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Abstract: Although canine and humans have interacted for centuries, human understanding of canine health
remains limited. Several canine -health-monitoring systems have been developed in recent times. However,
several factors, such as the canine breed, age, size, and weight, make data estimation challenging. In this
study, activity sensors were installed on the necks of 30 canines of six breeds, ages, and weights, and a novel
disease-inference program was developed to track changes in their scratching, licking, swallowing, and
sleeping behaviors. Further, health questionnaires were created for similar diseases based on the observed
abnormal canine behavior. In addition, a software program was developed and verified to predict canine
diseases based on these data and recommend check-ups accordingly. The sensitivity and specificity of
decision-making were verified by comparing the data on behavioral pattern changes and disease predictions
collected via questionnaires with the results of veterinarian diagnoses. The average sensitivity and specificity
of disease predictions (digestive and skin), estimated by the changes in behavioral patterns and the owner
questionnaire, were 82% and 81%, respectively. Cohen's kappa coefficient was 0.79 in the diagnostic area,
demonstrating diagnosis consistency. Therefore, the results show that canine’s' abnormal scratching, licking,
swallowing, and sleeping patterns can be used for health monitoring. This study contributes to the
development of canine health status monitoring systems.
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1. Introduction

Approximately 50% of the American and 25% of the European households own one or more canines [1].
Furthermore, the number of people living with canines at home is increasing. Therefore, the health status of
canines has attracted considerable attention [1]. Canines and humans have been interacting for centuries, and
canines are known to express various emotions through facial expressions and gestures [2]. Canines exhibit
certain behaviors to communicate and convey emotions to their owners. However, although canines can indicate
their health conditions through specific behaviors, canine owners do not always understand these indications,
leading to early diagnosis failures and increased treatment time [3, 4]. Therefore, analyzing abnormal behaviors
related to canine health is essential for narrowing the communication gap between canines and their owners [5].

Thus, developing health-monitoring technology that can accurately analyze the health of companion
animals through biological research and behavioral observation is critical. From a veterinary perspective,
abnormal and repetitive scratching, licking, sleeping, and swallowing are common indicators of canine ill health
patterns [6]. Thus, sensing technology that can accurately extract and distinguish these repetitive behaviors is
essential. Canine disease prediction was previously studied based on a combination of behavioral findings and
conditions because diseases in canines are affected by various factors. However, owing to the limited
environmental conditions and a normal range of activities, observing abnormal behaviors and collecting data to
predict diseases for canines living in households is possible. Therefore, this study assumed that the health status
of canines could be assessed through daily-life monitoring based on the behavioral change data.
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Representative diseases affecting canines can be categorized into digestive disorders, skin diseases, ear
inflammation, periodontitis, and eye diseases. Canine owners take their pets to veterinary clinics to treat
dermatitis, eczema, diarrhea, and vomiting [7, 8]. Notably, digestive disorders are more common at an early
age. Maltese canines and Poodles are prone to otitis externa, and Shih Tzu and Yorkshire terriers are prone to
dermatitis and eczema [9]. Moreover, numerous eye diseases have been reported in the Shih Tzu breed. These
observations suggest that individual breeds can exhibit distinct disease symptoms [10]. Therefore, this study
was conducted to monitor the health status of canines based on behavioral patterns (scratching, licking, sleeping,
and swallowing) and behavioral change data.

Predicting human diseases involves applying medical knowledge and acquired data while considering
individual characteristics [11]. Because canine breeds are more diverse than humans, extracting abnormal signs
for each breed based on characteristics such as size and weight is challenging, even if based on basic medical
treatment or treatment data. According to the International Canine Federation (Federation Cynologique
Internationale), more than 350 canine breeds are currently registered, and generating standard data based on
simple behavioral differences is difficult [12]. Consequently, setting the standard for abnormal behavior is also
difficult. Most studies have presented algorithms developed using conditional research based on a designated
canine breed, size, and weight [13]. Therefore, unconditional data-based accessibility can broaden the margin
of error.

