4 Results

4.1 ResNet50_v1

ResNet50_v1 uses train set and test set of version 1, the original train and
test sets that were described in Chapter 3.3.

In Figure 16 the Losses Graph is presented.

Train Loss on 20th epoch: 0.89,
Test Loss on 20th epoch: 2.14.

[Figure 16. Train and test losses with ResNet50 v1]
In Figure 17 the Accuracies Graph is presented.

Train Accuracy on 20th epoch: 0.74,
Test Accuracy on 20t epoch: 0.3.
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[Figure 17. Train and test accuracies with ResNet50 v1]
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[Figure 18. The Confusion Matrix by ResNet50 v1 model results]
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[Figure 19. The Normalized Confusion Matrix by ResNet50 v2 model re-
sults]

Analyzing the confusion matrices yields the following conclusions:

The tested Bush and Casiraghi were correctly classified into their families
52% and 41% of the time, respectively. Their models performed the best.
However, in 46% of the cases, Casiraghi was misclassified into the Bush fam-
ily.

In the training set, the Casiraghi family has 4 members with a total of 9o
photos. The tested Charlotte Casiraghi has 30 photos. The Bush family in the
training set has 5 members with a total of 558 photos. Considering there are
960 photos in the training set, the Bush family photos account for more than
half. The tested George Prescott Bush has 23 photos. The matrix also shows
that most of the misclassifications wrongly assigned some tested individuals
to the Bush family.

It is easy to conclude that the large number of Bush family photos signifi-
cantly influenced the accuracy of correctly classifying them into their family.
However, such an uneven distribution of photos per family negatively im-
pacts the accuracy of classifying members of other families, often misclassi-
fying them as Bush family members.
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In the case of the Casiraghi family, it can be assumed that the quality of
the photos positively affected the accuracy of classifying Charlotte Casiraghi
into her family. In the training and test datasets, all Casiraghi family photos
are in color, clear, and with faces looking straight ahead.

It is also noteworthy that Truman was correctly classified into his family
in 50% of the cases, which is also a very good result. Interestingly, unlike the
Casiraghi family, all Truman family photos, both in the training set and the
tested Truman, are black and white. This suggests that the homogeneity of
the photos also positively affects the results. The number of photos for the
Truman family in the training dataset is relatively small compared to
Casiraghi and Bush, with only 32 photos for 5 family members.

The worst classified were: Hoover: 0%, Wilson: 0%, Rockefeller: 0%, Clin-
ton: 0%, and Roosevelt: 0%.

It is assumed that their poor results were influenced by the low number of
photos for the tested individuals.

4.2 ResNet50_v2

The previous train and test sets were edited based on the results of the previ-
ous testing. The following changes to the datasets were made:

e In the Hoover family, Mary Blanche Hoover who has 1 photo was re-
placed in test dataset with Herbert Clark Hoover, who has 17 black and
white photos.

¢ In the Clinton family, 9 photos of Chelsea Clinton were added to the
test dataset. There were added several new photos of Bill Clinton and
Hillary Clinton where they appear younger.

¢ In the Rockefeller family, the previous test member was replaced with
another person, as the first one had a beard, which might have hin-
dered proper classification. There was added new photos of Margaret
McGrath in the training set. The previous photo was of another
woman.

In Figure 20 the Losses Graph is presented.

Train Loss on 20th epoch: 0.88,
Test Loss on 20th epoch: 2.07.
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Training and test losses with ResNet50
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[Figure 20. Train and test losses with ResNet50 v2]

In Figure 21 the Accuracies Graph is presented.

Train Accuracy on 20th epoch: 0.76,
Test Accuracy on 20t epoch: 0.3.
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[Figure 21. Train and test accuracies with ResNet50 v2]

— T T T T T T T 1
1 2 3 45 6 7 8 9

26




Confusion Matrix

25
Casiraghi 0 0 0 1 9 0 0 0 2

Clinton - 4 0 0 0 0 5 0 0 0 0
20
Hoover - 1 0 0 3 0 1 0 0 Z 10
Truman- 3 0 0 9 3 0 0 1 0 4
15
Astin 4 11 0 0 0 0 7 0 0 0 0
@
2
}—
Bush - 8 0 0 0 1 12 0 2 0 0
-10
Rockefeller - 6 0 0 0 0 0 0 0 0 0
Reagan - 7 0 0 1 1, 1l 0 0 0 2
-5
Wilson- 0 0 0 0 0 0 0 1 0 0
Roosevelt - 1 0 0 1 0 B 0 0 0 0
| | | 1 | | | | | 1 - 0
= c e = [= N e c = =
=] [T} M = 4] w o =] [T
F £ 3 &t & 2 3 & & 3
[ G L E g & = 2
o g 2
&
Predicted

[Figure 22. The Confusion Matrix by ResNet50 v2 model results]

Analyzing the resulting matrices, it can now be observed that the
Casiraghi are being classified more accurately, with 68% of photos correctly
identified. However, the number of falsely classified Casiraghi has also in-
creased. Previously, there were 13 false Casiraghi, but now there are 41. In
the last experiment, there were 52 false Bush classifications, and now there
are 11. In the previous experiment, Bush was falsely classified as Casiraghi in
5 cases, while Casiraghi were falsely classified as Bush in 9 cases. Now, Bush
is classified as Casiraghi in 8 cases, and Casiraghi are still classified as Bush
in 9 cases.

