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Abstract—When pet’s owners take care of their pets, it sparks
the need to know about the well-being of their pets. This requires
the ability to monitor the animals’ activities in order to recognize
unexpected behavior of the pets. Such monitoring systems are
also useful for pet training purposes, which could be extended to
more intelligent systems used to encourage specific behavior of
pets. In order to do so, this study aims to develop a system that
can keep track and record of such data of pets (e.g. movements,
body temperature). The proposed eco-system includes a collar
affixed to the pet, interacting with a mobile application, a cloud
data storage and processing platform as well as other toys to
communicate with. This system is designed to be easily extended
with new toys. It also can interact with smart voice assistant
systems such as Apple Siri or Amazon Alexa. In addition, it has
light weight so it can be affixed to small dogs or cats.

Keywords-Internet-of-Things (IoT); software architecture;
pets; smart systems; pet behavior classification; mobile appli-
cations; cloud computing

I. INTRODUCTION

Human has started living with pets for thousands of
years [1]]. That long history of relationship between human and
pets create strong bonds between them ( [2} [3]]). That could
be one of the reasons why there are more than 400 million
domestic dogs world wide [4]. Particularly, in the United States
of America, there are more than 180 million dogs and cats in
2017 [5].This results in a huge expenditure for pets, e.g. more
than 69 billion dollars spending on foods, medical and other
care (see more [6]). In particularly, the market sales of smart
pet products is $565 million in 2018, which is up 11% from
2017 [17].

When the owners take care of their pets, it leads to the need
to know about their well-being. There is an ongoing trend that
pet-owners want systems to monitor their pet’s activities and to
recognize their behavior patterns. These system must be able
to detect abnormal activities to alert and support the owner to
take corrective measures [8, 9].

A. Review of related work and products

Currently, there are several works related to smart-systems
for monitoring and behavior recognition. These can be catego-
rized as commercial products: 1) available in the market and
2) in test or research phases.

1) Commercial products: An example of a commercialized
product is Mookkie [10], a smart bowl identifying each pet
visually ("face ID”’) and associate them with specific food. As

a result, the diet can be customized for each pet. The system
comes with a dedicate smartphone application providing noti-
fications and short videos to the owners. However, this smart
bowl does not interact with other "Mookkie” bowls or with
other connected devices in the house.

Another product that helps the owner to achieve optimal pet
diets is Sure Petcare’s Pet Feeder Connect [11]. This product
uses a scale to create a specific portion of food for pets. It also
monitors the pets’ food consumption behavior. This system
identifies each pet using a wearable tag for each animal. The
feeder connects to a "hub’ via a low energy protocol. The hub
then uses a WIFI connection to communicate with the mobile
phone, which in turn connects to the internet.

Petpace [12]] is also a product to monitor the pets’ well-
being. It consists of a collar monitoring dog’s vital data and
alerts the owner when abnormality happens. Its architecture
consists of three layers. The first layer contains the smart
sensors affixed to the dog’s collar. This sensor sends the actual
data to the middle layer which is a base station. The base
station communicates with the sensors and combines the data
to send them to the cloud layer using the standard Ethernet
interface. The calculation and analysis happen at the cloud
layer. The owner can accesses those data wirelessly using their
mobile application to consult their dog’s Health Index, Activity
Index, and Burned Calories.

Similar to Petpace, Fit bark [13]] is a dog activity and sleep
monitor device. It uses Bluetooth Low Energy (BLE) to make
the connection with a WiFi base station. This technology
promises lower energy consumption during data transmission,
extending the lifetime of the battery in the collar. Any Android
or i0S operated smartphone can be used as base station.

Another device, Scollar [14]], is a dog tracking solution that
provides information about the dog’s activity and which offers
tracking functions. This system contains a base station (e.g.
a smartphone) including a WiFi connection. Data collection
and transfer is the same as in the previous devices. The main
difference is that Scollar is the only device that provides a
GPS sensor and dog tracking service. The collar also contains
a temperature sensor and integrated battery, with an estimated
lifetime of 45 up to 60 days.

2) Research studies: In addition to these commercialized
products, there are multiple academic studies about wear-
able devices for animals. For example, Pet Buddy [15] is
a device for dogs which aims to monitor physical behavior



of the pets. The device is based on an Arduino mainboard,
including gyroscope sensors. The collected sensor data are
later transferred via Bluetooth to another Arduino-based logic
board, which itself is connected to a computer to analyze
the canine behaviors. Similar to Pet Buddy, WagTag [16] is
another solution to track dogs’ activities which uses Bluetooth
to transfer data to the computer.

