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Abstract
The population of stray dogs increases 
every year, which is why technologies, pro-
tocols, and legislative projects have been 
implemented in different countries to stop 
it. The objective of this research is to make 
use of image recognition (machine lear-
ning) to optimize the identification of stray 
dogs that are in a state of loss. The imple-
mented methodology consists of 4 phases: 
approach to the research questions, gene-
ration of the model via machine learning, 
development of the mobile application 
where the generated model was integrated, 
and validation of the proposal with 2 case 
studies. From the results of the validation, 
it was found that our proposal managed 
to optimize the time and precision in the 
identification of lost dogs by 45%, compa-
red to other web platforms.

Keywords: AutoML Vision, image re-
cognition, lost dogs, machine learning, 
street dogs.

Resumen
La población de canes callejeros aumen-
ta cada año, por ello se han implementa-
do   tecnologías, protocolos y proyectos 
legislativos en los países para frenarlo. El 
objetivo de la presente investigación es ha-
cer uso del reconocimiento de imágenes 
aplicando AutoML para optimizar la identi-
ficación de canes callejeros que se encuen-
tran en estado de pérdida. La metodología 
implementada consta de 4 fases: plantea-
miento de las preguntas de investigación, 
generación del modelo usando aprendizaje 
automático, desarrollo del aplicativo mó-
vil donde se integró el modelo generado y, 
validación de la propuesta con 2 casos de 
estudio. De los resultados en la validación, 
se obtuvo que nuestra propuesta logró opti-
mizar el tiempo y precisión en la identifica-
ción de canes perdidos en un 45% en com-
paracion con otras plataformas web.

Palabras clave: AutoML Vision, machi-
ne learning, canes callejeros, canes per-
didos, reconocimiento de imágenes.
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1. INTRODUCTION

The human-dog bond has various theories in relation to its origin, the most repre-
sentative being when humans were hunter-gatherers, due to the ease with which 
the dogs could have food, participating in activities together with humans, such as 
hunting and transportation. Which leads to the link being part of the history of 
both species [1]. The dogs that after the bond were separated from the humans to 
continue on their own, were called stray dogs. By instinct, these dogs can survive 
without the human bond, but without some type of education or upbringing that 
allows them to have good health, it can be harmful to humans, because these dogs 
are one of the main causes affecting public health [2].

Investigations show that the number of stray dogs is increasing in different loca-
tions. Such is the case of the Affinity Foundation [3], which in its last report in 2016, 
estimated that approximately 138 thousand animals, between dogs and cats, were 
collected in the streets of Spain. The reason why they were abandoned was 15% due 
to unnecessary litters, 13% because of behavior problems, 8% due to loss of interest 
in the animal, and 12% for economic factors. Also, according to the Ecuador Ani-
mal Protection Foundation, in 2014 there were 600,000 pets in Quito alone, 20% of 
which were found abandoned, another 20% were owned, and the remaining 60% 
lived on the streets. That’s why different authors are looking for the reason why 
the number of stray dogs is increasing, in order to propose solutions that allow to 
decrease these amounts. 

“Stray Animal Mobile App” [4] was among the various solutions that were proposed, 
which was based on the interaction between owners and people to search for a dog 
through reports, using a mobile application which provides either a good or bad 
result after a decent interval of time; this may be very useful to some owners. Fur-
thermore, applications that use external tools to provide information regarding the 
location of the dog, like “Book Meow” [5], an application that allows us, via the use 
of GPS, to track the location of the dog, and at the same time look, for places where 
the dog can be found, were created. This type of GPS is very useful for those owners 
who can, and wish to, opt for this type of complementary device to their application. 
In addition, applications such as “A Mobile App Engaging Citizens and Officials in 
Addressing the Stray Dog Crisis” [6], allows for communication between citizens, 
responsible officials, and animal control personnel, through reports of the location 
and agglomeration of street dogs, to have a better mapping and, then, taking the co-
rresponding actions against public health, which at the same time is a way of finding 
dogs, if the owner gets in contact with these people. 
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What is remarkable about these investigations is the technological contribution that 
allows for the identification of a dog in different ways. However, they do not consider 
aspects such as accessibility and response time in detail, for example, the Stray Animal 
Mobile App requires the information of the dog for identification, as this information 
is later reviewed among the thousands of reports, it takes a long time in some cases, 
while the use of Book Meow, which uses a GPS device, turns out to be very expensive 
for some, preventing it from being accessible to everyone. For this reason, we propose 
a mobile application that makes use of a machine learning model with Google Cloud 
AutoML Vision for the recognition and classification of images of lost dogs, in order to 
help the public user obtain the most accurate and fast identification possible. In addi-
tion, to provide them with better accessibility, in terms of cost and use.

