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CHAPTER 1

INTRODUCTION

1,1, Introductory Remarks

This report concerns an initial feasibility study of grain sample
analysis. .All grain sample analysis includes a determination of the amount
of material in the sample which is not the grain being analyzed. The
methods which are available at present make use of appropriate sieves,
followed by a manual hand picking of the remainder. Since this hand picking
is both tedious and time consuming; it is performed separately. Clearly, it
would be desirable to have a device that caﬁ replace the hand picking part
of the analysis. Such a device should be capable of distinguishing
between long grains such as wheat, barley, oats, rye, etc. with perhaps
the greatest challenge being to distinguiéh between wheat and rye.

The approach entertained in this study is based on pattern recog-
nition techniques, Such techniques may be able to do equally well on
separating other types df grain such as corn and soybeans in addition to
the long grains mentioned above. Thus, a device which is based on pattern
recognition techniques could conceivably be placed ahead of the sieves, ex-
cept perhaps the sand sieve, To this end, the main objective of this study
is to consider some basic aspects pertaining to the feasibility of a pattern
recognition system for grain identification, The types of grain used for

the study are: (1) corn, (2) wheat, (3) barley, (4) oats and (5) milo.

1.2, General Remarks Pertaining to Pattern Recognition Problems

The basic ideas associated with pattern recognition problems are best

introduced by referring to Figure 1-1,
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Signal Classification
Representation

Signal
Acquisition

Figure 1-1, Block diagram representation of a pattern recognition

problemn.

As the name implies, the signal acquisition stage acquires a set of
signals from each of the categories or classes which are to be classified,
The signals acquired may be one-dimensional or multi-dimensional and hence
the complexity of the signal acquisition stage varies from one pattern
recognition problem to another.

The output of the signal acquisition stage is denoted by Ci, i=1, 2,
»ess, k, where C; represents the ith category or class, each of which
consists of Nj signals, The jth signal belonging to class i is denoted by
xij' Thus for each i, j varies from 1 to Ny,

Consider a typical signal Xij which is fed into a signal representation
stage 1s shown in Figure 1-l. The role of the signal representation stage
is to seek some "measurements", "features" or "attributes" which will help

discriminate a signal X4 from another signal Xmi» where, 4#m. The output

of this stape corresponding to the input Xij is denoted by Pij which may be



in the form of a finite n-dimensional vector or a finite multi-dimensional
array. Thus Pij is generally referred to as a pattern corresponding to the
signal xij'

The classification stage in Figure 1-1 is in essence a device which is
"trained" to recognize a set of patterns Epij;' Consequently the set of
patterns {Pij; whose classification is a known a-priori is referred to as
the training set, Once the classifier has been trained using the
training set, it is conceivable that it will make errors while classifying
patterns not belonging to the training set. Therefore the game 1is to
train the classifier in such a waf that it makes as few errors as possible,
There is a large number of training procedures available in the literature}
The procedure which is best suited for a specific application is gemerally
dictated by the nature of the signal representation stage.

In conclusion it is remarked that aIthough‘the signal representation
stage in Figure 1-1 plays a crucial role with respect to the overall system
complexity and performance, very little theory is available which enables
one to select the 'best" measurements or features to represent the set of
signals Sxijg' Feature selection techniques vary from one pattern recogni-

tion problem to another. Some aspects of signal representation for the

problem at hand are briefly considered in what follows,

1.3, Signal Representation for Grain Classification
The signal representation technique used in this study is simple in

that it concerns only the size and shape of a given kernel, Consider a bhlack

1. TFor an excellent summary, see "A Survey of Pattern Recogniticn,"
by W.G.Wee, IEEE Proc. of the Seventh Symposium on Adaptive Processing,
December 1968, pp. 2-E-13,



and white image of a grain kernel as shown in Figure 1-2,

background

Kernel

———~~Image frame

Figure 1-2, Black and White Image of a Kernel

The image frame in Fipure}2 i1s now divided into an (32x32) array.
Again, each element of this array which contains the kernel is represented
by a "1" while that which does not 1s represented by a "0",., An example of
the coded image which results by this process is shown in Figure 1-3,
Information pertaining to the size and sh;pe of this image frame is
extracted by means of a two-dimensional spectral analysis. The transform
used for the spectral analysis is analogous to the familiar discrete
Fourier transform and is called the Walsh Hadamard or BIFORE (Binary
Fourier Representation) transform . A brief introduction to the two-

dimensional BIFORE transform is provided in Chapter II.
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1-3 Typical output from micro film reader for corn.

(Blank elements of the array consist of zeros),



CHAPTER 11

THE TWO-DIMENSIONAL BIFORE TRANSFORM

2.,1. Definition

6

The (32x32) array of zeros and ones of a typical coded image as shown

in Figure 3 can be represented by a matrix as follows:

B00,0) (0,1} wuewsmmenwss $A0 (Hy=1)
f(lﬁo) f(]-,l) seev OB OeD f(l ,Nz-l)

Ei(xl ,}{2)] = . - - ) (2"‘1)

E(Ny=1,0) £(N =1,1)0eueennns £(Ny=1,Np=1)

L -

where 1 N1=N2=32 and each of the f(i,j) is a zero or a one% Then the two

dimensional BIFORE transform (2-BT) of the data matrix_g(xl,xz) in (2-1)

is defined as

Nl-l N2-1
£x,u%
[F(ul,u25}= i > £(xp,%2) (=3)77 © (2-2)
N1N2 xl=0 x2=0

where
F(ul,uz) is a transform coefficient

f(x1,%5) is an input data point

(2-3)
ui=0,1,....,(Ni—1);i=1,2
ni-—l
4 xg,uy>= Z: uy (m)xy4 (m)
m=0

1. Note that Ni need not be equal to Njp

2, In general f(i,j) can be any finite real number



£ X uP=(x Uy + LXpup7
and
n,=logoN;,1=1,2.
The terms uy(m) and x;(m) in (2-3) are the binary representations of

uy and x4 respectively, For example,

u =u, (ke=1), ug(k;=2), seesy u; (1), uy(0) (2-4)
[ id:'a'cimal [i 1 it : 1 inary

where u, ( )(—EO,I;.

