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Abstract—Recently, the use of automated product quality
inspection in industries is rapidly increasing. Quality is
commonly related with product to satisfy the customer’s desire
and it is important to maintain it before sending to customers.
This paper presents a technique for product inspection based
on quadratic distance and level classifier. For the proposed
technique, soft drink beverages have been used as product that
to be tested for quality inspection. The offline database is
created to inspect the product based on color concentration and
water level quality inspection. The system used Otsu’ method
for segmentation, histogram from combined red, green, blue
(RGB) color model for features extraction, and quadratic
distance classifier to classify the product based on color
concentration. For water level, the coordinate of image is set to
measure the range of water level. The experiment result shows
that the proposed technique is 100% accurate.

Index  Terms—Automatic  visual inspection, Color
classification, Level analysis, Quadratic distance classifier

[. INTRODUCTION

NOWADAYS, many industries have been upgraded from
manual to automated visual inspection to inspect
everything from pharmaceutical drugs to textile production.
The human visual system is adapted to perform in a world of
variety and change, the visual inspection process, on the
other hand, requires observing the same type of image
repeatedly to inspect the product [1]. Some reviews [2]-[5],
[6] show that the accuracy of human visual inspection
declines with dull, endlessly routine jobs. Automated visual
inspection is obviously the alternative to the human
inspector. The demand for industrial automation and the
general acceptance among manufacturers show that the
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automated systems will increase productivity and improve
product quality [7], [8].

A vision inspection program can be a valuable tool for a
wide range of beverage manufacturers. The ability of vision
inspection to detect and prevent defective product packaging
from being distributed to consumers is one of the good
system. In recent years, retailers and consumers have
become much less tolerant with poor packaging quality that
can cause health risks or increased retailer costs because of
manual inspection by humans.

Based on the manual inspection and quality of product
issue, this paper is conducted to design the quality inspection
for beverage product that can be used for automation
process. In developing the quality inspection algorithm, new
features will be constructed to carry out two processes of the
beverage quality inspection. A quadratic distance classifier
technique is proposed in this paper to classify a good or
reject of beverage product, based on color concentration and
level of water in a bottle. This technique is used to separate
two or more classes of object by a quadratic surface. The
main advantage of quadratic distance classifier is that the
parameters of each class are estimated independently using
samples of one class only. It is also has high efficiency, and
when the differences on images reach to some extent, it can
get high accuracy.

In this paper, an automatic visual inspection system for
beverage product is developed as a system that only focused
on the development of the quality inspection algorithm using
Matlab software. Besides, this paper proposed a design of
algorithms to classify the color concentration and water level
of beverage product. This paper also proposed a design GUI
for color concentration and a water level of quality
inspection that completing the system. The results show that
the accuracy of the system with the proposed technique is
better than manual inspection technique.

The remainders of this paper are shown in the followings.
Section II is described and illustrated the method used to
developed visual inspection system. Section III is the
experimental result that has been analyzed. Section IV is an
overall conclusion about this paper.

II. METHODOLOGY

The color and water level quality inspection mainly
employs a simple input device and software. Matlab
software is chosen for the software development, as it
provides a suitable GUI.

A. Image Acquisition

Image acquisition act as the action of retrieving image
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from source. The digital color camera 5.0 Megapixel is used
to take the image as a sample. This paper is used 246
samples, product which is based on colors for beverage
products (tropical, strawberry, orange, root beer and grape).
The captured image is analyzed using a Matlab software.
There are three main steps to categorize the image: color
segmentation, classification and level.

B. Color Process

Fig. 1 shows the analysis framework for color beverages
classification. The process is started by converting the input
images of red, green, blue (RGB) color model for hue,
saturation, value (HSV) representations. This is because
HSV color space is similar to the way in which humans
perceive color and less complex in terms of hue and
saturation. Here, only S component is needed to do the
segmentation and thresholding process. Otsu method and
morphological operation are applied to segment the region
of interest (ROI) area. Histogram analysis is performed to
the ROI area. Lastly, the color saturation is classified by
using the Quadratic distance classifier.

Tnput RGB Take S Thresholding
image to |~ Component (Otsu method)
HSV
Histogra}m Small pixel
Analysis ROI . removal
(R, G, B, (Segmentation (Morphological
Combine) area) operation)
Quadratic Distance Classified
Classifier > color

Fig. 1. Color classification process

C. Color Segmentation

Segmentation process is dividing an image into parts
which is its shaper area [9]. The color segmentation often
used for indexing and management of data. It is used to
separate an image into certain division, which has similarity
in the color information. Segmentation is a process that
divides an image into its region or objects that have similar
features or characteristics.

D. RGBto HSV

In RGB to HSV, the image is converted from RGB to
HSV and saturation component. It is based on such intuitive
color characteristics a tint, shade and tone. The coordinate
system is cylindrical, and the colors are defined inside a
hexcone. The hue H is running from 0 to 360°. The
saturation of S is the degree of strength or purity and it is
from O to 1. Purity is how white is added to the color, so S=1
makes the purest color. The brightness of V also ranges from
0 to 1, where 0 is the black.
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E. Otsu’ Method

Thresholding is a method of creating binary image from
gray level image [10]. Otsu’ method is utilized image
thresholding or, the reduction of a gray level image to a
binary image. Otsu’ proposed a method that maximizes the
separability of the resultant classes in gray levels utilizing a
between-class variance function [11]. The description of the
syntax are, level = graythresh(I) computes a global threshold
(level) that can be used to convert an intensity image to a
binary image with im2bw.

