IDENTIFYING UNDAMAGED AND DAMAGED PEANUT KERNELS USING
TRISTIMULUS VALUES AND SPECTRAL REFLECTANCE

F. E. Dowell

MEMBER
ASAE

ABSTRACT

Peanut kernels from grade samples were sorted into
damaged and undamaged categories based measurements
from four optical sensing methods. A monochromatic
machine vision system, a contact colorimeter, a non-
contact colorimeter and a spectrophotometer correctly
classified 62.7%, 79.1%, 85.8%, and 94.1%, respectively,
of the damaged kemels while correctly classifying 100% of
the undamaged kernels. Further analysis of the spactro-
photometer data resulted in 99% correct classification of
damaged kernels when critical spectral reflectance ranges
and line slopes at specific wavelengths were used.
KEYWORDS. Inspection, Grading, Peanuts, Spectral
reflectance, Machine vision, Color, Colorimeter.

INTRODUCTION

uality evaluations are made on samples of all peanuts
Q (Arachis hypogaea, L.) marketed in the United

States. These evaluations include measuring the
moisture content, damaged kemels, and kemels of different
size categories. Kernel size and moisture content are
measured using machines, However, damaged kemels are
evaluated subjectively using trained inspectors.

Kernel damage may occur any time in the production,
marketing, storage, or manufacturing process. Damage
may be caused by insects, fungal growth, improper curing,
or frecze damage. Most types of damage will usually result
in poor flavor or in toxic residues produced by fungal
growth. Inspectors are trained to identify kernel
discolorations (USDA, 1988) but are subject to error.
Because of the variability due to the tedious nature of the
job and the burden placed on individual inspectors, the
peanut industry has requested that an objective means of
determining damage be developed.

Peanuis are inspected once when the farmer markets his
crop, and again when the peanuts are marketed as shelled
kernels. The percentage and type of damage detected
indicate the quality of the peanuts and is reflected in the
price of the peanuts, The presence and quantity of certain
types of damage can result in penalties to growers of 1 to
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73% of the value of the peanuts. Sheller losses occur when
remilling is required to remove damaged kernels when
damage percentage is above 1%. From a quality standpoint,
the correct identification of certain types of fungal damage
is eritical since fungal damage is an indication of the
presence of aflatoxin, a carcinogen, in peanuts. Accurate
identification of kernel damage is essential to insure
objective peanut quality assessment.

The objective of this research was to determine the
effectiveness of using quantitative optical measurements to
classify damaged and undamaged peanut kernels.
Specifically, classification criteria will be developed and
accuracy of several means of quantitating spectral
properties of kemels determined.

LITERATURE REVIEW

The human eye can distinguish several million colors:
however, our ability 1o use the same criteria to repeatedly
determine the color of an object is poor. In addition, two
observers may differ in their opinion of what is, for
example, dark brownish-grey. Human bias can be removed
from the color measurement process through the use of
instruments which measure color such as spectro-
photometers or colorimeters,

Spectrophotometers provide an objective measurement
of the color of a surface in terms of reflectance at specific
wavelengths. Reflectance is the ratio of reflected to
incident light and is determined for as many wavelengths
as desired (MacAdams, 1985).

Colorimeters simulate the color response of the human
eye. Colorimeters use filters and sensors to measure the
three primary colors, thus enabling determination of
tristimulus values, The tristimulus values can be translated
into three-dimensional sets of color space coordinates
which indicate color as perceived by the human eye, The
three dimensions describe hue, sawration, and intensity or
lightness of an object. Hue indicates what color, such as
red, dominates the reflected light. Saturation indicates how
much of the color is there, such as vivid red. Intensity
indicates how bright the color is, such as light red (Minoita,
1988).

Color machine vision systems have been used to
determine the color of agriculural commodities. Wigger et
al. (1988) classified fungal-damaged soybeans with about
98% accuracy using a color machine vision system,
Inteasity and ratios of red to blue, red to green, and green
to blue were used to classify kernels instead of hue,
saturation, and intensity values. Shyy and Misra (1989)
used similar procedures to classify damaged soybeans with
about 85% accuracy. Miller and Delwiche (1988) graded
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peaches by color using red, green. and blue inputs. They
used diffuse lighting and normalized luminance to reduce
the red. green, and blue inputs to two-dimensional
chromaticity coordinates. Peaches were comectly classified
with 65% accuracy and with a correlation coefficient of
0.90.

