 0)=ARSS

ACLUONT (v = XgD
XKCLECONT L 12) =0 NY

KCLUONT 1378 NR
[FCTUONT=NDATAY A28, 40 . A0
FCONT = CUN LY

Lo Ty 13

WK HECLULCAOINY VTR
FORMAT (UM =" 1 AX L 34

U A4 )7  NDAIA

DO 44 K=t .M

LN S | I ]

DO A& T- 1 . HiDATR

DO AR K9 M

Dty &6 MK =1 14

VLK) SYOL KDY VACK MK XX (1 MK)
CALL GPLODITCYCL 1) . YL, 2 anh
B Y K-) M

AMIK) U . D

AK-WDA LA

DO 4% 0y WNDATA

AMNCK Y- AMCK DY +Y () K)

AMCK) AM(K) /XK

PO by KoM

VAR (K )-<U , §

DO Ha 1y NDATA

VAR(K) VAR (KD + (Y (1K) =AM KDY YRk,
LHNT I NLL

N o&l K-V oM

g Aopoe

1 N

27

VARSS XD,
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Nia2y
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e e

60

&5

79
1]

81

6e

83

g7

Ha
no

999

APPENDIX C.
(Continued)

VAR (K} =VAR(K) 7 (XK-5 ,)
D300

RO 65 K=§ . M
D3aDI+VAR (KD

D3=2, kDY

DO 70 K=g M
AVK  NJI=AMIK)
CONTINUE

CALL GPLOTCY S ), Y (8. 2),~300,.~LU.&)
DO B1 I=i NOC-4

DU HY J=}+3 . NC

DL J)=0.0

00 82 I=§ NC—y

DO BZ J=I+1.NC

DD 82 K=f M

DL II=DCL L334 CANCK L $3~AVCK D) ) R%2
DO 83 I=f NC—{

DO B3 T3 +4 . NC

DL, FY=8GRTIN(L..TY)

WRITE(6.87)
FORMAT (14X, "THE
N 86 [+ .NC-4
B0 86 J=1+1.NC
WRITE(SH,8B4)1,T.DCT.I)

FORMAT CEX " 1= 082X "a=" 118X D01 0= 64%.8)
CONTINDE

CALL CLOSE CIDURY

sT0P

END

ENDS

INTERGET DISTANCES™)