Alternately, (2-2) can be written in the form of a matrix to obtain

[E(ulsuz)] = 1 [H(nl)] [g_(xl,xz)] E*(nz)] (2-5)
N;N2

where
[gxul,uzzlis a (leN2) transform matrix corresponding to the
data matrix [;ﬁxl,xzj]
[p(nljl and [H(nzj] are (N1XN1) ;nd (NoxNg) Hadamard matrices
with ny= log Ni’ i=1, 2.
The Hadamard matrices in (2-5) are defined by the recurrence relation
(o] = [H) | HK owlhy Ly e wnatly
A (2-6)
H(k) '
[u@]= 1
From (2-6) it follows that the elements of a Hadamard matrix are
either +1 or -1,
Using the fact that the 2-BT is an orthogonal transform, it can be

shown that (2-7) the corresponding inverse transform (2-IBT) is defined as



Nl"l Nz-‘l

< xu 2
£(xg,x,)= 2{: EE: F(uj,uy)  (-1) (2-7)
uy=0 u,=0
or alternately as
[toqx] = [aemp] (2] [nmy] (2-8)

2,2, The 2-BT Power Spectrum
A BIFORE power spectrum which is analogous to a two-dimensional

Fourier power spectrum can be defined as

2211 2%2,
P(zy,29) = :22; Fz(ul,uz)
o217 ] -9
where -
zi=0, T ki; ny = logzNi, i=1,2,
and
[_Zzi-j']is the integer part of 2%i-l,
From (2-9) it follows that the 2-BT power spectrum can be expressed
in matrix form to obtain
(P(0,0)  P(0,1) . . . . P(0,n,)]
[-gﬁkl,kz)] = [P0 PQ,1) ....P(1,ny) (2-10)

. [ ] L ] L]

P(nl,l) P(n1,2). « « « P(ny,n2)

e ot

Inspection of (2-10) reveals that the number of 2-BT power spectrum
points is given by

2{: = (1+nl)(l+n2); n; = logzNi, i=1,2 (2-11)



2,3 A Numerical Example

Before proceeding further, it is instructive to consider a simple
numerical example which helps clarify the material discussed above. BSuppose
the 2-BT and 2-BT power spectrum of the pattern shown in Figure 2-1 are

desired.

Figure 2-1, An (8x8) pattern

From Figure 2-1 it follows that N1=N2=8. Thus (2-5) yields

[E(ul,uza -k [ B [£6xy,x) ] [86G] (2-12)
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Using (2-6) to evaluate [H(Si] and subsequently substituting in (2-12)

results in the following matrix equation,

;E(u19u2)1=_;_2[11(3)] 0 01 1 1100 [H(3)] (2-13)

where
10101 1)1 o1 o1 1]
1 =1 1 s1] 1 sf 1 i
1 1 -1 -1] 1 1 -1 -1
[ r®] = L o« = E] 3 o1 =i 1 (2-14)

Evaluation of (2-13) yields the transform matrix
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16 0 0 4 0 =4 =16 0]

0 0 0 4 0 -4 0 0

[Ewup]= 1 0 0o o -4 o 4 0o o (2-15)
6

12 0 0 0 0 0 =12 0

=4 0 0 0 0 0 4 0

Substitution of the values of F(uj,up) obtained from (2-15) into

(2-9) results in the following 2-BT power spectrum in matrix form.

- =

16 0 3 17

Pl = 1 0 o 1 1 (2-16)
256 o o 2 2

12 0 0 12
. .

2.4, Motivation for Using the 2-BT Power Spectrum.
In this study, we attempt to.characterize the size and shape of
grain kernels by the (l+logypNj) (l+logyNp) power spectrum points given
by the matrix [f_(kl,kz)] in (2-10), There are basically three reasons which
provide the motivation for doing so. These are discussed in what follows.

(1). The power spectrum represents the distribution of power in a

given two-dimensional pattern. This is best illustrated by a simple

example with N1=2,N2=4 and

[Expxp] = 3 0 3 4 (2-17)
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Applying (2-5) and (2-9) to (2-12) results in the following 2-BT

power spectrumn

P(0,0) = 81/4 , P(0,1) = 1/4 , P(0,2) = 1
P(1,0) = 4 , P(1,1) = 1, P(L,2) = 1. (2-18)
Now, it can be shown that [;jxl, x2)] in (2-17) can be decomposed
into the following mutually orthogonal sub patterns:
[ footrimp] =[a5 405 45 43
4e5 4.5 45 45
—
[_gm(xl,xz)] =fo.s 0.5 =05 005
(0«5 05 =045 05
E _f_{]z (Xl ,xz)] = 1 =1 1 1.
1 -1 1 1
[_glo(xl,xz)] -2 =2 =2
2 2 %_ﬁ
[ Eatgx] =f2 -1 1 -1
-1 1 -1 1l
and .—“ -
ih— =
[glzcxl,xz)] =f1 -1 -1 1
—-1 1 1 -1 (2-19)
S k.

It is straight forward to verify that

| 2 2
{_f_(xl,xzj] = E} [ £y pex)] + EO [ £, 0% ] 220
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Inspection of the sub-patterns in (2-19) reveals that [iij(xl,xz)] is
2l - periodic with respect to the first dimension (i, e,. the columns) and
Zj = periodic in the second dimension (i . e * the rows). If
2
jf, [j%j(xl,xz)] denotes the sum of the squares of the elements. in the

sub-pattern [‘Ei,j(xl'x2y] , divided by NiNg, then it can be verified that

2
7 agtiyrol? = o3 2 [yl - 21
izj[ioz("l"%ﬂ2 = 1 123(-@10("1#2)]2 =4
;jr‘f‘llf"l'xzﬂz = 2 1Zj[-f~12(xl’x2):,2 =1 (-2

Comparing (2-18) and (2-21) it is clear that each of the 2-BT power
spectrum points represents the average power in one of the mutually
orthogonal sub-patterns[:gij(xl,xz)].. Thus the 2-BT power spectrum
represents the distribution of power in a given two-dimensional pattern,
In the problem at hand such two-dimensional patterns are coded images

(see Figure 1-3) which characterize the sizes and shapes of grain kernels.

(2). From the periodicities present in the sub-patterns [fij(xl'xz)]’
the_analogy between the 2-BT power spectrum and the familiar discrete
Fourier power spectrum is apparent. Again, the property that the Fourier
power spectrum is invariant with respect to cyclic shifts without rotation
of a pattern as illustrated in Figure 2-2 is also valid for the BIFORE
spectrum, However, the 2~BT power spectrum yields considerable data
compression since it consists of (l+lchN1)(l+1ogzN2} spectrum points in

contrast to (Nl/2+1)(N2/2+1) independent discrete Fourier spectrum points,
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N shifted pattern

original
pattern

i —
-

X1

Figure 2-2 Illustration of the shift-invariance property.

(3). The 2-BT pﬁwer spectrum can be computed rapidly using an
algorithm called the fast BIFORE transform (FBT). The corresponding
computer program is included in Appeéndix 3-2, Since only real arithmetic
operations are involved, the corresponding implementation is simpler
relative to that of the Fourier spectrum which requires complex arithmetic

operations,
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CHAPTER IIl

EXPERIMENTAL RESULTS

3-1. Data Collection

A block diagram of the set up used to obtain the data is shown in
Figure 3=~1. FEach kernel was placed at the base of a microfilm reader and
projected on its screen to which a 32x32 grid was attached., Each square
of the grid which was occupied by the kernel was coded by a "1'" and by
a "0" otherwise. A typical output obtained from this stage of the data
processing is shown in Figure 3-2. Before such data was recorded, the
reader was calibrated using a standard circular pattern which is shown

below in Figure 3-3, The image coded pattern corresponding to this

Figure 3-3, Calibration pattern for microfilm reader

calibration pattern is shown in Figure 3-4,

The above output of the film reader which was in the form of a 32x32
array of ones and zeros was punched on IBM cards and subsequently fed to
an IBM 360 computer, The computer program listed in Appendix 3-2 was used
to compute the 2-BT power spectra of several grain kernels placed in
various orientations for each kernel. The corresponding 2-BT power spectra
that resulted are summarized in Appendix 3-1. For convenience, each

spectrum point in this table has been multiplied by a scale factor of 103,



0

Grain

Microfilm
reader

IBM 360

Computor

Kernel

Figure 3-1.

