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Abstract

Computer vision provides one alternative for anomated, no-destructive and cogffective technique t
accomplish these requirements. This inspection agmbrbased on image analysis and processing has fol
variety of different applications in the food indysThis paper proposed an intelligent fuzzy logased compute
vision system for classification of whole cashewnlets by assigning the grades. Prced approach is divided in
various phases. Image acquisition phase capturageisnof the cashew kernel under investigation-processing
phase smoothes acquired image to handle distofios.cashew part (region of interest) is differatetil from th

background part of the image in segmentation pHasthis system color along with other morphologjieatures
such as length, width and thickness are considesexbsential features, and extracted in the feakiraction phase
Obtained quantitativénformation is fuzzified and taken as input to flsezy inference system (FIS) during 1
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fuzzy classification phase. Final grade of the emskernel is decided based on the result of thesiflaation
Keyword: Cashew kernel, Computer revelation system, Fuznference system, Grade, Qual

Introduction

The increased awareness and sophistication c-
sumers have created the expectation for impr
quality in consumer food products. This in turn
increased the need for enhanced quality monito
Quality itself is defined as the sum of all the
attributes which can lead to the production
products acceptable to the consumer when the
combined. Quality has been the subject of a |
number of studies (Shewfelt & Bruckner, 2000). -
basis of quality assessment is often subjectivé
attribues such as appearance, smell, texture,
flavor, frequently examined bywuman inspector:
Consequently

Francis (1980) found that human perception coul
easily fooled. Together with the hiclabor costs,
inconsistency and variability associate with
human inspection accentuates the need for obje
measurements  systems.  Recently  auton
inspection systems, mainly based on ca—
computer technology have been investigated fol
sensory analysis of agricultural and food prodt
This system kown as computer vision has prover
be successful for objective measurement of vai
agricultural.

Computer vision includes the capturing, proces
and analysing images, facilitating the objectivel
nondestructive assessment of visual que
chaacteristics in food products (Timmermans, 19!
The potential of computer vision in the food indy:

has long been recognized (Tillett, 1990) and thoal
industry is now ranked among the top 10 indus!
using this techndegy (Gunasekaran, 1996). Fent
advances in hardware and software have aidedsi
expansion by providing low cost powerful solutio
leading to more studies on the development
computer vision systems in the food industry (Lo
Thomsen, & Mikkelsen, 1997; Sun, 2000). As
reault automated visual inspection iundergoing
substantial growth in the food industry becausés
cost éectiveness consistency, superior speed
accuracy. Traditional visual quality inspection -
formed by human inspectors has the potential t
replaced by computer vision systems for many te
There is increasing evidence that machine visic
being adopted at commercial level (Locht et
1997). This paper presents thd¢est developments
and recent adhnces of computer vision in the fo
industry. The fundamental elements of the syst
and technologies involved are also exami

Computer vision is the construction of explicitde
meaningful descriptions of physical objectsnir
images (Ballard & Brown, 1982). The term whick
synonynous with machine vision embodies sevi
processes. Images are acquired with a physicaldl
sensor and dedicated computing hardware
software are used to analyzee images with th
objective of performing a predefined visual te
Machine vision is alsgecognize as the integrated
use of devices for nooentact optical sensing al
computing and decision processes to receive
interpret an image of a real scene automaticalhe
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technology aims to duplicate the effect of human
vision by electronically perceiving and understaugdi

an image (Sonka, Hlavac, & Boyle, 1999). Table 1
illustrates the benefits and drawbacks associatéd w
this technology.

Hardware

Computer vision system generally consists of five
basic components: illumination, a camera, an image
Frame grabber
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Fig. 1. Components of a computer vision system (§\&n
Sun, 2002a).

capture board (frame grabber or digitizer), compute
hardware and software as shown in Fig. 1.As with th
human eye, vision systems are affected by the level
and quality of illumination. Sarkar (1991) foundath
by adjustment of the lighting, the appearance of an
object can be radically changed with the feature of
interest clarified or blurred. Therefore the
performance of the illumination system can greatly
influence the quality of image and plays an imputrta
role in the overall efficiency and accuracy of the
system (Novini, 1995).

