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Chapter 3: Methodology 
 

This chapter outlines the methodology used to evaluate the proposed hypothesis.  It 

describes the tools utilised and the process undertaken in enhancing the supplied 

images and conducting the experiments on the enhanced images. 

 

 

3.1 Aims, Requirements and Resources 

 

The core of the proposed hypothesis is the proposition that the ventral side 

(underside) of a lobster can be identified within an image, and from this 

identification an estimate made of the size of the lobster depicted in the image.  It is 

envisaged that this research could, at a later time, be automated and incorporated into 

a lobster catch assessment tray system to be used on lobster fishing vessels. 

 

To extract details of lobsters from images it is necessary to be able to recognise and 

match shapes that are similar overall, but which have significant individual 

variations, as occurs with the shapes of most biological objects.  To accommodate 

these shape variations flexible shape modelling techniques developed by Cootes et al 

(1995) have been used as they have already experienced some success in a marine 

environment (Kelsall 2005).  Two versions of this tool were available for use and 

initial testing was to be done on a MATLAB implementation of the code (Hamarneh 

1999) as it offered access to the underlying code, whereas the executable version 

developed by Cootes et al (1995) was a Windows/Linux specific version of the 

algorithm that did not allow access or modification of the underlying code. 

 

Two CDs containing 876 lobster images were made available from a previous TAFI 

project.  The images of the lobsters were taken on a tray, in a standard orientation, by 

a camera held at a standard height above the lobster.  An example of such an image 

is shown below.  Each photo was investigated to ensure that it was of the ventral side 

and not obscured by any non-lobster objects (such as fisherman arms/hands etc.).  

Many of the images were of the non-ventral side of the lobster and were discarded 

for the purposes of these experiments.  This resulted in 416 images being selected as 
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acceptable for use as a testing or training image.  An example of an appropriate 

image is shown below. 

 

 

Figure 3.1: Lobster image provided on CD by TAFI 

 

 

3.1.1 Flexible Shape Modelling 

 

Flexible shape modelling was selected as the method of choice as the lobster ventral 

plate (that is the hard shell structure of the lobster that does not include the tail or the 

legs/antennae) in lobsters differs significantly between individuals.  Thus a method 

had to be chosen that allowed for the flexibility to adjust the shape being matched yet 

still ensure that only a correct and natural shape was selected.  In particular, the ASM 

technique developed by Cootes et al (1995) was selected because his method was 

developed specifically to take into account the variations in shapes exhibited by 

biological objects. 
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3.1.2 Development Platform

 

It was initially intended that the entire project would be undertaken in MATLAB 

(and hence available across Windows, Linux and Mac OS X).  Experiments were 

initially conducted in Mac OS X (v. 10.4.x) but were then transferred into the 

Windows XP environment to trial the second version of the ASM that was available 

to us for use. 

 

 

3.1.2.1 MATLAB ASM   

 

This version of the ASM was selected as the tool of choice as the code (written with 

MATLAB) was open and available for alteration.  This tool was used extensively 

throughout the initial stages of experimentation.  Initial experimentation aimed at 

making a match to the “thoracomeres” of the lobster and also two fixed points on the 

tray that the lobster was placed in to anchor a relatively unchangeable set of points 

into the model. 

 

 

Figure 3.2: Lobster image in the process of point training 

  

Training of the models was difficult using the base script provided so separate scripts 

were developed (using the provided script as a basis) specifically to facilitate the 

training of models rather than attempting training and matching in the one step.  The 

modified scripts are included on the DVD provided with this thesis.  All trained 

models that were utilised with this tool are also included on the DVD. 
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The MATLAB ASM was tested thoroughly.  It was tested using models that were 

trained with image data from 5, 10, 20, 35, 50, 100 and 200 images.  This tool 

implements the basic Active Shape Model (Cootes et al. 1995) and does not utilise 

the added capability for matching provided by an Active Appearance Model (Cootes, 

Edwards & Taylor 2001).  This tool also automatically converted colour images into 

greyscale format and thus lost the additional detail provided by the colour layers. 

Experimentation utilising the MATLAB version of the ASM showed that the model 

integrity was not being maintained when trying to position points to achieve a match. 