Block diagram of set up to gather data

16

2-BT Power Spectra
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Fipure 3-2,

(Blank elements of the array consist of zeros).
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(Plank elements of the arrav consist of zeros)
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In this appendix, the 2-BT power spectra of various kernels of corn,

wheat, barley, oats and milo are included,

by P(1;3)s 1509041505

The spectrum points are denoted



20

L8727

L0°1

8L°0

0%°0

z€°0

79°0

Ly*0

TIZ°0

¢T°0

00

0z 0

L0°0

90°0

10°0

91°2

LE°T

L8°0

6T°0

0T°0

8570

86°0

62°0

710

rAARY)

S0°0

LT"0

80°0

T0°0

So°0

z0°0

£€8°1

€L°0

LZ"0

80°0

T0%0

LY*T

6L°0

£%°0

z€°0

S0°U

72"0

9070

T0°0

10°

0

0T"0

€671

08°T

65°0

Le°0

%00

6Z°0

28°0

8€°0

L0°0

£0°0

00

80°0

€070

£0°0

10°

0

1070

T6°¢

9%°1

€L°0

®Z°0

S0°0

£v°0

6L%0

®Z°0

TT°0

S0°0

170

S0%0

€070

T0°0

€0°0

ST 1

S6°0

9670

9¢°0

9070

12°0

¢ST0

710

61°0

€070

£0°0

€270

L0°0

1070

co0°

0

(4 A

0%°1

€L°0

v°0

070

£7°0

1€°0

1°0

Z1°0

10°0

20°0

ST®0

80°0

€0°0

T0°0

z0°

0

68°1T

KL

Ge"0

L2°0

9070

60°0

99°0

9170

L0°0

£€0°0

91°0

0z°0

?0°0

10°0

z0°

0

L6°¢

6T T

0s*0

91°0

IT1°0

8170

Zet0

9T"0

9T"0

€0°0

60°0

£€Z2°0

AR

90°0

LL*E

T8°2

9.°0

Z€°0

L0°0

89°0

9%°0

%2°0

12°0

90°0

%T*0

80°0

20°0

66°C

39°T

0s°0

ST 0

GL°0

S0°0

z0°0

60°0

9270

TT°0

£€0°0

ot "%

C6°T

T€°0

€70

TATRY

20°0

90°0

wZ*

o

z0°0

¢0°0

L1°¢

" T

O
I~

L[]
o

7E®0

L0°0

e
[}

L 4
o

070

€ uxod

(g°6)d

(£°y)d

(£°€)d

(T°%)d

(z°e)d :q
o

(2°1)a

o
Bndl =
o

(1°6)d

(1°¢)d

(1°2)d

(1°0)d




21

€6°z|ve 1|z 0|z 0{s00|8r 0620 [19°0 ft1*0]20°0 j50°0 J90"0}g170 |s0*0 ko0 o Z0°0J0
0E°€]S8*0 [LT 0|ST*0{20"0|6%°2|86°0 |9%°0 {IZ°0|S0°0 {700 [0Z*0]5T*0 |[60°0 O°0|T0"0 |0 €0°0
6%7°Z|E€T°T|92°0{8T 0 {70 0O|ST T}{TO"T |L{T"0 |[80°0{€0°0 |€0"0Q |TZ O} TT 0 {IZ"0 Eg0"0 |0 T0°0|TIT°0
LL*T|%9°0 €S0 TZ 0{€0"0|9€°0]|0L°0 [92°0 DT 0|00 |SO*0 [T0°0}0Z°0 {TT°0 0“0} T°0{80°0|10°0
€L z|w6°0 {91 T{92 0|6T"0|6T°0{25"0 [96°0 [T 0|C0"0 o $0°0|€2°0 [21°0 70°0 |£0°0}S0"0 {0 €1
y9*Z|0T°T |¥£°0{50°0|20°0{9T°0|S5"0 |vZz*0 wT1°0|z0°0 {0 Z0°0{ST*0 {v1°0 E0"0{v0°0 |0 0
¥T°Z|T8°0 |¥¥*0{L0"0{€0"0{LL°0}8S"0 |62°0 [IT"0|{€0"0 [£0"U |Z1°0}80°0 [20°0 }0"0 |0 0 10°0
68°T{6T T 19S°0{0T 0 {£0°0 0T 0{¥9°0 ¥¥"0 JIZ°0{9T"0 [20"0 |SO°0{£2°0 J£0°0 {00 |50°0 0 10°0
10°2[68°0 {2€°0{%0°0 {0 £7°0{85°0 loz"0 5170600 [£0°0 [z0°0] 2170 v0"0 ko0 |0 0lo 10°0
LT°C{OT T {9£°0|¥T 0 |T0"0{EH*0]SS°0 {¥€*0 | 2°0{%0°0 {90°0 {#0°0{TZ"0 {90°0 {£0°0|z0°0 |0 0 A
L6°€{TT T 1690|8070 (#0°01ZE°0{TO"T ¥¥°0 [LT°0{S0°0 | €70 {ZT"0|L1"0 {#T°0 }0°0{20°0{T0°0 {100
79°T1S6°01SL70{£0°0(90°0}62°T128°0 [S£*0 {IZ°0 {200 {I0"0 {¥2°0{ZE°0 I80°0 [[0"0 {90°0 |0 €0°0 6 ui0d

- sr&t 2124 & 2la-lal 2121 =21 2 =121 2 A& ~

- s l1&) a8 F gl t&El Et 1S 218821 .