In agreement Gunasekaran(1996) noted that a well-
designed illumination system can help to improwe th
success of the image analysis by enhancing image
contrast. Good lighting can reduce reflection, sivad
and some noise giving decreased processing time.
Various aspects of illumination including location,
lamp type and color quality, need to be considered
when de-signing an illumination system for
applications in the food industry (Bachelor, 1985).
Gunasekaran (2001) found that most lighting
arrangements can be grouped as either front or back
lighting. Front lighting (electron projection
lithography or reflective illumination) is used in
situations where surface feature extraction isirequ
such as defect detection in apples (Yang, 1994). In
contrast back lighting (transmitted illuminatiorg i
employed for the production of a silhouette image f
critical edge dimensioning or for sub-surface featu
analysis as in the size inspection of chicken @ece
(So-borski, 1995). Light sources also differ butyma
include incandescent, fluorescent, lasers, X-ragsu
and infrared lamps. The choice of lamp affects
quality and image analysis performance (Bachelor,
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1985). The elimination of natural light effects o

the image collection process is considered of
importance with most modern systems having built in
compensatory circuitry.

I mage processing and analysis

Image processing and image analysis are recognized
as being the core of computer vision (Krutz, Gihson
Cassens, & Zhang, 2000). Image processing involves
a series of image operations that enhance the
qualityof an

level \
Representation processing

; i highlevel

Low level i Deseription processing
—

PrOCEssing e

Interpretation

Fig. 2. Different levels in the image processinggass
(Sun, 2000).

image in order to remove defects such as geometric
distortion, improper focus, repetitive noise, nan-u
form lighting and camera motion. Image analysis is
the process of distinguishing the objects (regiohs
interest) from the background and producing
guantitative in-formation, which is used in the
subsequent control systems for decision making.
Image processing/analysis involves a series ofsstep
which can be broadly divided into three levels: low
level processing, intermediate level processing and
high level processing (Gunasekaran & Ding, 1994;
Sun, 2000), as indicated in Fig. 2 (Sun, 2000).

Pre-processing

Image
Acquisition

Enowledge Base

Problem
Domain

Low level processing includes image acquisition and
pre-processing. Image acquisition is the transfer o
the electronic signal from the sensing device ato
numeric form. Image pre-processing refers to the
initial processing of the raw image data for coticet

of geo-metric distortions, removal of noise, greydl
correction and correction for blurring (Shirai, 798
Pre-processing aims to improve image quality by
sup-pressing undesired distortions or by the
enhancement of important features of interest.
Averaging and Gaussian filters are often used for
noise reduction with their operation causing a
smoothing in the image but having the effect of
blurring edges. Also through the use of different
filters fitted to CCD cameras images from particula
spectral regions can be collected. Rigney, Bruggwit
and Kranzler (1992) used a 400-620 nm interference
filter to examine contrast between defect and good
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asparagus tissue. A multi-spectral camera system
with six band pass filters for the inspection ofifby
carcasses was used to achieve better classification
abnormal car-cases.

Intermediate level processing involves image
segmentation, and image representation and
description. Image segmentation is one of the most
important steps in the entire image processing
technique, as subsequent extracted data are highly
dependent on the accuracy of this operation. Iie ma
aim is to divide an image into regions that have a
strong correlation with objects or areas of interes

Cashew is one of the most popular tree nuts. dnis
expensive agricultural product and the prices dépen
on its quality.

Today, various kinds of cashews are availabléhén
market with different qualities. To ascertain the
quality, grade standard have been designed by
considering the color and the size (weight) of the
cashew kernel as important characteristic as shown
Table 1 and Table 2.

Several attempts have been made to mechanize the
grading of the kernels, with limited success. Power
driven rotary sieves are one mechanical method,
another being the use of two outwardly rotating
rubber rollers aligned at a diverging angle. Beeaus
of direct contact, which can cause the damgge
the cashew kernel, mechanical grading systerotis n
appropriate for the cashew kernel grading.

With exception of few mechanical methods, grading
of the cashew kernel is still labor intensive nmenu
process. Cashew kernels are mostly graded manually
by skilled labor, employed only for grading, bueth
quality decisions may vary among the graders and
are inconsistent. This way of grading present
many quality problems and grading is the last
opportunity for the quality control.

Computer vision system has proven sufgkess

for  the objective, online measurement of several
agricultural products [2]. Computer vision based
cashew grading system is an alternative to the
manual, mechanical and optical methods. This
method offers automated, high speed, non-destructiv
and cost effective technique for classification.

Designing such system without taking the physical

properties of cashew kernel into consideration may
yield poor results. In [1], the physical propestof

the raw cashew nut and cashew kernel have been
evaluated. Length (L), Width (W) and Thicknes$ (T
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of the cashew kernel plays vital role in déaw
the grade of the cashew kernel which are measured
as shown in Figure. 1.

| W | i

Figure 1: Length(L) ,Width(W) and Thickness (T)tbé
cashew kernel.

