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ABSTRACT

Primitive "elements" were extracted from a set of
textures; a set of attributes was measured for each
primitive; and second-order statistics of these attributes
were computed for pairs of neighboring primitives, using
several definitions of "neighboring". In some cases,
textures not discriminable using first-order statistics
can be discriminated using statistics of the second order.

&IR FORCE (p
arns o8 OFRICE op
NOTECE (op TRANS :

P R
SCIENTI)

MI T > RESEa0n g
mis QQQ,h“iC“l :‘.'l'l<u1.o T0 DDo ALl (A¥se)
Approved ISR ON R e
Dlstrlh Lor Pudlie relecagae f,, i d is
: ution ig unlimiteq, IAW AFR 190 o
. = 7 >
Technica)
Info \ -
™Tmetion Officer g E“\f' D (“\’
-ty - e
f‘l:‘[" l:!".l
H ; e |
Ul e <
vy NCV : ;
‘1‘;-::*‘_- { 3
t F § s f et _-/

The support of the U.S. Air Force Office of Scientific
Research under Grant AFOSR-77-3271 is gratefully acknowledged,
as is the help of Kathryn Riley in preparing this paper.




1. Introduction

Textures can be considered as composed of primitives
placed in a certain spatial arrangement, where each primitive
is a connected region satisfying some specified properties.

To describe a texture, one needs to describe both the primi-

tives and the placement rules. In [1l], attributes of the ; 1
extracted primitives, such as area, compactness, etc., were 3

measured to discriminate the textures. However, the sgat;al i
relationships between the primitives were not studied. This | i

paper studies the spatial relationships between primitives

usins second-order statistics.

In [2], Haralick et al. computed texture features based

[EEY Jrey s

on gray level cooccurrence matrices whose elements are rela-
tive frequences f(i,j) which count the number of times two
pixels, one with gray level i and the other with gray level j,
are separated by a certain distance in a specified direction.
Instead of gray level cooccﬁrrence matrices, here we use pri-
mitive attribute cooccurrence matrices. An element f(i,j) of

a primitive attribute cooccurrence matrix for a given attribute
is the relative frequency with which two neighboring primitives

(as defined by some specified relation ), one having (quantized)

DL i 5 By

attribute value i and the other j, occur in the image. From

these matrices, second-order statistics including angular

second moment (ASM), inverse difference moment (IDM), entropy
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and contrast are computed. The attributes used are area,

T R T [ S

perimeter, compactness, eccentricity and direction. The
sample textures used for the experiment are the same as
those used in {1] and [3) so that results can be compared.
They include four Brodatz textures [4]): wool, raffia, sand,

and grass; and three LANDSAT geological terrain textures:

Mississipian limestone and shale, Pennsylvanian sandstone

and shale, and Lower Pennsylvanian shale.
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2. Experiment

The steps of the experiment were as follows:

(1) Extract primitives and compute their attributes.

(2) For each primitive, find its neighbors.

(3) Construct primitive attribute cooccurrence matrices
for each attribute.

(4) Compute the second-order statistics.

2.1 Primitive extraction and attribute computation

Three different methods were used to extract primitives.
Two of the methods, namely, 25th percentile thresholding and
Superslice, were used in [l1]. These methods are thresholding
schemes where primitives are connected sets of pixels having
gray level values above some threshold. The third method
is an edge-based technique [3] where primitives are areas
enclosed by edges. For each of these methods, the output is
a binary picture. As in [l], the very small regions (having
less than ten pixels), the §ery large regions, and the regions
touching the window boundaries are ignored.

For each primitive, the centroid is found. 1In addition,
five attributes are calculated. They are area, perimeter,
compactness, eccentricity, and direction. Their definitions

and computational formulas can be found in [1].
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2.2 Neighbor selection

Given two primitives with cenbxﬁds(xi,yi), (xj,yj) and

areas Ai‘Aj' their separation distance is approximated by

A, A.
_ o 2 & 2,172 d.1/2 . 4,172
d max{((xi xj) + (y; yj) ) - (==) (- : B,
1 Based on this distance function, we used four schemes to select
neighbors for the purpose of comparison.
! Method 1 (4-neighbor approach): The four primitives nearest

a primitive are its neighbors.