= S8 81&E1 8 Bl (Bl E1 81818 Sl 21 =




22

O%°ZHI6L CTIHT T [6T°0|02°0| €°9T|L%°9 |6E°L|GY° C |90 0 |ET O|TT T |6E£°EYT|L8°0 |SS°0]|E0°0|T0°0]%Yy°%0T
86°C J9%°LT)66°C [CS"O|LT 08T 08]LL YT|60°Y|6T TSE°0|80°0|6S*L |L6°0L |69°8 |%0°0]80°0|S0°0|66°L0T
06"%Z1£8°%T|80°C |£9°0|90°0 2% 18|70°6T|TI8°C|8C T |7C°0|CT°0|GL"L |8C° %L |8E°6T|26°0]|S0°0]90°0|96°€0C 6
YEOCTIL9°CT|S8°E S O 9T 0 [YO ¥y JOL ET Y9 °T[9S°0 [LETO |70 O |EL ET{LE LTI 899 |£S°€]|90°0]|90°0|9%°20T
T0"8T{9%°ZZ{00°G |6L 0 |TE 0 |TL " ¥H(SS 8T |S0°C|S8°0 |LEO|TT 0|Z6°C |£8°0CT |2S°C |Z8°0|ET1 0|0 96°12¢
evtET|6LcT{8S w | €°0|ez 0 ze"6 |sz°s [si°z|ze oloo 0|yt 0|z6°T |68*s8T|T0°T |1£°0] S*0f0 0€°%ZT
7HTCT|COT0T NS E L9 0|0V 0 |TO°ZE|TL TT{ST CITIT €19%°0190°0¥8°T ITE°9ET QL0 wq.ﬁ %0°0]0 6%7°8Z¢
€L°TZ|0S ST |L8°C @B O |L1°0|ZT %S |€6°ST 7T Z{SZ T160°0|¥0°0|LL " TT|9€°SOT |#9°L |L5*z]6T1°0]0 81°9¢¢ ¢
99°CEITH ET|BL E £9°0|50° 1E€L°99]GS°BT|ST ¥ |S6 T 10V 0|TT 0|TIS°6 {L¥°8S |CE€ OT{8L°T|90°0]|0 167848
TS LY |TE €Z| 6°G [IO"T|LT O[T0"LL] 6°6T|S8 € |08 T |ZE€ 0|80 0|SS ET 66" YE |LT°C |9%°0]20°0]0 IH°Go¢€
6C°CC]0¥"6 |9E°E LZ°0|€Z°0]86°68|0S°ST|0L ¥ [LOT|B8E°0|80°0]|908°0|08 6L I¥E ST %6°T|ZT1°0|TO*0|8E"TSE
6 YR 66T |BL°E BT T|ST 0[66°LE |06 9T C0O R IVE T |SSO|LT 0|59 Y 1/0°0L ' JZE°GT|LS*0|Z0 0|0 65°99¢
TLZE[C8 LT |E67°C PI T|TZ 0|88 67 |TL TTI0E E|ZE T |6¥ "0 {LT1°0{08°TT {2 G, 0SS ST]lLL°0{S0"0|0 wE*E£8E
€ u1od
S 21231212321 =2i=2{z=i=21 212 i=21=21=2]l=2]=
" ‘S LA AR N Sl 2FRlLEL P 3" & = e .2 -y
Sl 2l jeleletrtetlEejesteletelejetltaljelzl e




23

9€*L% | 0°0T |69°C {Z6°0|TO°0|09°CL| L °ZT}| T L|6G°T |LT°0{S0°0|8%"9 {08°99 |T9*L |TZ°0{£0°0{0 62 18T
98*8Z 0% %I |60°C T9°0|%€ 0 |¥C 6 | €°LT{ ¥#°CT|E€S°T|9%°0160°0| 0°S }0L°T9 | L°0T{€S°0|L0°0 {0 T€°981
TOSZ 1LY ST |TY T [#9701S0°0|26° %8 Ly 6T (%2 T CT°T{92°0{80°0 |£L°9 }LT°0L } T°TT|€8°0 700 |T0°0(8T°T0Z
L°€S [BOTCT |60°% {9L°0J0C°0JTZ " TGS LT85 6146 299 °0|8T°096°€ [98°€6 [€6°€ |18°0{C0°0|Z1°0{8Z €61
#7°0G [SLTET 80" Y |86°0|82°02S 2276 °TT| ¥ 61€6°T [¥L°0| T°0] O°LT|Z0"TIZT |TZ°T {SE°T{S0°0|Z20°0{%0°*0TZ €1
88°GZ [O¥°9T |99° |SCS O|ZT 0|60 TS I#T ST|TL " T|E€L 0{TC 0 |€0°0{€0°6 €€ 80T |T6°C |€¥°CT{90°0| 0°0{SY°TLI
€L°8T |8L°S JSO°T |9V O[¥T O|SL E€TI69"T €S T|¥9°0 LT 0:50°0{0€°S (€€ VLT |L0°E€ |I¥°0}16T1°0(Z0°0{%9°0L1
€T 8T 18T YT 9% 7 [OL 01 LT 0SS 9% R0 PT|9L " CILE T{SE 0 |¥0°0§66°5 |T8 TIT|I¥ T |€9°T|9T1°0|T0°0 xw”hoﬁ
GTQTIEGHT |€T Y [06°0 mm.mjmm.w 91°6 |€Z°C|LZ°€|69°0|0T°0S8°C |BZ TIST|I8 T {9T°0J0T°0|T0°0{Z8°SLT
LZ2°9Z L8 ST €0 7 [YO T|8T°0|EY°6E€ 8T ECT|SE°9 YT C {ST 0 |71°0 (88" |SZ TZT|TZ°0 |ZE°0{Z0°0|E0°0|%0°S9T TI
G9°GHY IGETTT|S9°T |9L°0|TT 0]99°8L|28°CT| 6°9 |6T"T{SE 0 YT 06T 9 |L8°T9 | 9°8 |SE€°0{10°0 (0 8061
0C°2Z [0S°ST|S9°T |28°0|02°0|S0°L8|89°8T|¥T°C [29°T {90°0 |S0°0{¥Z°6 |80°0L |[TO°TT|€S°0{90°0{80°0 qm.MNMhou
Al RTAIZ21 2] BV 2121212121 2] Br=2l12|1812] B
S TSPl Sl syl el FlEIEIPIE] OB
21 2| S{2lE] gl et el Bl & Eteslteltelatl 2




24

Ty*yz {1y 11|86 0l1c 0 Nﬁ.o_qm.ﬂﬂ 0T°9 [8L°€ {6%°0 [CT°0 {90°0[S9°T | €€°9T|0L°9 [20°0|90°0|0  |%5°6 x«
06°vz {90°8 |TL°Tl6%°0 mc.o_mm.qﬁ 90°8 | 18°Z {£9°0 [TZ°0 [€0°0|cc°% | 65 %T| 99y |Tz*0{zZ0°0]0 |z6°6 «
99°9Z|86°¢ |69°T{Lz°0|TT°0{59"9T [v9°6 [So"T[t0°T {£T°0 {L0"0|SL"9 | 92*€T|¥T € |6€°0]|T0°0C]J0 {€L°6 « 9
£0°8T [€0°6 [TL°T{8Z°T {ZT°0[26°S [69°Z |¥€°T{19°0 |60°0 [€0°0|19°0 | z6°5€|96°£T1{28°€|98°0J0  {8Z°CIxe
S0°6z {9z°sT|9c cjoL 0 juz 0 [vs°6 [18°¢ [LL°T|0v°0 {2€°0|0T°0 |22 0| 88°TE€|L8°#T{0T"0{Z0°0|T0°0]L8 9Tx*
yo1efetoe loT T{1E0(0  |oT° sz [69°TT{T9 0SS 0 (ST 00 {9707 €% LT{S0°T |2z 0[€0°0| 00T 91
76°0€ |28 2T 9T 1|25 0 |¥T1°0{88°ST [69°£ |6Z°9|TC°0C {2€°0 |L0°0{08°0 | 22°02{£0°S |T1€°0|T0°0] 0°0]06°H1*
9L°TE{yL 0T |S6°T]sS 0 |sT 0 {ve°8T [v5°8 J6L°S 6y 0 [vE 0 j60°0]68°T | 89°0¢|88°¢ |65°0|20°0| 0°0|2T*9T* ¢
62°6Z {06°0T|65°T|€0"0|zT 0T LT |18°Z {zs vizc 0 {1e 0]90°0]95°2 | 89°6T{T6°% {95°0[{T0"0| 00|61 7T*
T8°8Z1SZ°0T {65 T{60°0{ZT°0 {9€°9T {25°6 | 0°9{E%°0 {#¢°0|S0°0{0L°T ] ST*LT{0€"€ |9S°0|T0"0| 0*08T €T»
9.°0€ {6T"% [ZZ°T]TE°0{21°0]96°%Z |66°0T|{ 86°0}6%°0 JzT°0|80°0|2€*6 | 9€°LT{99°T |¥S*0|Z0*0| 00 |#T°CTx
oz°c¢ |ae <t |80°z 0 0ct 0 [ze=vT |evee | 18z |te0 600 |c0*0 |81 0 | zv8z] 1o 01| vz 0|61 0| 00 |vo° LT ¥+
99°%Z |€€°2T|£9°0{,Z°0{#T° 0[S TT{0€°¢ | S9°T{L0°T{92°0|20°0}S2 0| ST L€ 29"8T| #9°0[80°0|T0* 0| 6°LT*x
T aeaym