Cashew is one of the most popular and important
commercial crop in India. India is second largest
producer of raw cashew nut and the largest exporter
of processed cashew nut. International markets for
the cashew nut are still expanding, at the same tim
quality requirements and standards are increasingly
applied to suppliers. To ascertain the quality, the
grade standard has been designed by considering the
color and the size of the cashew kernel as impbrtan
characteristic as given in Table 1 and Table 2.

With exception of few mechanical methods, cashew
kernels are mostly graded manually by skilled labor
employed only for grading, but the quality decision
may vary among the graders and are inconsistent.
Grading systems based on mechanical instruments,
optical devices and computer vision principles iare
existence. The Mechanical grading system is not
appropriate for grading because of direct contact
which can cause the damage to the cashew kernel. On
the other hand, optical grading devices utilizehtlig
with certain wavelength reflected from the objdot,
assess quality. This kind of optical devices catogot
used for the size or shape based grading.

Inspection and grading of the whole cashew kernels
using computer vision provides an alternative to

manual, mechanical and optical methods because it
offers automated, high speed, non-destructive and
cost-effective technique [3].

In [2], computer vision based classification of

pistachio nut using neural network has been
introduced, in which morphological features and

fourier descriptor of the boundary has been
considered as important feature to classify the
pistachio nuts. Similarly, it is also possible tvdlop

the automatic grading system for the whole cashew
kernels using computer vision. In [1], the physical

properties of the raw cashew nut and cashew kernel
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have been evaluated, which plays vital role in
designing the cashew kernel grading system.
Designing such equipment without taking the

physical properties of cashew kernel into

consideration may yield poor results. Neural nekwor

and the fuzzy logic have been successfully
implemented for decision making in control system
[3]. As the grading standard for cashew kernels are
defined, fuzzy logic is appropriate because of the
presence of the imprecision.

Methodsand Material

The samples of whole cashews of different grades,
used in this study were collected from Orbitta
Exports, one of the cashew production companies of
Guijarat. Initially the different samples of the bac
grade are taken and weight of each cashew kernel is
measured individually with accuracy of 0.001 gm.

ISSN: 2277-9655

Cashew classification system consists of two digita
cameras placed in front and top of cashew sample
under investigation at distance of 15 cm from the
sample position as well as perpendicular to each
other, an image capturing box, fluorescent lamp and
computer system. Image processing toolbox in the
MATLAB is used as image analysis and image
processing software. Fig. 1(a) shows the system
architecture of the cashew classification system.

RGB Image Acquisition

Image acquisition involves capturing of RGB front
and top view images of each cashew kernel under
study. These RGB images are as shown in fig. 1(b)
and 1(c).

Table 1. Color characteristic of whole cashew kernels

Cashew Kernel Type

Color Characteristic

White Whole (W
Scorched Whole (SV
Dessert Whole (DW

Cashew kernels shall be white and free from dar
Cashew kernels shall be light brown and free framage
Cashew kernels shall be dark brown, it may shovp ddect

spot and free from dama

Table 2. Weight characteristic of whole cashew

kernels
White  Number of Scor ched Number of Dessert Number of
Whole Kernels Per Whole Kernels Per Whole Kernels Per
Grades 454 gms. Grades 454 gms. Grades 454 gms.
W18C 17C-18C SW18( 17C-18C DW No sepcificatiol
w21C 20C-21C SW21( 20C-21C
W24C 22(-24C SW24( 22(-24C
W28C 26(-28C SW28( 26(-28C
W32C 30C-32C SW32( 30C-32C
W40C 35C-40C SW40( 35C-40C
W45C 40C-45C SW45( 40C-45C
W50C 45(-45C SW50( 45(-45C

Processing And segmentation

3x3 average filter is used to smooth the imagéndur
Preprocessing phase. Because of black background,
obtained histogram is always bimodal as shown in
fig. 2(b).

Threshold segmentation differentiates the cashew
kernel region from background and converts the gray
scale image into the binary image as shown in fig.
1(d) and 1(e).

