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Abstract

Automated noncontact inspection of food products is of prime requirement when 100%
inspection is preferred over sampling inspection, high speed inspection is needetdadnd
consequences of physical contact between the measurement system and the food items
being inspected are required to be avoided. Research carried out in this area is directed to
proposition of several approaches, mainly based on computer vision teawotmupled

with prediction models, for inspection of size, shape, uolgpresence of blemishes and
textures on the surface of food productSomputer vision has been successfully adopted for
the quality analysis of meat and fislpizza, cheese, and brealdkewise grain quality and

characteristics have been examined by this technique.

Thereport describes a computer vision and 100% inspechased generienethodology for

non-contact measurement and evaluation of quality characteristics of food products.

Keywords: Automated 100% Inspectiomon-contact inspectionnon-destructive testing,
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Introduction

1.1 Introduction
The increased awareness and sophistication of consumers have created the expectation
for improved quality in consumer food products. This in turn has increased the need for
enhanced quality monitoringQuality tself is definedas the sum of all those attributes
which can lead to the production of products acceptable to the consumer when they are
combined. Quality has been the subjef a large number of studie$he basis of quality
assessment is often subjective with attributes such as appearance, smell, texture, and
flavour, frequently examined by human inspectors. Consequently Francis (1980) found
that human perception could be easily fooled. Together with thigh labour costs,
inconsistency and variability associatedtlwhuman inspection stressethe need for
objective measurements systemgutomatic inspection gstems, mainly based on
cameracomputer technology have been investigated for the sensory analgkis
agricultural and food products. This system known as computer vision has proven to be
successful for objective measurement of various agricultural and food products.
Computer vision includes the capturing, processing and analysing images, facithating
objective and nordestructive assessment of visual quality characteristics in food
products The potential of computer vision in the food dastry has long been
recognisedand the food industry is now ranked among the top 10 industries using this
techmology (Gunasekaran, 1996). Recent advances in hardware and software have aided
in this expansion by providing low cost powerful solutions, leading to more studies on
the development of computer vision systems in the food industry. As a result automated
visual inspection isundergoingsubstantial growth in the food industry because of its
cost effectiveness consistency, superior speed and accuracy. Traditional visual quality
inspection performed by human inspectors has the potential to be replaced by

computer vision systems for many tasks.
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1.2 Need for Automated NorContact Inspection
It was during the 1970s that computers were introduced for automating the task of
product quality control. Before the advent of comput@ided automated inspection of
productquality, the only alternative was manual inspection, which suffered from a large
number of drawbacks. Operating a flltdged quality control department manually
with a large number of inspectors and data handlers along with constant supervision is
an extemely costly and difficult affair. The fatigue and other psychological factors
associated with the personnel involved in a manual inspection process, make the
performance of these personnel less than satisfactory whichrim tesults in inspection
errors. More importantly, performance of the human inspectors is generally subjective
and variable since inspectors may have their own standard of inspection and classifying
products and defect. Thus, it is possible that the same item or defect may be classified
into different predefined classes by different inspectofurthermore, a single human
inspector may make different judgements on the same product at different instances.
All these drawbacks make manual inspection slow, expensive, erratic, and subgextive

GKSNBo6e& NBYRSNIAG dzyadaadloftS F2N YSSGAy3
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Literature Review

Computer vision systems are being used increasimglyhe food industry for quality
assurance purposes. Tie@ a 1SY 20SNAR G KS LJ2 {4 Sy { Miadticesi 2 | dzi
thus standardising techniques and eliminatipgpven successful for the objective, online
measuremeniof several food products with applications ranging fromatine inspection to

the complex vision guided roboticontrol. In the following sections, we digss the
advancement in automated inspection of food products by computer vision for various food

items.

2.1Bakery Products
The appearance of baked products is an importguoality attribute, correlating with
productflavourandinfluencingthe visual percepbns of consumers andence potential
purchases of the product. Features suak the internal and external appearance
contribute to the overall impression of the products qualit$cott (1994) described a
system which measures the defects in baked loads@ad, by analysing its height and
slope of the top.The internal structure (crumb grain) of bread and cake was also
examined by machine vision (Sapirstein, 19@8gital images of chocolate chip cookies
were used to estimate physical features such &®,sshape, baked dough colour and
fraction of top surface area that was chocolate chip (Davidson, Ryks, & Chu, 2001).
Colour of 200muffins were examined using the vision system with a classification
algorithm used for separating dark from light samplesng pre graded and ungraded

muffins.

2.2Meat & Fish
Visual inspection is used extensively for the qualggessment of meat products applied
to processes fronthe initial grading through to consumer purchaséécDonald and
Chen (1990) investigated thmossibility of using imagkased beef grading in some of
the earliest studies in this areéimage analysis was also used for the classification of

muscle type, breed and age of bovine meat (Basset, Buquet, Abouelkaram, Delachartre,
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& Culioli, 2000)Jamiesn (2002) used an-Ky vision system for the detection of bones
in chicken and fish fillets.