Instead of monitoring basic physical activities, David Sec
et. al [17] propose a system to monitor health condition of
dogs to detect possible epileptic seizures. This wearable device
has a noise sensor to identify respiratory frequency and it
includes a heart beat sensor. It exchanges data via BLE 4.0
with a Raspberry running a Windows IoT operating system.
The collected data are sent to a processing server via file
transfer protocol (FTP).

The similarities of the three aforementioned works are the
isolation of the wearable devices: they are not designed to be
integrated with external services or operate in a network with
other connected IoT devices.

One example which demonstrates the possible interactions
between multiple devices is from Y. Guo et. al [18]. They
prototype a wireless sensor platform for livestock (i.e., cows)
behavior tracking. The board has a GPS receiver and temper-
ature, magnetometer, and accelerometer sensors. The nearby
animals of the herd form a wireless sensor network to relay
the data to the central server. However, due to the integration
of multiple sensors and functionalities, the device is too heavy
for domestic pets. Also, domestic pets are not constantly near
each other to form such a wireless sensor network.

3) Related products designed for humans: Besides afore-
mentioned solutions, there are other devices close to the
project. These products inspire us to develop the collar and
the mobile application’s functionalities.

e Oblu [19]. Oblu is a universal sensing platform for IoT
using BLE 4.1 for communication. This development kit
contains sensors such as an accelerometer, a gyroscope,
and GPS, and it is a potential candidate to build our
wearable device.

e Flora [20]. The Flora board is a small (1.75” diameter,
4.4 grams) wearable electronic platform. It is a typical
representation of many Arduino compatible devices. This
board only contains a micro-controller and programming
circuits, without using any batteries and sensors. Flora is
also a possible candidate for our purposes.

o GENEActiv Wireless [21]]. This company offers four vari-
ations of bracelets (wristband) for humans. Depending on
the variant, it includes an accelerometer, body temper-
ature sensor, skin temperature sensor and a gyroscope,
only the wireless version is equipped with live wireless
data transmission via a Bluetooth interface. The built-in
three-axis gyroscope allows readings up to 1 kHz. The
battery life ranges from 8 hours (wireless version) to 45
days (original version).

e MbientLab MetaWear [9]. This is a smart sensor mod-
ule for motion tracking and contains an accelerometer,
gyroscope, pressure, thermometer sensor, and special

mathematical preprocessor to combine data from each
sensor integrated on the board. This device can be paired
with an BLUE gateway hub to transmit data to the cloud.

o Fitbit [22]] is another human activities’ tracker. It is small
(e.g. wrist or pocket size) and contains various sensors to
track steps and estimate energy consumption, sleep and
movement actions. The battery life is around 3 days and
the device can store accumulated data of the time span of
1 week. The Fitbit device transfers data wireless to a base
station which is also a charging device. This device is a
great example of popular wearable devices in the market.

o Xiaomi MiBand [23]. This is the fitness tracker for
humans. It contains an accelerometer and notification
LEDs. With the original manufacturer’s firmware, this
device only provides aggregated data. The battery can
last up to 30 days.

B. Proposed project

Although smart pet systems with the targeted specifications
and objectives start to appear on the market, they are often
mono-function stand-alone devices such as a single health
monitor, activities tracker or feed dispenser. They are also
mostly heavy and require strong power supply sources such
as big battery packs or power lines. Existing systems are not
designed to connect and control other smart toys for pets. In
addition, they cannot be integrated into existing smart voice
assistant system such as Google Home or Apple Siri. Hence,
users still end up having multiple systems to handle, which
is undesirably hindering from gain interest for such systems
among pet-owners.

The proposed study aims to contribute to overcome these
issues and offer multi-use smart products for pets (owners).

In this study, we propose an ecosystem for pets’ toys
consisting of a collar, toys, and a mobile application to
communicate with the collar.

The proposed collar is designed to contain/sense ambient
temperature, magnet field, acceleration, BLE and a speaker.

Currently, the collar prototype does not have as many
sensors and functionalities as the aforementioned devices, but
we will gradually improve its design and application.