In the 4-neighbor approach to locating neighbors, only

separation distance is considered. In the other three methods,

the direction of the primitive, defined as the direction of

the major axis of inertia, is also taken into consideration.
For each primitive, if we rotate its major axis of inertia

45 degrees clockwise and counterclockwise about its centroid, we
get two coordinate axes which divide the plane into four

quadrants. As shown in Figure 1, the major axis lies in two

Sk ool

of these quadrants and the minor axis lies in the other two.
Method 2 (Major axis approach): For each primitive, the nearest

primitive in each of the guadrants containing the

o
B

major axis is a neighbor.

Method 3 (Minor axis approach): For each primitive, the nearest
primitive in each of the quadrants containing the ‘
minor axis is a neighbor. ;

Method 4 (All-direction approach): For each primitive, the nearest

primitive in each of the four quadrants is a neighbor.




If the nearest primitive in a quadrant is very far away
from the center primitive, then it should not be considered
as a neighbor. Hence we use the following procedure to find
the neighbors: First we find the six nearest primitives with-
out considering directions, then pick the nearest ones in the
appropriate quadrants from among these six. Note that some
of the quadrants may not contain any of the six nearest
primitives. However, this indicates that the blank quadrant
is either facing the picture border or the primitives in that

direction are too far away to be considered as neighbors.
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2.3 Second-order features

For each of the attributes, the values are divided into
N = 8 disjoint intervals. Each attribute has its own value
partition. The same partitions were used for all the tex-
tures. The size of the cooccurrence matrices is NxN. 1Ini-
tially all entries of the matrix are zero. In constructing
the matrix P for an attribute, say area, we look at each pri-
mitive and its neighbors. If the area of the primitive is an
interval i and the neighbor's area is an interval j, then we
add 1 to P(i,j), the (i,j)th entry of the area cooccurrence
matrix. Finally, the matrix is normalized by dividing each
entry of P by g ? P(i,j).

i=1l j=1
The second-order textural statistics are computed using

the following formulas:

(1) Angular second moment (ASM):
N N 2
T I i)
i=1 j=1
(2) Entropy:
N N
- L I P(i,j) log (P(i,]j))
i=1 j=1
(3) Inverse difference moment (IDM):
N N

P(i,j)
: zl 1+ (i-3) 2

i=1l j=
(4) Contrast:

N-1 2 N N
Ik L I P(i,])
k=1 i=1 ?=1

i-3]=x




3. Second-order textural statistics

ASM shows how consistent and homogeneous the primitive
attribute is, while entropy shows how inhomogeneous it is.
As an example, consider the ASM and entropy computed from
the direction cooccurrence matrix. If all the primitives in
an image H have the same guantized directior, ASM has its
highest value, while entropy has its lowest. Conversely, ASM
has a low value and entropy a high value when the directions
of neighboring primitives of an image R are scattered. There-
fore ASM can discriminate the textures of H and R. However,
it cannot separate the textures shown in Figure 2, while the
standard deviation of the directions, a first-order statistic,
will separate them.

In Figure 3(a), values of ASM and entropy for four windows
of each of the four Brodatz textures are displayed. These
values were computed using edge-based primitives and the "major

axis" scheme for defining neighbors. Figure 3(b) and (c)

show the unnormalized direction cooccurrence matrices of the
two windows (one of raffia, the other of grass) that had the

minimum and maximum ASM values. Since the primitives of raffia 3

STy

are oriented in two directions only, horizontal and vertical,

there exist high value entries in the cooccurrence matrix of

B o N AT

Figure 3(b), which contribute to the higher value of ASM. On

A

the other hand, the direction distribution is random in grass
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and the matrix of Figure 3(c) looks busier.