Feature Extraction

To estimate the weight of the cashew kernel,
guantitative information of the morphological
features like Length (L), Width (W) and Thickness
(T) are extracted by dividing the cashew kernel
region into ‘n’ samples as shown in fig. 3. As the
shape of cashew kernel is irregular, for better
accuracy, averaging of these samples using eqggation
(1), (2) and (3) is calculated.
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| PGB Image acguisiion |

| Preprocessing |

| Sepmentation |

Feamire
Extraction

Color based
Classification

Weight based
Classification

| Final Grading |

Fig. 1. (a) System Architecture (b) RGB top view (c) R@&nt view (d) Binary top view (&Binary front view of cashew

kernel

RGB to gray-scaleimage

| Dinary top view Image ‘ | Binary front vicw imagc

|

Division of the Division of the

Smoothing using 3x3 averaging filter

cashew kemel region cashew kemel region

Thresheld segmentation

‘ infn “m” egpual pars into ‘n' equal pars
_A Calculate Calculate Calculate
. averape lenpth

average widi average thickness

Fig. 2. (a) Preprocessing and Segmentation (mh@&ial Histogram of cashew kernel image (c) Morpbial feature extraction

:

Fig. 3. Division of cashew kernel region into ‘n’ samples

Length (L) = Lo+ ... +L1+L, ()
n
Width (W) = WW,+ ... +W 1+ W, (2)
N
Thickness (T) = {FTo+ ... +T4+T, 3)
N
RGB to gray-scale Length
s | By Cashen Kernel
| Width  —% Inference Weight
Average of intensity values of _p  Svstem
pixels belong to cashew kemel Thickness
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Fig. 4. (a) Color information extraction (b) Fuzzy inferengystem
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280 240 210 280 '240 ' 210

If length=240 AND width=240 AND

Classification

In order to classify the whole cashew kernel, irs th
method two level of classification has been empdoye
In the first level, cashew kernel is classifieddzhsn its
color characteristic and in the second level it is
classified on the basis of its weight.

Color based Classification.

At the first level of classification, cashew kernsl
classified as whether it is white whole, scorchéduble

or dessert whole. Initially RGB image is converted
gray-scale image, then the average intensity of the
pixels that belongs to the cashew region in they-gra
scale image is determined and this intensity vatue
used for color based classification of the casheméd.

Weight based Classification.

In second level, Fuzzy Inference System (FIS) is
designed to estimate the weight of the cashew kerne
Fuzzy inference is the process of formulating the
mapping from given input to an output using fuzagit

[4]. In the FIS, extracted value of the length, thidand
thickness are interpreted as linguistic input Jzdga
and the cashew weight is considered as linguistipud
variable.

Fuzzification.

The first step is to take the inputs and deternthree
degree to whichlihey belong to each of the appropriate
fuzzy sets via membership functions. Linguisticuhp
variables ‘length, width and thickness’ and output

width = 85 thickness = 55

s
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thiness=240 then Weight = 2

variable ‘weight’ are fuzzified using trapezoid
membership function because for more than one value
of input, it is possible that membership functioneg
value 1, as shown in fig. 5.

Applying AND/OR operator.

There are eight fuzzy sets have been defined foh ea
input variable, therefore at most 512 rules aresibbes
with AND operator. The fuzzy operator AND is applie
on three inputs to obtain the result of the antenedbr
that rule. This resultant will be applied to thetpu
function. This procedure is shown in fig. 5.

Rule aggregation.

Rule Aggregation is the process by which the fuzig
thatrepresent the outputs of each rule are combined int
a single fuzzy set

Defuzzfication.

The final desired output for each variable is galterl
single number. Therefore, the aggregation of fuzzy sets
must be defuzzified in order to resolve a singlégat
value that indicates the weight of the cashew Kerne

Final Grading

The grade of the cashew is decided based on thé res
of these two classifications. If at first level,sbaw is
classified as white based on the estimated coldrain
second level as 240 based on the weight, then the
cashew is graded as W240.

length = 175 weight = 2.26

= [

Fig. 6. Rule viewer
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Conclusion

The results of this study show that colour feataed a
properly trained neural network can effectivelyssidy
cashew kernels. A computer vision—based systendcoul
be developed for automated grading and sorting More
than 100 samples of each grade are collected which
results into a total of more than 1700 samplesfand

the data set. The sample data set is partitionéa in
training set which consists of 66% of total samad
remaining 34% forms the testing set. Training et i
used to trim down fuzzy rules from 512 to 61 and
testing set is used to validate the final rules.
Implementation of Fuzzy logic based computer vision
system for classification of whole cashew kernehis
effective and efficient technique that provides
automated, non-destructive, high speed solutiorh wit
classifier accuracy of 89%.for cashew kernel grgdin
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