That is, if a match is not made in a set number of iterations of the cycle the model 

needed to be reset to a valid model as the points no longer represented a valid shape 

model of the lobster.  Figure 3.3 shows a model in its initial position and figure 3.4 

shows it again after 14 iterations:  

 

 

Figure 3.3: Initial placement of shape model in image 
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Figure 3.4: Model after 14 iterations of seeking a match 

 

 Due to this irregularity in the tool it was considered to be more time effective to 

utilise the proven tool (Kelsall 2005) developed by Cootes than to attempt to locate 

the problem within the MATLAB code itself. Therefore, the MATLAB-based ASM 

tool was not used in any subsequent experimental work. 

 

All developed code for the MATLAB version (which breaks the different modes into 

separate modules), the ASM itself, all images used for training with the ASM and 

developed models are included on the DVD supplied with this thesis.  The results 

obtained from the use of this tool are also included in the results spreadsheet supplied 

on the DVD but are not discussed further within this thesis. 

 

 

3.1.2.2 Cootes ASM 

 

The ASM tool developed by Cootes is available in an executable format for the 

Windows and Linux distributions.  The tool was used successfully in previous 
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research conducted by (Kelsall 2005) and was used for this research after the 

MATLAB-based  ASM failed to provide reliable results. 

 

This version of the ASM combines the flexibility of the basic ASM with the 

additional matching capability of the AAM.  In addition to utilising the AAM this 

tool also enables the user to match images in a full colour format, retaining the 

colour information in the image, rather than converting it to greyscale for matching. 

 

Individual points, trained on a particular image, are reusable with this tool.  Once all 

points are trained on an image the points are saved into a ‘.pts’ file enabling them to 

be reused in various models as required. 

 

The AAM is applied to each point of the model, tracking differences in texture at 

each point between images.  It can also be extended to cover regions of texture by 

triangulating regions between points on the model.  This was done to provide regions 

of texture in each of the models tested with this tool.  An example of the texture 

models that were created is shown below. 

 

 

Figure 3.5: Image of texture model utilised by AAM 

 

Each point in the ASM is tracked separately by the tool and referenced against the 

statistical model built during the training phase.  This enables the tool to anchor a 

point when the algorithm has decided that the point is a match to the model.  Once a 

point is anchored the tool focuses on other points and thus reduces the complexity of 

calculations each time it anchors a point as found in the iterative process.  This tool 

is useful for the algorithm to determine when to stop looking for a match within a 

given image. 
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3.1.3 Image Set 

 

Before experimentation began the images were renamed, giving them a strict 

numerical naming sequence, from 1.jpg through to 416.jpg.  A reference list was 

then created so that each image could be traced to the original image number located 

on the naming plate shown in the image. 

 

The 416 images selected from the sample images provided by TAFI included a wide 

selection of lobster images.  Each image had the ventral side of the lobster exposed, 

but with significant variations in quality between different images.  Most images 

were clear and all points that were to be modelled were clearly identifiable but others 

had some points partially occluded, some were blurred and some images showed 

white worms (known as the Galeolaria species) located on the thoracomeres and 

other parts of the lobster. 

 

 

3.2 Image Preparation 

 

The images taken from the TAFI CDs were taken from a high-resolution camera and 

contained information that was not required to determine the size, or other significant 

characteristics, of the lobster.  They included the surrounding area of the tray and 

also partial shots of the fisherman bodies near to the tray.  To ensure only relevant 

information was included each photo was reduced to a standard size, and pre-

processing techniques used to ensure that information that could be useful in 

determining a match was extracted from the existing image (figure 3.6). 

 

 

Figure 3.6: Example image 234xxx.jpg 
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3.2.1 Reducing the Image 

 

Each image was cropped to remove extraneous material, such as the surrounding 

deck and the nameplate on the tray, and to focus the image on the thoracomeres (the 

part of the carapace located centrally to where the legs join the main) of the lobster 

placed in the ‘v’ wedge located on the tray.  It was determined, from TAFI that the 

proposed lobster-sorting tray will be shaped to ensure that the thoracomeres is 

located immediately above the camera (figure 3.7).  This means that the images to be 

used for this research can be focussed relatively closely on the thoracomeres itself, 

solving some of the problems commonly experienced with initial placement of an 

active shape model. 