It is also evident that the new test subject Rockefeller was falsely classified
as Casiraghi in all cases, meaning that replacing the Rockefeller test subject
worsened the model's accuracy, as the model was trained on poorer quality
Rockefeller training data. It is possible that the falsely classified Rockefeller
as Casiraghi affected the overall classification quality, causing other test sub-
jects to be falsely classified as Casiraghi.
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[Figure 23. The Normalized Confusion Matrix by ResNet50 v2 model re-
sults]
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4.3 AlexNet_v2
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[Figure 24. Train and test losses with AlexNet]
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[Figure 25. Train and test accuracies with AlexNet]
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[Figure 28. The Confusion Matrix by AlexNet model results]

From the confusion matrices shown in Figures 27 and 28, it can be con-
cluded that the model tends to identify the remaining classes as belonging to
the Casiraghi family. The reason for this behaviour could be an imbalance in
the quality of the dataset for different classes. Representatives of Casiraghi
family have high-quality, colorful photographs, which allows the model to
better identify this class.

Despite the large number of photographs of the Bush family, the quality
of the images themselves played a role. AlexNet is a more complex model
compared to ResNet50. Images with higher quality allows the model to ex-
tract more features from such images, and this is more clearly visible on the
more complex model.

4.4 ResNet50 test 2

Test set includes two individuals Charlotte Casiraghi and George Prescott
Bush.
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Training Loss on 20t epoch: 0.912,
Training Accuracy on 20th epoch: 0.713,
Validation Accuracy on 20t epoch: 0.65,
Validation Loss on 20t epoch: 1.38

Charlotte:
Counter({'Casiraghi’: 23, "Bush’': 18, "Reagan’: 2, "Roosevelt': 2})

George:

Counter{{ 'Bush’': 16, 'Astin': 4, 'Casiraghi’': 2, "Roosevelt': 1}
[Figure 29. Charlotte Casiraghi and George Prescott Bush ResNet50 out-
puts]

Most of Charlotte's photos are correctly identified as Casiraghi (23).

Most of George’s photos are correctly identified as Bush(16).

Conclusion, the model performs well on two tested individuals. The indi-
viduals are not relatives as they are from different families.

Training and test losses with ResNet50
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[Figure 30. Training and Test losses with ResNet50 v3]
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Training and test accuracies with ResNet50
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[Figure 31. Training and test accuracies with ResNet50 v3]

4.5 AlexNet test 2

Test set includes two individuals Charlotte Casiraghi and George Prescott
Bush.

Training Loss on 20th epoch: 0.648,

Training Accuracy on 20t epoch: 0.786,

Validation Accuracy on 20th epoch: 0.8,

Validation Loss on 20th epoch: 0.586

Charlotte:
Counter({'Casiraghi’: 31, "Bush’': 3, "Astin': 2, "Reagan’': 1})

George:
Counter({ 'Bush’': 17, 'Casiraghi’: 6}
[Figure 32. Charlotte Casiraghi and George Prescott Bush AlexNet outputs]

Most of Charlotte's photos are correctly identified as Casiraghi (31).

Most of George’s photos are correctly identified as Bush(17).

Conclusion, the model performs well on two tested individuals. The individ-
uals are not relatives as they are from different families.
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[Figure 33. Training and Test losses with AlexNet v3]
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[Figure 34. Training and Test accuracies with AlexNet v3]
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5 Conclusion

As aresult of the work done, a proof-of-concept application was developed to
solve the kinship verification problem. The application uses deep neural net-
work model. The selection is performing between two CNN architectures
ResNet50 and AlexNet. During development, three models were trained on
two different datasets vi1, v2: ResNet50_v1, ResNet50_v2, and AlexNet_v2.
The ResNet50_v1 model showed the best results. Despite the close values of
losses and accuracies for the ResNet50_v1 and ResNet50_v2 models, an
analysis of their confusion matrices revealed that the first model was able to
correctly classify the Bush, Casiraghi, Truman, and Reagan families. Addi-
tionally, the first model's overall error was more evenly distributed across all
classes, whereas the second model had a much higher rate of misclassifica-
tion for the Casiraghi family compared to other classes.

The AlexNet_v2 model has a more complex architecture than ResNet50,
enabling it to extract more features from images, making it more sensitive to
image quality. Since the Casiraghi family photos are of the highest quality,
the model extracts the most features from their images, leading to a higher
number of errors on the less quality images from other families. Therefore, it
can be concluded that the quality of the photos is more important than the
quantity when solving the kinship verification problem. Quality, in this con-
text, means the absence of noise in the photos. Additionally, as demonstrated
by the ResNet50_v1 model, a significant difference in the number of photos
among different families also negatively affects the model's performance,
contributing to a high percentage of false classifications for the class with sig-
nificantly more photos, as seen with the Bush family.

Among the three models, ResNet50_v1 performed the best in solving the
kinship verification problem.

Finally, as a result of the work done, it can be concluded that a CNN model
is capable of determining kinship verification between two people by photos
with consideration of family affiliation, but only if it has been trained to iden-
tify their relatives.
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