The proposal has been organized by sections. In section 2, the methodology used for 
the review of the studies related to street dogs is explained. Based on this, section 
3 includes the methodology implemented for the development of the proposal, and 
the description of the phases. Subsequently, in section 4, the application is valida-
ted, the re sults are shown and discussed. Finally, the conclusions are indicated in 
section 5. 

2. RELATED STUDIES

A review of the literature was carried out, applying the “A systematic literature review 
about software requirements elicitation” [7] methodology, which is composed of 3 pha-
ses: planning, development, and results. 

In planning the review, the established research questions were the following ones: 
(1) What are the consequences of the large number of stray dogs on human well-be-
ing? (2) What are the main technological and legislative measures to reduce the num-
ber of street dogs? and (3) What factors cause the rise in street dogs? Additionally, 
the keywords, database, and inclusion or exclusion criteria were defined.

After developing the review, we proceeded to choose the studies, thus, the next steps 
were followed: we searched for studies in different databases, collections of poten-
tial studies, the application of exclusion criteria, followed by the selection criteria in 
the abstract, the introduction, and conclusions; in order to obtain the studies used 
in the results phase. 

A taxonomy was proposed for the analysis of the selected studies, composed of 3 
categories (consequences, measures, and factors) related to each research question, 
according to Table 1. 
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The category “consequences” shows us those dangers in public health that are caused 
by street dogs towards people. Among these we find attacks, parasites, and infections 
due to the closeness between people and dogs. Articles about attacks were found more 
frequently, so identifying these is useful to the public wellness, including the “Stray 
Dogs Behavior Detection in Urban Area Video Surveillance Stream”[8], developed by its au-
thors as an intelligent solution which can identify and report street dogs attacks throu-
gh the automatic detection of public surveillance videos; in this way, it can extract basic 
characteristics of sequences within the videos to classify it according to the type of 
action, both for dogs or people, to finally interpret it with a behavior classifier.

These consequences are due to various “factors” that are largely, as the main cause, 
abandonment, irresponsible tendency, and the availability of food or shelter. The-
refore, Fatjó et al. in “Epidemiology of Dog and Cat Abandonment in Spain” concluded 
that the reasons why owners tend to abandon their dogs is due to loss of work, lack 
of time or space, animal behavior, unexpected litters, financial issues, hospital ad-
missions, or death.

Ta b l e 1. RefeRenceS found foR claSSification

Classification References Total

Consequences [2] [8] [9] [13] [14] [15] [16] [17] [18] [19] 10

Measurements [4] [5] [6] [10] [20] [21] [22] [23] [24] [25] 10

Factors [26] [27] [28] [29] [30] 5

Source: Own elaboration.

Based on the factors and consequences, the “measures” are the way in which these pro-
blems can be counteracted, so research that provides any software is very supportive. 
Such is the case of Dog Tracker, in “A Mobile App Engaging Citizens and Officials in Addres-
sing the Stray Dog Crisis” [6], it allows citizens and animal control officials to be connected 
by an application that records information on the sighting of a stray dog, based on its be-
havior. With “Book Meow: A Mobile Application for Finding and Tracking Pets” [5], a mobile 
application to locate and track your pets by GPS, and “Where is my puppy? Retrieving lost 
dogs by facial features” [10], an easy recognition software through convolutional neural 
networks to compare the effectiveness of techniques used for humans in animals.

3. METHODOLOGY 

This section presents the research methodology applied in the study, which is compo-
sed of 4 phases (see Figure 1). In phase 1 the following research questions were asked: 
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 � RQ1: Is it possible to build a mobile application applying image recognition to identify or 
report stray dogs efficiently?

 � RQ2: Is it possible to have better accessibility with a mobile application for image 
recognition to identify street dogs?

Source: The authors.

Fi g u r e 1. Methodology pRopoSal

In phase 2, the model that is generated will carry out the labeling of the breed of the 
dogs according to the photo obtained. This phase consists of 3 parts: (1) Collection of 
photos for training (Database), (2) Training of the model, and (3) export of the model 
by generating a file (.tflite). 

