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1.- INTRODUCTION  

The origin of fingerprints comes from genetics, both from the genotype inherited from 
the ancestors, and from the phenotype of the environment in which the foetus is found during 

its development. It is difficult to establish how much of each one influences the type of 
fingerprint in each person, since each human being is born with a predisposition for the 

genotype that can be altered during gestation depending on the position and pressure on the 
foetus’ fingertips. 

 

The first known fingerprint classification was generated by John Evangelist Purkinje 
in 1823. Purkinje was a professor at the University of Wroclaw (Poland) and classified fingers 
into nine categories although he never mentioned their usefulness for personal identification. 

 
The first serious and in-depth study was carried out by Sir Francis Galton in 1892. 

Galton was a British anthropologist and divided the prints into three main classes (arch, loop 
and spiral) and later added a few subdivisions. In 1901, Juan Vucetich, who was the chief of 
the police in Buenos Aires, Argentina, devised a similar classification system. This system 

became famous for being the first system used to identify a murderer in 1892. About ten 
years later, the British Sir Edward Henry redefined the Galton method and in 1900 increased 
the number of classes. The Galton-Henry fingerprint classification system was adopted in 

many countries for the first time and the first databases began to be created, in fact, current 
systems are still based on that first classification, it will be the one we will use in this study. 

 

mailto:carlos.lopez@profesor.iesitacaalcorcon.org
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FINGERPRINT A 

ARCH TYPE 

The toe has ridges that enter 
one side, grow to form a 

small hill, and exit the other 
side. 

A 

FINGERPRINT B 

ARCH-TENT 

TYPE 

They are fingerprints similar 
to the arch but with a 

singular point delta or Y. 

B 

FINGERPRINT C 

LEFT LOOP 

The lines enter from the left 
side, draw a curve, and 

return to the left. There are 
two singular points, a loop 

and a delta. Unlike the tent 
arch, the delta is located 

below the loop but slightly to 

the right. 

C 

FINGERPRINT D 

RIGHT LOOP 

It is the same as the left 

loop, but oriented to the 
right. There are two singular 
points, a loop and a delta. 

Unlike the tent arch, the 
delta is located below the 

loop but slightly to the left. 

D 
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FINGERPRINT E 

SPIRAL 

It contains a spiral that 
starts around the centre of 

the finger. It can have 
several singularities. 

E 

FINGERPRINT F 

DOUBLE LOOP 

It has two loop-type 
singularities facing each 

other along two lower deltas. 

F 

 
Another equivalent system is the one established by Oloriz in Spain in 1903, modifying 

the one previously created in 1901 by Vucetich, with the following nomenclature. 

 
 
And the table of equivalences between both systems. 
 

Galton-Henry → Oloriz 

Archs (A y B)        →   Adeltos 

Loops (C, D y F)   →   Monodeltos (dextros/sinistros) 

Spirals (E)       →   Bideltos 

 

One thing is the fingerprint and quite another are the so-called minutae or minutes, which 
are the different discontinuities that may exist within the same fingerprint. These minutes 
are what make it possible to differentiate some people from others. It is estimated that each 

fingerprint may have more than one hundred minutes, but only fifteen of them are enough 
for an unequivocal identification. 
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3.- TAKING FINGERPRINTS * 

 For fingerprinting, the Jiusion digital microscope with USB connection 

to mobile / laptop and up to 1,000 increases has been used, which even 
allows the capture of images and videos. 

 

 For simplicity and since it is a study in its initial phase, we 
have only taken the imprint of the index finger of the right hand. 

 
 
 

* All hygiene and disinfection measures have been taken in each sampling and the legal guardians of all the 
students at the school have expressed their consent to the data collection expressing their disagreement if they 
so wished. At all times, the study has respected the anonymity of the participants. 
 

 

4.- DATASET WITH SAMPLE POPULATION 

 

 Our sample population has been 210 secondary / high school students and teachers 
from IES Ítaca in the period between January and June 2021. 
 

Our dataset, or database, generated has been made up of four attributes, fields or classes 
(Age, Sex, Fingerprint, Covid), the Covid attribute being a Boolean that represents whether 

the person has been diagnosed by PCR test or antigen test as positive, true value and blue 
color, or not, false value and red color, commonly called class to predict in classification 
algorithms. The dataset is available to anyone interested in the URL, 

 
Spanish versión → http://www.profesorescooperantes.org/dataset_huellas.xlsx  
 
English version  → http://www.profesorescooperantes.org/dataset_huellas_english.xlsx  

 
 To carry out this study we have used the machine learning software, Weka from the 

University of Waikato in New Zealand, very common in the Big Data university environment, 
programmed in Java with open source and freely available at the URL, 
 

https://www.cs.waikato.ac.nz/ml/weka/ 
 

✓ Age 
 

 
 

 
 

✓ Sex 
 

http://www.profesorescooperantes.org/dataset_huellas.xlsx
http://www.profesorescooperantes.org/dataset_huellas_english.xlsx
https://www.cs.waikato.ac.nz/ml/weka/
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✓ Fingerprint 

 

 
 

 
 
✓ Covid 

 

 
 

 
 
  
 Directly, from a first visual analysis of the generated histograms, we can already 

appreciate valuable conclusions, 
 

✓ It is a clearly balanced dataset in terms of sex, and that does not distinguish in 
this regard having passed or not covid by sex. 
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✓ In each type of footprint, the greater or lesser incidence of covid is appreciated, 

especially in type F (spiral or bidelto) due to the absence of positives. 
 
