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Majumdar, S., Jayas, D.S., Hehn, J.L. and Bulley, N.R. 1996. Clas-
sification of various grains using optical properties. Can. Agric.
Eng. 38:139-144. Rapid identification of the principal constituents of
bulk grain samples can be used to automate the movement of grain
through a terminal or processing plant and can also be important for
quality control. This paper examines the potential of using tristimu-
lus values, color solid scale values, and reflectance characteristics of
grains as discriminating features among various seed types from bulk
samples of cereals, pulses, oilseeds, and speciality crops. Visible
light between 400 and 700 nm was used to collect data for separation
of various grains. Most of the grains could be distinguished from
each other using X, ¥, and Z tristimulus values; L, a, and b color solid
scale values; or percent reflectance ratios and ratios of slopes of the
percent reflectance curves at different wavelengths. The bulk reflec-
tance measurement provides a rapid first stage identification and
narrows the possibilities for a second, more detailed, identification
stage. Keywords: color, spectrocolorimeter, identification, reflec-
tance, grain grading, tristimulus values.

L’identification rapide des principaux constituants d'un échantil-
lon de grains peut étre utilisée pour automatiser les opérations d’un
terminal ou d’une usine de transformation et peut s’avérer importante
pour le controle de la qualité. Cet article examine la possibilité
d’utiliser les composantes trichromatiques, une échelle de couleur
continue et les caractéristiques de réflectance des grains afin de
différencier les types de grains d’échantillons de céréales, de légu-
mineuses a grain, d’oléagineux et autres produits particuliers. On a
utilisé la lumiére visible entre 400 et 700 nm afin de recueillir des
données sur la séparation de plusicurs types de grains. On a réussi a
différencier la plupart des grains en utilisant des valeurs trichroma-
tiques de X, Y et Z; des valeurs de L, a et b pour I’échelle de couleur;
ou des valeurs de réflectance en pourcentage et des pentes de courbes
de réflectance pour différentes longueurs d’onde. La mesure de la
réflectance d’échantillons de grains est une méthode rapide d’identi-
fication et permet de réduire les possibilités lors d’une deuxiéme
étape d’identification plus détaillée. Mots-clés: couleur, spectrocol-
orimeétre, réflectance, identification, classement des grains,
composantes trichromatiques.

INTRODUCTION

The grain industry has long relied on human judgement to
analyze grain samples for those particles of foreign materials
which are not machine-separable. Grain grading is primarily
based on a subjective interpretation of grading factors that
influence end-use quality. Grain inspectors determine the
grade by visual inspection and assessment of grain samples
relative to established standard grain samples. The lack of an
objective method of measuring the important grading factors
(e.g. varietal purity, vitreousness, and soundness) has led to
inconsistent grade determinations to the extent that in Canada
10-14% of reinspected samples receive a different grade from
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that originally assigned (Bevilacqua 1987). Therefore, a de-
vice that would use some physical properties of grains to
separate kernels of a particular grain from other grains and
foreign materials which are at present not machine-separable
would be desirable. Such equipment would be extremely
valuable to the grain industry for use in quality control.
Digital image analysis can be effectively used for objective
measurement of some of the grain quality parameters. The
primary reason for its potential application for grain inspec-
tion and grading lies in its ability to quantify with precision,
speed, and consistency the composition and physical charac-
teristics of grain samples using parameters which form the
basis of visual inspection (e.g. object size, shape, color,
reflectance, and texture) (Sapirstein and Bushuk 1989). In
this paper we discuss the feasibility of using the optical
properties of grains as the basis for separating various types
of grains.

Massie and Norris (1965) evaluated the reflectance and
transmittance properties of grains for designing infrared
grain dryers. They found that the moisture content did not
have any significant effect on reflectance and transmittance
properties of different grains and reflectance was the most
important variable for infrared drying.

Hawk et al. (1970) measured the reflectance charac-
teristics of various grains using a spectroreflectometer in
ultraviolet, visible, and infrared regions of the spectrum to
develop a model for grain separation. They found that the
greatest difference in reflectance among various grains oc-
curred between 450 and 700 nm. Also, they could not
distinguish hard red spring (HRS) wheat from hard red winter
wheat or barley from oats on the basis of reflectance data.

Dowell (1992) investigated the potential of tristimulus
values and spectral reflectance for identification of normal
and damaged peanut kernels using a monochromatic machine
vision system, a contact colorimeter, a non-contact colorime-
ter, and a spectrophotometer and achieved 62.7, 79.1, 85.8,
and 94.1% correct classification, respectively.