Color filters on black and white cameras allow coler
information to be obtained without the expense of a color
system. Gunasekaran et al. (1988) used a red filter
{610 nm) on a black and white machine vision system to
classify fungal-damaged soybeans and com kemels. Com
kernels were classified correctly 84% of the time and
soybeans B0% of the time.

PROCEDURES

Three methods for objective classification of damaged
and undamaged peanut kernels were tested: 1) intensity
measurement only: 2) hue, saturation. and intensity
measurements; and 3) measurement of the relative
reflectance over the visible spectrum.

DaMAGE DETECTION BY INTENSITY MEASUREMENT

Intensity. measured by grey levels, was measured using
a black and white machine vision system. A Dage
Newwvicon MTI-65 tube camera viewed objects thar were
analyzed by an Imaging Technologies, Inc. Model 151
imaging system. The camera lens was placed 11.4 cm
above the viewing area. The system had 512x512 pixel
resolution with individual pixel resolution of 0.0235 mm,
digitized 256 grey levels, and had an aspect ratio of 4:5.
The systemn was controlled and data were collected using a
Compaq Model 40 portable 20 mHz computer with an
80386 processor. A Moritex mhf 130 L fiber optic ring
light artached to the camera lens provided illumination. A
120 PVYC black friction belt was used as a background
when viewing freeze damaged kemnels whereas a Domer #1
hard top accumulator white belt was used as a background
for viewing other damaged kemels.

A grey scale threshold was determined by observing
damaged and undamaged kemels with the machine vision
system and then choosing a threshold that gave minimum
misclassification errors. This resulted in a grey scale
threshold of 15 and 103 for redskin and blanched kernels,
respectively. The percentage of discoloration in the
projected area of the darkest side of each kernel was
recorded, If 50% of the side of the kemel being viewed was
discolored. then the kernel was classified as damaged.
Individual kemnels were hand placed into the viewing area.

DamacE DETECTION BY HUE, SATURATION, AND
INTENSITY MEASUREMENT

A Minolta Chroma Meter CR-200 and a Minolta
Chroma Meter C5100 were used to determine the hue,
saturation. and intensity of damaged and undamaged
peanut kernels. The CR-200 had an 8-mm diameter
measuring area and a built-in pulsed xenon arc lamp.
L*a*b*, L*C*H", and Yxy color space coordinates were
stored on a computer disk for later analysis. The CIE
standard illuminant C was used to calibrate the meter.

Kemels were individually placed on a glass specimen
plate directly over the viewing area. The specimen plate
insured that all kemnels were the same distance from the

viewing area. Initial tests showed that viewing through the
plate did not adversely affect meter readings. The 3-mm
diameter viewing area gathered light reflected from about
one-half of the projected kemel area.

The C5-100 was tested since it did not have o be in
contact with the kernel. A lens was used to achieve a
10-mm diameter viewing area. As with the CR-200 meter,
only about one-half of the projected kernel area was
viewed. The meter was anached 1o a stand with the meter
lens positioned about 15 cm from the kernel. An 80 cm by
130 e Graphic Technology, Inc. viewing station with a
D7500 light source provided uniferm consistent
illumination. CIE standard illuminant D65 was used to
galibrate the meter, All ambient lighting was excluded
during testing by tuming off all room lights and covering
all rcom openings.

The minimum and maximum color space coordinate
values for undamaged redskin and blanched kernels were
determined in preliminary testing for the CR-200 and CS-
100. All damaged kernels were then compared to those
established thresholds. MNeither colorimeter can determine
the amount of surface area discolored, thus, only the color,
not amount of kernel discolored, was determined.

DAMAGE DETECTION BY SPECTRAL REFLECTANCE

An X-Rite 968 reflection spectrophotometer was used to
measure kemel spectral reflectance from 400 nm to 700 nm
in 10 nm intervals. The spectrophotometer had a 0°
illumination angle, 45° viewing angle, and an 8-mm
diameter target window. The target window was placed
over the darkest discoloration on the kernels. Kemels were
individually placed by hand into the viewing area. All data
was collected and stored on a computer. The CIE
illuminamt C was used to calibrate the meter.

As with both chroma meters, the percentage of surface
discolored could not be determined. Thus, only spectral
information was collected. Spectral curve thresholds were
selected that resulted in minimum misclassification of the
total number of damaged and undamaged kemnels tested.

