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Abstract— The life span of humans depends heavily on 

health. Many countries use various technologies to prepare 

and store foods. Food preparation and storage becomes an 

essential part for every individual to maintain their health. 

Compartmentalisation of food based on color is largely used 

in food industry.  Since the visual appearance of food and 

other biological products is a major factor in the judgment 

of quality, classification is an important part of quality 

control in these industries. This classification has 

historically been performed by use of the only “tool” 

available, the human eye. In this paper, we start with image 

acquisition and next, a technique of color image 

segmentation, which is most inexpensive, and then an in-

depth analysis system for food samples. This method uses 

an edge detection segmentation algorithm in which the color 

images of food samples are grouped into similar color 

characteristics. Before the segmentation, the application of 

Gaussian Low pass filter becomes necessary for the image 

to blur sharp edges. After that, each part is individually 

analyzed with its characteristics of color and compared 

against a given appropriate profile for the particular food 

sample. Due to the false background of pixels, the algorithm 

was able to establish the amount of color changes in a given 

food sample with minuteness and with least error. In this 

paper, we also present a primary calibrated setup which we 

have carried out for food sample collection that is free from 

any effect on environmental lighting conditions.  We have 

tested our segmentation and rejection process with several 

different food samples and compared the results with visual 

inspection results. The results of the comparison were quite 

good. In this paper, we have presented the result that we 

have obtained using a wheat bread. 
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I. INTRODUCTION 

In the food industry, color measurement is used in both 

routine quality assessment and research and development. 

The aspect and color of the food surface is the first quality 

parameter evaluated by consumers and is critical in the 

acceptance of the product, even before the consumption. 

The color of this surface is the first sensation that the 

consumer perceives and uses as a tool to accept or reject 

food.  

 In this paper we describe an inexpensive algorithm 

for color measurement that uses a simple video camera and 

light sources. Some food samples used in this project are the 

bottom surface of cakes, breads and biscuits. The main 

objective of this project is to perform color measurement 

techniques for the verification of the quality of the cooking 

process.  

 In recent years, computer vision has been used to 

objectively measure the color of different foods since they 

provide some obvious advantages over a conventional 

colorimeter, namely, the possibility of analyzing the entire 

surface of the food, and quantifying surface characteristics 

and defects The color of many foods has been measured 

using computer vision. An actual working model was set up 

to capture real color images of food samples. The software 

part of this project was categorized into two main 

components, 1) Image Segmentation, and 2) Measuring 

Colors in Foods. Existing efforts to record color information 

of food samples involved the use of commercial 

colorimeters, and thus was limited by the colorimeter’s 

ability to obtain color profile of only single points on any 

part of the food sample. It is not necessary for human 

supervision, which is subjective in the area of color 

perception.  

 For a particular food sample, its color properties 

can be input into the system, and all other external 

conditions controlled in the color measurement process. In 

general, for the segmentation component, one popular 

approach was the use of edge detection technique in locating 

the boundaries of the food sample and carrying out a simple 

differentiation of the food sample from the background. In 

this project, we have used a technique that identifies rapid 

changes in pixel colors within the food sample and isolate 

such ‘anomalies’ into segments. This will have particular 

use in sieving out. For example, burnt or darker sections in a 

food sample. For the color measurement component, a 

straightforward approach was used in providing color 

intensity histograms of each segment, when needed by the 

user. This is useful for displaying the distribution of pixels 

according to its color characteristics. An overall system 

block diagram of the proposed system is shown in the Fig. 1. 

 
Fig. 1: Overall System Block Diagram 

II. IMAGE ACQUISITION 

The images are captured using a CCD (charge coupled 

device) color camera with a resolution of 640 pixels×480 

pixels. The camera was fixed on a stand which provided 

easy vertical movement and stable support for the camera. 

The background was a black board. The black background 

with low reflectance exposed the objects of interest with 

relatively high R (red), G (green), and B (blue) values at 

every pixel. The distant gray level separation between 

background and objects made the image segmentation 

easier. The layout is shown in Fig.2 
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 The red (R), green (G), blue (B) video signals from 

the camera were converted to an 8-bit color digital image by 

a frame grabber board installed in an IBM compatible 

personal computer. The camera gave three parallel analog 

video signals, R, G, B, color primaries. 

