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Ahstracl. A color computer vision system consisting of a microcomputer with an imnage frame grubher and a
CCD color camera wus developed for sorong and grading Saudian dates (Sifri varicty) based on a color
thresholding technique. Samples of dates graded by experts were usex] [or Lhe expersment. Histograms of the
RGB color bands were (ested, Histogram features mean, vadance, and wrinkle ratio were nsed as the criteria
for classification of datcs into four quality classes, The system showed an average classification error of L.8%
using features from the red color band.

Introduction

Dates are one of the oldest fruits and considered as the traditional agricultural product in
the Arab world. In Saudi Arabia, dates are highly regarded and widely consumed both as
a fresh fruit and in difterent food forms. Dates are thought of as highly nutritions fond
and coatain all the basic clements required for a balanced diet. Saudis are the world's
highest consumers. with an average annual per capita consumption of 40 kg [1, pp. 33-38].

Saudi Arabia is one of the largest producers of dates in the world, with tolal crop
yield estimated to be about 560,000 tonne of dates per year |2]. Here, the date industry is
considered to be of increasing importance becuuse of the growing demand for the supply
of good quality dates and date pastries. The huge quantity of dates produced is processed
in u number of dates processing plants. There are more than 22 large datc processing
plants operating in Saudi Arabia for grading and packaging dates | }]. The criteria for
grading dates in these plants arc bascd on visual judgment. Provessing steps before
washing such as harvesting, ficld grading, transportation to plants, and grading are called
preprocessing. Processing includes the sleps from washing to packaging.
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Dale processing plants have been established in Saudi Arabia to facilitate
processing steps and to produce a high-qualily product. The proccssing steps are as
follows:

1. Removal of forcign objects such as branches and small stones using
rotating sieves,
2. Manual separation of dates with surface defects and/or overdried fruit,

3. Hot water spraying (60° C), followed by washing with warm water
to clean dales,

4, Drying of dates with hot air (70° (),

5. Couling of dates to 20° C,

6. Manual classification of dates into quality classes.

These processing steps are mechanized, except for steps 2 and 6. Inspection of
dates before and after washing is carried out manually. Manual grading of dates has
cerfain  disadvantages. Results may flucruate during the workday as worker
concentration varies. Cost is high and the labor supply is unstable, particularly in Saudi
Arabia where most of the laborers employed are from outside of the country. Because of
the disadvantage of manual grading, the need to automatc the grading process is
increasing significantly.

The existing packing and processing plants in Saudi Arabia utilize less than 6% of
the total annual date production [3]. However, economic success of datc proccssing
planis will eventually open international markets for this highly valued natural food.
Standardization of quality will be an essential need. Conscyuently, cfficient inspection
and grading systems will be of sigmiticant value,

Previous Work

Rescarchers have reported a mumber of methods w sorl dates mto quality classes.
Huxsoll and Reemk [4] used mechanical methods. Their system required that individual
dates slide down a 1.5m tube inclined at 40 to 50° [tom horizontal, onto a metal
impingement plate. Differences in sliding velocity were related to variations in surface
frictien. lmpingement reaction allowed dry dates to travel farther than sofl dates and fall
into different channels.

Chesson et al [5] developed a vacuum system for scparating dates. The system
contained a press wheel and a drum with three zones of variable surface vacuum. The
system was capable of separating freshly harvested dates inlo three moisture grades, and
separaling 98% of high-moisture fruit from fresh dates. The system was unable to eet
industry grade requirements,

The difficulty in grading dates is related 0 the range of grading criteria. There are
hundreds of date fruit varietics which vary in texture, color, moisture content, sugar
content, size, and shape. Date fruits can basically be calegorized mlu three types
according lo moisture content. They are soft, semii-dry, and dry. Tn the date industry,
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grading is based on color, size, surface delects, and lexture. Color is an important factor
in distinguishing belween acceplable dale fruits and damaged or immature dates. The
color of acceptable dates is relatively uniform and predominantly light amber in color.
Size is affected by variety and the condition of the producing trees. Dates are rejected 1if
they are significantly larger or smaller than the subjective average size of the dates.
Texture is a useful factor to identity overdried "hard” dates. Unitormuty of shape is also
an important tactor in identitying overdried dates and dates with defects,

The current grading procedure in date industries is to present dates on a belt
conveyor. Grades are determined by a number of industry trained inspectors positioning
along the helt conveyor. This manual grading is very subjective, monotonous,
inconsistent, and labor intensive. Dates are also highly variable and difficult (o evaluate.
‘Therefore, an automated date grading system is required lo evaluate date quality
objectively and assign the correct grade.