 

5.- STUDY VALIDATION 

 

 As in any scientific experiment, the most important reference is to know that the 
results obtained, first, coincide with others previously carried out and second, provide all the 
documentation so that it can be reproduced by anyone outside the same and obtain the same 

values. 
 
In the first case, we refer to the “Population study of fingerprints” carried out by professors 

Nacho Solans, Aitana Cano and Ana Reixats at Escola Hamelin-Internacional Laie in 
Barcelona on a sample population of 25 people (1). The following table compares the 

frequencies obtained between the two studies carried out. 
 

 Study (1) 

% / Number 

IES Ítaca 

Study 

 

Difference in 

absolute value 

Weighting over 

total  

(25+120) 

Partial 

weighting 

Archs 16,8% / 4 20% 3,2 3,2 x (4/145) 0,088 

Loops 61,2% / 15 59,52% 1,68 1,68 x (15/145) 0,174 

Spirals 21,6% / 6 20,48% 1,12 1,12 x (6/145) 0,046 

 100% / 25  Total weighting Study (1) 0,308 

 

 On the other hand, if we analyse the types of fingerprints by sex, we refer to the "Study 
of the frequencies of fingerprints and characteristic points in fingerprints of the Spanish 
population" carried out by María del Mar Robledo Acinas, José Antonio Sánchez Sánchez 

and Raquel Aguilar Ungil de the magazine Law and Social Change on a sample population of 
120 people, half of each sex (2). 
 

 Study (2) 

% / Number 

IES Ítaca 

Study 

Difference in 

absolute value 

Weighting over 

total  
(25+120) 

Partial 

weighting 

 Men (M’) 

Archs 11,66% / 7 25,23% 13,57 13,57 x (7/145) 0,655 

Loops 48,33% / 29 59,81% 11,48 11,48 x (29/145) 2,296 

Spirals 40% / 24 14,95% 25,05 25,05 x (24/145) 4,146 

 100% / 60  Total weighting Study (2) M’ 7,097 

 
 

 Study (2)  

% / Número 

IES Ítaca 

Study 

Difference in 

absolute value 

Weighting over 

total  

(25+120) 

Partial 

weighting 

 Women (W’) 

Archs 6,66% / 4 14,56% 7,9 7,9 x (4/145) 0,218 

Loops 59,99% / 36 59,22% 0,77 0,77 x (36/145) 0,191 

Spirals 33,33% / 20 26,26% 7,07 7,07 x (20/145) 0,975 

 100% / 60  Total weighting Study (2) W’ 1,384 

 
 In general, we observed in the study (1) a clear parity between both studies, the largest 

difference being 3.2 percentage points, while in the study (2) by sex, there was a high 
dispersion in men, reaching more than 25 percentage points in the spirals, and in women it 

is much lower. The global dispersion mean weighted by the total number of students 
in both studies is 8,789 percentage points, which we consider acceptable given the 
sample population and the study conditions. 
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6.- STUDY ANALYSIS 

 
The breakdown of the results is reflected in the table below. It is worth highlighting the 
following, 

 
✓ Fingerprint type A: only men are positive. 

 
✓  Fingerprint type B, D and E: there is a certain parity between the positives by sex, 

between 40% and 60%. 

 
✓  Fingerprint Type C: women are mostly positive with 87.5%. 

 

✓ Fingerprint type F: there is no positive in either sex.  
 

 

FINGERPRINTS TOTAL M’ W’ 

TOTAL 
NUMBER 
COVID 

POSITIVE  

%  
POSITIVE 
COVID ON 

FINGERPRINT 

TOTAL 
NUMBER 
POSITIVE 

MEN 

%  
TOTAL 

POSITIVE 
MEN 

TOTAL 
NUMBER 
POSITIVE 
WOMEN 

%  
TOTAL 

POSITIVE 
WOMEN 

A 18 11 7 5 27,78 5 100 0 0 

B 24 16 8 7 29,17 4 57,14 3 42,86 

C 70 33 37 8 11,43 1 12,5 7 87,5 

D 41 24 17 5 12,2 3 60 2 40 

E 43 16 27 10 23,26 4 40 6 60 

F 14 7 7 0 0 0 0 0 0 

 210 107 103 35  17  18  

 

 
 The first thing is to see the results globally. For this, the lower graph shows the number 

of total cases by type of fingerprint in green, the number of positive cases in red and the 
percentage of positives over the total in blue. It is curious that the type F fingerprint does 
not present any positive with 14 total cases. Also noteworthy is the low percentage of positives 

in type C and D fingerprints, 11.43% and 12.2% respectively, compared to the rest of the 
fingerprints, which are higher than 23%. 
 