 
Fig. 2: Image Acquisition 

III. COLOR IMAGE SEGMENTATION 

Image segmentation is a process of cutting, adding and 

feature analysis of images aimed at dividing an image into 

regions that have a strong correlation with objects or areas 

of interest using the principle of matrix analysis. 

Segmentation can be achieved by the following techniques: 

threshold, edge based segmentation and region based 

segmentation. 

 Thresholding is used in characterising image 

regions based on constant reflectivity or light absorption of 

their surface. This shows that regions with same features are 

characterized and extracted together. 

 
Fig. 3: Edge Based Segmentation 

Edge based segmentation relies on detection by edge-to-

edge operators, which detect discontinuities in grey level, 

the pixel, colour, texture etc. Edge detection is useful in 

shape and size sorting. An example of edge detection result 

is shown in Fig.3. In region based segmentation, the regions 

are grouped together and the similar pixels are extracted. 

Fig.4. In this process the other regions are deleted leaving 

only the feature of interest. 

 
Fig. 4: Region Based Segmentation 

A. Boundary Tracing Algorithm 

Here, in this paper, the Border Tracing algorithm is used.  

The main advantage of this algorithm is that it defines a 

single common border between adjacent regions, and it may 

be specified using standard pixel co-ordinates. The extended 

boundary is defined using 8-neighbourhoods. For an 8-

connected region every pixel in the region may be reached 

by a combination of moves in the two horizontal, two 

vertical, and four diagonal directions. A more difficult 

situation is encountered if the borders are traced in gray-

level images where regions have not yet been defined. 

Therefore, the border is represented by a simple path of 

high-gradient pixels in the image. Border tracing should be 

started in a pixel with probability of being a border element, 

and then border construction is based on the idea of adding 

the next elements which are in the most probable direction. 

Hence, the borders are detected.  

B. Application of Low pass filter 

The image which is captured is first low pass filtered. This 

is to remove high frequency components in the image, and 

extract the ‘stronger’ color changes and edges within the 

image. Applying a low-pass filter causes the subsequent 

function to be less ‘sensitive’. It also causes the segment 

boundaries to be ‘rounder’ and less intrusive of neighboring 

segments. The overview is shown in Fig.5. 

 
Fig. 5: Overview of Image Segmentation 

A 2-dimensional Gaussian matrix is convoluted with the 

image data to perform low-pass filtering. In the extension of 

the Gaussian formula from 1-dimensional to 2-dimensional 

case, the distance from the centre of the matrix, is 

substituted for the x in a 1-dimensional 

case:  

Gaussian (x,y,s) 

 Since there is no finite bound for s, in a practical 

case, the convolution uses a finite square Gaussian matrix, 

with an odd number of rows and column, and  

s = ¼ * matrix width. 

 Subsequently, the image is modified to remove, or 

suppress, the minima that are too shallow. The LPF and 

suppressing of shallow minima refine the result of the 

segmentation.  

IV. COLOR MEASUREMENTS 

As Color measurements are essential, this part uses it.  

A. Problems with RGB color space 

As RGB is easy to implement, Images are usually stored and 

displayed in the RGB space. The problems with RGB are: It 

is device-dependent and specification of colors is semi–

intuitive. But, to ensure the isotropy of the feature space, a 

uniform color space with the perceived color differences 

measured by Euclidean distances should be used [4] [1]. 

 Many color spaces are available for conversion. 

The most used in measuring the color of food is the L*a*b 

color space. This color space is used due to the uniform 

distribution of colors and very close to human perception of 
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color. It is necessary to know the color measure of each 

pixel [5]. However, there are at present no commercial 

L*a*b color measures in pixels available because the 

existing commercial colorimeters generally measure small, 

non representative areas of a few square centimeters. We 

have chosen the L*a*b* space whose coordinates are related 

to the RGB values by nonlinear transformations. RGB space 

may be visualized as a cube with the three axes 

corresponding to red, green and blue. The bottom corner, 

when red = green = blue = 0 is black, while the opposite top 

corner, where red = green = blue = 255 (for an 8 bit per 

channel display system), is white. The gray color can be 

achieved in the diagonal of the cube. 