Early in the development of digital computers, researchers have attempted to
design machines with "vision" capahility. Coupling a videa camera with a specialized
computer has enabled the development of machines capable of visual interpretation.
Such machine vision systems have been accepted in tood and agricultural industries, and
many systems have been installed for inspection and grading of various food and
agricultural products [6).

The earliest work on sorting dates with machine vision was done in 1986 by
VARTEC Co. in California. The algorithms in this project were develeped to estimate
moisture content from surface texture. Unfortunately, this work is undocumented and
no longer active [7].

Wulfsohn er al [8] siudied the use of image processing techniques on two date
varieties (Maghul & Zahidi). Their work addressed separating "good" dates from
"defective" dates using threshoilding techniques. A color camera was used to capture date
images. They found that specular reflectance (glarc) was a major problem. Relative
reflectance was measured in the range of 400 to 1,100 nm for good and defective dates.
The largest ditterence between dry dates and dates with blister defects occurred at 600 nm
for Majhuls and in the 450 - 600 nm range for the Zahidi variety. An infrared cutoft filter
was then used for obtaining images of both varieties, and an infrared cutoff filter combined
with an optical filter for Majhul. They noted that the red band image was most effective for
detecting defective Majhul dates. The green band image performed best tor Zahidi dates.

Al-Janobi [7] developed image proccssing techniques to grade date fruils (Deglet
Noor variety) into quality classes based on color and texture analysis. The highest
classificalion accuracy was 98.4%. Classification acouracy of an accompanying
monochrome system was 77%. Extended processing time limited the classification rate
to only 14 fruits per minute.
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The overall objective of the current project was to investigate the usc of color
computcr vision for grading Saudian dates (Sifti variety). Specilic objectives were to:

1. Develop image processing techniques to grade dates into quality classes,
2. Evaluate the accuracy of the proposed algorithim by comparison with manual
inspection.

Materials and Methods

Computer vision system

A block diagram of the computer vision system is shown in Fig. 1. The system
consistcd of an Everex microcomputer (486/33) equipped with a Data Translation
DT2871 color image frame grabber, 8 Sony XC711 CCD color camera, a Sony
PYM1342Q monitor, and a lighting system consisting of four 40W incandescent lamps
and a diffuser of approximately 20cm diameter and 15cm height prepared from a PVC
pipc with the inner surface painted white. The color camera captured the image and sent
red, green, and blue (RGB) video output signals to the color image frame grabber. The
frame grabber digitized the RGB analog video signals to three digital images (512 x 512
pixels) and stored them in three on-board bufters. The gray level of each pixel ranged
from 0 to 255, The acquired digital images were then transferred to the disk storage of
the microcomputer and to be retrieved later for analysis. A menu-driven image
processing software package, Glohal Lab Color [9], was used for both acquiring and
analyzing images of date samnples.
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Fig. 1 Muchine vision setup for inspection of dates.
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Procedures

Dates in Saudian plants are separated into two classes: acceptable and rejected.
Acceptable dates with wrinkled skin are typically damaged during washing steps.
Therefore, separaling acceptable dates into two classes is needed. Acceptable dates
can be classified as A and B, where class A is dates with no surface wrinkles and class
B is dales with few wrinkles. Rejected dates contain the defective and the overdried
dates. The rejected dates can be classified as class C for defective dates and class D
for overdried dates. Speckles caused by insects, cuts by bird pecking, and other
defects like bruises and some rots are present on the defective dates, whereas the
overdried dates have heavy wrinkles and they are present on about two-thirds of the
date surface.