Additionally, unlike humans, canines cannot manage their health. Therefore, owners must periodically
check their canines' health status, and systematic canine health management must be accomplished through a
health checkup program [14]. However, by using an information-technology-based behavior-extraction device
to observe and evaluate canine behavior with an artificial intelligence solution based on veterinary big data,
canine owners may identify underlying health conditions without a veterinary diagnosis. Thus, this study aims
to increase the enhance the understanding of owners on the health status of their pet canines by
developing a platform that predicts canine diseases and recommends the necessary diagnostic tests.

A study was previously conducted in Korea and investigated the correlation between specific behaviors
and the amount of physical activity in companion canines and cats. The study results revealed that determining
diseases through behavioral analysis is critical and strongly dependent on highly accurate measurement tools
[15]. A subjective analysis of companion-canine behavioral data was developed to obtain accurate data [16, 17].
Only the disease prediction results of companion canines can be trusted because the general public does not
have veterinary knowledge. Therefore, the results in this study were differentiated and improved by adding the
results of a canine questionnaire developed in cooperation with a veterinarian to increase data reliability for
both the veterinarian and canine owner. Furthermore, to obtain high reliability, the user perspective was
considered only when it increased the accuracy of the measured data values.

This study collected data on changes in behavioral patterns in everyday environments from 30 randomly
selected companion canines. The canines were categorized by breed, age, and weight to analyze abnormal
behavioral patterns. Based on this analysis, a data-driven program was implemented to differentiate between
normal and abnormal behavioral patterns, enabling quantification. Additionally, the study incorporated health
monitoring questionnaires completed by the canine owners and used the data-driven system to predict potential
diseases. To enhance the reliability of the results, the program's specificity and sensitivity were cross-verified
with veterinary opinions, thereby validating its effectiveness.

Through this study, we aim to validate a system that predicts the health status of companion canines based
on data extracted from their daily behaviors at home. This system is intended to assist in predicting diseases
and supporting timely veterinary visits.

2. Materials and Methods

2.1 Data collection

In this study, 30 companion canines of varying sizes, breeds, weights, and ages were randomly selected
and observed at a canine playground center in Gyeonggi Province. The selection criteria for the study
participants were based on the veterinarian's diagnosis, indicating that the canines had no issues with physical
activity, could eat well, and were estimated to be under 10 years old based on the combined opinions of the
canine's owner and the veterinarian. The research was conducted with the consent of the pet owners. The study
period was from December 2021 to July 2022, spanning 8 months. It was a principle to observe the canines in
different living environments, without providing a uniform living situation.
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The activity data extraction sensor used in the experiment was designed and manufactured in-house to
collect data. The sensor is still in the development and verification stage, and while no serious side effects are
expected during the experiment, a written consent form was provided to the pet owners to account for any minor
side effects that may occur due to the involvement of companion canines. The sensor was developed to record
the behavioral patterns of the participating pet canines. In the future, through further development of the sensor,
its capabilities will be confirmed in large-scale experiments. The sensor could measure up to 2 G of the device
and comprised a built-in 2000 °/s acceleration sensor and a 50-Hz resolution gyro sensor. The sensor size was
33 x 38 x 18.3 mm and weighed 15 g. The sensor was attached to the neck of the canines on a light collar to
avoid interference with their activities. Six-axis acceleration measurement data were acquired whenever the
sensor detected a critical movement, and the collected data were stored on a server.

2.2 Data preparation

For unit-by-unit experimental verification, the activity data provided by the sensor were analyzed and
synchronized. This approach was used to establish a technique for distinguishing between normal and abnormal
behavior and to validate further the data within the normal range. Canine behavior can be categorized into
dynamic and static behavior. Dynamic behavior includes swallowing, shaking, scratching, and sniffing, whereas
static behavior includes lying, sitting, and standing. In this experiment, no distinct movements or actions were
identified for static behaviors. Therefore, we analyzed the range of activities detected by the sensor during
dynamic behaviors. As depicted in Figure 1, canine activities were monitored by observing their daily lives
using a sensor placed on their necks. This direct observation method increased the accuracy of canine behavior
analysis. Furthermore, a filtering algorithm was introduced to improve its accuracy. The approach involved the
integration of actual activities with filtered data and the modification of sensor measurements by comparing
them with actual behaviors.

