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Chapter 4: Results and Discussion 
 

This chapter discusses the results of testing the ASM as outlined in the previous 

chapter.  The first section considers the results obtained in incremental model testing 

of colour histogram equalised images.  These tests were conducted with models 

constructed using training sets of 5, 10, 20, 35, 50, 100 and 200 images respectively. 

 

The second section compares results of testing a model trained with 200 images 

which were created using alternative pre-processing techniques; i.e. colour histogram 

equalisation alone, edge detection with colour histogram equalisation as well as 

unmodified images as a basis. 

 

The third section describes the results obtained when attempting to estimate the sex 

of the lobster from measurements taken from the points files generated by the ASM 

toolkit.  This experimental work was undertaken to determine whether it was 

possible to determine the sex of a lobster via measurements obtained from the ASM 

rather than requiring further shape matching attempts. 

 

The final section of this chapter discusses the results obtained from the sensitivity 

tests outlined in the methodology chapter. 

  

 

4.1 Results – Cootes ASM Matching 

 

When testing a specific ASM model to determine its effectiveness in matching 

lobster breastplates in images, each match was assigned a value between 0 and 1 

based on the standard of  match as detailed in the table below. 

Match Type Value  

No Match 0 

Partial Match 0.5 

Usable Match 0.75 

Full Match 1 

Table 4.1: Values attributed to image by type of match 
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The following results look at the effect of a particular model based on the number of 

images in a particular match type as opposed to looking at each individual image and 

how it rated against these matches. 

 

Each model described in these results was tested using the procedure discussed in 

Chapter 3: Methodology.  There is one model introduced in this chapter that 

followed a similar yet separate operation to the other models.  The model denoted by 

the label 200m is in all technical respects identical to that of the model with 200 

images.  However, when testing the 200m model, if a match was not a “Full Match” 

based on automatic search then the model was scaled and rotated manually to an 

optimal start position based on the particular image.  This was done so the 200m 

would represent the optimum level for a particular model and give some comparison 

between an automated system based on a 200-image model and a semi-automated 

system based on the same model, but with some manual model initialisation used in 

situations where the fully automated system did not achieve a full match.  Figure 4.1 

details the results of each model by the four categories defined in Table 4.1. 

 

 

Figure 4.1: Incremental model results 

 

The following table illustrates the way the images were distributed across the test 

and training sets according to their quality category. 
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Quality of Image Test Set Training Set 

A. Good Quality 122 115 

B. Blurred 63 53 

C. Worm Presence 6 9 

D. Point Occlusion 8 0 

E. Worm + Blurred 4 5 

F. Point Occlusion + Blurred 3 1 

G. Worm + Pt Occlusion 8 10 

H. Worm + Pt Occlusion + blurred 2 7 

 216 200 

Table 4.2: Breakdown of image quality in training and testing sets 

This detail shows that there are comparatively few occurrences of all categories, 

apart from “Good Quality” and “Blurred” categories, within each set and no credible 

conclusions could be drawn from such small samples.  The following table breaks 

down the number of “Full” matches made by a model into each category.  In Table 

4.3, the image quality type is denoted by a single letter, which is defined in Table 

4.2.  

 

Images in Model A B C D E F G H Total 

5 2 0 0 0 0 0 0 0 2 

10 22 12 0 2 0 0 0 0 36 

20 58 36 0 5 0 1 2 0 102 

35 72 35 2 6 1 2 3 0 121 

50 80 40 2 6 1 2 2 0 133 

100 87 44 2 5 3 2 4 0 147 

200 96 50 3 5 3 2 7 1 167 

200m 100 53 4 5 3 2 7 1 175 

Table 4.3:  Model "Full Matches" by image quality category 

 

Usable matches are also considered valuable, because the small number of points out 

of alignment means that the matched model should still be able to provide reliable 

measurements.  The table below shows the number of usable matches made, the 

number of usable matches combined with full matches and the percentage of the total 

test set that the usable and full matches represent.   
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Model Usable Matches Usable + Full 

Matches 

Percentage of 

Test Set 

5 16 18 8.33% 

10 49 85 39.35% 

20 49 151 69.91% 

35 39 160 74.07% 

50 36 169 78.24% 

100 38 185 85.65% 

200 17 184 85.19% 

200m 21 196 90.74% 

Table 4.4: Usable matches combined with full matches 

 

 

4.1.1 Discussion 

 

The results in Figure 4.1 show that the number of accurate matches increases steadily 

with the number of images that are included in the training set.  The number of full 

matches increases with each model implemented whilst the “No Match” category 

dramatically reduces initially and then fluctuates slightly from model to model to end 

as the lowest of the four categories.  The slight rise in the number of images in the 

“No Match” category at model 35 and again at 200 can possibly be attributed to the 

effect of overtraining in some areas.  Where a model obtains images that are of 

similar size it can move the matching algorithm away from possible but statistically 

less likely configurations of the object.  This effect is known as “overtraining”. 