From dates graded by experts, a total of 400 samples, 100 from each of the four
classes, were randomly selected. The histogram of the RGB bands rcpresenting the
relative frequency of occurrence of the various gray levels in the images of these
samples was tested. Figure 2 shows the average red-band histogram of all the samples
in cach quality class. The intensity values show almost the same pattern range for all
the classes except class D. Unlike classes A, B, and C, the pattern for class T> shows a
trend of increasing with respect {o intensity in the high range. However, the
transformation ranges distinguishing different regions in the date image were obtained
from studying the date images. From this, the pixel value of the background was
found in the range 0 to 36, whercas for the surface and wrinkle of date, the pixel
values were found approximalely in the ranges 37 to 220 and 221 to 255, respectively.
These transformations permitted segmentation of certain gray level regions
representing dilferent features of the image. The histogram can be separated into three
parts, with the following ranges of gray level:

I. Background color, 0 to 36,
2. Surface color, 37 {0 220,
3. Wrinkle color, 221 to 255.

Amplitude thresholding [10] was used to segment the date sample from the
background. First, the histogram of the image was examined for peaks, valieys and
planes. The low intensities were then thresholded to isolate the background. Finally,
the remaining intensities were threshelded to isolate the date sample [tom the
background.
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Iig. 2. Averuge red-band histogram of ute samples in four classes.

Histogram  features consisting of the mean, variance, undd wrinkle ratio were
measured as the criteria for date classification. These features were measured after

segmenting the date object from the background. The foliowing equations describe the
measureinent of these criteria:

x=255
Mean (m)= ¥ x p(x) (1
x=37

x=255
Variance (v) = ¥ {(x—m)? pix} )
x=37

x=155
2 xp(x)

Wrinklc ratio (w) =§%— )

L xpix)
x=37
Where:

x=gray level ranging from 0 to 255

plxy = ratio of the number of pixels with gray level “x' (0 the total number of
pixels in the region
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These three teatures were measured for each color RGB band, totaling twelve
measurcments for all the date samples in the four quality classes. Table 1 summarizes
the measurements of the features extracted from the date images in the red color band.

Tahle 1. Measurement of gray level features of date sumples in red color band

Criterla Minimum Maximum Avernge STD*

Class A

Mean 5192 92,72 71.92 13.01

Vunance 83.83 202434 1069.39 S68.90

Wrinkle ratio 0.0 0.03 a.01 0.01
Class B

Mean 65.17 93.71 TR R6 8.52

Variance 007 0.20 0.13 0.04

Wrinkte rulio [EX0) 0.08 0.04 0.02
Claxs C

Mean 43.45 11851 #1.10 21.76

Variance n.as 0.52 0.29 15

Wrinkle ratio 0.01 .44 0.23 0.13
Class D

Mean 74.30 118.52 95.32 13.66

Varignce 0.051 13.56 7.19 374

Wrinkle ratio .48 079 0.63 0.0

* Standard deviation

Results and Discussivn

Discriminant analysis was conducted using the SAS software package [11]. This
program was used (0 classify date samples into four quality classes using the gray level
features. The analyses were carried out using normal density estimates with unequal
variance. This method was used because of normally distributed feature data. The
features extracted from the three color bands were used independently und in certain
combination in the classification procedure.

Tables 2-4 show the results of the percentage classification error of 100 date
samples in each of the four qualiry classes for the green, blue, and red calor hands with
{he fhree gray-level features. They show (hat classification of date samples with the
features from the green and blue color bands (Tables 2 and 3) was not accurate
compared to the classification with the same features from red color band (Table 4). The
mininum average crrors in classifying date samples based on the green and blue color
bunds were 17.8% and 26.8% respectively, whereas it was only 1.8% in red color band.
Therefore, the procedure using the gray level features from the red colur band was
accepted for classifying date samples,
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Tahic 2. Percentage classification error of dale samples inte four quality classes with three gray-level
features (green color band)