DEescripTION OF TESTS

Three separate tests (Table 1) were conducted to
evaluate the effectiveness of each sensor when separating
damaged from undamaged runner-type peanut kernels.
Initial classification of all samples was done by the Federal
State Inspection Service (FSIS). Test | compared the
effectiveness of the four sensors when classifying
obviously damaged, questionably damaged, questionably
undamaged, obviously undamaged, and freeze damaged
blanched and redskin peanut kemels obtained from crop
year (CY) 1989. Approximately 100 kernels of each
category were used in this initial test. Minimum and
maximum thresholds for the machine vision system and
chroma meters were selected such that 100% of all
undamaged kernels were correctly classified. For the
spectrophotometer, shape features were identified by
measuring the minimum and maximum spectral reflectance
ranges and slopes of 200 undamaged kemels at locations
where sharp changes in the shape of the curve were
nbserved. If the spectral curve describing a kernel fell
outside of the undamaged kemnel minimum and maximum
values, the kernel was considered damaged. Test 2
determined the optimum wavelengths that can be used to
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TABLE 1. Number of peanut kernels used to Lest the
effectiveness of a black and white machine vislon system,
two colorimeters, and a spectrophotometer when
classifying damaged and undamaged peanut kernels

Category Test1® Test 1* Test 3*
Undamaged

blanched L4 100 S
Lndamaged

redskin 100 10 S0
Crucstionably

undamaged 100

Cuestionzhly

damaged 100

Damagedt LoD HD 00
Freeze

damaged 3
Toual

kemels 573 00 1500

* A black and white machine vizlon system, two
colorimeters and a spectrophotometer were companed
in Test L. Tests 2 and 3 classifled kemels using only a
spectrophotometer.

1 ‘The damaped kemel category in Tests 2 and 3 inclodes
damaged, questionably undamaged. questionably
damaged, and freeze damaged kemels,

classify damaged and undamaged kemels by calculating
the minimum and maximum spectral reflectance ranges of
undamaged blanched and redskin kernels at 10 nm
increments along with the minimum and maximum

TABLE 2. Percentape of undamauped or damaged kernels classified
as andemaged kernels when using 8 CR-200 or C5-100 chroma meter,
a black and white machine vision system, or a spectrophotometer*

Machine Spedr-
Damag: Vishion CR-200 CS5.100  pholometes
Catcgory (%) %) (%) %)
Undamages
redskins 0 A o A Wk A 1o A
Undsmaped
htanched m A wr oA 100 A mr A
Choestionably
undsaged &8 C - ) 11 AB A
Duestionably
damaged £ 3 AB 1z A 12 A
Damaged 40 C 19 B 6 B A
Freezs damoged
(blanched) oA 6 B 4 B oA
Undamiged kemela
classified comectly 1 A 1y A 1 A oy A
Damagsd kemels
imcorrectly <lassified 3T OA 1 B 4 B 6 C

*  Means in rows follewed by the same lemer are not significanly different a1
P = 0,05, Thers were 100 kemels in cach category excepd for Moeee
damaged which coatained 13 kemels.

undamaged kernel line slopes from 400 to 700 nm over
distances of 10 nm to 300 am. The number of kerncls that
were comectly classified using each of these ranges or line
slopes determined to optimum wavelengths that were
selected. The categories of obviously damaged.
questionably damaged, questionably undamaged, and
freeze damaged were all grouped into one category of

TABLE 3. Damaged 2nd undamaged peanut kernel color space coordinate values obinined from a Minolta CR-200 colorimeter and
the amount of surface area discolored as determined by machine vishon®

: Percent

Durnage Category L* a* b* o H ¥ X ¥ Discaler
Undamaged nxdskins

hdaan 60 a a0 a 121 a 11 a 869 a 240 ah 0384 a 0360 a 06 a

5D, 24 1.1 15 1.3 an 3 DuODE2 00042 019
Undsmaged (blanched)

Mean T39 b =28 b 184 bb 186 b @ws b 467 ¢ 0347 e 0362 a ol a

50D, 19 ns 13 1.4 1.1 19 00,0028 00034 oo
Questionably damaped

Mcan 518 of 60 ¢ 157 b 170 ¢ T e 0ng 4 0372 b 0357 b 122 b

gD, Bl 16 37 332 136 i85 0010 00098 84
Questionably damaged

Meun 62 u 47d 168 ¢ 176 ¢ 803 d 256 a D369 b 0351 a4 T ¢

5D 105 in 42 7 15.1 113 QL0087 0o 134
Damaged

Mean 330 df a0 e 162 bc 169 ¢ L5 d 221 bd 0367 d 0361 63 d

5D, 46 3 £ 46 4 56 am3 0002 n]
Freeze damaged

Mean 622 e 04 r 207 4 03 a 948 e 400 e D3GE od 0374 ¢ 1000 e

50, 49 24 34 34 65 hT.] ooz 0.0050 0o

* Means in columns followed by the same letter ane nod significanly diffecent a1 P = 0,03,