Casady et al. (1993) measured the optical properties of
soybean seeds using a spectroradiometer. They found that the
reflectance between 436 and 724 nm provided the most infor-
mation for separation of normal from damaged soybean
seeds.

OBJECTIVES

The present work is a part of a project to design and fabricate
a machine vision system to grade various grains at grain
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handling facilities. As part of the development of image
processing techniques using reflectance and color features,
optical properties of various grains need to be studied. The
specific objectives were:

1) to test the feasibility of using the tristimulus values and
the color solid scale values of bulk samples of various
seed types for separation of one species of grain from
other grains, and

2) to determine the percent reflectance of bulk samples of
various seed types and to test the feasibility of using
percent reflectance ratios and ratios of slopes of the
percent reflectance curves at different wavelengths for

* their identification.

MATERIALS AND METHODS

Instrumentation

A spectrocolorimeter (LabScan 6000, Hunter Associates
Laboratories, Inc., Reston, VA) was used to determine the
percent reflectance at wavelengths between 400 and 700 nm
with 10 nm increments for bulk samples of various seed
types. The instrument also gave an indication of color in the
form of X Y Z tristimulus values (1964 CIE tristimulus values
of a color in Dgs on the basis of Y = 100 for white) and L a b
color solid scale values.

The value of X represents the amount of a reddish primary
that has higher saturation than any obtainable red. The value
of Y represents the amount of a green primary that is consid-
erably more saturated but of the same hue as the spectrum
color whose wavelength is 520 nm. The value of Z represents
the amount of a blue primary that is considerably more
saturated but of the same hue as the spectrum color whose
wavelength is 477 nm. The tristimulus values can be trans-
lated, as given below, into three-dimensional sets of color
space coordinates which indicate color as perceived by the
human eye (MacAdam 1985):

R= 07990 X + 0.4194 Y - 0.1648 Z (0]
G=-04493 X + 1.3265 Y + 0.0927 Z 2)
B=-0.1149X +0.3394 Y +0.7170 Z 3

Red (R), green (G), and blue (B) describe three dimensions
of color. These dimensions can also be expressed in the form
of intensity (I), saturation (S), and hue (H) (Ballard and
Brown 1982) as:

I=R+G+8B 4)
S=1 _w (5)
1 — -

VR -G+ R -BXG-B)”

Intensity indicates how bright the color is, such as light
green. Saturation indicates how much of the color is there,
i.e. purity of color. Hue indicates what color, such as green,
dominates the reflected light.

The L value is an indication of brightness and can be
compared to the reflectance information. The amount of red
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and green is indicated by a positive or negative a value,
respectively. Similarly, the b value indicates the yellow and
blue color in the sample with its respective positive or nega-
tive number (Mohsenin 1984). Francis (1987) suggested that
the a and b values could be reduced to a single measure 0, the
angle between a line joining the point (a, b) in the Hunter
space with the green-red axis as:

0 =tan ! (b/a) %))

The value 6 then becomes an independent variable and
provides an indication of hue.

The spectrocolorimeter is comprised of an optical sensor
with a sensor interface unit and an IBM personal computer.
The optical sensor used 0° incident light on the sample plane.
Viewing was at 45° through a ring of 16 fibre optic receptor
stations. The light picked up by the fibre optic receptor
module passed through a circular variable filter (CVF) scan-
ner which was driven by a motor. The CVF, a
monochromator, was used to separate light into its spectral
components. The CIE illuminant Dgs and 10° standard ob-
server were used to calibrate the meter. For standardization of
the meter, reflectance from a black glass was used as zero and
reflectance from a white calibrated standard was set at 100%.

Sample preparation and measurement procedure

The spectrocolorimeter was allowed to warm up for a period
of 1 h for temperature equilibration. For the reflectance meas-
urements, a clear plastic petridish (63.5 mm dia x 12.7 mm
deep) filled with the sample was placed on the reflectance
port of the spectrocolorimeter. Table I shows various types
of grains that were tested using the instrument. Five samples
from each grain type were tested. All grains were conditioned
to a specific moisture content (13.510.5% wet basis).

The ’Random Cup Method’ sampling procedure was used
for sample preparation (Anonymous 1992). Five petridishes
were placed on a tray. After a preliminary pan-to-pan mixing
and then passing the grain through a Boerner Divider for 3-4
times for thorough mixing, the grain was poured uniformly
over the tray. The excess material was removed by once
passing a straight edge over the top of the samples. The
grains that fell into the petridishes were taken as the working
samples. Three images of each sample were taken. After
acquiring one image the sample was re-mixed and the next
image was taken. Similarly, the third image was taken.