In the computation of IDM, entries closer to the main
diagonal are given more weight. The opposite is true for
contrast. If IDM and contrast are computed for the area
cooccurrence matrix, clearly the image of Figure 4(a) will
have higher IDM and lower contrast values than that of Figure
4(b).

In Figure 5(a), the values of IDM and contrast for the
Brodatz textures are displayed. These values were computed
from the compactness cooccurrence matrix, using edge-based
primitives and all-direction neighbors. The IDM values de-
crease from wool to raffia to sand to grass. The unnormalized
compactness cooccurrence matrices of selected windows of each
texture are shown in Figure 5(b).

Maleson [5] defined two measures of the orientation of
primitives. Two regions are said to be collinear if their
major axes are similar, and parallel if they are lined up
along their minor axes. These measures were used in the dis-
crimination between water, which has more parallel regions,
and straw, which has more collinear regions. The IDM values
computed from the direction cooccurrence matrix using the
"major axis" and "minor axis" approaches for neighbor selection
also measure the collinear and parallel relationships. Water

will have high IDM value for the minor axis matrix and low

T T
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value for the major axis matrix. On the other hand, straw
will have low IDM for the minor axis matrix and high IDM

for the major axis matrix. For the four Brodatz textures
we used, the discrimination ability of IDM 1in direction
cooccurrence is very poor. This indicates that these four
textures are not very directional in that the primitives are

neither collinear nor parallel.
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4. Discrimination

4.1 Brodatz textures

The results of experiments on Brodatz textures are sum-
marized in Table 1. The details about which pairs of tex-
tures can be separated are shown in Tables 2, 3, and 4.

4.1.1 Comparison of primitive extraction methods

The edge-based primitive extraction approach is obviously
3
superior to the threshold-based approach in the second-order % |

statistics, even though for compactness, eccentricity and

direction, the three schemes give comparable results in the 3
£
4
first-order statistics. Figure 6 gives us a good indication 3
“
B

as to the explanation of this. Figure 6 shows the original

EASRRE S A

image of grass and the primitives extracted using the three

Sy

approaches. Clearly, the density of the edge-based primitives
is much higher. This shows that many of the neighbors of the
primitives are discarded in the threshold approach. Since
neighbor information is more'important in the computation of
second-order textural statistics than in that of first-order %
statistics, the effect is more noticeable. A

Note that the area and perimeter results using the threshold

&

approaches are very poor. This is due to the fact that we get
very different area or perimeter cooccurrence matrices from

different windows of the same texture. Figure 7 shows the

BRI TR e O R R
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area cooccurrence matrices for two windows of wool using the

& forgy siesl

25th percentile approach.
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4.1.2 Comparison of neighbor selection methods

; Table 1 indicates that there is no significant difference
in the results using the four different neighbor selection
schemes.

4.1.3 Comparison of first- and second-order statistics

For area and perimeter, the performance of first- and
second-order statistics is about the same. For compactness,
eccentricity and direction, the performance of the second-
order statistics is better. 1In almost all cases, the texture
pairs separable by first-order statistics are also separable
by second-order statistics. However, there are a number of
pairs not separable by first-order statistics but which can
be separated by second-order statistics. For example, the
first-order statistics of compactness separate only wool from
the others. Almost all pairs can be separated by IDM and

entropy (see Figure 5 and Table 1).

4.1.4 Comparison of degrees of quantization

For the edge-based, 4-neighbor approach, we also experi-
mented with using cooccurrence matrices of different sizes
(4x4, 8x8, and 16x16). Table 5 indicates that the effect of
these three matrix sizes is minimal.

IDM and contrast were also computed using unquantized
attribute values. This is the same as if the cooccurrence

matrix is «x«. The results are also displayed in Table 5.
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ASM and entropy were not computed using unquantized values
since entropy will almost always have value zero and ASM
will have a value equal to a constant multiple of 1/n where

n is the number of primitives in the texture.