VoL 35031 May-Juse 1992
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damaged peanut kernels. Test 3 was similar to Test 2
except the Test 2 wavelengths were further optimized by
noting that most maximum slopes and reflectance values
and one minimum value contributed little to the kernel
classifications or adversely affected the undamaged kernel
classifications. Thus, 1500 kemels from CY 1990 were
classified with only maximum or minimum values. The
kernels were oriented in the viewing are such that the
portion of each kemnel showing the most discoloration was
analyzed in all tests,

Sensor performance can be evaluated by calculating the
percentage of good kemels classified as damaged kernels
or by caleulating the percentage of damaged kernels
classified as good kernels. If damaged kernels are
erronecusly classified as good kernels, then poor quality
peanuts may recach the consumer. Thus, correctly
classifying damapged kernels was considered more
significant in evaluating the sensors since guaranteeing
quality peanuts is the primary goal of the .5, peanut
industry.

For the reasons cited above, the categories of
questionably undamaged and questionably damaged
peanuts were treated as damaged peanuts since there was
some doubt as to their quality by the inspectors. Thus, the
sensors were evaluated to determine how accurately and
consistently obviously undamaged redskin and blanched
kernels could be separated from all other categories.

RESULTS AND DISCUSSION
MacHINE Vision RESULTS

The machine vizion system classified 100% of the
freeze damaged kernels correctly. However, misclas-
sifications of 31% to 68% of the questionably damaged,
questionably undamaged, and damaged categories occurred
when using the optimum threshold value (Table 2}.
Damaged kemels are those that had more than 23% of the
kernel surface discolored A significant increase in the
percent discoloration was seen as the degree of damage
increased (Table 3), however, 37.3% of all damaged
kemnels were incorrectly classified as undamaged.

Relglive Fefiectance (Yo

Wavelangth (nm)

Flgure 1=Minimum and maximum spectral refleciance curves of
undamaged redskin and vndamaged blanched kernels and typical
curves for damaged kernels.

Fid

TABLE 4. Minimum and maximum relative
spectral reflectance at specified points used
to characterize undamaged redskin and
undamapged blanched kernels

Wavelength Min Max

(nmm} {%) (%}
Redsking

400 155 1693

550 9.87 3253

sk0 13.45 3790

a3 26,54 5938

00 40,73 70000
Blanehed

A0 060 211D

440 2167 494

590 41.95 aL17

640 43,13 a7.17

570 45,81 Tred

T 4574 7437

Curoma METER RESULTS

The CS5-100 and CR-200 results were statistically
similar 1o each other. This similarity was expected since
the meters are of similar technology, the only differences
being the illumination and viewing methods. The three
color spaces. L*a*b*, L*C*H®, and Yxy showed similar
sipnificant differences between categories which can be
expected since the three color spaces are mathematical
transformations of each other (Table 3). Significant
differences between some damage categories were seen for
all eolor space coordinates; however, the standard
deviations show that much overlap between categories
occurred as shown in Table 2 where undamaged and
damaged kemnels were classified based on their L*a®*b*
values,

Misclassification of damaged kernels by the CR-200
ranged from 6% for freeze damage 1o 32% for the
questionably undamaged kemels (Table 2). An average of
20.9% of all damaged kemels wene misclassified. Slightly
less damaged kemels were misclassified with the C5-100
with 14.2% of all damaged kernels misclassified; however,
differences between the C5-100 and CR-200 were not
significant,

TABLE 5. Minimum and maximum slopes
of relailve speciral reflectance used to
characterize undamaged redskin and

undamaged blanched kernels

Wavelength Min Ml
Ranps Slope Slope
{am} (% [ nm) (% fnm)
Redskins
400 - 550 [T 0.11
550 - 380 o1 .21
580 - 630 0 0.4%
630 - 700 o 0.28
Blanched
400 - 444 Q.28 054
440 - 590 010 0,20
500 - 640 —-i.m 0.07
640 - 670 Y 023
670 - T00 =001 (08
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The measure of luminance, L* or Y. with the CR-200
and CS-100 showed much overlap between damage
categories. This indicates that although the hue and
saturation of damaged kernels may be different, the
intensity of the colors is similar. This is supporied by the
poor performance of the machine vision results where only
imtensity was measured. Significant decreases in most a%,
C#*, and x values were seen as the degree of damage

increased. A slight increase in b*, H®, and y values from
obviously undamaged to obviously damaged kemels was
seen. Although statistical differences between some
categories was seen, substantial overlap berween these
classifications existed. Table 3 shows the means and
standard deviations for all color space coordinates when
using the CR-20{.

