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PROBLEM DESCRIPTION 
An archeological site contains the remains of a clutch of dinosaur eggs. The eggs were unfortunately 

broken into numerous fragments. What is the best way to determine the number of eggs? The most 

obvious way of counting them is to reconstruct the eggs. This could be done manually, or an algorithm 

could be created to take all the pieces and reconstruct them in a virtual manner. This is a complex 

algorithm because it requires matching up hundreds of shell fragments. A less time consuming method is 

to derive an algorithm which determines the total area of the shell fragments and divide it by the average 

surface area of an egg, assuming we know the species of dinosaur and have a rough idea of the surface 

area of its eggs. 

ALGORITHM: SURFACE AREA OF EGG SHELLS
Designing a program to count eggs is not that challenging - if it is first created for a known entity. 

Dinosaur eggs are somewhat of an unknown entity - chicken eggs however are not. So the program can 

be designed using chicken eggs (or any other sort of fowl egg for that matter). So how is the program 

designed? First look at the data at hand:

 1. Egg shell fragments

If most of these fragments are approximately flat, then it is possible to obtain a measure of the surface 

area of the shell fragments. To illustrate the concept, we will calculate the surface area of a series of 

chicken eggs. This involves a multi-step algorithm which uses aspects of image processing. Firstly the egg 

shell segments are distributed on a black board, and photographed (which can be challenging due to 

lighting). The resulting image is shown in Fig.1a. To alleviate some of the problems associated with the 

acquisition of the photograph, it is converted from colour (Fig.1a) to grayscale (Fig.1b), effectively 

reducing the amount of data we need to work with - 16,777,216 colours versus 256 levels of gray.

Fig. 1: (a) Original colour photograph (left), and (b) gray-scale image (right)

Next we can obtain a measure of the distribution of the 256 levels of gray in the image by using a 

histogram, shown in Fig.2. The histogram shows two distinct regions in the image. The dark region 

M.Wirth © 2013



corresponds to the image background, the light peak towards the right end of the histogram relates to 

the egg shells. By using a position somewhere between these two regions it is possible to produce a 

binary image, i.e. one in which the elements are either black or white. In this case the magic number is 

146. All pixels below that are turned to black, all pixels above and including 146 are turned to white. The 

resulting image is shown in Fig.3. This process is called image thresholding.

Fig. 2: Histogram showing distribution of grays

 
Fig. 3: (a) Binary image, and (b) scale setting

Now it is possible to obtain a measure of the surface area the egg shells. By providing a measure of one 

of the larger pieces of egg shell, it is possible to set the scale of the image. In this case the image is 

3225×2871 pixels, and has a scale of 407.3×362.59mm. Counting the amount of white pixels in the image 

gives 2,386,571 pixels, comprising 25.77% of the image.

The total area of the image is 147,682.907mm2, so the area of the egg shells is 25.77% of this, which is 

38,066.3751mm2. Converted to cm2 gives 380.66cm2 of egg shells.

So the algorithm for this part of the problem is:

1. Obtain an image of the egg shells on a black background.

2. Convert the image from colour to grayscale.

3. Create a binary image through thresholding.

4. Set the scale of the image.
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5. Count the number of white pixels representing the egg shells. 

6. Calculate the percentage of egg shell pixels in the image.

7. Calculate the surface area of the egg shells as a function of image size in mm2.

Now how many eggs does this represent? 
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ALGORITHM: SURFACE AREA OF AN EGG
How to calculate the surface area of an egg? Many eggs approximate to prolate spheroids, which are 

ellipsoids generated by rotating an ellipse around its major axis. The length of the egg (major axis) is 

represented by 2a, and the maximum breadth (minor axis) of the egg by 2b. The surface area of a prolate 

spheroid is1:

A = 2�b2 +

✓
2� a b · arcsin e

e

◆

where e is the eccentricity:

e =
p
1� b2/a2

Write a program to calculate the area of an egg using the following algorithm:

1. Set the value for π.

2. Input the length and maximum breadth of the egg.

3. Derive measures for half the length and half the breadth.

4. Calculate the value of e, the eccentricity.

5. Calculate the surface area of the egg using the formula for the surface area of a prolate spheroid.

6. Print the surface area of the egg.
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BUILDING THE PROGRAM 
One way of translating the algorithm into a program is to take each step in the algorithm and write the 

code for it. Once they have all been written, they can be integrated together. 

Step 1: Set the value for π.

As π is a floating-point number, it should be declared as such, then assigned a value. π is represented by 

the variable pi in the program.

double pi=3.14159;

Step 2: Input the length of the major and minor axis of the egg. Both these values are floating-point 

numbers. The major and minor axes are represented by the variables lngth and brdth in the program.

printf("Length of the egg (mm): ");
scanf("%lf", &lngth);
printf("Maximum breadth of the egg (mm): ");
scanf("%lf", &brdth);

As both these values represent the length and breadth, and the calculations involve only half those 

values, the variables should be modified to reflect this:

lngth = lngth / 2.0;
brdth = brdth / 2.0;

Step 3: Calculate the value of e, the eccentricity.