- R |

Figure 1. Four recorded canine behaviors: (a) scratching, (b) licking, (c) swallowing, and (d) sleeping

2.3 Data recording algorithms

The attached sensors recorded behavior patterns, such as the number of scratching, repetition cycles,
intensity, repetition pattern of the number of licks, sleep time and cycle, and water and food consumption; these
are typical behaviors observed in the daily lives of canines.

It was assumed that by checking changes in the frequency and count of behavioral patterns from a canine's
daily data and comparing them with their baseline healthy data, potential diseases could be suspected. For
example, in cases of suspected skin infections or otitis externa, the frequency and count would increase, so by
comparing these changes with the normal range of the individual’s baseline, the system was designed to estimate
possible similar diseases when abnormal findings persist. Therefore, after confirming the canine's health status,
the system collected about three months of daily behavioral patterns to establish the normal range, taking into
account the individual characteristics of each canine.
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Some behaviors of the canines can be correlated as shown in Figure 2. Figure 2 compares the behaviors
of the canines as represented by the sensor data. Minor differences were noted in the sensor’s range pertaining
to the detection of activities, such as shaking, walking, and running, making it challenging to establish criteria
for abnormal findings based on these differences. Therefore, it is preferable to use individual canine data from
daily life as reference. Additionally, as the data obtained included many repetitive patterns, similar data were
excluded to focus solely on the analysis of changes in patterns by performing filtering.
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Figure 2. Sensor analysis of the behavioral patterns of a canine

2.4 Disease prediction method

The various activities can be identified by attaching a microphone to the neck sensor; for example, drinking
water can be distinguished from eating food. If the canine drinks more water than the set standard, diseases,
such as chronic kidney failure and diabetes, can be suspected. Digestive problems can be estimated from the
consumption of diminished quantities of food. In the related data analysis, the data were classified and filtered
based on veterinary advice [18]. On average, canines sleep between 7.7 and 16.0 h per day [19]. Thus, dementia
or dermatitis, which interfere with continuous sleep patterns, and representative diseases, such as digestive
system disorders and lethargy, can be inferred through a data analysis of sleep patterns (i.e., waking frequency
and excessive sleeping) [20]. Therefore, an algorithm was developed for a decision-making system that
establishes the complex relationships between abnormal behavior and the associated diseases by analyzing the
sensor data extracted from the canine rather than from a single correlation. This experiment limited the verified
target diseases to skin and digestive diseases to indicate the changes in data values for the canines. Furthermore,
the scratching, licking, swallowing, and sleeping data extracted from the sensor were visually confirmed
through an application. Activity data were collected by simultaneously recording the behavior of participating
canines using a sensor and smartphone camera. Subsequently, the data were filtered through a comparative
analysis process to verify the accuracy of the data obtained from the initially worn sensor. Figure 3 displays the
canine movement data observed with respect to time. The figure depicts a filtering method that distinguishes
meaningful behavioral patterns from actual images. The real-time data obtained was interpreted by specifying
a usable range, and filtering was performed by designating regions to remember and match the same pattern
forms. This preprocessing step was added to filter the observational data. This process reduced the volume of
real-time data and improved the data quality by incorporating additional preprocessing steps.
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Figure 3. Filtering scope using data collection and analysis. (a) Case in which the minimum value is low and
the behavioral pattern is inconsistent with the actual image; (b) case in which the behavioral pattern matches the
video and time (24-h basis)