 

 

Figure 3.7: Final cropped size of lobster image 5.jpg 

 

 

3.2.2 Pre-processing Images 

 

The more information the ASM has to work with, the greater the possibility of a 

successful match.  To provide extra information, several pre-processing techniques 

were introduced. All pre-processing was implemented using MATLAB.  The pre-

processing script is included as Appendix A and is also supplied in electronic format 

with the DVD supplied with this thesis. 

 

Experimentation would focus on those images pre-processed with a colour histogram 

equalisation technique.  Comparative experiments would be made with the models 

based on 200 images with unaltered images, the colour histogram adjusted images 

and the colour histogram edge detected images. 
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Some images were blurred and in initial pre-processing tests attempts were made to 

sharpen these images using a sharpening filter.  This filter unfortunately reduced the 

detail within the image so the technique was not used in subsequent experimentation.   

 

 

3.2.3 Colour Histogram Equalisation 

 

Histogram equalisation is a technique utilised in greyscale images to spread the range 

of the image histogram across a wider spectrum, thus drawing out more detail from 

the image itself (Gonzalez, Woods & Eddins 2004).  With a colour image the process 

of histogram equalisation is significantly more complex.  Equalising each of the red, 

green and blue components of the colour image separately does not maintain the 

appropriate relationship between the components and does not necessarily optimise 

salient details.  

 

Researchers have attempted to solve this problem in many different ways.   In this 

research, the colour image was converted from an RGB (Red, Green, Blue) format to 

an HSI  (Hue, Saturation, Intensity) format and subsequent transformation were 

applied to these components (Gonzalez, Woods & Eddins 2004).  In an HSI format 

colour images all of the purely colour information is contained in Hue component 

and this can be unaltered, while still modifying the other two components as 

required.  As this is all located in one area the details of the colour information can 

be left alone as modification really only needs to be applied to the two other values. 

 

The “saturation” value needs only moderate adjustment, removing only the weakest 

and heaviest saturation values that may obscure finer details from the manipulation 

of the intensity values.  In the MATLAB script developed to conduct this task the 

weakest and strongest 5 percentiles in the “saturation” component are pruned.  This 

figure was decided after testing several images at various values. 
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Figure 3.8 (a) Image 7.jpg with no histogram equalisation applied.  

(b) Image 7.jpg after histogram equalisation has been applied. 

 

The final task is to modify the “intensity” component of the image, using the 

histogram equalisation technique.  This spreads the detail of the image across the 

histogram, ensuring that the salient features become more prominent in the pre-

processed image.  The image is rebuilt with the new values in the HSI format and 

then reconverted to RGB format for processing by the ASM tool. 

 

The MATLAB code that was written to conduct the colour histogram equalisation is 

included in Appendix A of this thesis and on the accompanying DVD. 

 

 

3.2.4 Edge-detection 

 

As flexible shape modelling works by finding edges in an image it was decided to 

trial a method of utilising images that had been processed using an edge detection 

filter.  To enable this an edge detecting function was built into the basic pre-

processing MATLAB script.   

 

The edge detection functionality was built using a vertical and horizontal sobel edge 

detector (Gonzalez, Woods & Eddins 2004).  This edge detection was carried out on 

the image and then the image was also colour histogram equalised to highlight the 

salient information. 
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Figure 3.9 (a) Unmodified image 7.jpg and (b) image 7.jpg after edge 

detection and colour histogram equalisation has been applied. 

 

 

3.3 Model Building 

 

The two main goals to be achieved when building flexible shape models (Cootes & 

Taylor 2004) are that they must be : 

 

1. General enough so that they can deform to match any valid example of the defined 

shape, and  

 

2. Specific enough so that the deformations that they undergo fall within the legal 

range of shapes that an object based on that model could potentially generate. 

 

With the complexity exhibited by the lobster images, noticing the subtle differences 

between each thoracomeres was a significant task for the ASM.  To ensure that the 

best models were created each of the 416 available images needed to be categorised 

by quality and some measurements made of significant landmarks on the 

thoracomeres.   Once this was done the images would be ordered by length of the 

thoracomeres from the front tip to the centre rear point, and from these, candidates 

would be chosen based on the variability in size.   

 

It was determined that 200 of the 416 images would be used to train the models and 

the remaining 216 would be reserved as a testing set.   
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3.3.1 Image Quality 

 

The images to be included within the training and test sets were divided into eight 

quality categories.  The first four categories were based on certain characteristics of 

the images that were expected to influence the matching ability of the ASM tool.  