B. Advantages of CIE L*a*b* Color Space 

At present, color spaces and numerical values are used to 

create, represent and visualize colors in two and three 

dimensional space. The color of food has been measured 

usually in L*a*b* units using either a colorimeter or specific 

data acquisition and image processing systems. L*a*b* is an 

international standard for color measurements, adopted by 

the Commission Internationale d’Eclairage (CIE) in 1976. 

L* is the luminance or lightness component, which ranges 

from 0 to 100, and parameters a* (from green to red) and b* 

(from blue to yellow) are the two chromatic components, 

which range from –120 to 120.  It is defined that all visible 

colors can be defined using only positive values, and, the Y 

value is luminance. Consequently, the colors of the XYZ 

primaries themselves are not visible. The chromaticity 

diagram is highly non-linear, in that a vector of unit 

magnitude representing the difference between two 

chromaticities is not uniformly visible. A color defined in 

this system is referred to as Yxy. A third co-ordinate, z, can 

also be defined but is redundant since x+y+z=1 for all 

colors.  

 The CIE L*a*b* is based directly on CIE XYZ 

(1931) and is another attempt to linearise the perceptibility 

of unit vector color differences. Again, it is non-linear, and 

the conversions are still reversible. Coloring information is 

referred to the color of the white point of the system. The 

non-linear relationships for L*a* and b* are intended to 

mimic the logarithmic response of the eye. It is nearly linear 

with visual perception, or at least as close as any color space 

is expected to get sensibly. In the L*a*b* space, the color 

perception is uniform which means that the Euclidean 

distance between two colors corresponds approximately to 

the color difference perceived by the human eye. 

C. General Algorithm 

 
Fig. 6:  Overview of Color Measurement 

The general work of the system is shown in Fig.6. Image 

read function first reads in color pixel data from the image 

in RGB format. A standard color space conversion from 

RGB to L*a*b* is carried out on all ‘food sample pixels’ 

(excluding background pixels). [3] The pixels are then 

sorted according to segment number designated by the label 

matrix. This linear matrix contains the L*a*b* values of all 

the segments grouped in rows. 

V. RESULTS 

The result is obtained after applying color image 

segmentation in food samples. The same algorithm can be 

used with any food sample against a black background. 

Different input arguments is provided depending on the 

degree of segmentation and the acceptable range of L*a*b* 

values for that food sample. We have tested our 

segmentation and rejection process with several different 

food samples and compared the results with visual 

inspection results. The results of the comparison were quite 

good. The sample food sample is seen in Fig. 7. 

 
Fig. 7: Sample Food Sample 

 The linear matrix for each pixel is generated. The 

pixel with varied intensity will be a high value in which the 

defect is identified. The experiment set up can have up to 4 

bulbs to light up the object. We experimented the code on 

the image with initially pure natural lighting and then with 

four light bulbs. There were three parameters that required 

tuning. These parameters are the height of the threshold for 

suppressing shallow minima, ‘a’, the size of the square 

matrix used as a low pass filter, ‘hsize’ and the sigma value 

of the transfer function of the Gaussian low pass filter, 

‘sigma’. For the bread under natural light we increased the 

threshold value, ‘a’ to produce proper segmentation of the 

image. The result comparison is shown in Fig. 9. 

 
Fig. 8: Sample Bread image after segmentation 

 
Fig. 9: Bread under natural light 
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 Observing from left to right, we had set ‘a’ to 30, 

40 and 68 respectively. Let us see in the Fig.9 that there are 

too many segments. As ‘a’ is adjusted further the segments 

become less but however we have lost much of our area 

about the edge of the bread. At this exposure, there is still 

too much of segmentation present. Note that the hsize and 

sigma values were set at 2 and 1 respectively. 

VI. CONCLUSION & RECOMMENDATIONS 

Healthy food is important to lead a life. Though many 

storage technologies available, only the freshly prepared 

food is good. The proposed work in this paper is split the 

regions in the bread. And for each region, the defect is 

detected using color image segmentation. Initially the bread 

is captured using a digital camera. As the image may contain 

more noise, low pass filters were used. Then the image was 

segmented. From the segmented image, and from the color 

compositions, the defects were identified. From this, the 

defected bread is removed from the packet. In future, the 

algorithm good be developed to identify defects in real time.  
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