 

The “Partial Match” category initially increases in the number of matches and then 

slowly reduces, exhibiting similar fluctuations as described above for the “No 

Match” category.  Likewise, the “Usable Match” category initially increases and then 

decreases as the training set increases in size.  The reduction in “No Match”, Partial 

Match” and “Usable Match” categories is mirrored by the growth in the “Full 

Match” category.  This shows that the models are improving in their matching 

capability and, as the graph shows a trend as the size of training set increases, 
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suggests that a model trained on a larger training set would probably provide even 

better matching capabilities than those shown here. 

 

“Partial” matches are not mentioned further in the analysis of these results.  The 

category was utilised in testing to provide a “progress” analysis of models to show 

that there was improvement between models.  This was largely due to the initial 

results in the MATLAB tool testing showing little or no improvement across 

categories, prior to utilisation of the Cootes ASM toolkit.  The variability of the 

“Partial Match” category (between 5 and 37 points matched) provides little 

information of value in the measurement of lobster size or in lobster sex estimation.  

“Partial Match” data is maintained for completeness but for all purposes a “Partial 

Match” will be considered a “No Match” when discussing the results. 

 

The matches by quality show that the two categories of image quality (Good and 

Blurred) that are best represented in the test and training set provide a similar 

proportion of matching results.  For good quality images, 100 images out of 122 

(82%) are matched (at the optimum level) whilst for blurred images, 53 images out 

of 63 (84%) are matched (also at optimum).  Although the small number of images in 

the other quality categories prevent serious conclusions from being drawn, it is 

interesting to note that, out of the four categories in which the galeolaria worm is 

present, three of those categories fail to obtain a “Full Match” until a model trained 

on at least 35 images is used.  The other category obtains its full match at the 20-

image model stage.  This suggests that the presence of the galeolaria worm presents a 

significant challenge to the ASM matching process. 

 

When the “Usable” and “Full Match” image quality categories are combined there 

seems to be a small reduction in the quality of the models between the 100-image 

and 200-image models (from 85.65% to 85.19% respectively).  While this is true of a 

combined result the quality of the overall measurements for each model increases as 

the “Full Match” rating increases by 20 images in this interval whilst the “Usable 

Matches” drops by 21 images overall.  Largely, the images that were included in the 

“Usable Match” category are moving into the “Full Match category and thus provide 

the highest accuracy when provided for measurement purposes to the measuring 

script.  The following graph details the increase in “Full Match” ratings underlying 
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the change in the above rating and showing the overall value in utilising the higher 

image model. 

 

 

Figure 4.2: Combined totals of Full and Usable matches shown as a 

percentage of the test set 

 

 

4.2 Results – Model Comparisons 

 

The following results make a comparison between three different pre-processing 

policies and their effects on the performance of the ASM on the testing set.  Each of 

the models involved were trained on 200 images and each model was tested as 

described in section 3.4 Image Matching, with no manual intervention unless stated 

otherwise in that section.  This comparison was done in an effort to find the best pre-

processing method for an image set used in the ASM tool.  None of the papers cited 

in this thesis suggested that a pre-processing technique should be used and they 

presumed that unmodified images would be passed to the toolkit. 

 

There were three policy models tested to provide a “best choice” for pre-processing 

the lobster images. 
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1. No pre-processing:  The training images were left as they were once 

extraneous details had been cropped from the image.  This model will be 

referred to as the “Normal” model; 

2. Colour histogram equalisation:  Each training image had its histogram 

equalised as described in section 3.2.3.  This model will be referred to as the 

“CHE” model; and 

3. Edge detection and colour histogram equalisation:  As well as having the 

histogram equalised, an edge detection algorithm was utilised as specified in 

section 3.2.4.  This model will be referred to as the “Edge” model. 

Each of the policy models was tested against an image set that had also been pre-

processed in exactly the same manner as the images used to train the model had been 

prepared.   