The extracted data comprised four areas corresponding to the scratching, licking, swallowing, and sleeping
behaviors. A method was applied where data deviating from typical patterns, rather than regular daily data, was
stored and analyzed. The canine disease estimation algorithm was developed using a neural network approach
based on fuzzy associative memory. By organizing a range of disease symptoms assessed by veterinarians, the
relationship between the symptoms and diseases submitted in the health questionnaire was inferred. The
algorithm was trained using over 800 cases of four types of data obtained from dogs of the same breed with
skin and digestive diseases at animal hospitals. It started with matching similar data and was compared and
analyzed with the extracted data. However, discrepancies were noted in the primary data on age and weight
with the canine breeds used in the experiment; therefore, a fuzzy associative memory technique was applied to
each breed based on the data [21]. This technique considered the initial, changed, and diagnostic results as one
component. To enhance the accuracy of veterinary symptoms, we developed and added a symptom
questionnaire for similar diseases in canines, as shown in Table 1. This questionnaire was created with the
consultation of emergency medicine veterinarians and veterinary radiologists. It included detailed weightings
of all the items related to the risk of gastrointestinal and dermatological conditions that were used to implement
the algorithm [22-24].
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Table 1. Questionnaire reviewed by all the canine owners to assess the conditions of their canines

Canine Questionnaire: Skin and Digestive Diseases

Licking (Skin Disease)

State State

Sleep and Swallowing (Digestive Disorders)
0O X

Swollen skin
Significant bleeding from
the skin

Canine loses hair and shows

signs of hair loss
Canine looks helpless

Frequent skin licking

Blisters appear
on the abdomen

Oily skin
Visible dandruff

Visible tumors on the skin

Body stinks

Red spots observed

Pus on the skin
Frequent skin scratching
Has your canine taken a
walk to a grassy place or

Frequent vomiting

Not eating food

Licking lips continuously

Drooling excessively
Licking things
over and over

Sounds in the stomach

Sensitive to touch
on the stomach

Diarrhea observed

Does not drink water well

Burps often

Broken wind smells bad
Looks restless

Has bloody stools

Looks helpless

been on grass recently?

2.5 Data implementation method

The learning model of the result-value weight of the questionnaire, standard data, and disease symptom
data was implemented, as presented in Equation (1) [25].

X = X2 X; in case of
Z?:_Ol(ni - al-)z = NETp, (1)
W =Yrta(n — D0m— DY = QR an xam) = f(NET,), 2

Where i refers to the data from the sensor as an input window, n denotes the abnormal behavior data, and
m denotes the weighting data obtained from the questionnaire. The weighting of the health questionnaire is set
when the abnormal data detected in the canine matches the symptoms provided by the owner. The basic data
obtained from the sensor for each breed are regarded as a, and p denotes the output window. Therefore, the data
from the questionnaire completed by the canine owner denote a standard for discriminating between basic and
abnormal data, and the final symptom data were learned repeatedly. Inter-relationships between data were
defined in advance to prevent data conflicts. Abnormal data were used as learning data to identify symptoms
by applying associative memory to infer learning data for existing diagnosed diseases and inputting the results
into the decision-making system. As presented in Equation (1), the weights of the data can be implemented
through repeated learning because the decision value can vary depending on the definition of ideal data acquired
from companion canines. Therefore, the canine disease estimation program in this study used the data extracted
from the sensor and the questionnaire prepared by the canine owner observations to increase the decision-
making accuracy. Figure 4 displays the configuration sequence of the final canine health diagnosis algorithm.
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2.6 Data analysis method

Furthermore, a canine-health monitoring mobile application (app) was developed. The app included
information on abnormal behaviors identified based on the collected data and developed and presented content
recommending test items based on disease prediction. The validity of the contents was verified by analyzing
the disease prediction results produced by the app and by comparing them with the diagnoses of three
veterinarians. The veterinarians evaluated the sensitivity and specificity of the digestive and skin disease
predictions by comparing the estimated disease symptom index and diagnostic results [26]. Furthermore,
Cohen’s kappa coefficients were used to verify the accuracy of veterinarian diagnosis and disease prediction
indicated by sensors because Cohen’s kappa enables continuous and easy evaluation of the inter-rater reliability
for the effectiveness program [27].