4.2 Terrain textures

The results of the experiments on the terrain textures
are summarized in Table 6. The details about which pairs of
textures can be separated are shown in Tables 7, 8, and 9.

The edge-based primitive extraction method is still
consistently superior to the threshold approach. The second-
order statistics for area, compactness, eccentricity and
direction are not better than the first-order statistics.
However for the perimeter feature, there is a slight improve-

ment of the second-order statistics over the first-order

statistics.
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5. Concluding remarks

Visual discrimination studies (6] show that second-order
statistics are important in the description and discrimination
of textures. In particular, our study shows that the second-
order statistics computed on compactness, eccentricity and

direction can distinguish many texture pairs not distinguish-

able by the first-order statistics (mean and variance) of the
same features. However, the overall performance of second-
order statistics is not much better than that of first-order
statistics. It appears that for the particular textures that
were used, the characteristics necessary for good discrimina-

bility by second-order statistics, as discussed in Section 3,

are not strongly present.

Ardn LI




References

1.

S. Wang, F. R. D. Velasco, and A. Rosenfeld, A comparison
of some simplc methods for extracting texture primitives
and their effectiveness in texture discrimination, Computer
Science Technical Report TR-759, U. of Maryland, April 1979.

R. M. Haralick, K. Shanmugam, and I. Dinstein, Textural
features for image classification, IEEETSMC-3, 1973,
610-621. e

T. Hong, C. R. Dyer, and A. Rosenfeld, Texture primitive
extraction using an edge-based approach, Computer Science
Technical Report TR-763, U. of Maryland, May 1979.

P. Brodatz, Textures: A Photographic Album for Artists
and Designers, Dover, New York, 1966.

J. T. Maleson, C. M. Brown, and J. A. Feldman, Understanding
Natural Texture, Proc. DARPA Image Understanding Workshop,
Oct. 1977, pp. 19-27.

W. K. Pratt, O. D. Faugeras, and A. Gagalowicz, Visual
discrimination of stochastic texture fields, IEEETSMC-8,
1979, 756-804.




T NG TN TR

T

N = < ™M
M <« < ™M

NOILO3YIdA

A S €S
T &¢C € £ <
=g -G £ S
-vvv €S

(=) ¥ (€)
=T € & 3 €
=& TR 1€
=% EE (A4
i, e o E &

(1) ¢ (1)
il 1 € ¢
| Gty T¢
S T ¢
: T i (A4

(€) ¢ (2)

ALIDIY¥LNIOOd

™M N N T N
M W N ™

T M @ «

M M N ¢ W9

M M O MmO ™M
N~ N ~

SSANLIOY4AWOD

€ €
€ €
£ £
€ £
(€£)

YILIAWIYAG

T M M M ™M
M N ™

A
€ €
L3 4
EV
(€)

Yadvy

O N N N
w o N N

*3SeI3U0D

pue ‘Wal ‘Adoajzua ‘KsY ST yoeoadde I2pIO pPUODDSS DY3z 103 JPWIOI BYL
*(UOT3EBATISP piepuepls) uepaw ST yoeoaxdde ISPIO 3ISITI Y3 I0J JPWIOCT 3YL
(9 3sow 3e) sited arqeredas JO sIaqunu 91 SIaqunu BYL
z3epoag 3O sited JO UOT3BUTWIIOSTP UT S3IN3E3J JO SSOUIATIDDIIF

*S92INn3xXa3

NOILO3YIA TIV
SIXY ¥ONIK
SIXY ¥OLVKW
YOdHOIAN ¥

ddQ¥0 ISYId

NOILO3¥Ia T1IV¥
SIXY Y¥ONIW
SIXY ¥OLVKW
YOgHOIIN ¥

¥3q¥0 ISs¥Id

NOILO3¥IA TIV
SIXY YONIW
SIXY YOLYW
YOHgHOIAN b

¥30¥90 IS¥Id

HOVYO¥dd¥Y

NNV

‘T @19%L

¥3aqao
aNoods

aNoods

yaquo

- g (et (o)
anoods

TR W PO R ST Y W T g 1 TR R AN S T I T T

agasvg-3ogs|

t 8
i

dOI1'1s¥3dns

et s i o e i b

SAAILIWIYEG




*a1qeaedas sueauw
wA. “Burproyspay3z ayr3auadiad yigz Aq pa3doeIIXd 210 S3aAT3ITWTId
3yl uaym ‘sainixa3 zijepolag ayjz I0J Sa3In3eaJ ay3j JO SS3U3ATIDAIIF °Z 2I149el

