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Abstract— In this paper, an accurate image processing 

algorithm for determination of volume and surface area of 

egg is developed. The proposed machine vision system 

consists of two CCTV cameras, an appropriate heavy light 

system and a computer. The cameras are placed at right angle 

to each other in order to give two perpendicular views of the 

image of the egg. Initially, the algorithm segments the 

background and divides the image into a number of frustums 

of right elliptical cone. The volume and surface area of each 

frustum are then computed by the segmentation method. The 

total volume and surface area of the egg is approximated as 

the sum of all elementary frustums. The difference between 

the computed volumes and surface areas obtained by the 

image processing method and measured by water 

displacement and tape method, orderly, are not statistically 

significant at the 5% level. The Bland-Altman results show 

that the egg size has no effect on the accuracy of estimated 

volume and surface area found by the image processing 

technique. The regression formula, M=0.62VIP+39, between 

the computed volume and the measured mass of eggs is 

found to be highly correlated with R2=0.95. 
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I. INTRODUCTION 

Physical attributes of eggs fruits, vegetables, such as 

density, mass, surface area and volume, have often been 

used to calculate water loss, heat transfer, quantity of 

pesticide applications, respiration rates, evaluation of egg 

growth and quality, ripeness index to forecast optimum 

harvest time, grading and so on (Hahn and Sanchez, 2000; 

Lee et al., 2006; Lorestani and Tabatabaeefar, 2006; Topuz 

etal., 2005; Wilhelm et al., 2005). Among all these 

attributes, surface area is one of the most important factors 

in all these application fields. 

II. CONCEPT AND BACKGROUND OF THIS RESEARCH 

Research work has been done to determine the relationship 

between surface area and more easily measured attributes 

such as mass, volume and 2-Dmeasures (Forbes and 

Tattersfield, 1999; Hahn and Sanchez, 2000; Lee et al., 

2006; Sabliov et al., 2002; Wang and Nguang, 2007). In 

recent years, the search to find rapid and non-destructive 

techniques for measurement of these physical attributes for 

size sorting, quality grading etc have attracted many 

researches. Different mathematical models and numerical 

methods have been applied to extract a representation of 

surface area and volume. Machine vision and image 

processing techniques have been found increasingly useful 

in the Poultry industry, especially for applications in quality 

inspection and shape sorting. Researches in this area 

indicate the feasibility of using such systems to improve 

product quality while freeing people from the traditional 

hand sorting of agricultural materials. 

Currently, machine vision is the most effective tool 

for external feature measurements such as colour intensity, 

colour homogeneity, bruises, size, shape and stem 

identification (Forbes and Tattersfield, 1999; Jafari et al., 

2006; Lee et al., 1999; Lorestani et al., 2006; Sabliov et al., 

2002). The use of machine vision is gaining interest for 

determination of physical attributes of eggs and irregular 

shaped objects, because it is a non-destructive method 

requiring image analyses and image processing operations. 

Forbes and Tattersfield (1999) developed a combined 

machine vision and artificial neural network technique for 

the estimation of pear volume from 2-D digital images. The 

RMS percentage error using a single digital image was 3%. 

This error was reduced to 1.9% when the volume was 

estimated from sets of four images. Lorestani et al. (2006) 

developed a fuzzy logic based algorithm for sorting of 

Golden delicious apples. 

Features such as colour and size were measured 

through a data acquisition system consisted of apples sorter, 

illumination chamber, webcam and a PC. Grading results 

obtained in this manner showed 91.2 and 95.2% agreements 

for off-line and online cases, respectively, with that of 

human expert. Hahn and Sanchez (2000) developed an 

imaging algorithm to measure the volume of non-circular 

shaped agricultural produce such as carrots. Both Sabliov et 

al. (2002) and Wang and Nguang (2007) used image 

processing techniques to compute the volume and surface 

area of axi-symmetric agricultural products. Bailey et al. 

(2004) demonstrated an image processing approach which 

estimated the mass of agricultural products ridly and 

accurately. Koc (2007) determined the volume of 

watermelon using ellipsoid approximation and image 

processing. He compared the results with water 

displacement method to determine overall system accuracy. 

III. EXPERIMENTAL OBJECTIVES 

 The objective of this study was to develop an efficient 

algorithm for accurate computation of volume and 

surface area of Eggs based on machine vision. 

 A total of fifty randomly selected Eggs of various sizes 

were purchased from a local market. The mass of each 

egg was measured by a digital balance, with an 

accuracy of ± 0.01 g. The minimum and maximum 

masses were 136 and 237 g, respectively (Table 1). In 

order to determine the volume and surface area of eggs 

a machine vision system was designed, developed and 

tested. 

 The design of this system was divided into the 

following sequential stages: image acquisition, image 

processing, volume and surface area computation with 

image processing method and system validation. 

To provide uniform lighting, four fluorescent tubes, 

placed above the conveyor, were used. The position of the 

lighting tubes was adjusted to provide uniform, well 
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illuminated and shadow-free images of Eggs. The light 

source and cameras were mounted on a frame and were 

attached to the measurement table. A white cardboard was 

used as background surface to facilitate and simplify the 

segmentation task. Signals from eggs samples were captured 

by the camera, transferred to the PC through the video 

capture card, digitized, and stored on the PC in RGB (red, 

green, blue) colour space. A program was developed to 

capture and record the surface images of the eggs. 

