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ABSTRACT

A quality inspection of banana can be done by mainb ways: either instrumental tools or human éwprs.
An interesting alternative is image processing @agrcome limitations of these two techniques. Riginage processing
can classify the banana fruit with speed and acgur@ood algorithms available in image processimictv can classify
banana based on their color and texture charatitsribut limitation is that they can work well simgle banana. Bananas
is sold in bunch of dozen and that’'s why it is imtpat to analyze quality in bunch. This paper pnes¢he technique of

digital image processing to classify the banangraup or bunch with accuracy of more than 90%.
KEYWORDS: Instrumental, Inspectors, Texture, Digital ImagezBn
INTRODUCTION

Bananas are the forth most important staple cnojpsa world and India is the leading country in gneduction
of banana [1]. With increased expectations for fpooducts of high quality and safety standards,nbed for accurate,
fast and objective quality determination of thebaracteristics in food products continues to gr@lassification of
bananas is important task for banana industry. Sfleation of bananas can be done by basicallyethmeethods:

(1) Human visual inspection; (2) Instrumental teghes; (3) Computerized image analysis techniques.

A human inspection process may be affected by eatefactors like: tiredness, bias, revenge or human
psychological limitations where instrumental techr@s give accurate measurements of colors butreegent are that the
surface color must be quite uniform and removalpeél [8]. Image processing systems is good altedbr an
automated, non-destructive and cost-effective tieglento accomplish these requirements and offestgective measure

for color and other physical factors.

For effective classification of banana it is im@ort to have good information about bananas pregsrtionsumer
properties, image processing ability or methodsagen processing limitations, etc. Commercial stashdanlor charts
classifies bananas in following 7 different stagétge 1=all green, 2= green with trace of yell8w,more green than

yellow, 4= more yellow than green, 5= yellow witade of green, 6= full yellow, 7= full yellow witlrown spots [3].
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Figure 1: Seven Stage of Banana [3]

Bananas physical, chemical and mechanical progectianges will change the color of bananas sdftias can
successfully measure the stage of bananas theramvget approximately right information of physicadechanical an
chemical properties. Skinolor changes from green to yellow, firmness isrdased, fruit gets softened and starc
converted into sugaA mainly color change in banana during ripeningased on the peel color rather than the pulp ¢

and hence color of banana peel has used in the assessment of the stages of ripenéssah [3].

Today quality inspection of bananas in industrymiestly done by human inspectors, due to limitatiof
alternative methods. Mostly image processing isl dseclassification of other fits and grain but bananas characteris
are different from other fruits in such a way likeéananas always sold in group or bunch of dozeeravare other fruit
sold singly; bananas are important at all levehdmas have maturity stage at stage € 7 but people can purchase
bananas at different stage for backing use. Faceie classification we must have to concern dyuah banana

characteristics and consumer characteris

Presents Algorithm implemented on single banangstiey if anybunch contains some degraded bananas
remain are good then classifier will classify agad quality due to average of all bananas butwoes will never goes
purchase such bunch of bananas as good qualitthabdt is important to mind characistics of consumer ananalyse

single bananas individually in the bunch withousaating physicall

The objectives of this study were: (i) To implemeanstandardized computer vision system for clasgitin of
bananas by characterize quantitativellor changes during ripening usitize SRGB, L*a*b* and HS' color spaces; (ii)
To identify features of interest which can be mdhwith the ripening stages such as color and rtaixfaatures of th
images, and; (iii) To develop a statistical modging selected features identify the seven ripening stages of bane

from samples previously classified by expert visnapectior

MATERIAL AND EXISTING SYSTEMS

Color Spaces

Image processing is able to measure characterstibsinanas and map to the consumer characteribii¢his
section we will discuss on image processing cofmces which will be useful in classification proze¥o measur

characteristics of bananasdlassification factors following three color spaenodel of image processing are import
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RGB Color Model: The RGB (Red, Green, Blue) colardal is an especially important one in digital irmag
processing because it is used by most digital ingagievices (e.g., monitors and color cameras)hénRGB

model, a color is expressed in terms that defieeathounts of Red, Green and Blue light it contains.

CIELAB color space: CIE specified color space chamzed as being less illumination-dependent dred t
commonly used *a*b* or CIELAB (Robertson, 1976) [7].* is the luminance or lightness component that goes
from O (black) to 100 (white), anaf (from green to red) ant* (from blue to yellow) are the two chromatic

components, varying from —-120 to +120.
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Figure 2: CIELAB Colour Space [14] [15]

The definition ofL*a*b* is based on the intermediate system G which simulates the human perception.