Features Quality classes and their classification erross Aversge
A B LS D errar

m 83 37 37 19 558
v 11 30 30 0 233
w 97 92 92 35 Tr5
m-v 12 19 19 i 17.8
m-w R& 37 37 24 56.5
vow i 9 29 Q 233
m-v-w 12 19 19 1 178

m- me.zm

V- variznce

w- wrinkle ratio

Table 3. Percentage classificatiun error of date samples into four quality classes with three gray-level
features (hlue color band)

Features Quality clusses snd their classification errors Average
A B C 4] error
m 60 ] 70 28 56.5
v 38 31 34 0 30.8
w 62 57 89 71 69.8
m-v 37 42 28 ] 208
m-w. 59 08 7t 29 56.8
v-w kL 52 33 [t} 103
m-v-w 34 50 24 [ 27.0
m- mean
v- variancc

w- wrinkle ratio

Table 4 shows that with the ‘mean’ feature, the date samples in all the four classes
were highly misclassified with an average errar of 54.3%. The second highest
misclassification  occurred with the ‘wrinkle ratio® festure, giving an average
classification error of 17.0%. However, the samples in D were classified correctly. With
the “variancc” feature, samples in classes A and B were classified correctly, whereas 3%
of the samples in class D and 34% of the samples in class C were misclassified, with an
average error of 9.3%. This result shows that the classification, on an average basis, was
more accurate with the ‘variance’ featurc than with the other two features when they
were used independently,
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Table 4. Percentage classification error of date samples into four quality ciasses with their gray-level
features (red color band)

Features Curallty elasses and their classilication errors Average
A B C D error

m 53 42 88 M 54.3
v 0 0 34 3 9.3
w 17 35 10 0 17.0
m-v 0 7 16 3 6.5
m-w 13 g 9 Q 15.0
v-w ] 79 0 4] 1%.8
m-v-w 0 i) 1 0 13

m- nean

v- vatiance

w- wrinkle ratio

Table 4 also shows the results of classification with the three features used in
combination, Based on average percentage classification error, the feature combination
‘variance and wrinkle ratio” performed pootly (average classification error of 19.8%).
However, the samples in classcs A, C, and D were classified comectly. Comparing the
different feature combinations, the ‘mean, variance, and wrinkle ratio’ combination gave
more accurate chassification, showing an average classification error of only 1.8%. With
this feature combination, only 6% of the samples in class B and 1% of the samples in
class C were misclassificd. All samples im both A and D classes were classified
correctly.

Table 5 details results of classification and average error for date samples in the
four quality classes with the three features combined (mean, variance, and wrinkle
ratio} for the red color band. It shows the cxact locations of the misclassified date
samples. From classes B and C, the number of samples miselassified was only 6% and
1% respectively, whereas all the samples from classes A and D were classified
comrectly. The misclassified samples from the B and C classes were interchanged
{Tahle 3). This effect shows that the proccdure resulted in only the samples in classes
A and D being classified correctly with feature combination *mean, variance, and
wrinkle ratio’. However, this model shows its cupubility to classify dates (Sifri
variety) with minimum classification error for each class. Classification error for each
class was less than 10%, which is the acceptable manual classilication etror limit in
the date industry.
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Table 5. Classification of date samples and the percentage error with three gray-level features

vambined (red color band)

Classes (lo) 9 ‘Fotal
(from) W A B c D

A (n-100) 100 0 0 0 100
B @-100) 0 o4 & 0 ]
C (n-100) D 1 9 o 100
b (n-100) 4] 0 0 100 100
Toral 160 45 108 100 480
Enor, % 0 L} 1 [H 1.8

n- number of samples

Summary and Coenclusion

Iistogram features based on the amplitude thresholding technique were used for

grading Saudian dates (Sifri variety) into four quality classes. The features extracted
trom the red, green, and blue color bands were tested in the classitication procedure. The
features used independently and in different combinations for the red color band shuwed
comparatively good results. The ‘mean, variance, and wrinkle ratio’ combination
provided highly accurate results, with an average classification error of 1.8%.
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