Thus, in phase 3, the mobile application is developed, based on a proposed architec-
ture, whose input is the file of the trained model. The functionalities that the appli-
cation has are: loss module and identification module.

Finally, in phase 4, two case studies will be carried out to corroborate the validity of 
the proposal. The first was done with the usual search through web portals for lost 
dogs, and, the second, by using our mobile application. 

Phase 2: Model

The model phase begins with the generation of the dataset to enter the training, 
using Google Cloud AutoML Vision, a software that makes use of search technology 
with neural architecture and transfer learning, facilitates the creation of custom 
vision models for image recognition use cases, instead of a custom handcrafted CNN 
architecture [29]. AutoML Vision combines transfer learning with neural architectu-
re search (NAS) to achieve model optimization and automation [30]. After training, 
the model was exported in an accessible format for integration in the next phase. 
Figure 2 shows the entire process carried out to obtain the model file in .tflite format.
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Source: The authors.

Fi g u r e 2. iMage Recognition Model geneRation pRoceSS

Dataset generation

Images of dogs from different platforms were collected, starting with the Kaggle 
platform, where two datasets, with a total of 1600 images, were found, when con-
ducting a review, that the photos were not very useful for our model, and then, 
we proceeded to search in Google Images with the name of the breed where data 
was missing. From that search, 800 images were obtained. However, of all that was 
found, only the amounts presented in Table 2 were used. The 1000 images to be used 
were divided into sets by breeds. A total of 10 groups (breeds of dogs) were obtained 
for image labeling: Pug, Doberman, Beagle, Toy terrier, Siberian husky, Cardigan, 
Shih Tzu, Redbone, Gordon setter and Pembroke.

Ta b l e 2. nuMbeR of iMageS peR platfoRM

Used platforms Images found Images used

Kaggle 1600 800

Google images 800 200

Total 2400 1000

Source: The authors.

Training with Google Cloud AutoML Vision 

It began with the import of the groups of images to the Google Cloud AutoML Vision, 
reviewing the labels of the images, and correcting some of them. Then, the model 
was trained with the configuration requested by the software: type of model to be 
carried out, type of model optimization, and budget per node processing hour. Our 
model was made with the Edge type, which is the one available for subsequent ex-
port to Android, the best compensation optimization was selected, and it was perfor-
med with training of four nodes per hour. At the end of the training, a specification 
of three nodes was implemented in order to obtain a better prediction for the model. 
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Exporting the model

For the export of the model, Tensor Flow Lite was used, which is a tool that is opti-
mized for cell phones and ARM devices, then the only the option to export in TF Lite 
package was selected and a destination location in Google Cloud Storage was also 
chosen from this export, to finally get a package containing a. tflite file, a dictionary 
file, and metadata file. 

Phase 3: Proposed Mobile Application

The development of the mobile application was carried out using the PDSM develop-
ment methodology proposed by the authors María Florencia et al. [31]. The authors 
decided to take the best concepts from the RUP methodology and the SCRUM agile 
methodology to define a new process in software development. Besides the used sof-
tware methodology, for our requirements to capture activity, the guidelines indica-
ted in the research “Qualities that the activities of the elicitation process must meet to 
obtain a good requirement” [32] were followed.

The implemented proposal is an Android application developed with the Java pro-
gramming language, various free libraries were used for the applications functiona-
lities, such as Tensor Flow Lite, used for the integration of the recognition model. 
In addition, this proposal is made up of two modules: (1) the loss module, which is 
where the dog loss reports will be recorded and displayed, and (2) the identification 
module, which will search for matches between the lost dogs with a photo taken of 
a stray dog. Figure 3 shows the architecture of the proposal. 

Source: The authors.

Fi g u r e 3. app aRchitectuRe
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Figure 4 briefly explains the flow of the mobile application operation. The flow be-
gins by sending of the most current photo of the lost dog, through the mobile appli-
cation of the owner of the dog, at the time that the loss is registered, then, the mo-
del places a label on the photo that is saved as additional data. After a dog is lost, it 
becomes one of the many street dogs that exists, therefore, if a person finds it, they 
only have to send a photo of the street dog through their mobile application, this 
photo will be sent to the recognition model that will classify it with a label. Once this 
is done, the database will perform a search in real time, it will match the tag with 
respect to the tags of the lost dogs, to finally show all the dogs it finds. 

Source: The authors.