bal
ol
tal

L 3 i x LSYEINOD
ﬂ P wqr NOILDIWIG TV
{ 34 i Wl S A AdO¥INE
& —~rIiss
m A X X X nsy 220¥0 anodas
:
2 - T - Xk ISYYINOD
ok wqr  SIXY ¥ONIW
- S Y e AdOMLINT
A p e e woy  EE0E0 GNCDES
- A ISVELINOD
£ wqy  SIXY ¥Orvw
A X T e B U ShEE AdO¥INZ
XX e T x 4oy  H30¥0 aNOD3S
A3 3 x X LSYH¥INOD
i &% wqr  SOSEOIAK ¥
XX 3 AR % EE R RGOBINT  \ooen o
A& i A x x X WSY
x e e e A : :
a . ASC "35 yaquo zsuis
g X 280 X NVER .
9989SY¥ 959SHSE DHSOHSHY HHSHSY 99S95SH R
A F LA LT AL NN LA LY AR RF LS B
SYYMNHN SAHUNMM SHUYMMM SUHEYMMM SHUMMM
NOILO3¥IA  ALIOX

YINZOO0d SSANIOVLKWOD Y3LIWI¥Ad vaygy JUOLNES




n\o
x N0
QN0
TNO
2 N0
=N«

Ll

*santr3Twrad asor1saadng

7S
A XX
7S X XX
A A A X X
X
A A XX
A X X
X XX
XX
X X
A X A X X
A X A X X
A
A A X
XX X KX
A X A A X
X X
A A A XX
958598 ¥ 99s
gl o
sddanNAMm s ¥y
ALIDIYLINGDOE SSINLOVAWOD

R

3y3 I03J 7 @149el O3 snoboleuy

™

>

>

>

9
/
M

‘¢ aTqel

N0 >
0uNO
KN N>
@M N0
=2 \N0
NI
i BN 4

¥313WI¥4dd

S

LEVELNOD

vnQH ntO)EUW“HQ wH bk
AdOHING

oy 53080  anodas
LSVELINOD

uqy STAY SONIW
AdOdINE

woy 23040 aNodas
LSVEINOD

oy SIXY ¥OOVW
AdO¥ING

hey  43Q¥O0 aNodas
LSYHINOD

wqy  HOEHSIAN
AAOBINE oo oo

KSY |
A3Q “IS yagwo zs¥id

NYER :

HOVYO¥ddY

SHIVE FEOLASL

FYOLY3Id




*saat3Twrad paseq-abpa ayl I03 Z arqel 03 snoboreuy ‘' a7qeL
X P O X X X ISYHINOD
NOILDANIA TIV
X X XXX XX XXX - B N WaI
- o5 SR | 2 2 EBE R N XXX XX XXX XdOWINZ
¥3IC¥0 aNOD3IS
5 G S 8 S 2 2.3 EEE EE REE WSY
XX X X XXX XXX X X X JISWVIINOD
SIXVY ¥ONIW
X X 4 XXX o 0 War
23 Xa X X B o G AKXX XX XXX ZAdO¥iNz el
i A X %X L 55 A% REx aNoOas
XXX XXX XXX amﬁmazoome< e
YOLvKW
X SR ¢ XXx%Zx XXX - SR A WaI
XX XX A € & B O O XXX XX XXX ZXaouina ¥
¥3Iayo
215z i EEAaA SRR ER L 2R ERE W GUOwES
XXX B & X X X JISYHINOD
x ~ -
A 5 xRk EXExa 53 L S OREDER»
: P g o T | XXXZXX AKXRX KX XXX KMOBINI onv6anodas
222 - O O R - R G - A% AR R EE WSY w
ol XXX X XX "A3Q IS yaguo zsuld
X AX X XXX X XXX RXXRZ2Z2Z NYER .
99595y 99S9OSH 995S95SY 9HODSOHSY 9DHSOHSH i
I A T S A SR O U 0C S g \\\\\\ PR AT G ¥ B R A e SYIVd IUALXIL
SYYMMN SYUYMMM SYYMMUMNM SUYYMMM SHUYIMMM