The knowledge of these effects, such as the vanatfL*, a*, andb* for a particular shape of the sample could bdulse

for developing image processing correction algamghwhich can permit a better correlation among pecoduality. [7]

HSV color space: The HSV (Hue, Saturation, and ®¥pkolor model describes a color in terms of hows it

perceived by the human eye. This is useful wherggssing images to compare two colors, or for chrangicolor from

one to another. The HSV model is also a more ugebdel for evaluating or measuring an object's colmracteristics,

such as the "yellowness" of a banai&V separates color into three components varying fidm1 (when it is calculated

using the functiomgb2hsv available in Matlab);

The hue (H) of a color refers to which pure color it reddes. All tints, tones and shades of red have dmes
hue. Hues are described by a number that spetifeegposition of the corresponding pure color on ¢bér
wheel, as a fraction between 0 and 1. Value O sefered; 1/6 is yellow; 1/3 is green; and so fathund the

color wheel.

Thesaturation (S) of a color describes how white the color ipuke red is fully saturated, with a saturatiori pf

tints of red have saturations less than 1; andentas a saturation of 0.

The value (V) of a color, also called itightness, describes how dark the color is. A value of ®leck, with

increasing lightness moving away from black.
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Figure 3: HSV Color Space[16][17]

This diagram, called thgngle-hexcone model of color space, can help you visualize the meaning of the H, &

V parameters.

e The outer edge of the top of the cone is the catugel, with all the pure colors. The H parametescdbes the

angle around the wheel.

 The S (saturation) is zero for any color on thes @fithe cone; the center of the top circle is hin increase il

the value of S corresponds to a movement away fhenaxis.

* The V (value or lightness) is zero for black. Acrigase in the value V corresponds to a movement away fr

black and toward the togf the cone.

The Ostwald diagram corresponds to a slice ofdhige. For examplethe triangle between red, wt and black

is the Ostwald diagram for the varieties of
Existing System

Fernando Mendoza and José M. AgLa implemented aystem to identify the ripening stages of banarseet
on color, development of brown spots, and imagdutexinformation. Nine simple features of appeaeatike:
L*a*b* values, brown area percentage, number of browrs gpEtcm?2, extracted from images of bananas were ios
classification purposes. Preliminary tests werefgoered to calibrate the performance of the selegadameter
(i.e., @a* band and threshold of 130) in the identificatiord ajuantification of brown spots from images. Setectof
features with the method of Sequential Forward Sele (SFS), SelectinL*, a*, b*, %BSA and contrast permitted t

correct classification ahe 49 samples in different ripening stages witlaecuracy of 98% [€

F. Mendoza, P. Dejmek, J.M. Aguilera implemera computer vision system foredicting Ripening Stages of
BananasTwo simple color features from each image (meanevaind variare of the intensity histogram of image) wi
extracted and analyzed using the RGB, HSV and CELAlor spaces with classification purposes. Resslibw that th
three evaluated sets were able to correctly predtbtmore than 94% the ripening stagetbananas as professional visual
perception [8]. Dayanand Savaldascribe in their paper ddentification and Classification of Bulk Fruits &ges using

Artificial Neural Networks.

The study reveals that the Classification of Chikbabout 94% and Man and Orange is 92% using color
texture feature sets. Classification using texamalysis is better than classification using celoalysis. Best resulare

obtained by using the combination of both color tndure features [£
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They implemented system to predict ripening stagbamanas finger. But we have to classify bananasip
that's why if any bunch contain multi stage banalilees some bananas at stage 4 and some at stdga &average of all
will misclassifies to either stage 4 or stage5 Hase quantity of respective stage bananas fingecoAling to expert if
any bananas finger from bunch is in heired stagen fother bananas finger than we have to class#iytibnanas bunch to

heired stage.
METHODOLOGY
The algorithm of Bananas Classification as permgivelow.
Algorithm: C lassification of bananas
Input: RGB color image of bananas
Output: Stage of bananas image
Start
Step 1:Read the fruit images.
Step 2: Apply segmentation methods to remove backgroumeh fbananas image.
Step 3:Divides image into 8 equal parts.
Step 4: Apply below steps A to E on each parts of inputBRedlor image.
e Obtain the L*a*b* components for part of the inflRGB color image.
e Obtain the HSV components for part of the input R&Br image.
e Find the mean value of each components of L*a*kd BiSV.
e Find %BSA component for part of input RGB color gea
* Find %Green, %Yellow, and %Brown colors in each pamput color image based on above components.

Step 5: Classify a bananas image part in to specific stgleananas using %Green, %Yellow, and %Brown

components values.
Step 6:Find maximum stage from 8 parts classified by jmes step.
Stop

Above algorithm takes an image with proper size aesolution as input. Bananas are segmented from
background of image for good accuracy. After theidés image into 8 equal parts and then measweseter for every
parts and compare with scale. Finally it classifiesanas based on results of all parts into diftecategories. Graphical

representation of algorithm and methodology areugised in next section.
Bananas classification system contain following.par
Image Acquisition