Fi g u r e 4. floW foR the identification of dogS uSing the Recognition Model

Phase 4: Validation

The validation is carried out with two case studies, the first making use of the usual 
search through web platforms for lost dogs, and, the second, using our proposal. 
Each case study is made up of 3 dog owners, in these case studies two activities were 
carried out: (1) report of the loss of their dog (each owner had an attempt with a 
maximum time of five minutes) and, (2) identifying a dog through a photo (each ow-
ner had 3 attempts with a maximum time of five minutes).
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During the second activity of the case studies, each identification attempt was made 
in a different way than the previous one. For the case study 1, in each of the three 
attempts they were told to look for different dogs, and therefore, different photos. 
In case 2, each attempt was differentiated by the environment in which the owner 
had to obtain a photo of his dog. These scenarios are presented in Table 3. 

Ta b l e 3. activity infoRMation foR each caSe Study

Study cases Used tool Scenario for identification photos

1 Web platforms Different dogs in each attempt

2 Mobile app

Attempt 1: Dark environment

Attempt 2: Illuminated environment

Attempt 3: With another dog of a different breed

Source: Own elaboration.

4. RESULTS AND DISCUSSION 

In each of the case studies, four main indicators were taken into account, which are: 
user errors, failed attempts, whether the owner managed to identify at least one dog, 
and the total time of the test. It is important to note that the total time of the test refers 
to the sum of the times invested in activities 1 and 2, as defined in the validation process.

It should be noted that it was considered a user error every time the owner pressed 
an option that diverted him from the function he had to perform, this, in order to 
see the levels of usability or ease of use of the web platforms and the application 
proposal. The number of unsuccessful attempts was taken as the total number of 
attempts given during the identification activity, where the owner could not find the 
dog. Then, if this amount became equal to three, the identification of a dog is consi-
dered a “No” at least once, otherwise, it is considered as a “Yes”. 

Case of study 1 

From the results obtained in this case study, it can be seen that owner 1 is the only 
one who managed to identify a dog on the assigned platform, he is also the one who 
obtained the least user failures, since his portal was understandable. In contrast, 
owner 3, who also obtained a web portal, but had all his information out of order. 
Facebook was the simplest platfrom during the report, but less accessible in identi-
fication since it presents a lot of information on mixed dogs and cats (see Table 4). 
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Ta b l e 4. SuMMaRy of ReSultS obtained in the fiRSt caSe Study

Owners
User 

errors
Failed 

attempts
Identified the dog at 

least 1 time
Time spent 
(seconds)

Used platform

1 2 2 Yes 1050 Web Portal 1

2 3 3 No 1200 Facebook

3 4 3 No 1200 Web Portal 2

Source: Own elaboration.

Case of study 2

In this case study, using the tool proposed in this article, is shown in Figures 5 and 6, 
with evidence of when there are no coincidences with the photo sent to search, and 
a sample of when the search was successful. 

In Figure 5 (a), the photo captured by attempt 1 of owner 1, where he captured the 
image of his dog in a dark place, can be seen; and in Figure 5 (b), the wrong result 
when he did not find matching results, because of the model when obtaining the 
image with a little view of the dog’s factions, chose at random and found no lost dogs 
with that label.
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(a) Photo of the dog in a dark place (b) Wrong search with the photo in the dark

Source: The authors.

Fi g u r e 5. vieWS fRoM oWneR’S WRong intent 1

In Figure 6 (a), you can see the photo of owner 3, which he obtained in his third 
attempt, in which he captured his dog with another dog of a different breed and 
size. Despite having two dogs of different breeds, the application focused on one 
and looked for the matching dogs to it, and in Figure 6 (b), you can see the result, in 
which it shows the searched dog as a match. 
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(a) Photo of the main dog with another  
dog behind

(b) Successful search for the photo  
with different dogs

Source: The authors.

Fi g u r e 6. vieWS of the SucceSSful tRial of oWneR 3

The results from the three attempts of the owners were different, the owner obtai-
ned only one failure when identifying his dog in his attempt 1, where he performed 
it in the dark environment, owner 2 only obtained success in his second attempt, in 
which he tested in the bright environment, and owner 3 managed to identify his dog 
in three attempts, this is most likely due to the high resolution of his mobile camera. 
Given the obtained results, the camera resolution of the owners mobiles was consi-
dered important data to be analyzed (see Table 5).
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Ta b l e 5. SuMMaRy of ReSultS obtained in the Second caSe Study

Owners
User 

errors
Failed 

attempts
Identified the dog at 

least 1 time
Time spent 

(seconds)
Camera 

resolution

1 1 1 Yes 165 Regular

2 3 2 Yes 313 Low

3 0 0 Yes 207 High

Source: Own elaboration.