They included (1) high quality images (2) blurred images (3) images partly obscured 

by the presence of small worm-like creatures on the lobster and (4) images in which 

some landmark points are obscured by some other object.  The other four categories 

included images that had a combination of two or more of the above characteristics.  

 

The categories are described below and an example image from each category is 

shown. 

 

 

Figure 3.10: Good quality image (image 34CHE.jpg) 

 

1. Good Quality:  The images categorised at this quality level had no discernible 

faults that would cause the ASM any difficulty in obtaining a match. 
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Figure 3.11: Blurred image (image 136CHE.jpg) 

 

2. Blurred Image:  Each image in this category was blurred to some extent.  The 

extent of blur varied from one image to another and it was considered that 

this may have an effect on the ability of ASM tool to obtain a match. 

 

 

Figure 3.12: Image with galeolaria worms present  (image 

407CHE.jpg) 
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3. Worm Presence:  On each thoracomeres of these images a white worm-like 

creature (the galeolaria worm) is apparent.  The shape of the worm often 

mimics the shapes of the lateral protuberances of the thoracomeres and it was 

expected that this similarity may effect the ASM tool in obtaining a correct 

match from the image. 

 

 

Figure 3.13: Image with landmark point occlusion (image 

316CHE.jpg) 

 

4. Point Occlusion:  Part of each thoracomeres that would likely form part of the 

landmark points of the model is occluded by some other feature.  The ASM is 

built to be able to make a guess at where missing points are but if it cannot 

latch onto a point initially because of occlusion it was considered that this 

might affect the success rate of the matching process. 

 

The remaining four categories contained images that exhibited two or three of the 

characteristics identified as being detrimental to the ability of the ASM to match 

successfully.  An example image of each additional category is shown below. 
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Figure 3.14: Blurred image with worms present (image 366CHE.jpg) 

 

5. Worm presence and blurring. 

 

 

Figure 3.15: Blurred image with landmark point occlusion (image 

221CHE.jpg) 

 

6. Point occlusion and blurring. 
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Figure 3.16: Image with landmark point occlusion and worms present 

(image 374CHE.jpg) 

 

7. Point occlusion and worm presence. 

 

 

Figure 3.17: Blurred image with landmark point occlusion and 

worms present (image 372CHE.jpg) 

 

8. Point occlusion, worm presence and blurring. 
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The complete list of the categories, for images in the training and test sets, is 

included as Appendix B.  Table 1 gives the numbers of images (out of the total of 

416) that fall into each category. 

 

Category 1 2 3 4 5 6 7 8 

Number of 

Images 
237 116 15 8 9 4 18 9 

Table 3.1: Number of images in quality categories 

 

 

3.3.2 Landmark Points 

 

The landmark points outlining the thoracomeres were chosen based on their ability to 

be defined precisely when training the model.  Forty-eight points were identified as 

landmark points on each thoracomeres and these were used to make up the shape 

model.  These points are illustrated on the image below. 

 

 

Figure 3.18:  The 48 landmark points on representing the shape 

model 
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Prior to the training set having points files detailed for use of building the training 

models each image had measurements taken between the following points: 

• Point 1 and 25, tip of the thoracomeres (right hand side) and centre of the 

thoracomeres to the rear (left side); 

• Point 5 and 45, tip of the top right lateral protuberance to the tip of the 

bottom right lateral protuberance; 

• Point 10 and 40, tip of the top second from the right lateral protuberance to 

the tip of the bottom second from the right lateral protuberance; 

• Point 15 and 35, tip of the top second from the left lateral protuberance to the 

tip of the bottom second from the left lateral protuberance; and 

• Point 20 and 30, tip of the top left lateral protuberance to the tip of the bottom 

left lateral protuberance. 

 

These measurements were made in simple pixel terminology and were ranked to 

determine the largest and smallest of each measurement.  Finally, it was decided that 

the greatest variation for the training set could be obtained from ranking the images 

that suffered the least point occlusion from smallest to largest along points 1 and 25.  

Two hundred images would be drawn from this ranking at regular intervals so that 

the shape difference according to size would be best obtained through this schedule.   