s =1 A1 2121 Bl 212 22t 2)F 21 & 21 21 21 &1 2

o S EE AR ARk EE T EEd FE el 2 21l LS

S Sl g1 &8 i gL &1 El &1 2E1E] ErE]E




25

TL°ZZ 196°9 (O%°T{0%°0{80°0 /8 CT{68°6 9°¢C |96°0i9Z°0{Z0°0{Z¥°¢ (%6 0T |EC"Z 9170 1(0 0 ¢z g
CO T Y TTIWE TI6Y 0607016876 [98°G ¥/ 1640 ITE 0 (S0 0{E6°0 |BE°STITIR"9 {80°01lc0"0 |0 EH°8 2y
8L°6T 168°6 {TO*CI68°0IS0°0|76°9 {£€8°T 12670 {0%°0{L7°0{20°0120°0 {8L°CZ|6E°TT YR ZISZ"0[20°01SZ2°8 =%
NN.NN AR Y wmoﬁ.hm.o COC0I88*YTIYa*e YT CI8S OITT 0200 8%9 vL*0T (€92 €00 0 6°L
C6°CZC MY TTiwE"TILE°0 NH.c $¥9°6 (%9°9 [9/°% |64°0|GT°0§80°01 €°T {6T°H#T|TIS°S 9T QI0T°0|J0O £y°g 0T
T6°9C UL 9TI0OT TIRO 0 IRT 096 LTITL™9 FER°C RO 0{ECT0IC0"0I19C°0 |68°CC T8 S {#S°0{Z20°0i20°0)0s°6T
Y HC OGS CTICS TIvO 0 IRT 0lZ9 9T iwL g {9y v lzc olTvy oloT 0lsC 0 {6T°97185 9 I%L°0|T0°0}0 96°8T
COTDL 6V S GO THLZ°0IR0°0 RS "CCl09°TT|66°C |ISL OITT 015070489, 1ST 9T (OGS T I¥Z 0Z0°03T0°0IEY " vIx
Te*#€ | £€°C PO TITIZ°0OITIT 0192 0C e " TTi /90 L2 0{PT 0 {207 06T 0T{TL"02186°0 (227010 4] 0G°6Tx
QZOZ IET 0T 6L 0t9L 0TI 0492 19L°% |QE T IO "TIGE Q600! €70 1/48°6Li8L°6TI90°C|6E°00 SC LTIxx §
GECZ UL ZTIR6 QIST 0ICODITIS TTiIvO "y | LT €167 0(60°0{20°0{4L8°0 }89°QTI{ZE"8 1z0"0]z0"0]0 TE 0T ==
TLCTIGE TTISO TIOL 0w T 01488 {€8°T |Z6°0 (9% 0 {92 08070 (TT°0 |T8°ZZ (I TTIVL°TI0E"0{20°0IGE"6 =%
g9 JBOYn
clzlelsle|l slelzlaslslersicl gloislel 2
cl vlelesltel el 2zl el 22 2lesleli=sl =




26

6S°0{E€L 0 E¥°0)80°0{Z0°0{¥€"0|TE°0O[TZ°0{€0°0{%0°0}T0°0|20°0{60°0{50°0{T0"0{0 £0°010  xv
TL°0|T9°0{ 85°0|8T"0{S0"0{8Z 0|E¥~0|zT"0|cz 0|50 0l0 20T0ZT"0180°0{C0°0|T0 0|0 0 =
TS*0192°0§ L0"0§S0°0{T0"0|¥0°0{Z5"0}92°0{L0°0{¥0°0{z0"0{zT"0|20"0{50"0]z0"0}0 0 0 = 9
EL°0|LETO{ ST 0{S0°0{€0"0|%T"0{9T"0{60°0{S0°0{¥0°0{0 TO°0£0°0{20"0{T0 00 0 0 =
6L70107°0j TT 0| #T 0 {e0"0j2T 0{vE-0|¥T 0{%0°0{0T*0]s0"0{z0 0|80 0{¥0 0]€c0*0}TO"0]0O 0 xx
6S°T{9T T|TC 0|S0 0 {0 LT0L9°0{%E€°0{90°0{50°0 {0 T2'0{60°0{20°0|50°0{z0"0l0 0 =
TO"Z|SZ T{6% 0ET 0 {TO"0|ST"0{07°0{02°0{80°0{€0°0|S0°0{€0"0 {#T°0{50°0{S0°0{z0"0{T0*0| 0°0x
0C"Z|2C670{6L°0 LT 0|S0°0|£2°0|TE0{8T 0{s0 0 |z0"0]0 S0°0 60°0 {€0°0{%¥0°00 0 <0 0= S
€8°T|58°0185°0{80°0 |€0°0|6Z°0 {£E£°0 ST 0{80°0{20°0{z0°0| T*0|80°0 {90°0{T0 0|0 207010 =%
65°0{T9 0L EY 0 ST 0 {90°0 {PE€°0 {€¥°0 |8T 0 |{ST°0{50°0 {100 {70°0 {zT"0 |90"0{z0"0|%0°0]0 0 =
TLTO 9T T{ST O|TT0 [#0°0 |ST°0 |£L9°0 |¥€"0 {£0°0 {S0°0 {0 GZT0 [€0*0 {20V |TO0 {0 0 0 =
8670 |6¥°0(¥Z°0 (¥T°0 {50°0{S0°0 {vZ°0 |ST"0{S0°0 {T0"0 {0 %070 160°0 {500 20°0 |0 0 0 »x
O%°T 0L°0{SE°0{ET 0 JSO°0 LT 0 {TZ 0 fTT"0 |£0°0 {E0"U IO 0 8070 |Y0°0(TO"0{Z0"0|TO°0|0 %% | T 3IEaya
A2l sl 21212121212+ 21 3212121212121
S EA TN E ST NI IR Bl L Bl L A
Sl |jEjzlejelEllEetElZiE (ELE