2.3Vegetables
The necessity to be responsive to market needs placgseater emphasis on quality
assessment resulting in thgreater need for improved and more acete gradingand
sorting practices Shape, size, colour, blemishes and diseases are important aspects
which need to be considered when grading and inspecting potatdks. colour and
shape of the cap is the most important consideration of fresh mushrodmesation of
stem roots in carrots is amiportant quality characteristiof carrots. Two algorithms for
analysing digital binary images and estimating the location of stem root joints in

processing carrots were developed by Batchelor and Searcy (1989).

2.4 Fuuits
External qualitys considered of paramount imp@nce in the marketing and sale of
fruits. The appearance i.e., size, shape, colour and presence of blemishes influences
consumer perceptions and therefore determines the level of acceptability prior to
purchase Fruits like apples, peach and tomatoes may be used with computer vision for

automated 100% inspection.

2.5Grains
Cereal quality requirements diffevith respect to theend users such as the preparation
of varieties of breadcakes, cookies and pasproducts.Zayas et al. (1996) found that
the physical characteristics of wheat could be used as the basis for the development of
an objective wheat classification metho@lvan, Lin, and Chiou (2000) developed an
online automatic Rice inspection systemsing computer vision.The Quality

characteristics under consideration for grains are kernel shape, colour, and defects.

The figures on the next page show the different levels in image processingl)(Fig

segmentation techniques (F&) and segmentation of pizza (8.
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Figl: Different levels in image processing

(a) (c)

Fig2: Typical segmentation techniques, a) thresholding, b) edge based segmentation,

and c) region based segmentation

Fig3: Pizza images, a) original image, and gysented image
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Problem Description

The objective of the study is to develop a methodology to classifgrent grade of food

items.

Initially, the model is formulated tavork upon a specific case of food item, j&pple.The
specific objectiveis to develop a novel automated apple surfac defect detection

experimental system based on computasiontechnology

Submitted by Ujjwal Kumar | Email: connect@ujjwalkumar.com Website: www.ujjwalkumar.com



. ®¢SOK t N22SO0 wSLENI 2y GLYLINR@AY3I vdzZ fAde

Solution Methodology

The algorithm developed for the surface defect detection mainly included moddliesage
pre-processing defect segmeration, stemcalyx recognition, and defearea calculation

and grading. The algorithm is shown schematically indEig.

Removing the image background Identifying between the stem-calyx and
through subtracting method —|  the real defects for the blobs with area
l larger than the specified threshold

Blobs arecas segmentation by using L J
the reference image method

Apple grading according to the
l total defect area

Labelling the segmented blobs and
calculating the areas

Fig4: Flowchart of defect detection algorithm
4.1lmage background removal through a method of subtraction

The background image removed from the periphery of apple by using a threshold
process. The conveyor belt is of darker colour and apples are of lighter colour. A

threshold value T is taken to segregate the apple from background.

0,flx¥y) =T
flx,v), otherwise

9o =1 ®

4.1 Defects segmentation by using reference apple images
Apples have substantially spherical shapes, resulting in curwdidtributed image
intensity. This curved distribution causthe intensity values othe normal surface near
the boundary tobe lower than the intensity of the defegatches on the surface of the
fruit. It is difficult to use any simple global thresh@dgmentation algorithm for defect

extraction. Local adaptive methods could be usked defect segment extraction.
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However, tle processing time prevents their practicate in reatime fruit sorting
operations. In this method, a reference fruit image (R&lgenerated firstand the
original fruit image for inspection was then normalized to achieve leemalized
reference fruitimage (NRFI). Finally by subtracting normalized orifinalimage (NOFI)
from the NRFI and then by simple threshold processing,diffects @an be extracted
easily.Normalization (contrast stretching)s a process that changes the range of pixel

intengty value to increase the contrast of images.