 

Once the training set was obtained (details of training vs. testing set is given in 

Appendix C and actual measurements are included in the accompanying DVD) each 

image in the training set had a points file generated for it using the ASM tool.  This 

allowed each image to have the location of its 48 landmark points saved to an 

individual file that could later be used to build a shape model for use on new images 

for which these points had not been located.  

 

 

3.3.3 Various Models 

 

An incremental approach has been used in testing the ASM.  Models were 

constructed by training on 5, 10, 20, 35, 50, 100 and 200 images respectively.  The 

images selected for each of these models were selected in a similar manner to those 
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originally chosen for the training set.  The training set was ranked in terms of lobster 

size.  Then the initial model was trained on just five images (including the images 

with the largest and smallest length thoracomeres) and these images were also 

included in the next model.  Each model was trained on all of the images used for the 

previous model together with further images taken from the remaining images in the 

training set, training set.  

 

The ASM required a file that dealt with details in regards to the AAM and a separate 

file that listed details of the shape matching portions of the algorithm as well as what 

image files and points files were to be used in the creation of the overall model.  

Furthermore a  “parts” file needs to be generated so that the shape used in the ASM 

could be defined correctly. In this instance there needed only one shape and this was 

defined in this file and is referred to by every model, as the shape is common to all 

models.  Finally, for the AAM to refer to regions of textures a triangulation file 

needed to be created so that triangle swatches of textures could be sampled from 

selected images to build the AAM.  This was done utilising the existing points and 

hence only needed to be made once and was referred to by all models for texture 

mapping. 

 

Once the above files had been created and all point files created for the particular 

images the am_build_apm script was utilised to build the appearance model utilising 

the above files.  This would add two final files to complete the model.  Thus a 

complete model actually utilises 6 files to operate when the tool for matching 

purposes invokes the model. 

 

Each model was built in this manner and then so testing could begin a file was made 

containing all of the test images for the model to locate the points in.  This enabled 

some automation of loading images for testing into the tool when a model was tested. 

 

Each model utilised the same parts and triangulation files to define the shape and the 

texture portions for the AAM.  The number of files that were utilised for the 

appearance model texture samples was set at 10% of the number of images in the file 

or 10 images, whichever was greater (obviously the 5 image model utilised all 5).  
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Finally, the ASM was to do all matching in colour, set to the ‘rgb’ space.  The files 

for each model are included on the DVD attached to this thesis. 

 

 

3.4 Image Matching 

 

Once all models were built, the ASM was initially tested with the images and models 

supplied with the ASM package.  This test is a facial recognition test and the ASM 

performed as described in the documentation.  Testing then began with the generated 

models, starting from those trained with the lowest number of images (5 training 

images) and proceeding to those trained with the largest image sets (200 images).  

The edge detected and non pre-processed image models (both trained with 200 

images) were then tested.   

 

The process involved invoking the mark-up tool contained in the binary code with 

the name of the ASM model that would be used for matching (e.g. am_markup 

10CHE5).  This would load the mark-up tool with the training model and the training 

models images.  Once started then a different set of images would be loaded in to be 

checked against the loaded model.  Once complete a search toolbar would be enabled 

from the file menu and then each image was searched with the model, checked 

visually for a match and categorised into the matching category as detailed in 3.4.1 

Match Ratings. 

 

If a match occurred with a particular file, those points would be saved to a new 

points file.  The “points” file was named to reflect the image being tested and which 

trained model was being used for matching.  

 

Once the full 216 images had been tested the process would be repeated until all of 

the models had been tested and all results collated against each model.  At the 

beginning of each process, any image that had been matched with the previous model 

had the list of files updated in to point at the newly acquired points file.  This enabled 

visual cues on the screen where an image had been matched previously and enabled 
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the tester to make a decision on a match in a quicker fashion with previous points to 

guide the decision. 

 

Figure 3.19: Shows points where a match has already occurred in a 

previous model 

 

 

3.4.1 Match Evaluation 

 

To determine whether a successful match has been achieved with a particular 

application of the shape model, a tester applied the model to the image; then 

determined how many of the 48 landmark points in the model had been successfully 

matched in the image being tested. A landmark point was considered to be 

successfully matched if: 

i. The point was within 5 pixels of its correct location in the image; or 

ii. The point was within 3 pixels of its correct location in a situation where 

either of its neighbouring points is considered not to be a match. 