27

IT°0

8CT|8S°0|L%°0|C0*0|E0°0|ET"0[9%°0}Z0"0 90°0{20°0{£0°0{¥1°0§50"0}L0°0{T0"0}{0 00

8Z°T|9L°0{TE*0|50°0 |20 0|ET 0 |I# 0 |¥T°0|E€T"0]0T 0 {0 €0"0|%¥T1°01£0°0|€0"0]20°0|0 0 =

#ETIEL°0|LE70 807020 0¥T 0 |TE 02T 0}60°0{¥0"0 |0 S0"0{90°0|€0°0§T0°020°0|0 0 =

€6°0j9%°0(02°0 qmuo TO°0|TO"0|60°0{S0°0|20°0{TO 0 |T10°0 O 070 {T0"0 {0 0 0 0

9% T1C6°0|TE 08070200 |¥T 0 {LE°0{¥Z 0|90 0{%0°0{T0°0{20"0]|60°0{50°0]z0" 0|0 co*ojzo*o 0T

LL°T}9L70|€9°01ZZ 00T 09070 {9%°0]6Z°0|ST"0|¥0"0{T0°0{£0*0|80°0 [¥0°0 |0 0 10°0{10°0

€6 T{9L°0 Ly 01%0°0]0 SZ°0|BS°0J0Z°0|9T°0{S0 010 LT*0[80°0{¥0°0|TO*0|T0°0|T0O"0{20"0

YT C|ST T |TY°0(T0"0|%0°0|20°0 {86 0 [ZE*0|0T"01€0°0|T0"0{ZT 0T 0{L0°0{€0"0{T0"0{0 0 =

68°T|28°0 [L8°0ET"0|T0°0}90°0}9%°0|20°0{TIT1°0{60°0|20"0|€0"0|S0*0|20°0(z0°0{0 0 0 =

€6°0]9%°0 |TT°0}20°0|€0°0)6Z°0 [7€°0}LTI°0}0T"0|%0°0{10°0{20°0{80°0|70"0|c0"0 0 TO®0|0 =x| 8

TL°T|86°0 |0%°0 [€0°0|TO°0J0E"0{TE 08T 0{90°0|%0"0 |0 207019070500 |T0"0 {0 0 0 ==

L9°0[{%E€°0 [FT 0 |BT 0JTO"0J{TI0°0{£Z°0 ¥T°0490°0|60°0 {100 |0 €0°0 |2o*0|TI0*0V |0 10°0[0  xx| Y Ieoym
S 2221212121221 2123121 23121212121 2
ol Bl -l o IEE (O N S R ol T B N O O o Ll R ol N
=il 2o tlEl81 El8l8jl2|l21 8l B8BlE8 58] 8




28

cetle

L2 |8C°T (2570|5070 |20°0% [79°6 [69°T [ZS°0 |€C 0 |TO°0 I0E€°TT|0OL YT |L%°0 [60°0|50°0]0 68°LTx
€8°6E€[CL°6 |8T°C [ES°0|CO"0|EL"YE |2270T|0Z°T €9 0 {€€°0]C0"0 |€2°€T] €°5€|88°0 {L0°0[20°0{0 £8°9Zx
LS*ET{LT°B BT T [C0°T ow.c LE™L J€T°6 |ZT°L |E870|0Z°0|T0°0 [6S°0 | T°8T |LE°E |IZ°€|C8°0J00°0[ET"LEx
LE°GTIBT S [0 E |ZC°T{0C°0|L2°6 |ST°L |ET°C |£8°0|CE"0D]G0°0{LS°0 {TE°QS |0L*6T |TT CZE°0/T0°0|0Y° 6T
€GT6T{LL°6 ¥ T [0 T|8T 0|0T*9 |ST°% [80°T |Z6°0|TZ 0|80°0ZE"T |Y1 9% {LO €T |S¥°TIET 0{90°0|€EE"0Zx €
€9°GLITI8 L B0 T |ST 0| %€ 0{2C"S [6E£°Y |0C T Y0 T|0%°0|S0°0{ZL*0 JTL°CY9]9E TE |96 T |SS 0} €0°0|TT"8Z*
TEOE|LZ°E |£/870 {0C°0|T8 0 €L"8S |T8°8 | TE*C|BS O|TZ 0|T10°0 |2E°LZ|6C"8 [L8°0 [LT"0]20°0|0 9¢°0¢tx*
YCTGE|EL B VT E [T 0)ST 0|TC 0T |2E€°S |LZ E|6T T |LE"0] Z 0 |SS°0 | 2°6€|CE°CT |LS°0}C0°0}0 £°6Zx%

02 LT|TL R |ZL T |BE"0|S0 0 |0E LT L2 L [SL T |88°0]LE£°0}20°0 HN.OM 2°6Z|2L%T |80°0(zZ0°010 2°G¢Cs
TYTYEVL S 168 T | 7701607016 7% |L9°8 |SL°C| £°0] Z°0|Z0 0 |0L°€T|SY9°TZ [90°T N@ro 60°0[ TO"0 om.omaw -

3
Zl12121la&l2a ]l 2 121212312121 21 A1 Al 1&1 &1 &
F ISP | 2l S5 181 128 | 21 8] T2 280 £
2|2l gfte e elEE|IS|IE| S|l el o ejejep ey




29

ST9TTIVL T |L%°0|9T°0 [¢0°0 {2470 L2 0 |YT 0(6T"0 |E0°0|TO*0|Z0°0{TIT"0|%#0°0|T0 0 |S0°0{T10"0 *
€8UTICE"C 18570 |L270 TO°0 {28°0 |8BT°0{£0°0{S0°0 |€0"0|T0°0]|T0°0[60°0|20°0}50°0|20°0 {0 *
OT"ZT{/%"0 [££70{80°0 |€0°0 {€0°0 [S"0{8Z"0|TIZ 0 {z0 0|0 10°0(60°0{L0°0{20"0 |0 0 *
O0T*T{26°0 |£Z°0|80°0 |SO°0 |£0°0 HS°0{8Z"0|%Z°0 {#0°0|20°0]T0"0{S0°0|20°0{T0"0|Z0"0]0 ¥
OT"T165°0 j0%°0{80°0 [SO°0 (€0°0 [T£*0JST 02T 0 {20°0 {0 T0°0{90"0{€0°0420°0 }0 0 * [4
86°06%°0 [CT°0|S0°0 {T0°0 {T€°0 [T 0{2T°0]€0°0 {¥0°0 {0 €0°0{€0°0{Z0°0{T0"0 {0 0 *

ET € 2T°Z [IZ°0{S0°0 [TO°0 {ZT € E6°0{8€°0 {900 {Z0"0 |0 86°070°0{€0°0|T0"0 |0 0 ¥

OT°C|Ccy"0 [LE70 |TT°0 €170 {B0°0 {£{8°0|TS°0{€0°0 {€0°0 {20"0|T0°0 {60°0{70"0{€0°0 |T0°0{T0"0 ¥

TLTY T T |LT°0 | T°C [IC 0 {£S°0 ES°0|62°0{£2°0 {T0°0 {0 T0°0{S0°0{20°0{€0"0 {0 0 ¥

€CTEMLTT [TIFT0 SO0 P WS0 €870 (YT 0{E€T"0 {€0°0 {TO®0|Z0°0|S0°0|S0°0{€0"°0 {20°0 |0 ¥ T s3aee
o o o = o - i = o g g o o ~ d - -l
S| Bl SSRGSl RGN Bl SSRGS R]| B3
S T S N e S S T S T b St S N o S e S