NOILO3¥Ia ALIDIYINIOOE SSANLOVAWOD YIALIWIYAL Yayv IFALYIS




*pasn aie
WAI pue 3sexjuod Ajuo ‘saotajzew paztjuenbun ay3z izoa
*X1oat1302dsax wQ@l pue ‘3sexjuod ‘Adoajua ‘WSY 103
saited arqeaedas jo iaqumu ay3z 3juasaixdax Ai1jus yoea ur
ejep a9yl -yoeoadde aoqubrau-y ay3z Aq pa3oa1as aae
sioquybtaN ‘yoeoadde paseq-abpa ay3 Aq pa3oaTas aae
SOAT3ITWTId °S2IN3Xad3 z3jepoag aie pasn safdwes ayg
*$9zTS XTIjew 3JuaIalITp Hursn s3Tnsax jo uostaedwo) °g a1qel

- - - % T € €€ A pazt3juenbun
-=-91 ETV V¥ zee€c¢ SE€ESS €EESS 9TX91
-=-z¢€ V-V € €ESE € €E€CE €€ESS 8X8
-=17T £ETVE € €€E€E EEV VY VESS 1237
az1s
XIHLIVNW
NOILOFYIA ALIDIYLINIDDA SSANLOVAWOD YILIWI™UAdL Yaav

NFNILVAI

e PO 4 . WA AR s




VOILOZ¥IA

unuIXew ayg

ALIDIYINIDOI

e TTv
AR AN AR 4
(AR AR A A4
ccttce

() ¢

2 - ==
-7 = =
(€) ¢

SSANLOYAWOO

*¢ ST sated arqeaedas 3Jo zaqumu

A A
(A A 4
AR AR A
[ A 4
() ¢

N N NN

E=-2T1
111
C =T 3
t=E1

)=

YALIWIYId

Tz
zze
Er e
zze
(€) 2

Yagv

4
¢
(4
[4

*S2IN3X33 UTeIIa) 9yl I0J T o[gel 03 snoboyeuy ‘9 IIqel

NOIILO®MIA TIV
SIXY ¥ONIW
SIXVY ¥YOLvKW
YOdHOTIAN Vv

daQY0 LS¥Id

Ja@ao
aNODJ3s

NOILOIYIA TIV
SIXY YONIW
SIXVY ¥OLVW
YOHHOIAN ¥

YI@IO LSYId

¥aaqao
anNoods

NOILOINIA TIV
SIXVY YONIW
SIXVY ¥OrvVW
YOHHOIAN ¥

dA@I0 LSY¥Id

¥aquo
anNooas

HOYOUddY

FNLVA

aasve-3oaa

5S¢



Wy egin o ¢ Sy i

I

RO RIS MG AR e

) s g ST

‘arqeaedas sueau X,

sputpTOysaIy3 2TT3IuUa013d Y3se Kq pa3oeri3x@ 21® saaT3TWTId

a8yl uaym ‘saanixaj utelixalz ay3z oz sa2In3esal 9yl JO SSIUBATIOSIIH

>

d
\z

NOILO3¥IqA

X X
X X
X
A X
X
X
X X
X
X X A
X X
i = d T 1 d
\m \S \2 \m \S \2

ALIDI¥INADODE SSIANLIVIWOO

L °1qel
x x ISYEINOD
NCILOIYIA TTV
War
x x AdO¥INE
Y3JY0 aANODEAS
x WSY
x ISYMINOD
s uqy STXY ONIW
X x AdOMING
i wey  B4Q¥0 aNodds
x x LSYEINOD
wqr  SIXY ¥OCWW
x x XdOMINT
& wgy §3Q¥0  anooas
x LSYEINOD
wqy  SOGHOIAN
A - AdO¥INT  yuquo aNODES
x WSV
- A30 “IS yaquo Isuid
NYIW