Algorithms were implemented using Visual Basic 6.0 

programming language. 

IV. IMAGE PROCESSING METHOD 

The image processing aspect of this study comprises three 

steps: 

 Background Segmentation 

 Image Enhancements 

 Dimensional Calibration 

In order to remove the background from egg 

images, firstly an image from the background is captured. 

By determination of R, G, and B values for all pixels of 

background, standard deviation of the images are then 

calculated and stored in the database. Once the image of the 

egg is captured, the RGB value of any pixel in the image can 

be computed by Eq. (1): 

P(X,Y )= B 2 +G 2 +R 16 8 ………. (1) 

The RGB values in the fruit image are then 

compared with that of the stored information on the 

background image available in the database. If the 

difference between the two RGB values is less than 3ó, then 

it is regarded as the background, else it is egg: 

If |PB - PF |£3ó, then Pixel = Background, 

Where: PB is the RGB value of background image 

pixel, PF is the RGB value of egg image pixel and ó is the 

standard deviation of background image. 

V. BACKGROUND SEGMENTATION METHOD 

This method of background segmentation produces slight 

shadows underneath of the egg image. To correct for this 

overestimation we used information about the shadow 

histogram, by determining upper and lower threshold limits. 

This simple technique worked satisfactorily for egg as well 

as other apple also fruits tested. The number of pixels in the 

foreground (egg) has to be scaled in order to convert (map) 

the total number of pixels into a real area/volume value. The 

constants Csa (scale factor of surface area) and C vol (scale 

factor of volume) of Csa=0.487 10-2 and Cvol=0.295 10-3 

were obtained after rationing the real and measured 

area/volume of a perfect sphere, respectively. The Csa and C 

vol are eventually used to convert units of measurement 

from pixels to cm2 and cm3, respectively. 

VI. ASSUMPTION OF SURFACE VALUE 

These surfaces are assumed ellipsoidal to increase the 

system accuracy. To be axi-symmetric in this context, all the 

cross-sections on the x–y plane should be elliptical. The area 

of Ai is given by (i= 1, 2,…, n): 

 
Where: di1 and di2 are the two perpendicular 

diameters of surface. The accuracy of estimated Ai depends 

on the position of minimum and maximum diameters of the 

eggs surface. The volume of each frustum, Vi, (i= 1, 2,…, n) 

is then calculated by: 

 
Where: Ai and Ai+1 are, respectively, the top and 

the bottom surface areas of i and i+1 segments, and d is the 

frustum pixel height, as shown . 2d. All frustums have equal 

thickness. Once the volume of individual frustums is 

obtained, the total volume of the eggs can be readily 

calculated by adding them up: 

 
Where: VIP is total volume of the egg calculated 

by the image processing (IP) method. 

 
Fig. 1: VIP is total volume of the egg calculated by the 

image processing (IP) method 

The surface area, S, (i= 1, 2, …, n), that is the 

circumferential or lateral surface area of each frustum, can 

be calculated from the following expression: 

 
The total surface area can be determined by adding 

them up: 

 
Where: S IP is the total surface area of egg using 

the IP method. 

VII. WATER DISPLACEMENT METHOD 

The actual volume of egg can be measured using the water 

displacement method (V). In this method, the object is 

completely submerged in water and the mass of the 

displaced water measured (Mohsenin, 1970). Even though 

this method is quite accurate, it is not ideal for objects that 

absorb water, and for some products this approach might be 

considered intrusive or destructive. 

VIII. TAPE METHOD 

The actual surface area of oranges can be measured using 

the tape method (S). In this method, the tape is usually cut 

into small strips to fully cover the surface of the object, then 

these strips are peeled off and the total area is measured 

either by hand or by an area meter. The accuracy of this 

method is heavily dependent on how precisely. The object 

can be covered with tape strips, and also on how exactly the 

area for these tape pieces can be measured. The TM has 

been found time-consuming, labor intensive and prone to 

human error (Mohsenin, 1970; Sabilov et al., 2002). The 

paired t-test and the mean difference confidence interval 
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approach are used to compare the volume and surface area 

determined by the image processing (V) n techniques and 

the actual values (VWDM and S). Also, the Bland-Altman 

approach is used to plot the agreement between the 

calculated and measured egg volume/area (Bland and 

Altman, 1999). The statistical analyses were performed 

using the Excel Analysis Tool pack option (MS Corporation, 

Redmond, WA, USA). 

The volume determined by the image processing 

(IP) technique was compared with the mean volume 

measured by the water displacement method (WDM). The 

results of comparison between predicted (IP) and 

experimental (WDM) values with R2 =0.9852 are shown 

and The mean volume difference between IP and WDM was 

d1 = -0.15 cm 3 (95% confidence interval: -1.12 and 0.82 

cm 3). The standard deviation of the volume differences was 

sd1 = 3.41 cm3. 

IX. CONCLUSION 

[1] The image processing method can accurately compute 

the volume and surface area of eggs. 

[2] The difference between volumes and surface areas 

computed using the proposed method, the water 

displacement and tape methods is not statistically 

significant at the 5% level. 

[3] The Bland-Altman approach shows that the size of egg 

has no effect on the estimation of volume and surface 

area of eggs. 

[4] The regression analysis indicates that volume and mass 

of the egg are highly correlated      (R2 =0.93). 

[5] The method presented here is quite general and may be 

readily extended for volume and surface area 

computation of other related materials. 
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