30

LT°7Z [T8°0T|9T°T P¥°0 [71°0 P8 TIT|00°S [68°T |9L°0|9T°0 [L0°0[TT"Z [¥%"LT]06"L |0T°0 JIO"0 EO°0{S€"6 » T
L6°TT JLL°6 |86°0 [E%°0 [CT°0 B9 0T (29°C [0Z°C |6% 08T 0S0°0|0L°C [€S°¥T|€L"9 |SC 0 D £0°0|2L°L «
T OTIH
G0°0S [SE'TTI9E"E JL0°0 | 2°0 BL™6T [80"ET|L8°¥T| L0 0{0T 0 [9T 0 [OT°0 [SS°6T|98°0 {9%°0 [ST°0 ELO"0 |1Z°6Tx
GT TE [98°S {€6°T {TET0 |BO°0 PO°%9{LS™L |LTI"E€ |88"O[ST 0[SO 0 |L8 LT |TE 0T |TT T {¥L°0 JLO°0 RO 0 (88" Ty*
9S°8C |STTS (9T°T (vE°0 {€0°0 [[R*TI|TT TI{Z9°Z |9% 0| L1I"0 |20 0|87 CZ|SO YT |SS°T |0T°0 g0*0 P LL"LEx
18°8Z |6€°C |L8°€ [£970 {6070 | € LT|ZE"L [€0°% |£9°0)TE O |TT0|T1Z°C |68°8L|T6°TZ|89°T [T£°0 P00 |€6°HSx
T19°92 [86°S |20°0 [7€°0 (SO°0 BT*L9]|96°6 |€T°€ |8S 0[LT 0 [C0"0{€6 YT |7T YT |LI"Z |0I°0 [z0°0 D 98°0%x 2
91°SE j0€°6C|0%°Z [6L°0 {SO°0 BL®T ]98°C |T6°€ | €870[%£70]92°0{8Z°0 ]8S°T9]0% 9T |/9°T [£0°0 L9 Ehx
ST°96 9T %T|18°C [EL°0 {6070 PL TZ{TO OT{OL CT{ €S T TE 0 {90°0|TE 0 {€L°STJTIE 0 JOE"0 L0°0 %9°9¢€x
89°€T ¥L°G |TT 0 [LT°0 [TT°0 £S°T9}L9°8 |L8°C [9%°0|%T°0 |SO°O|€9°9Z 26" TT{€S°T {TZE°0 |60°0 P 0L €%
CL°8C |0C°% ./ |{8Z70 JLE"0 (€T°0 EB"EY|CL™S [0T € |8E°0| 8T 0 |S0°0{£L"8T|L9°6T 26T [0S0 [70°0 D [AANA%Y
B8 ST LY YT {TT T [8Y°0 {TZ°0 BY°CT|%9"% |TE"Z | LE"O|ZT"0|SO°0}6L"T |69°55(96°€C|TY"0 [82°0 wﬂ.o 06°0€x
1 As1aeq
2l & 2lS 18212 & 21212121 2] 2 2121221 2
5 i St 1 & | & A R < S g f el el &
S|l &2 L& 8 S &1 &gl &1 2] 218212 &




31

8T T w9°0I»T 0| TT 0J€0"0}9E"01 0% 0| LT 0| ¥T 0 hc.m‘ﬂo.c 0 s0*0|20°0j10°0}0 T0°0j0 = <

6S TIEL O LE0102 0|70°0]SGZ70} 8T°0}90°0| 90°0f %0°0} C0°0]0O 90°0}50°0}T0"010 0 0 = T oTTw

LLTTICB O WC TITI0IE0"0]S0"0} S6°070S 0} 80 0| CE 0} €00 TO"0[80°0{L0"0{C0 0] €0°0} TO*0 |10 0%

9G°C|TE 0TI 0[S0 0{20°019G°C} 1901 2T 0{S0°0{ €00} TO*0]S9 0BT 0}S0 0| L0 TO 0 2O°0|€0"0x

08°TITS 01y 01€ET 00 93701 0L7010C°0} ¥T 01 TOT0J TO®0) £°0}60°01%0°0|20°0{TO0{ TO0|0 =

66°T H@.c 0L°0}80°0|TO"0]ST 0} 6%°0{%2 ;600 TT 0} 700} T0%0]60°0]90°0|€0"0{0 0 0 =

S8 EI0O7 0|LT 070 0 TG 06470} 0OS T{%T"0]S0"0}80°0} T0"0] 97018070 |¥0"0]|T0°0{Z0°0{ 0 0 = 2

e T(S8°0|ST 01720 |T00 180 0 E¥°0}LZ 0]90 0|20 090" 0l0 ¢1°0]s070|Z0 0|00} 0 20°0x

OE"ECI7L 0JOS T8O O|TT O|LZ 0} EXOYTT 0| T°0|L0 0|70 0}€0°0{6T 0 |61°0|20°0{20°0{0 207 0x

68°T}T2°0|80°0120°0|€0°0}25°0}2S 0TI 0}50°0|T0°0]Z0"0[6£°C |80 [20°0{0 T0°0f0 91°0=

LL°T189°0|8T 0{S0°0|20°0[8Y 0} €6°0}LC"0|¥0°0{Z0"0]T0°0{8E"0}29°0 (€0 0|0 20°0}0 6 =

¢ T|T9°0|2T°0{90°0|20°0{0%" 0} LE*O|8T 0|€0"0|T0"0}0 ¥1°0]60°0 |€0°0|%0°0}20°0}0 0 =} T Lo1aeq
Sl 2t a2l 2122l St A 212121 21212121281 2 2
I AR AR i R AR A E A T M E A
| 2lejel2lEejeyp el ElelellEl o)k




32

APPENDIX 3-2

A listing of the computer program used to compute the 2-BT power
spectra listed In Appendix 3-1 is presented in this appendix. For the
- purposes of illustration, the computation of the 2-BT power spectrum for

an oats kernel is included in the listing which follows,
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CHAPTER IV

GRAIN CLASSIFICATION RESULTS

4,1. Elements of Pattern Classification

Some basic concepts of pattern classification are best introduced by
referring to Figure 4-1, Let xij represent the j=-th pattern belonging to
class or category 1,i=1,2,...,K, where X is the total number of classes.
Generally Xij is in the form of a vector - however it can also be in the
form of a multi-dimensional array. The set of patterns Xij'j=l'2""’Ni
is denoted by Exij; and consists of a total of N samples, Ny of which
belong to class i,i=1,2,...,K. This set of patterns (X 3 is called the