F. Classification Process

The image is classified by using the quadratic distance
technique. From the feature extraction, image is converted
into red, green and blue histogram to get the distribution
data in the image. The image must be normalized to get the
value from 0-1. The red, green and blue histogram is divided
into 10 bins and then it is combined to become one RGB
histogram which is has 30 bins to view the distributed data
from the images.

Vthresh = \[P1())-P2()} ,i=123.,30 M

Where, Pi(i) is reference image and P»(i) is the test image
from the histogram bins. Fig. 2 shows an example of the
color process for the reference image.

Original image Saturation image

i

RGB image

BW image

Fig. 2. Color process of reference image

G. Level Process

The level classification process is inspected based on
three conditions which are level pass, level overfill and level
underfill. The input image is processed by setting two points
for range of level. The observation of this experiment shows
that if the water is above from point 1, the level is overfill.
Then, if the water is below from point 2, the level is
underfill. The level is passed when the water is between at
point 1 and point 2. This process is shown in Fig. 3 to Fig.
5.
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Original image BW image Output image

Fig. 3. Level Pass

Output image

Original image

Fig. 4. Level Overfill

=

Original image BW image Output image

Fig. 5. Level Underfill

III. RESULTS

Following are the results of the experiment that has been
carried out. Fig. 6 shows five types of reference images
which are used as the template in classification stage. Fig. 7

shows an example of beverages for color classification
failed.

(a) Tropical (b) Strawberry

(c) Orange

(d) Root beer (e) Grape

Fig. 6. Five types products of reference image
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(a) Tropical (b) Strawberry (c) Orange

(d) Root beer

(e) Grape

Fig. 7. Five type’s examples of color fail

Fig. 8 and Fig. 9 shows the histogram distributions for color
intensity of sample in Fig. 6 (b) and Fig. 7 (b), respectively.
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Fig. 8. RGB combine graph of reference image
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Fig. 9. RGB combine graph of test image
Afterwards, the 8-bit RGB histograms are grouped into 10-
bin histogram. The results are shown in Fig. 10 — Fig.12 for

red, green and blue component of reference image
strawberry in Fig. 6(b), respectively.
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Fig. 14. Combination of RGB histogram for test image

Fig. 10. Red histogram of reference image
Value of red component is from bin 1-9, green component
bin 10-18 and the blue component bin 19-27. The rest three

o il bins are ignored and not taken because there is from the
ok Bin 1 = Background i background image. Only value from bin 1-27 are used to
ol / i calculate the distance and difference of two color images
o5k i which are image color pass (reference image) and image fail

0t , (test image).

The data of each bin from two RGB histogram of the
reference image, P;(i) and test image P»(i) are calculated by
using the quadratic distance formula as shown in Equation 1
to get distance value of two color images. This distance
value can differentiate the color of two images. Fig. 15

Fig. 11. Green histogram of reference image shows the classification process.
|
o3t ] Vthresh = =0.5091 I::} Color = Reject
Nl Bin 1 = Background | >
/ * VIPI)-P2()]
08t ]
ost ] Threshold = 0.2
> 0.2 =REJECT
<0.2=PASS
Fig 15. Block diagram of color classification process

For all sample results, the threshold value is set by 0.2 which

Fig. 12. Blue histogram of reference image is for color PASS when the threshold value less than 0.2 and

if more than 0.2 the color of the images were REJECT. Fig.

Bins first of histogram show the value of background image 10 and Fig.17 show the complete graphical user interface for
which is black image and the rest bins shown the value of  the proposed system.

color images. The background image was ignored and data

from bin 2-10 was taken for analysis. These histograms are  [*= %25 L0 guw s
then combined into one variable for the classification 8
.. . . . ez Reference Image (11) Test Image (i2)
process. This is shown in Fig. 13 and Fig. 14. e
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Fig. 16. GUI layout
Fig. 13. Combination of RGB histogram for reference image
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Fig. 17. Complete system of GUI

Fig. 18 shows the percentage of each sample image that is
tested in real-time system, 100% accuracy is achieved during
this testing.

Test Sample Image

100%

80% +—— —

60% —— ——

0% —— —

20% +—— —

0% T T T T 1
TROPICAL STRAWBERRY ORANGE ROOT BEER GRAPE

Fig. 18. System accuracy graph

IV. CONCLUSION

This paper has presented a system of beverage quality
inspection process. The quality inspection was divided into
three main processes; which are a color classification
process, range level of water inspection and graphical user
interface for the system. Color -classification analysis
introduces two proposed techniques which are Otsu’ method
and Quadratic distance classifier. Images of sample are taken
by digital color camera for experimental setup. All the
images are processed by using Matlab software and its
image processing toolbox. In color analysis, original image
is converted to HSV and take S component which is
saturation component to process images. After that, it uses
Otsu method to threshold and become black and white
image, and then ROI is converted for graphical analysis. The
quadratic distance classifier technique is used to classify the
color image and find the distance value between two color
images based on the histogram. The coordinates of the
image are set to find the range of pass, overfill and underfill
of water level in the bottle. The GUI is designed by using
user interface object that available in Matlab software. The
system is tested and 100% accuracy is achieved.
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