 

Model No Match Partial Match Usable Match Full Match 

Normal 35 15 59 107 

CHE 17 15 21 175 

Edge 28 33 89 66 

Table 4.5: Comparison of results for different pre-processing 

techniques 

 

 

4.2.1 Discussion 

 

The results of the comparison test show that the CHE model is superior to the other 

two models in its efficiency.  It has fewer “No” and “Partial” matches than the other 

models and while it has fewer “Usable” matches as well it has many more “Full” 

matches than any other model (68 more than its closest competitor).  From this result 

it can be concluded that the pre-processing utilised in the major part of this thesis has 

given the best results amongst the options presented in this comparative test.  The 

method utilised in the colour histogram equalisation technique has succeeded in 

drawing out the salient details in an image and made it easier to obtain a match 

through the ASM toolkit. 
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The “Normal” model also provided a good result in matching almost precisely 50% 

of the test set.  It was also the model with the highest rate of “No Match” category 

hits and point matching seemed largely to be extremely close or very poor with little 

in between.  The “Edge” model produced the highest results in the “Partial” and 

“Usable” categories and the lowest overall in “Full Match” category.  The algorithm 

utilised to produce these images seemed to wash out the information in the images to 

the naked eye, but performed well with the images that appeared to the naked eye to 

be poor in detail.  The images that fell into the “No” and “Partial Match” category 

generally seemed to contain enough information to make a match but did not.  It may 

be that the extra detail provided by the edge detection algorithm provided too much 

information for the ASM to handle, given the complex nature of the lobster 

thoracomeres. 

 

  

4.3 Results – Measurements and Sex Determination 

 

The measurements of the lobster images were obtained as described in section 3.5.  

The output obtained is included in Appendix D. 

 

To estimate the sex of the lobster the distance between points 23 and 27 on the ASM 

were divided into the distance from points 1 to 25 as detailed in section 3.5.3.  Once 

this was done the results from each image was plotted according to the ratio of the 

lengths and the sex of the lobster (determined from manual observation) to provide 

the graph below. 
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Figure 4.3: Data used to estimate sex of lobster 

 

The red line plots the ratio of the distance between the rear points of the 

thoracomeres to the length of the thoracomeres, whilst the blue line shows the sex of

the lobster, 1 representing a female and 0 represents the male.   

 

 

Figure 4.4: Ratio by range and sex showing the determined threshold 

for sex estimation 

 

The average of the ratio for the female was found to be 2.11 and for the male was 

1.73.  The number of lobsters in a particular range determine by sex is shown in 
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figure 4.4.  A standard deviation was calculated for the male and the female ratios.  

These were applied to the average figures and a threshold of 1.89 was determined to 

be the point that if above the estimated sex would be a female and if equal to or 

below it would be estimated as a male as shown in figure 4.4. The results obtained 

with the 377 lobsters tested (211 male and 166 female) given in the table below. 

 

Measure Result 

Classified correctly 341 (90.45%) 

Incorrectly Classified 36 (9.55%) 

Males Incorrectly Classified 21 

Females Incorrectly 

Classified 

15 

Table 4.6: Sex estimation results 

 

 

4.3.1 Discussion 

 

The measurements used to estimate lobster sex are derived from the positions on the 

images of key landmark points provided by Cootes’ ASM toolkit.  These 

measurements are based on pixel location but could be based on other distance 

measures.  The conversion rate applied to those measures is based on pixel length 

and appears to provide appropriately proportioned measures when compared to 

measurements taken in the Gnu Image Manipulation Program for training set 

purposes. 

 

The sex of the lobster could be estimated from the ratio calculated above.  The 

results of the measuring script show a 90% success rate in estimating the sex of 

lobsters in the images.  The results show that the males produced more incorrect 

estimations.  However it has to be noted that there were more male images in the set.  

When divided into the total number of images, these results show that of the 9.55% 

incorrect sex estimations, males made up 5.57% and females 3.98%. Due to time 

constraints this estimation was based on points located near the sex organs of the 

female only.  It may be possible that, if the experiment were repeated, testing on 
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points near the male sex organs that a better result may be obtained for males. Ratios 

of multiple measurements may also improve the sex estimation. 

 

 

4.4 Sensitivity Testing Results 

 

The following results were obtained from running the sensitivity tests as per section 

3.6.  The test sets detailed below relate to the test sets described in Table 3.2.  The

value given under the test set is equal to the number of images that obtained a full 

match after translations and rotations were applied. 

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

Result 4 6 12 11 11 14 12 12 9 11 

Table 4.7: Results of Sensitivity Testing 

 

The result of this test is also detailed in the following chart, comparing the number of 

matches (as represented by circle size) when compared with the amount of rotation 

(x axis) and translation (y axis) applied. 