 

 
Global results with covid19 
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 If we now disaggregate the data by sex, first without any inference from covid, we 
observe that in women the type E footprint is predominant (in spirals or bideltos) while in 
men they are types A and B (in arches or elbows) and to a lesser extent type D. 

 
 

 
Predominant footprints by sex 

 
 

 But if we add the variable of having been positive in covid to the previous graph, the 
panorama changes radically. Now positive women clearly predominate in type C fingerprints 
(left loop) and to a lesser extent in type E (in spirals or bidelts). In positive men, type A 

(arched) fingerprint is 100% exclusive to them and to a lesser extent type B (arched-tent). 
 

  

 
Predominant footprints by sex and covid19 
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7.- STUDY CONCLUSIONS 

  
       According to the previous sections, the correlation found between the type of fingerprint, 
the sex of the person and having been positive for covid19 seems clear. In such a way, that 

we can affirm the following, 
 

For both sexes, 
 
✓ Type B fingerprints (in the store arch) are the ones that accumulate the highest 

percentage of covid positives, almost 1 in 3 people. 
 

✓ Type C and D fingerprints (ties) are the ones with the lowest percentage of covid 

positives, only 1 in 10 people. 
 

✓ The fingerprint of type F (double loop) does not present anyone positive for covid. 
 
For men, 

 
✓ Being a man and having a type A (arched) fingerprint has a greater 

predisposition to be positive for covid. 
 
For women 

 
✓ Being a woman and having a type A footprint (arched) has less predisposition 

to be positive in covid. 

 
 

8.- DEEPENING — APPLYING AI 
 
 To check if there is a hidden pattern in our dataset that can explain these results, we 

are going to use artificial intelligence (AI) through classifying algorithms that will try to find 
100% correct results in the results obtained. 
 

In this way, if we get it or get close to it, it will be indicating that there is indeed an internal 
correlation between the data and a new record can be predicted. 

 
To do this, we will use data mining with the Weka program referenced above. We will now 
use a new attribute called "Symptoms" that will allow us to know the symptoms, the type of 

it or the absence, of each subject who has passed the covid. While the class to predict will 
be the covid, usually the last attribute. All of them are nominalized, only one value can be 

chosen from a list, except the age, which will be numeric. They will be as follows, 
 

Numeric   age 

Sex    {MAN, WOMAN} 
Footprint   {A, B, C, D, E, F} 
Symptoms  {MILD, MODERATE, ASYMPTOMATIC} 

Covid   {YES, NO} 
 

 Our problem is non-linear, that is, the graphic representation of all the points does not 
form a known surface or shape, such as a line for example. Therefore, we will use a classifier 
algorithm specialized in non-linear problems such as neural networks. Inside Weka we will 
take the MultilayerPerceptron with the following configuration parameters, 
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✓ A number of 5 hidden layers 

✓ A learning rate of 0.3 
✓ A moment of 0.2 

✓ A number of iterations or epochs of 150,000 
 

 
 
 

 The result is usually expressed in the form of a confusion matrix, where the diagonal 
from top-left to bottom-right are the correctly classified records and the rest are the 
incorrectly classified, 

 

 
 
 It presents 7 incorrectly classified instances with 3.3%. If we look at the confusion 
matrix, we see that most of these instances, 5, are produced by classifying as no's when they 

really are yes, while conversely they are only 2. Therefore, we are going to complement this 
algorithm with another that allows us to improve those mistakes made in the zone of no. 

 
Now we will use the CostSensitiveClassifier classifier algorithm, specific to improve errors 
in the chosen areas of the confusion matrix, with the same base algorithm as above, 

MultilayerPerceptron. We are allowed to generate a matrix called costs, since placing an error 
in different areas has different costs, to assign it a weight of greater incidence to our liking. 
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In this case, we will give the double value to the area where there are more errors and half 

to the other area. The cost matrix will be as follows, 
 

 
 

 The results with this adjustment made allow us to improve in two instances, so that 
we only have 5 incorrectly classified instances, dropping to 2.381%, that is, the percentage 

of correctly classified instances is 97.619%, a percentage that cannot be improved and 
is quite acceptable. . 
 

 
 

 We can observe the five incorrectly classified instances in the form of squares, 
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 And even know what they are and investigate each of them, which is not the object of 
this study. 

 

           
 
 

 
 
 

 
 

9.- AI CONCLUSIONS 

 
 As the applied AI shows, there seems to be a clear correlation between the fields taken 

in the study and the class to be predicted, covid19, so a much more detailed study should 
be carried out that includes a sample population of several thousand people to be 
more conclusive. In addition, you can go much deeper through, 

 
✓ Enlargement of the footprints to all fingers of both hands 

✓ Photographic analysis of the specific minutes of each footprint 
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