Block which contain camera, lights, and stand fandna. An image captured under following criteridl w
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improve result. A camera connected to PC was ldcagetically over the background at a distanceQaf. A black cover
was used over the sample illuminators and the Cblgital Camera (CDC) to avoid the external ligimdareflections.
Samples were illuminated using two parallel lamgseansituated 45 cm above the sample and at an ahgl® to the
sample. The angle between the camera lens an@jtiimd) source axis was approximately 48n image has a resolution
of 1024 x 768 pixels and storage in JPEG formaeé TBHC was connected to the USB port of a PC toisetfue images

directly from the computer.
Image Segmentation

The techniques that are used to find the regiantefest (ROI) are usually referred to as segmemtaechniques.
We were extracting ROI of yellow, green and brovemtgrom original image. ROl was extracted from ttodor image
using combination of a* and b* components of CIELA@&or space. Mean value of a* and b* for each cgldlow, green
and brown was calculated from some testing image w&fre performing segmentation of those colorsgusiaan value of
respective colors. We were converting input RGBgenato L*a*b* image and then calculate distancerafan value of
a* and b* of input image from identical values bfde colors. Based on distance from those colorsvere extracting
ROLI.

Mean value of a* and b* used for segmentation arergin below table.

Table 1
Color Mean Value of a* | Mean Value of b*
Green 93.2115 178.3605
Yellow 126.9776 172.5000
Brown 141.5233 153.6703
White(Background) 128.00 128.00

Mean value SegmeéaotaT able
Features Extraction

For classification we are using following seventfees: L*a*b* and HSV (Hue, Saturation and values)
and % BSA. L*a*b* components extracted from RGB gaments using the function ‘applycform’ of Matlddean value
of a* and b* for each part of RGB color image ahewn in above figure. HSV components are extraétech RGB
components using the function ‘rgb2hsv’ of Matldthe mean for all those 6 components are calculatetl stored
suitably for later usage. The brown spots on thel pé bananas were segmented from input RGB imagesy the
combination ofa* andb* color bands of the CIELAB color space, since thmigsimation of these two color bands best
represented the appearance and development of Bpess during ripening. This function identifiesdaguantifies all

features in the image and sends the data to dfidaten system.
Classification

Classifier takes all parts component values astiapd classifies bananas into different stagesitinpclassifier
L*a*b*, HSV, %BSA. Using osth

calculate %Green, %Yellow, %Brown color in inputlasobananas image. Classifier is contain set oé rol type

are seven component and components  values classifier

‘If.. Then..Else’. Output is stage of bananas. Teriove performance and reduce the feature we widlcsaminimum
features from seven features which will gives highecuracy. Sequential Forward Selection (SFS) otethas used for

selection of minimum features for classification

Impact Factor (JCC): 3.1323 Index Copernicus Value (ICV): 3.0



Quality Analysis and Classification of Bananas Usig Digital Image Processing 35

Table 2
Stage Green Yellow Brown
1 More than or equal to 90% No or less than 5% tieess 5%
2 More than or equal to 80% less than 20% LessFPan
3 More than or equal to 50% less than 40% LessEPan
4 Less than 50% More than or equal to 50% LessFPan
5 Less than 20% More than or equal to 80% LessFPan
6 No or Less than 5% More than or equal to 90%  Liees 5%
7 No or Less than 5% More than or equal to 75%  Mioa@ 5%

Classification Criteria Table

RESULTS AND DISCUSSIONS

Classification Performance

Bananas set are first classified by expert andcasethat we create table which contain %green,elow,
and % brown color for different stage and we coraptwith input color image of bananas. Resultssstimat using three
features: L*,a*,b* we can classifies more than 9®#nanas hand. Results vary for different stagesicldsion of

performance is given in table.

Table 3
Stage | No. of Sample | Performance
1 20 94%
2 15 92%
3 10 91%
4 15 90%
5 20 91%
6 30 95%
7 25 94%

erfbrmance Index Table

Discriminant Power of Selected Features

The comparison of relationships between the selefdatures in each set revealed that the averalges/af
L* anda* color bands and variance af color band, in all the sets, presented the higtisstriminating power in the
predicting ripening stages. In fact, CIELAB is ciies a perceptually uniform color space, and tlereemore suitable for
direct comparison with sensory data. It is of iagrto point out that in the three evaluated ské&smost difficult stages to
discriminate were between stages 4 (more yellow graen) and 5 (green tip and yellow) due to tigh kariability of the
color data at these stages. It is important to merihat in the first stages the detection of sjpotsome images were due

to defects on the surface of bananas. We obsenatdhe appearance of brown spots was evident $tage 4 onwards.

CONCLUSIONS AND FUTURE WORKS

Digital image processing can improve the procesdasfsification of bananas. All other algorithms edficiently
measure the quality of single banana but when vpdéyagn bunch of bananas then either image acquisigetup are not
suite or performances of algorithm are degradirasd8l on review we can say that image acquisitiomp®rtant steps
over all other step. Mostly fruit classificatiorsearcher used common color space and even feaigre®t change more.
Color and texture features combination gives bestlt for classification process. Adding more fastfor analysis will
not always increase the result that's why use afdgopombination of factors is important. Classifynlaas in bunch will

help industry to use for classification of bulkl@nanas.
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