RESULTS AND DISCUSSIONS

Feature set

The percent reflectance, over the visible spectrum, for vari-
ous grains is shown in Figs. 1 to 4. None of the Canadian
western red spring (CWRS) wheat grades could be distin-
guished solely based on their reflectance characteristics (Fig.
1). It would be very difficult to utilize the information gath-
ered from the percent reflectance data for practical purposes
because the percent reflectance of any object can change due
to changes in many parameters like intensity of light, image
background, dust, aging of the light sources, etc. This problem
could be minimized to a great extent by using the ratios of
slopes of percent reflectance curves and the ratios of percent
reflectance at different wavelengths:
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Table I: Tristimulus values of various grains obtained from LabScan 6000 Spectrocolorimeter*

X Y VA
Seed type

Mean S.D. Mean S.D Mean S.D.

Cereals
HRS wheat, grade 1 20.47 EFG 0.49 19.73 FGH 0.55 10.58 FGHI 0.49
HRS wheat, grade 2 20.13 EFG 042 19.50 FGH 0.44 10.72 FGHI 0.38
HRS wheat, grade 3 20.33 EFG 0.33 19.71 FGH 0.32 10.92 FGH 0.16
HRS wheat unclean grade 1 20.19 EF 0.76 20.38 EFGH 0.83 11.62 FGH 0.64
HRS wheat unclean grade 2 19.42 EFG 0.34 18.69 GH 0.36 10.13 GHI 0.36
HRS wheat unclean grade 3 19.30 FG 0.51 18.85 GH 0.45 10.77 FGHI 0.17
Durum wheat 21.83 DE 0.12 21.30 DEFG 0.69 10.55 FGHI 0.50
Canada prairie spring (CPS) wheat  23.99 CD 0.90 23.46 CD 0.93 11.80 EFG 0.49
6 row (6R) barley (Malt) 32.36 AB 0.63 3292 AB 0.66 18.18 B 0.34
Feed barley 2534 C 0.49 2554 C 0.46 13.79 DE 0.21
Oats 3028 B 045 30.72 B 0.28 17.09 BC 0.14
Rye 1823 G 0.23 1829 H 0.27 11.05 FGH 0.25

Pulses
White pea bean 3398 A 1.19 35.11 A 1.26 27.79 A 1.24
Pinto bean 20.44 EFG 1.19 19.79 FGH 1.23 13.69 DE 1.08
Black bean 322 K 0.17 336 M 0.16 373 K 0.16
Field pea-green seeded 19.92 EFG 0.93 21.50 DEF 0.86 15.06 CD 0.96
‘Dark green speckled’ (DGS) lentils ~ 7.84 1 0.48 8.17 JF 0.48 6.26 J 0.20
‘Eston’ lentils 18.49 FG | 0.12 1834 H 0.20 9.71 HI 0.18
‘Laird’ lentils 20.70 EF 0.89 20.89 EFG 0.79 12.40 EF 041

Oilseeds and speciality crops
Yellow mustard 23.74 CD 0.24 22.49 DE 0.24 10.14 GHI 0.18
Oriental mustard 20.52 EFG 0.60 19.40 FGH 0.58 63517 0.18
Brown mustard 5.01 JK 0.13 4.67 LM 0.11 377 K 0.01
Sunflower seed 10.67 H 0.98 11.13 1 0.93 8.82 1 0.96
Canola 4.17 JX 0.09 3.86 M 0.08 288 K 0.09
Flax seed 10.53 H 022 9.86 1IJ 0.22 6.02 ] 0.13
Buckwheat 6.66 1J 0.61 6.56 KL 0.64 472 ] 043
* Means in columns followed by the same letter(s) are not significantly different at P = 0.05.
. .~ _ Joreflectanceat 600 nm
Slope —ratio 1 = Ratio2 = % reflectance ar 500 nm (12)
% reflectance at 670 nm — % reflectanceat 620 nm
% reflectance at 570 nm— % reflectance at 520 nm Ratio3 = % reflectanceat 550 nm (13)

®

Slope - ratio 2 =
% reflectance at 670 nm — % reflectanceat 620 nm
% reflectance at 560 nm— % reflectance at 450 nm
9

Slope - ratio 3=
% reflectance at 570 nm — % reflectanceat 520 nm
% reflectance at 500 nm— % reflectance at 450 nm
(10)