 

Four categories of match were defined for use in the experiments. Each category is 

described below and an example image is shown highlighting landmark points that 

were not matched. 
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Figure 3.20: Full Match 

1. Full Match:  A full match was declared if the ASM process matched at least 

46 points of the 48 possible points on the image. 

 

Figure 3.21: Usable Match 

 

2. Usable Match:  A usable match was declared if the ASM process matched 

between 38 and 45 points on the image. 
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Figure 3.22: Partial Match 

 

3. Partial Match:  A partial match was declared if the ASM process matched 

between 5 and 37 points in the image. 

 

Figure 3.23: No Match 

4. No Match:  A no match was declared if the ASM process found 4 or less 

points in a test image. 
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3.4.2 Model Manipulation 

 

When testing the images the models centre point was placed as closely to the centre 

of the image as possible.  This was an automatic process conducted by the ASM, 

reading the data of the image and placing the model to the centre although on some 

occasions the model was not centred correctly and half the model was off screen.  In 

these cases the model was moved manually to a central location.  In an automated 

system the model could be refreshed with every new image that was presented for 

matching purposes and the centre of the trained model would be placed perfectly at 

the centre of the image to be matched.  As the concept of the lobster-sorting tray is to 

focus largely only on the thoracomeres this initialisation process would could 

provide the best results with a given model, although sensitivity testing results 

detailed in section 4.4 suggests that utilising the model without refreshing the model 

may also be a viable alternative.  The model under these circumstances would only 

be refreshed after a failed match was made.  In experimentation the model was only 

ever refreshed (as noted below) when a failed match occurred.  This was done, as 

manual refreshing would have complicated experimentation with the accuracy of 

placement for the model and was exceptionally time consuming. 

 

The ASM process was set to conduct a search over 7 iterations in each of three 

different levels of resolution.  If the match had not been made in that 7 iterations then 

the tester would continue with a further 7 iterations and a third set of seven iterations 

if a match was still not made.  After a total of 21 iterations the image was assigned a 

category. 

 

If an image were assigned the category “Failed Match” the entire model would be 

reloaded and placed as close to the centre of the image as possible (as described 

above).  The test would be redone to ensure it was simply not a matter of previous 

matches moving the model into a poor alignment to begin the next match.  If the 

category remained at “Failed Match” after this attempt at matching the model, the 

image was finally classified into that category. 
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3.5 Sexing and Sizing the Lobster 

 

Once a “Full Match” had been obtained it would be expected that the system would 

then be able to pick out pertinent points on the thoracomeres. Once these points were 

obtained measurements on those sections of the lobster that enabled a method of 

giving an approximation of weight (based on size) and also sex could then be 

determined and provided in a text file report. 

 

 

3.5.1 Reading the File 

 

The file that recorded the points of a full match would be utilised in making the 

measurements required by the system.  A MATLAB script was developed read the 

points file produced.  In Cootes’ ASM this points file contains some introductory text 

that appears explanatory.  In a final developed system it would be preferable that the 

final points file printed only raw point location data into the file.  To simulate this a 

script was developed that stripped extraneous information from each points file and 

left just the raw points data. 

 

A further script was then developed to read in the points details located in the 

modified points files and pull out the points of interest located in the files.  The script 

then used this information to measure certain sections of the thoracomeres in 

preparation for output to the final file format. 

 

 

3.5.2 Measuring the Lobster 

 

The point files that were provided by the ASM associated with each point a pair of 

coordinates (measured in number of pixels) which located the point with respect to a 

coordinate system with its origin at the top left of the image.  This is not a “real 

world” measurement and needed to be converted into a measurement that had 

meaning for the lobster researcher.  In each of the original images supplied by TAFI 

(Figure 3.2) a ruler could be clearly seen within the image.  This ruler was measured 
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via the GNU Image Manipulation Program (GIMP)(Kimball & Mattis 2007) in ten 

images giving a pixel measurement of 10 millimetres in each case.  These 

measurements were then averaged and divided by ten to give an approximate 

estimate of how many pixels represented a length of one millimetre. 

 

Once this measurement was obtained each of the measures mentioned in section 

3.3.2 Landmark Points was converted to millimetres and one further measurement 

was taken.  This was the distance between points 23 and 27 or the outermost points 

of the rear of the thoracomeres which was used to test to see if sex could be 

determined via this measurement. 