4.2 Stemcalyxidentification based on fractal features andrtificial neural network
During the defect inspection process, it is difficult to distinguish the stemcatyck from
true defects, because they ararslar to defective spots in the imagBased on fractal
dimensions and neural networks (NN), a nowsthod to distinguish the sternalyx
concave area from truelefectsis developed Fractal is a term used to describe the
shape and appearance of the objecwhichhave the properties of selimilarity and
scale invariance. Fractal dimension isaale indepndent measure of the degree of
surface roughness or boundatyregularity. Although the intensity of steiralyx and
true defects are similar, theifractal features may be different. Moreover, fractal
analysis in the frequency domawmnly depends on the frequency distribution of the
image surface. These fractaixtural features would be independent of the variation of
ambient light intensity andrientation of the apples being sorted. So this method is
suitable for apple sortingpperations where apples are in random orientations. The
image distribution can beegarded as a thredimensional curved surface. Based on the
above considerationfive fractd dimensions including one traditional fractal dimension
and four orientedfractal dimensionsare selected as the features of the image spots
produced by stemcalyx concave area or true defects. The four oriented fractal
dimensions (D1P2,D3, and D4 are shown in Fig. 4. The fieactal dimensions are
calculated by the method derived by Li and Wang (2000). dipgal image can be
depicted as: Z f(x, y), where (X, y) is the coordinates opiel; Z is the gray value.
Assuming the area of the imageNsX M the xy plane ofthe image is divided into grids
with areat  : The maximum and the minimum gfay valuesn the grid are expressed
asu(i,jl)and b(i,.]), respectively. And thedifference is d=u. (i, j)- b. (i ,.j ). Then

the total nonempty box number (N for allthe 4 -grids is calculated as:
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For all the given a data set from a series of points leg log N. can be obtained.
Through linear regression of the points (loglogN.), the minusslope of theregression
line gives the estimated fractal dimension. The four oriented dimensicens be
estimated by using a similar method.

A feedforward backpropagation (BP) NN algthm may beused to classify sternalyx
from true defect areas. Theeéd forward network structure is suitable forhandling
nonlinear relationships between input and output variables of predictietated
problems.The designed BP network is shown in FigThe NN model tsfive input
nodes, one hidden layer with fouridden nodes, and one output nod®uring the
training process, the weights of the netwoske updated after each pagtrough all the
training samples. The convergence of the learnggidged by twaonditions: whether
the mean squared error for all tiaeing samplesare smallerthan a tolerance valuand
whether the output errors for each training sammee smaller than another predefined

tolerance value

D, D
D ¥
N BES IO D
5
L > X
Il I I
Fig5: Four oriented fractal dimensions Fig6: Oriented fractal curve

Hidden layer

Iy

D,

Dy
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Fig7: Network forclassify sterrcalyx from defects.

4.3 Defect area calculation and grading
The algorithm can besed to detect defects and stewalyx areasn apples. The stem
calyx recognition is done by the back propagation network. If the output value is nearly
1, the deteted patch is a stercalyx areaSimilarly, if the output value is near 0, the
detected patch is a trudefect arealf the patch is a defect area, the area in pixels of the
defect area is calculated. On the basis of this area, the apples are gradedfifaterdi

categories.

Submitted by Ujjwal Kumar | Email: connect@ujjwalkumar.com Website: www.ujjwalkumar.com



. ®¢SOK t N22SO0 wSLENI 2y GLYLINR@AY3I vdzZ fAde

Experimentation

An experimental setup is necessary to gather data for inspection. Here, in the experimental
setup, we go for offline quality control. When a good methodology to classify quality of food
materials is found, the samsetup will be placed at the production/food packaging level for
online quality control of food productsThe basic hardware components of industrial

computer vision systems include:

i) A part handling system,
i) A light source,
i) An Image sensor, and

iv) A computer

The laboratory experimental setupsed herds shown in figure 5.

2000000000000 00000000letatolaltoltalotalotalter
-

3 Cameras, To
gatherimage data
of food products

Conveyer belt to move
food items

Computer Software for
Quality Characteristic
Prediction Models

Fig8: Experimental setup for Automated 100% inspection by computer vision.
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The experimental setup is not complete yet, so no real data has yet been gathered. A slight
improvement to the existing setup is given in fig 6 wiseln be used to categorize different

grade of food items.

Robotic arm controlled by
computer to categorize food
items (Grade 1 position of
robotic arm)

Default position of
robotic arm

Grade 1 Food
product

Default Grade Food
Product

Fig9: Adding a robotic arm controlled by computer software to categorize Food item into

different categories.
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Results & Discussions

In the report we discussed upon usage of automated 100% inspection for different food
items. Then we looked for a specific caseapples and developed a methodology to detect

surface defects. However, the model is not yet validated experimentally. The experimental
setup is almost completed. Data from the experiment will be collected in the next semester

and improvements in the cuent model will be made.
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Conclusion & Future Work

We conclude that there is a large scope of incorporating 100% inspection by computer
vision into the existing food industries. This method is not only quick, but also efficient and
objective. Currentlya model for 100% inspection of apples is formulated. The model is to
be validated experimentally. The experimental setup has a provision of 3 cameras. The
current model takes care of only one camera. New model is to be generated in the coming
semester takng all the three cameras into operatioBonnecting 3 cameras simultaneously

to a single computer is difficult, some research has to be done to connect 3 cameras and
take data from them independentlylhree different views of the same food item will help
considerably in reducing noise, and measuring additional quality characteristics at the same

time.
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