SPSS (version 13.0 K, IBM, USA) was used for statistical analysis, and the canines corresponding to
outliers in the extracted data were evaluated for disease.

3. Results

Table 2 lists the characteristics of the canines that participated in the study. The average canine age was
in the range of 3—7 years, 13 of the 30 canines were male, and the average body weight was in the range of 4—
29 kg. Pomeranians and poodles accounted for most of the target canines, and the rest were mixed breeds.

Table 2. Canine information considered in the study

Division Canine Breed Average Age Gender Average Weight (kg)

(Number) (Years) (Male/Female)

Participating Retriever (3) 55 1/2 28.5+0.02

canine breeds  Korean Jindo dog (3) 4 2/1 23.240.02

Pomeranian (7) 4.5 2/5 4.0+£0.12

Poodle (8) 3 3/5 7.5+0.12

Bichon frisé (5) 3 32 7.4+0.10

Mixed breed dogs (4) 7 2/2 6.3+0.02

3.1 Observation of Daily Behavioral Patterns in Canines

The target canines had sensors attached to them, and 100 d of daily activity data were processed based on
veterinarian diagnoses. Table 3 lists the average result values detected by the sensors for all four behaviors
based on the breed. Initially, baseline data were established for each canine, and abnormal data were obtained
and compared with the baseline data. Consistent with the initial research hypothesis, the results revealed that
when setting the behavior decision data, the standard data must be set differently for each canine breed. The
retriever breeds averaged 342 scratching and 17 (the highest) licking counts. Jindo dogs had 17 (highest)
swallowing counts. The Pomeranian scratching count was 420, and the sleep time was 8.7 h. The Bichon scratch
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count was 445 (highest); the poodle and mixed breeds did not exhibit any specific high or low levels when
compared with the other breeds.

Table 3. Canine behavioral patterns detected by the sensor designed in the study (24-h basis)

Measured Sensor Detection Coefficient According to Canine Breed (Average)
Behavioral i
craviora Retriever Korean Pomeranian Poodle Bichon Frisé Mixed Breed
Items Jindo dog Dogs
Number of 342 221 420 195 445 205
scratches
Number of 17 6 4 3 10 5
lickings
Number of 65 17 58 72 62 66
swallowings
Sleep time (h) 14 12.5 8.7 13 9.2 14.2

This study identified anomalies by tracking basic data changes. The sensitivity and specificity of predicting
digestive and skin diseases were evaluated by comparing a) the disease prediction results based on changes in
canine behavioral patterns and b) the medical diagnoses of canines with abnormal behaviors. Therefore, the
program predicted the disease after analyzing the four types of data extracted from the canine (scratching,
licking, swallowing, and sleeping), questionnaire results completed by the canine owner, and the canine the
veterinarian presented using the app, yielding abnormal findings and normal data. The results obtained after
diagnosis are listed in Table 4. The results revealed that the abnormal findings in the retrievers were skin
diseases, and the veterinarian concurred. The program suggested skin diseases for the poodles, and the
questionnaire yielded a similar response from the canine owners; however, the veterinarian’s opinion was that
the findings were normal and unrelated to skin diseases. For the other mixed breeds, medical diagnosis revealed
suspected periodontitis rather than digestive disease.

Table 4. Application-based prediction of canine diseases and veterinarian diagnosis

Presence or Korean Mixed
Division Situation Absence of Retriever Jindo Pomeranian Poodle Bichon Frisé Breed
Disease A3) dog (@) ) Q) Dogs
3 “)
Normal Asymptomatic 2 3 5 4 4 2
App Skin disease 1 1 2 1 1
Abnormal  Digestive
disease ! 2 !
Normal Asymptomatic 2 3 6 5 4 2
Skin disease 1 1 1 1
. Digestive
Veteriarian Abnormal digsease 2
Other | |
symptoms