Our proposed software is fed by collected data from a
collar for monitoring purposes. These data are motion, am-
bient temperature, and magnetic proximity. The motion data
are gathered from the acelerometer sensor, while proximity
data between the collar and designated objects are measured
via a magnetic field sensor. The environment temperature is
transmitted by an ambient sensor. All those sensors transmit
data via BLE to the receiver (e.g., mobile phone application).
This information could also be used to encourage specific
behavior of pets for training purposes. For example, to prevent
the pet, (e.g. a dog), to jump inside the living room, the owner
can activate an external device (e.g. a food dispenser machine
to provide foods) whenever the system detects that the dog is
jumping, which distracts the pet. To fulfill these objectives, it
is needed to develop a system that can keep track and record
data of pets (e.g. movements,).



Based on collaboration with BeOneBreed - a local industrial
partner - who possesses extensive expertise in making toys
for pet, we are developing a prototype system to interact with
small pets such as cats or dogs. The proposed system includes
a collar attached to a pet, which interacts with other peripheral
devices such as a food dispenser, interactive moving toys,
etc. An early stage prototype of the collar was provided by
BeOneBreed.

C. Project’s objectives

The project aims to create an ecosystem of connectivity
products (IoT) for pets. This ecosystem can include a vast
range of product types from feeding, tracking, health monitor-
ing to interactive toys for animals.

A key aspect of this main objective is to create a system
of smart devices for pets, which integrates with existing
smart home systems. It will provide the software layer for
communicating and exchanging data as well as sending control
commands between many smart home objects and systems
such as Google Nest or Amazon Alexa. This software layer
acts like a proxy to translate high level commands to BLE
commands to access raw data on the collar. It also convert
raw sensor data to common formats such as CSV or JSON.
For example, the pet’s owner asks Alexa: “what is my dog
doing?”. Alexa translate that sentence to a specific command
set and sends to the BLE hub (or mobile application) which
acts as the middle sofware layer. The BLE hub translates again
that high level commands to BLE commands to get the collar
data to provide the predictions. Then it provides the high level
answer back to Alexa which in turn speaks to the owner.

We aim to develop an integrated ecosystem of pets’ smart
products including a collar and a wide range of connectivity
devices (e.g., toys) focusing on the following key features:

o The wearable items are robust and lightweight.

o The wearable items have low power consumption.

o The wearable device must be able to connect to multiple
devices (e. g., ‘smart toys’) in real-time.

e The communication between the wearable and the non-
wearable devices must be fast, and reliable.

o The time windows of data exchange between devices
must be minimized because of the non-stationary nature
of the pets. The size of data also must be minimized (e.g.,
compressed).

e These products can communicate with each other and
with current smart home systems. Such systems often in-
clude a collar attached to the pets, and several connected
entities such as a food dispenser, and other toys.

At the same time, the project also aims to improve human-
animal interaction by understanding their pets’ behaviors via
connectivity products. The data are collected from a portable
device attached the pets and other connected devices installed
inside a domestic environment. Based on those data, the
system allows pet owners to decide best actions to take
according to the pet’s behaviour. In order to do that, the
proposed mobile application collects and displays pet motion
behaviors to inform owners about abnormal motion patterns of

their pets. The details of this step are described in Section|lII-D
of the System Design and Discussion part (III).
Our proposed system will include:

o A range of communicative products allowing better un-
derstanding of the animal’s behavior, to assist identifica-
tion of their habits enabling a medical and/or behavioral
diagnosis. Thus, the system detects and records the events
and activities of the animal.

¢ A range of communicative products assisting to monitor
pets’ behavior to optimize care by creating interactions.
The system has to be interactive and trigger remotely
programmed events.

e A range of communicative products which are easy
to use, either for installation or handling (application
software must be user-friendly).

In addition to the main objectives, specific interactions
between the products are essential to the success of the project:

« Direct interaction between collar and accessories;

« Possibility to have multiple collars in the same area and
identification of each of them;

o Direct interaction between accessories and the user (via
an app) provided by wireless technology;

o No direct interaction between accessories and internet;

« Interaction with internet only from the user (via an app);

o User-specific configurable functions (via an app);

« Ability to add an interaction between the accessories.

On the other hand, each of the communicative products also
has specific features. The function can allows us to propose a
modular technical approach, with the development of three
electronic modules, either an electronic module specific to
the collar, a generic module for the ephemeral objects, and
a module specific for each of the peripheral objects.