(1

% reflectanceat 650 nm
% reflectance at 550 nm

Ratio 1 =
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% reflectance at 450 nm

The selection of the wavelengths in Egs. 8-13 was done
intuitively by observing the trends of graphs in Figs. 1 to 4.
The tristimulus values (X, Y, and Z), color solid scale values
(L, a, and b), ratios of slopes of the percent reflectance curves
(Slope-ratio 1, Slope-ratio 2, and Slope-ratio 3), and percent
reflectance ratios (Ratio 1, Ratio 2, and Ratio 3) were tested
for their potential in identification of various grains. Scheffe’s
multiple comparison test (SAS 1990) was carried out using the
tristimulus values (Table I) and color solid scale values (Table
II) of various seed types at 95% confidence level.

Tristimulus values

The mean X tristimulus values of the three grades of the
CWRS wheat were significantly different from other cereal
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grains except that of the durum wheat because the reddish
primary of CWRS wheat and durum wheat overlap each
other. The mean X, Y, and Z tristimulus values of the six-row
barley were different from all other cereal grains except those
of oats grains because the brightness of six-row barley and
oats was very similar. The white pea bean could be separated
from other grains using any tristimulus value because it was
the brightest of all grains. The mean X, Y, and Z tristimulus
values of the black bean and the *Dark green speckled’ (DGS)
lentils were different from other pulse crops. The mean Z
tristimulus value of the ’Eston’ lentils was different from
other pulse crops.

The mean X tristimulus value of the yellow mustard was
different from other oilseeds and speciality crops as its color
was different. The X tristimulus values of the sunflower seed
and the flax seed were different from other oilseeds and
speciality crops but they were not different from each other.

Solid scale values

The L color scale values of the six-row barley and the oats
were different from other cereal grains but they were not
different from each other as their brightness is very similar to
each other (Table II). The a color scale values of all wheat
varieties were also significantly different from other cereal
grains.

Using the L color scale value, the white pea bean, the black
bean, and the ’DGS’ lentils could be distinguished from each
other as well as from other pulse crops. The a color scale values
of the white pea bean, the pinto bean, and the field pea were
different from each other as well as from other pulse crops.

The brown mustard and the canola could not be separated
from each other using L, a, and b values. Using b color scale
values, all the oilseeds and speciality crops could be differ-
entiated from each other except the brown mustard and the
canola, and sunflower seed and buckwheat.

Table II: Color solid scale values of various grains obtained from LabScan 6000 spectrocolorimeter*

L a b
Seed type
Mean S.D. Mean S.D. Mean S.D.
Cereals
HRS wheat, grade 1 44.41 FGH 0.62 7.20 CD 0.22 14.84 E 0.11
HRS wheat, grade 2 44.15 FGH 0.50 6.77 CD 0.20 14.37 EF 0.24
HRS wheat, grade 3 44.39 FGH 0.36 6.68 CD 0.13 14.33 EF 0.15
HRS wheat unclean grade 1 45.14 EFGH 0.91 6.38 CD 0.36 14.13 EF 0.24
HRS wheat unclean grade 2 43.23 GH 041 7.11 CD 0.13 14.28 EF 0.11
HRS wheat unclean grade 3 43.40 FGH 0.52 597 DE 0.35 13.53 FG 0.46
Durum wheat 45.82 DEGH 0.15 7.60 BC 0.08 16.55 D 0.13
Canada prairie spring (CPS) wheat  48.43 CD 0.96 6.54 CD 0.13 17.14 CD 0.44
6 row (6R) barley (Malt) 57.37 AB 0.57 3.63 FGH 0.07 18.59 B 0.26
Feed barley 50.54 C 0.46 4.01 FGH 0.24 16.76 CD 0.40
Oats 5542 B 0.26 3.79 FGH 0.66 17.81 BC 0.34
Rye 42.76 H 0.32 335 H 0.32 12.46 G 0.26
Pulses
White pea bean 59.25 A 1.06 2.08 1 0.09 10.40 H 0.16
Pinto bean 44.47 EFGH 1.38 6.84 CD 0.39 10.56 H 0.44
Black bean 1834 M 0.44 025 K 0.22 -042 L 0.09
Field pea-green seeded 46.36 DEF 0.94 -1.83 L 0.59 10.76 H 0.29
‘Dark green speckled’ (DGS) lentils  28.83 J 0.72 0.64 K 0.11 5591 0.49
‘Eston’ lentils 4282 H 0.24 4.69 FG 0.59 14.46 EF 0.15
‘Laird’ lentils 45.69 DEFGH 0.86 3.53 GH 0.50 13.63 EFG 0.37
Oilseeds and speciality crops