(713

training set since they are used to "train'" or "teach" the classifier to

classify a pattern X (whose classification is unknown) as belonging to a
particular class. That is, once a classifier has been trained, it is
capable of classifying incoming patterns on its own. The overall per-
formance of a classifier is generally measured in terms of the number

of errors (i.e, miscléssifications) it makes., Many different types of
training algorithms are available [:8'] + The choice of a particular

algorithm is generally dictated by the problem which has to be solved,



Set of training pat-

terns ixi-i whaose Training algorithm:
true ¢ asg fication yields design parameters
is known "| for a trained problem
classifier
I
I
|
Decision:
X belongs to
X | Trained one of the K
classifier "| classes

X: A pattern whose classification 1s not known,

Figure 4-1: A pattern classification scheme
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4,2, The Training Algorithm
As mentioned earlier, there are various types of training algorithms
£871. The specific algorithm used in the present grain classification study
uses the "least squares mapping' approach. The basic idea in this approach
is to derive a linear transformation A which maps in the least-squares sense
the training samples belonging to class i, into the unit vector Vj. We
recall that Vi is a vector, whose elements are all zero, except for the
i-th element which is unity. Once the classifier is trained, the
transformation A is obtained in the form of a matrix, To classify an
incoming pattern X whose classification is unknown, the following steps
are used:
(1) Compute Z=AX., Then Z is the mapping of X into the unit
vector space,
(2) Find the distance of 7 from the unit yectors Vi,ial,Z,...xd
If Z falls closest to Vig» then X it is decided that X belongs
to class io.
For a detailed discussion of the above training algorithm, the
reader should consult references [4:]and [5-1. A listing of the computer

program associated with this algorithm is included in Appendix 4-1.

4,3, Classification of Corn, Wheat, Barley, Oats and Milo.

The 2-BT power spectrum points tabulated in Appendix 3~1 are used to
obtain the training set, The following 10 of the 36 power spectrum points
are used,

P(0,0), P(4,0), P(5,0), P(5,4), P(0,5)
P(4,5), P(5,5), P(3,3), P(4,3), P(5,3)

Thus each xij in Figure 4-1 is a (10x1l) vector in this application,
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Examination of the table of 2-BT power spectrum points in Appendix 3-1
reveals that P(0,0) for each corn sample 1s much greater than that for any
sample of wheat, barley, oats or milo. Thus the classification of corn
becomes quite simple as shown in Figure 4-2, 1If a P(0,0) exceeds a
convenient threshold such as 100, it is decided that the corresponding
kernel is corn. On the other hand, if P(0,0) is less than 100,it is then
decided whether the corresponding kernel is wheat, barley, oats or milo,

(see Figure 4-2). The decision matrix referred to in Figure 4-2 is

directly related to the transformation A referred to in Section 4.2, It is
obtained using the training algorithm as evident from Appendix 4-1 (see

page 49 ).

4,4, Classification Results

During the training process it was detected that the 10 components
used for training purposes (see Section 4-3) formed a bi-modal distribution
in the case of wheat, Thus, two separate classes of wheat were considered
while training to obtain the decision matrix in Figure 4-2 (See page 49
of Appendix 4-1.)‘That is, class 1 and class 5 both represented wheat.
The corresponding training samples used as belonging to classes 1 and 5
are denoted by the asterisk and double asterisk respectively,

After the decision matrix was obtained, the training samples were
classified using the trained classifier as shown in Figure 4-2, The

overall results may be summarized by means of a confusion matrix (see

Appendix 4-1, page 49 ),
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10 o 0 0 0

0 0 10 0 0 (4-1)

where, class 1 through class 5 . are wheat, oats, barley,
milo and wheat respectively,

With respect to F in (4-1) we make the foilowing observations:

(1) of the 20 samples of wheat, 2 have been erroneously classified
as being milo.

(2) O0f the 10 samples of oats a total of three are erroneously
classified as being wheat, barley and milo.

(3) All samples of barley and milo (10 and 5 respectively) are
classified correctly. ’

The above observations lead to the following % correct classification

scorest '}arﬁx“
FType of grain % correct classification score
Wheat 90%
QOats 70%
Barley 100%
Milo 1006%

We recall that corn can also be attributed with a correct recognition

score of 100% since for each sample of corn, P(00)»100 (see Appendix 4-1).



42

APPENDIX 4-1

This appendix provides a listing of a computer program for a training
algorithm which uses the least - squares mapping principle., Details

pertaining to the algorithm are available in references [ér]and [5.].
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CHAPTER V
CONCLUSIONS AND RECOMMFNDATIONS FOR

TUTURT. WORK

5.1, Conclusions

The results of this initial study show that it is plausible that the
two-dimensional BIFORE or Walsh-Hadamard transform power spectrum can he
used to distinguish several types of grain on the basis of their shapes
and sizes. The variation in the shapes and sizes of different types of
kernels is reflected in a corresponding variation in the spectrum points
P(0,0), P(4,0), P(5,0), P(5,4), P(0,5), P(4,5), P(5,5), P(3,3), P(4,3);
and P(5,3). Subsequently, such variations in this set of spectrum points
can be "learned" by means of training algorithms. One such algorithm
which uses a least-squares mapping approach seems to he adequate as
evident from the % correct classification scores listed in Section 4-4.
However, considering the small sample sizes, one rust appreciate that
these fipureg are merely estimates, Larger sample sites must be considered

to come to some definite conclusions,
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5,2, Recommendations For Future Work.

On the basis of the results obtained from the present study, the

following recommendations are made for future work:

(1) oObtain % correct classification scores using a larger
training set with the objective of realizing better astimates
for the classification scores reported in this study.

(2) Incorporate soybeans and/or rye with the types of grain con-
sidered in this study and hence obtain the overall pexformance
of the classification scheme initiated in this study.

(3) Compare the results obtained in (2) with those obtained by an

alternate approach to the automatic grain classification problem

Lel, L71,
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ABSTRACT

This report concerns an initial feasibility study of grain sample
analysis. Snecifically, the problem of automatically separating various
types of prains is considered., The approach entertained in this study is
based on pattern recognition techniques. |

The shape and size of a kernel are used as criteria to distinguish
it from a kernel belonging to a different type of grain. Each kernel is
coded in the form of a (32x32) array of zeros and ones, The portion of
_the array occupied by the kernel is represented by a "1" while that which
is not is represented by a "0". The two-dimensional BIFORE (Binary Fourier
Representation) or Walsh-Hadamard transform is used to carry out a spectral
analysis of the coded representations of several types of kernels in
various orientations. The variations in the shapes and sizes of the
kernels were thus obtained in terms of a set of BIFORE or Walsh-Hadamard
pover spectrum points,

A subset of the above power spectrum points were used to train a
specific pattern classifier which uses the least-squares mapping principle.
The final percent correct classification scores for the types of grain
considered were as follows: (1) corn, 100%Z, (2) wheat, 90%, (3) barley,
100%, (4) oats, 70%, and (5) milo, 100%.

The results of this initial study denmnonstrate that the two-dimensional
BIFORE power spectrum can be used as an effective tool to characterize
the shape and size of given kernel. Since the classification results cited
above were obtained from the analysis of a small number of grain samples,

it is recommended that the techniques introduced in this study be applied



to a relatively larper number of grain samples, It is further recommended
that grains such as rye and soybeans also be included in future studies

since the same were not considered in this research effort,