i | 1 d
\m \E \2

HALIWINId Yy

T f | d
\m \Z \E

HOYO¥ddY
SYIVd TENLXIL

ANLVEI




|
a2

‘saat3Twrad 2o0t1TsIadns ay3z 103 9 ¥[qel 03 snoboreuy ‘g STqeL

T

LSYILNOOD
NCILO3¥Ia TIV

m..
w
1
|

X WaI
X X XdO¥INE
VIO aNoDaS
X X WSY
ISYYLNOD
war = SIXY ¥ONIW
% X X X AdOYINT
WLAYO
& b 5 & WSV anoods
| b3 1 LSV¥INOD
SIXY YOLYW
: x War
i X x AdONING
. . wey BAG¥O anodas
¢ LSYYINOD
| w 5 § ol JOGHOIAN ¥
i X X AJOMINT  ygquo anodas
,m X X X X 4 WSY
] w & -
: A 430 “IS yaauo asuid
! ; NVAW
m HOYO¥d4aY
, . % & ¢ PRRE PR PN R S S AT R
: w / 4 \z \z J d \z /' / d \z \z / d \z \z / d \z \z SYIVd DNIXIL
i)
E | NOILOANIA ALIDIMINADOE SSANIOVAWOD YILIWIYVIL vauvY AAIVEI




£ 7 LTS Yo 7 - —

R PV AT L 10 i ke e b B g Ay

‘saat3twtad paseq-abpa ayz 103 9 a1dqel 03 snoboleuy "6 ITgeL

-
]
|4

LSVYINOD
A % - 4 " * NCILDE¥Ia TTY
X X 4 X X 4 x WaI
: 3 x x i X X Ado¥inNd
i 43340 gNoD3Ss
X X X x b X X WSY
y SR - X X X x A X LSYYINOD
SIXY ¥YONIW
1 X X X X X X WAI :
x % X X X X AdOdINd
uL0¥0
X X X X X X WSY OoER
X % % x X X LSYILNOD
SIXV ¥OLYW
X " 3 b3 4 X 4 WaI
X X X F 3 X X XJO¥INZ
¥AQ¥0 aNoDds
: x X X X X X X WSY
x X X % X X  LSWYAINOO
JOgHOIAN ¥
x 4 x X x x WaI
X X A X A X X AJOMINT  yoouo anodas
X X A X X X X WSY
R X X X X Xk k "AS0 "5 yomo ssuIa
: X X X X 4 x NYIW
HOVO¥ddyY
; PO SRR OB R T, %%, T, 2. & T 1, &
\a \z \z \m \z \z \m \z W \m \z \z \m \z \z SHIVd MUNILXIL

W NOILOEHIA ALIODTHINADOA SSANILOYAWOD HILIAWINEd Yauy WALVII




e e ) Srrim i ANL w EN HASE

s RO 0 S -, i

a5 A AT Y. PO

<
b

Figure 1. Quadrants of a primitive. ab is the major
axis of inertia, and c is the centroid.

=
i
@
2;>
b

(a) ' (b)

Figure 2. Example of two textures which cannot be
separated by ASM or entropy of direction.
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Figure 4. Texture (a) has higher IDM and lower
contrast than texture (b).
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Figure 6.
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Figure 7.

(a) Original image of grass.

(b) Primitives extracted by 25th
percentile thresholding.

(c) Primitives extracted by Superslice.

(d) Primitives extracted by the
edge-based approach.

Cooccurrence matrices for two
different windows of wool.
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