The lists of the application predictions and veterinarian diagnoses for the 30 canines participating in the
study are shown in Table 5. The sensitivity to skin diseases based on behavioral patterns such as licking was
100%, and the specificity was 90.9%. The larger the canine, the higher the accuracy. The no-disease prediction
was also accurate. Table 6 shows that the abnormal activity algorithm is excellent for comparison with the
diagnosis, and the combination of the questionnaire and the abnormal behavioral patterns is essential in disease
prediction. Cohen’s kappa coefficients for both analyses were 0.790 and 0.842, respectively, indicating a high
degree of agreement between the evaluations.
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Table 5. Comparison between veterinarian diagnoses of canine disease and application diagnoses

Veterinarian
Total
No Disease SKkin Diseases Gastrointestinal Others ota
Diseases
No disease 20 90.9% 0 0.0% 0 0.0% 0 0.0% 20 66.7%
Disease 45% 4 1000% 0  0.0% 1 500% 6  20.0%
op suspicion
Gastrointestinal 45% 0 00% 2 1000% 0  00% 3  10.0%
diseases
Others 0 0.0% 0 0.0% 0 0.0% 1 50.0% 1 3.3%
Total 22 100.0% 4 100.0% 2 100.0% 2 100.0% 30 100.0%

Kappa coefficient k = 0.790.

Table 6. Sensitivity and specificity of canine disease prediction application

Veterinarian
Total
No Disease Disease Suspicion o
A No disease 20 90.9% 0 0.0% 20 66.7%
PP Disease suspicion 2 9.1% 8 100.0% 10 33.3%
Total 22 100.0% 8 100.0% 30 100.0%

Kappa coefficient k = 0.842.

Implementation of a mobile app comprised a presentation screen for abnormal behavioral patterns, a
questionnaire filled by the canine owner after confirming the abnormal behavior, a health rating based on the
probability of the final disease, and examination items based on the estimated disease, as shown in Figure 5.

) e
Ve \( g@ R \(c)f% sl nNYd h

L Questionnaire o Al Select additional
Y N 80% or more @%j examination items
Based on the d th d i i
by pevo, the condition ofthe skin does - Dog’s paws are dry and craked. Jhinkyouridog cimeatly ies 2 skic
not look good. condition. o
. Level According to Pevo analysis, it Add these checklist items to make a
20 mhaes more - The skin smells bad. 4 is currently classified as severe diagnosis!
Scratching than last week
. Dog is losing alot of hair. Scratch Test
Need 4=
- 15 minutes more bod
Lick = Red spots appear —
than last week On the dog’s skin. attention
2 hours more than . Seems like your dog Good Severe Wood’s Lamp Examination
Sleep last week is scratching his skin frequently

h a devi

i is skil What is a skin disease?
20t o - Dog licks his skin frequently. L in di

Swallowing el A dog's skin is 5 times weaker
than a human's, Excessive

- Dog’s skin tumns red. scratching or rubbing can Skin Biopsy
- d the skin and
Amount 2% jexs hun Your dog rubs his skin B g 5 show signs of hair loss, | Examine a portion of the dog's skin surface by
Of activity = * against the wall frequently. scraping it
Fill out the pevo health Check out

questionnaire a custom checkup

Figure 5. Final implemented canine health management application screen. (a) Changes in five behaviors—
scratching, licking, sleeping, swallowing, and activity level—are presented with visual symbols and
explanations. (b) Screen where the canine’s health status is entered directly by the owner (observer). (¢) This
screen shows the potential diseases that can be inferred by combining the results of the questionnaire and the

sensor data. (d) Presentation of information about the inferred diseases

4. Discussion

In this study, we aimed to assist in the diagnosis of canine health conditions by attaching sensors to the necks
of the canines to determine the healthy baseline data ranges followed by the detection of abnormal behavioral
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patterns outside the normal ranges. These patterns were used as data for disease inferences. Therefore, we
anticipate that a large amount of training data will be needed to narrow the gap between baseline and decision data.

Recent approaches to predicting companion canine diseases involve using genetic data to predict diseases
quantitatively or analyzing behavioral videos obtained from CCTV through Al to detect diseases [28, 29].
However, while no published algorithms currently exist, these methods are centered around the lifestyle of
companion canines. This study introduces a novel approach that analyzes behavior patterns using sensors to
reduce individual differences in the daily life of companion canines.