DISCUSSION 

The results of both study cases are analyzed, the summary of the results are presen-
ted in Table 6, where the average of user errors, the average of failed attempts, and 
the average of time invested in the identification are shown, as is the total number 
of owners who managed to identify their lost dogs. 

Ta b l e 6. SuMMaRy of the ReSultS of the caSe StudieS

Case/ 
Details

Average 
user errors

Average failed 
attempts

Total owners who 
identified the dog  

at least 1 time

Average time spent 
(seconds)

1 3 3 1 1150

2 1 1 3 618

Source: Own elaboration.

 � RQ1: Is it possible to build a mobile application applying image recognition to identify 
or report stray dogs efficiently?

Regarding the number of erroneous attempts made by the owner, almost three ti-
mes many erroneous attempts were obtained in case study 1, compared to the other 
case study 2. This is due to the platforms carrying out a massive sample of all re-
ports, which makes identification very difficult (see Table 6). Therefore, only 1 of 
the owners could identify a dog during the first case, while in the second, all could 
identify a dog at least once. 
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Consequently, the research question RQ1 can be answered: “Yes, it is possible to build a 
mobile application applying image recognition to identify or report stray dogs efficiently, 
given that the use of the machine learning model for labeling the breeds of dogs, was very 
useful at the time of identification, since it significantly reduces the number of lost dogs. 
The results showed that the average time and failed attempts using our proposal is way 
more efficient compared to the traditional web platforms that are usually used”.

 � RQ2: Is it possible to have better accessibility with a mobile application for image 
recognition to identify street dogs?

As can be seen in Table 6, in the average number of user errors, the case study 1 was hi-
gher than case study 2, where the mobile application was used, because web platforms 
used contained mixed information, making the owner bored during the research. With 
this, we demonstrate that our application has a higher level of usability. 

According to the times used during the tests, it can be seen that the time used in 
case study 1 (1150 s) is almost twice the time used with the mobile application (618 s). 
Consequently, the RQ2 research question can be answered: “Yes, it is possible to have 
better accessibility with a mobile application for image recognition to identify street dogs, 
since the use of a mobile application has a higher degree of usability compared to applica-
tions web, and this also influences time”. 

Finally, it is important to highlight that in the image recognition, it was observed 
that “lighting is an important factor for image recognition, as is the “camera resolu-
tion” that the mobile phone has. Given that owner 3 had a high-resolution camera he 
was successful in all the indicated scenarios. While owner 1, who had a camera with 
regular resolution, the lighting of the environment acted as an important factor, 
because in a dark environment the identification attempt failed.

5. CONCLUSIONS

In this research, a mobile application was developed applying machine learning 
for recognition and classification of images of stray dogs, in order to optimize their 
search, and make it accessible to all users.

To carry out the research, each phase of the proposed methodology was applied: 
posing the research questions, generation of the model, development of the mobile 
application, and finally the validation of the proposal. 

Two research questions were proposed: (RQ1) is it possible to build a mobile applica-
tion applying image recognition to identify or report stray dogs efficiently? And (RQ2) is 
it possible to have better accessibility with a mobile application for image recognition to 
identify street dogs? 
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In the generation of the model, the dataset was collected, then the model was trai-
ned, and the results generated were exported using AutoML Vision. Sequently, the 
application was developed, using mainly Google services, both for saving data and 
for the consumption of the model. Afterward, the proposal was validated dividing 
it into two case studies, where the first case used different web platforms and in the 
second case our proposal was used.

From the results of the validation, the following statements were obtained: (i) the 
use of the mobile application achieved better results, since the average number of 
user errors and failed attempts were one third of those obtained with traditional 
web platforms. This is due to the use of image recognition with the machine lear-
ning model. For instance, this model efficiently reduced the information of lost dogs 
to review and ensured that owners can identify their dogs. (ii) The average times 
showed that the use of our application significantly reduces the time used to search a 
dog, since the average time with web platforms was the double amount. Finally, (iii) 
better accessibility in terms of the scope that anyone needs to use the mobile applica-
tion to identify their dog or report lost dogs. Therefore, the two research questions 
posed were answered with our investigation.
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