II. METHODOLOGY

We define the following principles for system development
based on the projects’ objectives:

o Optimize the software for wearable devices: based on the
hard- and software specifications of the device, create 1)
the core software interface (i.e. APIs) to communicate
with the device via Bluetooth from the mobile applica-
tion, 2) develop the control commands for the mobile
application with functionalities such as reading, writing,
storing data periodically from the connected collar to the
application, then 3) create the reporting functions based
on collected data.

e Minimize energy and resources consumption at a local
device by moving all data to the cloud for heavy pro-
cessing: including 1) design the software architecture
and technologies to coordinate the cloud computing and
the mobile application, 2) develop the ability to sync
(e.g. downloading and uploading) data to the cloud from
the mobile application 3) develop the interface for data
management functionalities on the cloud server.

o Maximize the integration and expansion abilities of the
system: based on the requirements, 1) propose a possible



IoT gateway to communicate with connected collars, 2)
propose the functionalities of the gateway; the gateway
must be able to connect with multiple collars and other
future ‘smart toys’ of BeOneBreed, and 3) propose the
solution to connect the IoT gateway to an existing smart
home controller service like Google Home to command
the device.

III. SYSTEM DESIGN AND DISCUSSION

The main goal is to create an ecosystem for smart toys. It
has the collar which plays a central role for communication
and data collections as well as dashboard display. Furthermore,
it is possible to have a BLE hub to WiFi gateway which can be
used when there is no mobile application available. The hub
has the similar functions as the mobile application. Figure [I]
shows an overview of the entire ecosystem.

A. Proposed system architecture
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Fig. 1. Overview of the ecosystem and its components.

Based on the abstraction level of the ecosystem, we pro-
posed an architecture, including both software and hardware
components for the project, as outlined in Figure [2]

The overview of each component and its functionalities is
detailed below.

o The toy: is a Bluetooth connected device, which commu-
nicates directly with the collar and the hub. It sends the
data and can be triggered by the collar.

o The mobile application: is the main user control applica-
tion. The pet owner uses it to see information about their
pet’s activities. The main functions of the application are
to trigger commands in the collar and send/retrieve data
from the cloud server.

o The cloud: is the main data storage and data processing
unit. After having historical data from the pet’s behaviors,
the analyzing procedures are executed in the cloud to
perform activity prediction and other data processing.
The results are transferred to the mobile application for
presentation to end users.

Toy 2
Toy 1
Mobile _
application BLE connection
internet
BLE connectio
e Collar —BLE connection
intenet—l ‘
Cloud BLE connection
internet l
BLE hub and
Wifi gateway

wifilinternet;

Abstracted view of the system architecture. The arrows indicate the

Fig. 2.
data connection between components.

e BLE hub and WiFi gateway: when the users do not
have the mobile application to collect data, this gateway
will handle this part and send all those data to the
cloud. Moreover, it is the connection point for smart
voice assistant systems to control the entire smart toy
ecosystem.

B. Early collar prototype

The collar is the centre of the system. BeOneBreed provided
a concept prototype that can be used. This preliminary collar
prototype uses the nRF52832 ARM Cortex-M4F in form of
the BC832 miniature module from Fanstel Bl The outer case
components are produced by a 3-D printer. The collar features
a wireless charging battery pack, its weight is about 50 gram
with standard configuration and it has 3 types of sensors: an
accelerometer sensor, a magnet field sensor, and an ambient
temperature sensor. The collar communicates via BLE 5.0 and
has a firmware developed by Motsaﬂ

Fig. 3. The preliminary prototype collar as designed by Motsai. Currently,
only raw sensor data is stored.

C. Proposed mobile application

As a starting point, we develop a mobile application con-
necting with the collar to provide the most crucial functions:

Uhttp://motsai.ca
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o The application collects the data from the sensors in real-
time when in range.

o The application provides the graphs and aggregated statis-
tic information from the data.

e The application will be able to run on iOS or Android
based phones.

o The application can store and synchronize data with the
cloud database.

« Extended functions: can control the collar via digital
voice assistance.

Figure [4| outlines a sketch of the mobile application with its
core functions and hardware and data requirements. It features
three key components: the collar, the cloud and the mobile
application.

The first component is the collar. It collects the data from
the sensors. For example, the accelerometer data show the
moving speed of the pets and the temperature sensor retrieves
the relatively skin thermal level of the pets. These data can be
sent to the application in real-time or in small quantity.

The second component is the cloud. This is the place where
long-term data are stored and computation of intensive tasks
is executed. For example, prediction of abnormal patterns of
pets based on monthly activities using deep learning.

The third part is the mobile application. Its main goals are
to interact with the user. It acquires data directly from the
collar via Bluetooth protocols and it receives data from the
cloud for analysis. The application sends its data to the cloud.