Unlike traditional research methods that match similar behaviors and diseases, this study presents a model
that extracts abnormal patterns based on data collected from daily life and predicts disease likelihood
quantitatively through a disease-specific symptom questionnaire completed by the owner. Although the
implemented algorithm connects symptoms and diseases using a single neural network structure, it can enhance
accuracy in the future by applying fuzzy associative memory techniques to track data through learning [30].
The algorithm’s results were similar to those of veterinarians for some breeds. Particularly, the health diagnoses
in the absence of disease were accurate. However, determining diseases early within a short period is difficult
owing to the small abnormal pattern-recognition range for heavyweight or large breeds. Nevertheless, the
algorithm presented in this study could be used to predict canine diseases in its early stages, and the sensitivity
and specificity of the diagnostic results were excellent.

This study proposed a novel method for inferring diseases by analyzing the abnormal canine activity
observed using sensors installed on their collars. Furthermore, a questionnaire was developed for canine owners
to share reliable data with veterinarians regarding the behavioral changes of their canines to increase the
accuracy of disease estimation. Learning data linking the symptoms and results of canine diseases were prepared
based on 800 cases of the same canine breeds as those participating in this experiment. However, this study has
a few limitations. First, this study is limited to skin and digestive diseases. Therefore, in the future, the program
must be expanded to include various other illnesses. Second, 800 basic veterinary diagnosis learning data
samples are insufficient for the analysis and decision-making system. Third, only three veterinarians
participated in the feasibility study. Fourth, as the subjects in this study were randomly selected from companion
canines active in daily life at a canine playground center, this small-scale observational study was conducted
using only six species, including mixed breeds. Diversifying analysis data using large-scale data for verification
and accuracy is necessary in the future.

The mobile app created based on veterinary knowledge regarding canine diseases will facilitate
preliminary home diagnoses and become a medium for interaction with veterinary hospitals. Additionally, these
results are valid in existing canine-specific disease research cases [31]. The results of this study can prove useful
in improving communication between companion canines and humans by analyzing behavioral patterns
according to companion canine activity patterns and emotions. Predicting health is a cautious and challenging
task even for humans. In the case of canines, where communication is not possible, this becomes even more
critical. The technology embedded in wearable devices aims to connect deviations from standardized personal
activity patterns with health, serving as a means of communication with the canine. This approach carefully
proposes a new channel for communication. However, according to existing research, such wearable sensors
can disrupt the natural activities of pets, making it difficult to obtain normal data from the pet [32].

The canine health monitoring market is expected to expand, evolving from a focus on food quantity and
questionnaire-based disease information programs to intelligent health management systems [33]. APP
programs like the results of this study will offer various accessibility options and also play a role in reducing
veterinary costs in the canine health market.

The sensor-based technology used in this study is believed to have minimal limitations for specific
environments and can enhance the accuracy of data collection. This sensor technology is expected to contribute
to the future development of a high-level platform for in-depth monitoring of canine health.

5. Conclusions

This study determined the health status of canines by analyzing their abnormal behavioral patterns using
a device with a built-in gyroscope and accelerometer. Scratching, licking, swallowing, and sleep behavioral
data were used for estimation. The target diseases included digestive and skin diseases. Comparing the
diagnostic results of the veterinarian with those of the developed program for the same canines revealed that
the skin disease specificity was higher when the canine size and weight were lower, and the sensitivity to
digestive diseases was higher when the size and weight were larger. The average sensitivity and specificity of
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both disease predictions, estimated by the changes in behavioral patterns and the owner questionnaire, were 82
and 81%, respectively, indicating the potential of the proposed model for monitoring the health status of canines.
This study can contribute to the future development of health status monitoring systems for canines. Future
studies should expand the program to include various other illnesses. Diversifying analysis data using large-
scale data for verification and accuracy is also necessary.
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