Yellow mustard 4743 DE 0.25 924 A 0.16 18.35 B 0.09
Oriental mustard 44.05 FGH 0.66 8.71 AB 0.08 2043 A 0.35
Brown mustard 21.62 L 0.24 4.86 EF 0.26 3.56 K 0.27
Sunflower seed 33.09 1 1.57 1.47 JK 0.24 556 ] 0.33
Canola 19.65 LM 0.21 4.68 FG 0.19 399 K 0.26
Flax seed 3140 I 0.34 6.81 CD 0.05 9.04 I 0.11
Buckwheat 2558 K 1.21 3.16 HI 0.23 5.611J 0.47

* Means in columns followed by the same letter(s) are not significantly different at P = 0.05.
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Fig. 1. Reflectance characteristics of different grades of
hard red spring wheat (HRSW).
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Fig. 2. Confidence interval comparisons (95%) of
reflectance of various cereal grains.

Discriminant analysis

Although some grains could be separated using various fea-
tures (X Y Z and L a b), no single parameter could separate
all different grains. To assess the pattern classification capac-
ity of these features, procedure DISCRIM of SAS (1990) was
used to classify various bulk grain samples. The X Y Z
tristimulus values, the L a b color solid scale values, and the
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Fig. 3. Confidence interval comparisons (95%) of
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Fig. 4. Confidence interval comparisons (95%) of
reflectance of various oilseeds and speciality
crops.

Slope-ratios I to 3 and Ratios 1 to 3 features were separately
used for discriminant analyses for classification of various
grains. A non-parametric probability density estimation (e.g.
k-nearest neighbour) was used with k value of 2. The squared
distance between two observation vectors, x and y, in group
t is given by:
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di2(xy)=(x-y)’ Vil (x-y) (14)

where:
Vi=§  the pooled covariance matrix,
x,y = p-dimensional vectors containing the
quantitative variables of an observation, and
t = a subscript to distinguish the groups.

The classification was based on the Bayes decision rule
which classifies an entity (represented by its pattern vector,
e.g. x) to a class for which the entity has a maximum poste-
riori probability (Hand 1981; Duda and Hart 1973). An
observation x is classified into group u if setting r=u produces
the largest value of p(#/x). If there is a tie for the largest
probability or this largest probability is less than the thresh-
old specified, x is classified into group ‘other’. In the
leave-one-out classification method, one sample is consid-
ered as a testing set at a time and the remaining n-1 samples
are used as a training set. This method yields the most unbi-
ased and conservative estimate of the true error among all
- commonly used methods of error estimation (Hand 1981).

In the discriminant analyses, only grade 1 samples of the
CWRS wheat were used. When the X Y Z tristimulus values
were used for analysis (leave-one-out method with 21-way
classification), all samples of various grains were correctly
classified except one sample of the sunflower seeds and the
Canada prairie spring (CPS) wheat, which were misclassified
as the "DGS’ lentils and the durum wheat, respectively.

All grain samples were correctly classified (leave-one-out
method with 21-way classification) when the L a b color
solid scale values were used for discrimination. When the
Slope-ratios 1 to 3 and Ratios I to 3 features were used for
similar analysis, all grain samples were correctly classified
except the pinto bean where one sample was misclassified as
the buckwheat. The discriminant analyses give a clear idea
that these features have a potential for classification of vari-
ous seed types. Although means of some of the above
mentioned parameters are not significantly different, but
when these parameters are used collectively (e.g., XY Z, L
a b, or Slope-ratios 1 to 3 and Ratios 1 to 3) in the discrimi-
nant analyses there is a significant improvement in the
classification accuracy.

CONCLUSIONS

The reflectance characteristics and tristimulus values of vari-
ous grains were measured over the visible range (400 - 700
nm) of the electromagnetic spectrum. The tristimulus values,
the color scale values, and the percent reflectance ratios and
the ratios of slopes of the percent reflectance curves at differ-
ent wavelengths could be effectively used to identify most of
the grains used in this study.

PRACTICAL IMPLICATION

As there is a linear relationship between tristimulus values
and R, G, and B values (Eqs. 1-3), a color image (RGB) can
be used to calculate the tristimulus values that can be used for
discriminant analysis for classification of different types of
grains. Also, filters with specific wavelengths can be used in
a camera to extract reflectance features at those wavelengths
for discriminant analysis of different types of grains.
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