 

 

3.5.3 Sexing the Lobster 

 

From visual examination of many of the lobster images it appeared that the distance 

between points near the sex organs of the female or the male appeared narrower from 

one side of the thoracomeres to the other.  There also seemed to be little difference in 

the lengths of the thoracomeres so it was decided to attempt sexing of the lobster 

based on a measurement ratio. 

 

A script was written to take the distance between points 23 and 27 (noted as w 

below) and divided it into the length between points 1 and 25 (noted as l below) of 

the thoracomeres.  The x and y coordinates of a particular point are noted with a p 

then the point number and finally either an x or y notation (e.g. p27x refers to point 

27 x coordinate). 

w = ((p23x � p27x)2 + (p23y � p27y)2)

l = ((p1x � p25x)2 + (p1y � p25y)2)

Ratio =
l

w

 

Equation 1: Ratio used for sexing lobster images 
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  All images that had a corresponding points file were tested in this manner and the 

measurements received were compared according to the sex of the lobster.  It 

appeared that it was possible to get a reasonably reliable estimate of sex based on 

this ratio.  To do this, the script does the above calculation and then in a binary 

fashion estimates the lobsters sex based on thresholds found by experiment. 

 

Figure 3.24: The female sex organs (gonopores) located at the base of 

the third pereopod (walking leg) 

 

Figure 3.25: The male sex organs (gonopores) located at the base of 

the fifth pereopod (walking leg) 
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3.5.4 Output Format 

 

The final format of the output file was made in a fashion that could easily be 

transferred into a spreadsheet by the end user.  This entailed a text file that placed the 

following information in order, separated by a space, and ending each record tested 

with a line return.  The file generated by this experiment is included in Appendix D: 

• Filename 

• Length between points 1 and 25  

• Length between points 5 and 45 

• Length between points 10 and 40 

• Length between points 15 and 35 

• Length between points 20 and 30 

• Length between points 23 and 27 

• Sex (0 = male, 1 = female) 

 

 

3.6 Sensitivity Testing 

 

Testing was conducted to determine the affect of a variety of rotation and translation 

effects on the 200-image model.  This was conducted to simulate a real-life sorting 

tray where the lobster may not be placed perfectly on the tray. 

 

 

3.6.1 Test Set 

 

A smaller image test set was utilised in this testing.  21 images were selected that had 

obtained a full match as a part of the larger test set when utilising the 200-image 

model and were well matched with previous models utilised throughout testing.  

Each image in this test set would be checked with the 200-image model once the 

model itself had undergone some random alignment alterations. 
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3.6.2 Determining Alignment of the 200-image Model 

 

Each test would alter the location of the models starting position by 1 – 20 pixels 

(between 0 and 5 mm in distance).  This translation was determined randomly 

although no duplicate distances were taken.  Also, the direction in which that 

translation occurred was determined randomly and put in terms of a compass 

direction where North (N) was considered to represent the top of the image, South 

(S) the bottom of the image and so on. 

 

Finally a rotation was applied to the model also of an angle of 1 to 10 degrees.  This 

rotation was randomly assigned to a translation distance.  There would be 10 test 

runs and so each value of rotation (1-10) would be utilised across this range of tests.  

This rotation was applied in a clockwise (CW) or anti-clockwise (ACW) direction as 

determined randomly. 

 

The following values were determined across the 10 tests that would be run. 

Test Set 1 2 3 4 5 6 7 8 9 10 

Translation 

Amount 
18 20 1 5 19 9 10 13 15 8 

Translation 

Direction 
W NW W SW S E N E NE SE 

Rotation 

Amount 
10 3 7 4 1 6 2 5 8 9 

Rotation 

Direction 
ACW CW ACW CW ACW CW CW CW CW ACW 

Table 3.2: Details of sensitivity tests 

 

 

3.6.3 Conducting the Test 

 

Each time a new image was to be tested by a model, the model was refreshed.  Once 

refreshed the model was then altered as per the above table and the search would be 

initiated.  The search was iterated as many times until a “Full Match” occurred or the 

model was unable to find the match and either became locked in an incorrect match 

or rotated too far away from the appropriate alignment of the image. 