TABLE &, Oplimum wavelength ranges or slopes based on 500 damaged and 200 undamaged kernels and ithe resulting classificatlons
for redskin and blanched peanuts using eight different groups of wavelengths or slope selections

Relaive Reflectance

{% or Slope)
-*-mmﬁ'—] Damaged Kemels  Undamaged Kernels
Wavelengih Wavelenglhs Lwavelengih fan) Correetly Carrectly
Cinoup {nmh Minimum Maximum Classilied t (%) Classified ( %}
1 Blanched 430 B.20% 35.12%
Redskin 50 A4 5 G9.21% Hi0A1 100 A
?  Blanched 450 23.78% 4383%
Redskin 520- 670 0.1867% f nm 0.2666% { nm Ye.6 3 100 A
3 Blanched 410 - 440 0.3250F% { nm 0.6017% { nm
Radskin 520-670 L1BG7% / nm 0.2665% { nm
440 305% 21.92% a0 B 100 A
4  Blanched 4100 440 .3250¢% / nm L6075  nm
390620 0.04825% (nm QLI1T5% f nm
Redskin 520 670 0.1B67% / nm 02666% [/ nm
440 305% 21.92% 970B 1004
3 Blanched 450 23.78% 43.83%
Redskin 520-670 18675 / nm 0.2666% [ nm
450 580 0.062%% { nm L1307% / nm 9748 100 A
6 Blanched 450 23.T7E% 4383%
320 35.7E% 5312%
Redakin 570 11845 A5AR%
450r- 580 (L062694% { nm {L1307% / nm
520 - 670 0.1867% / nm 0.2666% [ nm 976D 1000 A
7 Blanched 520 3R 32.12%
650 - 670 0.06B0KT / nm 0L1950% / nm
450 I3 TR% 43.83%
Redskin 520- 670 0.1867% f nm 1L.2666% / nm
450 - 380 (L.06269% / mm 0L1307% [ om
66k - TO0 (.0 1005 / nm 026805 [ nm
&80 3435 65.79% 952 R 1004
&  Blanched 450 I3 TES A3.E3%
o] J5.TE% 5212%
410 440 0.3250F% { nm 0.6017% fnm
450~ 500 0.07920% / nm 0.2244% / nm
SO - 620 0.003333% / nm DOSTETS / nm
Redskin 560 1046% 3i80%
50 11.84% A348%:
&al 3443% A5
GRD 39.08% 68.25%
S20- 670 L1B6TSE / nm 026665 / nm
450 - 580 0062695 fam 0134075  nm
350- 570 (.09550% fnm (LI820% { nm
600 - 610 024205 / nm (L5930 / nm
650 - 700 0.01100% /nm 0.2680% | nm 9.0 B 100A

*  Kemels were classified as damaged if the relaive reflectance or slope was less than the minimum or greater than the maximom

valpe.

=k

Vo, A5(3); May-JUNE 1992

Parcantages in columns followed by the same ketter are not significamly different at P = 0005,
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SPECTROPHOTOMETER RESULTS With these limits set, damaged kemels in each categ
The spectral curves for undamaged redskin and  were compared to the undamaged kernel parameters. With

undamaged blanched kernels were plotted and fearures  limits set as described, only 5.9% of the damaged kernels

describing the spectral curve shape identified. Figure 1 were misclassified and no undamaged kernels were

shows typical damaged and undamaged redskin and  misclassified (Table 1).

blanched kernel curves. Tables 4 and 5 show the ranges In addition to the above method of comparison, the

and slopes used to characterize the slope of these curves. Kolmogorov-Smirmov statistical test was used to compare

TABLE 7. Optimum wavelength ranges or slopes based on 500 damaged and 1000 undamaged kernels and the resulting
classification for redskin and blanched peanuts using eight different groups of wavelength or slope selections