The eccentricity, e, is represented by the variable eccntry in the program. This involves translating the 

equation in a C equation:

e =
p
1� b2/a2

becomes
e = sqrt(1.0-(b*b)/(a*a))

which when the proper variables are substituted in becomes:

eccntry = sqrt(1.0-(brdth*brdth)/(lngth*lngth));

Step 4: Calculate the surface area of the egg using the formula for the surface area of a prolate spheroid. 

This involves translating the equation into a C equation.

A = 2�b2 +

✓
2� a b · arcsin e

e

◆

becomes
A = 2.0*pi*b*b + ((2*pi*a*b*asin(e))/e);
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The function arcsin is represented by asin in C. When the proper variables are substituted in, the 

C statement becomes:

srf_Area = 2.0*pi*brdth*brdth + (2.0*pi*brdth*lngth*asin(eccntry))/eccntry;

Step 5: As it stands, as the input is in mm, the output will also be in mm2. Output in cm2 is probably 
more “readable”. To achieve this, just multiply the value stored in srf_Area by 0.01, converting it to cm2. 

srf_Area = srf_Area * 0.01;

Now print the surface area of the egg.

printf("The eggs surface area = %.2lfcm^2\n", srf_Area);

THE WHOLE PROGRAM

#include <stdio.h>
#include <math.h>

int main(void)
{
    double lngth, brdth, eccntry, srf_Area;
    double pi=3.14159;

    printf("Length of the egg (mm): ");
    scanf("%lf", &lngth);
    printf("Maximum breadth of the egg (mm): ");
    scanf("%lf", &brdth);

    lngth = lngth / 2.0;
    brdth = brdth / 2.0;

    eccntry = sqrt(1.0-(brdth*brdth)/(lngth*lngth));

    srf_Area = 2.0*pi*brdth*brdth +
               (2.0*pi*brdth*lngth*asin(eccntry))/eccntry; 

    srf_Area = srf_Area * 0.01;
    printf("The eggs surface area = %.2lfcm^2\n", srf_Area);

    return 0;
}

TESTING THE PROGRAM 
Once the program has been built it needs to be tested. Testing a large egg with a length of 56mm and a 

maximum breadth of 44mm gives:
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! Length of the egg (major axis): 56
! Width of the egg (minor axis): 44
! The eggs surface area = 72.14cm^2

How is it possible to make sure a program like this produces realistic results? There is really only one way, 

and that involves taking an egg shell and actually measuring its surface area. It could also be verified 

using other formulas. 

Take for example the following equation for calculating the surface area of an egg given it’s length, L and  

maximum breadth, B 2. 

S = (3.155� 0.0136L+ 0.0115B)LB

Using the same data used in the program gives a value of the surface area of 7138.32mm2 , or 71.38cm2. 

Another equation uses the weight of an egg (in grams) to estimate its surface area3. 

A = 4.835W 0.662

This equation gives a result of 72.7cm2, given an value for W of 60 grams. 

COUNTING EGGS
Now that the surface area of a single egg has been calculated, the value can be used together with the 

surface area of the egg shells to estimate the number of eggs.

No. of eggs =

Surface area of egg shells

Surface area of an egg

This equates to 380.66/72.14 = 5.3 eggs. Allowing for discrepancies in the data, this matches well with the 

five eggs which actually represent the broken egg shells. 
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CODE WITH COMMENTS

/* 
Author:        M. Wirth (mwirth@uoguelph.ca) 
Date Created:  September 2012 
Description:   This program calculates the surface area of an egg in
               cm^2 given the length and maximum breadth of the egg (in mm).
Reference:     [1] Shott, A.R., Preston, F.W., “The surface area of an egg”, 
               The Condor, Vol.77(1), pp.103-104 (1975)
*/

#include <stdio.h>
#include <math.h>

int main(void)
{
    double lngth, brdth, eccntry, srf_Area;
    double pi=3.14159;

    // Obtain the input from the user
    printf("Length of the egg (mm): ");
    scanf("%lf", &lngth);
    printf("Maximum breadth of the egg (mm): ");
    scanf("%lf", &brdth);

    // Divide both measurements in half to suit equation
    lngth = lngth / 2.0;
    brdth = brdth / 2.0;

    // Calculate the eccentricity
    eccntry = sqrt(1.0-(brdth*brdth)/(lngth*lngth));

    // Calculate the surface area using the Eq. from Ref. [1]
    srf_Area = 2.0*pi*brdth*brdth +
               (2.0*pi*brdth*lngth*asin(eccntry))/eccntry; 

    // Convert the surface area from mm^2 to cm^2
    srf_Area = srf_Area * 0.01;

    // Output the surface area of the egg
    printf("The eggs surface area = %.2lfcm^2\n", srf_Area);

    return 0;
}
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Photograph shell 
fragments.

Calculate total
area ➢ SA

Calculate area 
of an egg ➢ AE

Divide SA by AE.

Output estimated 
number of eggs.

Photograph shell fragments
1. Place shell fragments on black 

background.
2. Acquire image.
3. Convert image to binary.

Calculate total area
1. Count the number of pixels that are 

black.
2. Calculate total pixels.
3. Calculate % of image that is shell.
4. Convert pixels to area measure.

Calculate surface area of an egg
1. Obtain formula for surface area of an 

egg.
2. Obtain measurements.
3. Perform calculation.

Area of a prolate spheroid

A = 2�b2 +

✓
2� a b · arcsin e

e

◆

e =
p
1� b2/a2