To realize the mobile application functionalities, it is needed
to feed the data from the other components. For example, to be
able to display pet’s behaviour statistics, the mobile software
parts need to access the historical data from the cloud. Those
data are collected by the collar from the built-in sensors. The
processing unit at the cloud is key: it uses algorithms to predict
what activities the pet has performed. The mobile application
displays the analytic results in an expressive way to pet’s
owner.

All the basic functions such as download data from the
collar, start and stop the data recording are implemented.

Auto-activity classification based on motion data will be
added in a next step: the goal is to display a summary of
daily or hourly activities of the pet by using accelerometer
data.

D. Pets’ behavior classification on mobile device and collar

o Data preparation: in this step, we collaborate with the
industrial partner to collect the data. The partner has
a controlled environment with a video camera and the
pet inside. The camera records the motion activities of
the pet while the collar collects measurements from the
accelerometer sensor. By observing the pet actions, the
partner creates a labelled dataset by associating the pet
motion with the sensor data at the same time point. Later,
we use this data for modeling in further steps.

o Behavior classification on a mobile application: we are
using the aggregated data on days and hours to the
classification. Despite to the limitation of training and

labeling data, the supervised machine learning method
is used to classify the motion intensity and assign them
as: stationary (e.g. sleeping, resting), moderate movement
(e.g. normal walking inside the house) and fast moving
(e.g. running). This procedure is performed automati-
cally without user intervention. In particularly, we are
experimenting standard machine learning algorithm such
as linear regression [24], random forest classifier [25]],
suport-vectors machine [26] and deep neural network
(e.g, LSTM) [27]]. For current data, it shows that random
forest performs better than the others.

o Behavior classification on the collar: the previous ap-
proach has some limitations such as requiring relatively
big storage memory for raw sensor’s data, running com-
pletely offline. To overcome such issues, we propose
another embedded application to classify motion activities
of the pet. This embedded application runs in real-time
and produces instantly prediction about the pet’s behavior
at a specific time . Now, only the prediction data are
stored inside the collar, which significantly reduce the
memory demand. However, the classification application
requires a trained model. This trained model must be
produced by a supervised learning algorithm running on
an external device such as computer. It also requires
enough training and labeling data to be able to predict
accurately.

IV. CONCLUSION AND RESULTS
A. Current results

We have proposed a smart toy’s ecosystem for pets which
is robust to change, extensible and well-integrated in exist-
ing smart home systems. It is possible to add new toys to
the system, as long as the new toys are BLE compatible.
We also designed a system architecture including software
architecture and hardware components. With the help of the
cloud, the smart collar can be controlled over general Internet
via the mobile application and the hub. This can be useful
for remote monitoring and detection of abnormal activities.
The preliminary collar prototype is a lightweight wearable IoT
device for pets and will have the ability to be programmed for
complex processing in next steps. In addition, it has a mobile
application capable of recording sensor data from the collar
and controlling its basic functions. For better understanding
our work, we provide an brief summary of steps to achieve
the project goals:

1) Collect hardware requirements (done by industrial part-

ner)

2) Collect software requirements

3) Hardware implementation (out-source)

4) Software design: system architecture design, mobile

application design, BLE hub design

5) Software implementation: mobile application, cloud

storage implementation, BLE hub

When implementing this project, we face some obstacles:

1) Have to iterate many round to get the suitable require-

ments of the hardware and software.
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Fig. 4. The mutual connection between mobile application and other components.

2) Whenever requirements change, we have to adapt the
software to its purpose. This process is not optimal but
enough for a working prototype

3) The battery time is short relatively to the requirements.
It can be increased by energy-optimization-ed firmware
and equipping more battery cells.

B. Future works

In the next phase of the project, extended functionality of the
mobile application will be developed, e.g. unexpected behavior
pattern detection, based on the sensor data synchronized to
the cloud. Using long-term history data of a pet and machine
learning approaches, insights will be extracted to better under-
stand the well-being of pets.

Furthermore, to increase the efficiency of data storage and
battery life, a short-term behavior classification application
will be developed and deployed in the collar. This embedded
software will run in a real-time manner on the current sensor
data to store pet motions prediction in the collar. Then it is not
required to store raw sensor data, allowing the internal memory
(8 MB) to last for two years. Each minute one predicated
motion will be stored, consuming 20 byteﬂ This results
in an extended battery life from hours to weeks improving
significantly the user experience of the device in the smart
ecosystem.
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