Relative Reflectance
(% or Slope)
Damaged Kernels Undamaged Kernels
Wavelengih Wavelengibs l&umr‘_l Correctly Carrectly
Giroup {nem) wavelength () Classificdt (%) ClassiFied? (%)
1 Blanched 430 <R.29%
Redskin 520 < 40.44% EDEA o4 A
2 HBlanched 450 < 2. 78%
Redskin 520-670 < (LIR67% f nm 98B 99,1 A
3  Blanched 410-440 < 0.3250% / nm
Redskin 520- 670 < (L1B6T% |/ nm
450 < 5.055% 93,4 BC 99 A
4 Blanched 410440 < (L3250 / nm
590 - 620 > 01176% f nm
Redskin 520-620 < (L1B6T% f nm
w40 < 5.05% 934 BC Wmac
5 Blanched 450 < 21785
Redskin 520- 670 < [L1867% / nm
450 - 5RO < DL0E269% |/ am 26.8CD 964 B
& Blanched 450 < 23.78%
50 < 35.78%
Redskin 510 < | LB4%
430 - 580 < [LOG2E9% [ nm
520-670 < (L1867% | nm 97.2CD 964 B
7 Blanched 520 < 35 8%
660 - 670 < DL0GEDE f nm
4500 = 23.T8%
Redskin £20- 470 <0 1B67% { nm
450- 580 < (LD6269% f nm
6640 - 700 < 0.01 1009 f nm
< 3 43% Gr.6CD 9578
8  Blanched 450 <2378%
520 < 35.78%
410 - 4D < 032505 [ nm
450 - 300 < 007920 [ nm
5040 - 620 = DLOSTETS f
Redskin 540 < 10.46%
570 < 11.B4%
660 < 34.41%
680 < I9.06%
320-670 < 0L1B5675% / nm
450 - 580 < 0.06269% f nm
530 - 570 < 0095504 f nm
" 600- 610 < 02420% [ nm
G50 = 700 « 0.01 100% / nm 982D 85.1C
* Kemels were classified as damaged if they were less than (<) or greater than {>) the relative rellectance or slope
walues shown.

Percentages in columns followed by the same letier are nat significantly different at P = 0.0,
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curves as an altemative method of detecring if two kemels
were different (Steel and Torrie, 1980), However, the test
was too conservative, since it only compared distributions
not line slopes or where minimums and maximums
occurred. Tr was found that slopes and locations of
minimums and maximums were critical for correct
classification of kemels.

No significant difference in any sensors when
classifying undamaged kernels was shown in Table 2;
however, the spectrophotometer incorrectly classified
significantly less damaged kernels than the other sensors.
The wavelengths used to establish minimum and maximum
ranges and slopes were subjectively selected by observing
the characteristic shapes of damaged and undamaged
kernel spectral reflectance curves. Thus, based on the
spectrophotometer classification potential indicated in the
preliminary results, an objective means of selecting optimal
wavelength was used to investigate the potential for
improved spectrophotometer classification in the second
set of tests.

The second set of tests showed that as few as 1% of the
damaged kernels were misclassified when the wavelength
ranges and slopes were optimized (Table 6). Generally,
wavelengths or ranges in the proximity of those listed in
Table & gave similar damage classification results.

The third set of tesis showed that when the wavelengths
were further optimized depending on the wavelength group
selected, as few as 1.8% or 0.6% of the damaged and
undamaged kernels, respectively, were misclassified.
Tables & and 7 show that wavelength group 2 correctly
classified significantly more damaged kemels than group |
while undamaged kernels were not significantly affected.
Other zroups correctly classified statistically similar or
significantly more damaged kernels, but required more
wavelengths to do so and, generally, correctly classified
less undamaged kemels.

While all these sensors classified kemels with different
accuracies, they should each classify kernels more
consistently than human inspectors. This comparison will
be made in future research as the project moves towards
developing a commercial sensor for use in all peanut
grading roomns.

Vo 3503 Mav-Juse 1992

CONCLUSIONS

Classification of damaged and undamaged peanut
kernels using a black and white machine vision system,
two colorimeters, and a spectrophotometer showed the
potential for development of objective classification
procedures. In conclusion, (1) data from the spectro-
photometer resulted in significantly more damaged kemels
correctly classified when compared to the other sensing
methods evaluated. In initial tests, the machine vision
system, contact colorimeter, non-contact colorimeter, and
spectropholometer misclassified 37.3, 20.9, 14.2, and
5.9%. respectively, of the damaged kernels while all
undamaged kemels were correctly classified: (2) further
analysis of the spectrophotometer data showed that more
optimum selection of wavelengths resulted in about 98% of
the damaged kernels and about 99% of the undamaged
kernels correctly classified.
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