 

 

Figure 4.5: Sensitivity matches compared with rotation and 

translation

 

Finally, figure 4.6 shows the number of times each image in the test set was matched 

across all ten tests.  The images included in this test set were the images that had 

proven to be the most easily matched as described in section 3.4. 
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Figure 4.6: Image names compared with the number of times 

matched in the test 

 

 

4.4.1 Discussion 

 

The results of this testing shows that where there is variation in the initial positioning 

of the shape model, either by rotation or by translation, there will be an effect on the 

success rate of the matches.  This reduction is not so large as to make the system 

invalid however.  The data shows that the worst results occur at the extremes of

translation or rotation but that solid match levels can be maintained in most of the 

variations.  

 

Considering the number of matches each image achieved across the tests suggests 

that the chances of a match being made is highly dependent on the image itself.  

Whilst running the test it did seem that images that contained a larger thoracomeres 

seemed to obtain a match easier than those where the thoracomeres was notably 

smaller.  This result could also suggest that the images with no or low matches may 

in fact have received a similar result in the main model testing had the model been 

refreshed at the introduction of every new image.  It is possible that the continuous 

use of the model in testing may have obtained matches by preparing the model for 

similar sized lobsters from the same area of catch.  This should be considered when 

deciding a policy of model use in a live system and could be a focus of further work. 
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Chapter 5: Conclusions and Further Work 
 

5.1 Conclusions 

 

The ASM is an ideal tool for obtaining a match to the lobster thoracomeres in a 

specified image.  In a simulation of an automated system, a model trained on 200 

images achieved a “full match” rate of 77.31% and a combined “full” and “usable 

match” rate of 85.19%.   Problems in the images themselves can be overcome with 

sufficient training, as is shown by the fact that, given the larger training sets, blurred 

images providing a similar match rate to the good quality images. 

 

Testing suggests that the colour histogram equalisation techniques detailed in this 

thesis provide a greater probability of a successful match than utilising no pre-

processing on the images or using images for which an edge detection filter was 

included as part of the pre-processing process.   

 

A fully automated process can be built that would take in an image and: 

• Pre-process that image 

• Apply a model to the image for matching 

• Determine if the points of an image have been successfully located 

• Take the located points and provide measurements and sexing information. 

The computation time for this process would probably be quite short (a matter of 

seconds) and the process could be included within a specialised device designed to 

process lobsters on board a lobster fishing vessel. 

 

Results of sensitivity testing tend to suggest that some images in the main testing of 

the models may have achieved a match based on being similar to those images 

surrounding them in the set.  If the model had been refreshed with every image a 

match may not have been obtained.  These findings suggest that in an automated 

process refreshing the model should only occur if a failed match is returned. 

 

To ensure that the system has the best chance to obtain a match it would be prudent 

to build models from images that are taken on equipment identical to that which will 
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make up the final system.  This will ensure that the images are as similar as possible 

to those that will be taken on an actual fishing vessel. 

 

 

 

5.2 Further Work 

 

The trend of model improvement based on the size of the training set suggests that 

further improvement could be obtained using larger training sets.  The number of 

images available to this project constrained the model size to 200 images although it 

would be useful to obtain a new set of images to add to the training set or to include 

the images currently in the test set into the current training set and obtain another set 

of images to test the models produced.  Increasing the training set in increments of 

100 should quickly find the optimal size to obtain the best percentage of full 

matches. 

 

Further study needs to be made into the manner of matching the model to candidate 

images.  The study needs to determine if refreshing the model after each new image 

is introduced or continuous use of a model refreshed only when a non-match occurs 

is the best policy for the system. 

 

The ASM could be extended so that the initial segments of the surrounding 

pereopods (walking legs) could be included as separate shapes.  The script could then 

determine if a leg is attached at this point or is missing, as often occurs due to 

damage from the lobster trap or from predators. 

 

Further testing is required to study the effects of water distortion on the images.  The 

images are to be taken as the lobster is removed from the lobster pot and placed on 

top of a plate that will contain the camera.  In these conditions it can reasonably be 

expected that water will be a further complication and testing needs to determine 

what effect that will have on the overall matching process. 

 

A version of the Active Shape Modelling toolkit needs to be created that allows 

access to the underlying code.  This needs to happen so the process can be fully 
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automated and customised appropriately.  This application could be general enough 

in scope to allow for commercial viability in related applications with similar image 

matching requirements. 

 

Further investigation of the sex estimation process for the lobsters is necessary.  This 

would include, but not be limited to, testing for sexing characteristics based on points 

close to the male sex organs to see if these points can provide a better estimation of 

sex. 
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