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Development of the User-Centered IoT-based Pet Dog Play
Product and Brand ‘PEMBER’ System
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Abstract

With the recent expansion of pet humanization, pets are increasingly considered as family members. However, due
to the rising number of dual-income households, dogs often spend extended periods alone, resulting in behavioral
issues such as separation anxiety and boredom. This study aims to develop an IoT-based dog play brand, 'PEMBER,
employing a User-Centered Design (UCD) approach to support emotional stability and autonomous play for dogs
during owner absences. Based on user interviews (FGI), three key play scenarios were identified: designated location
response, sound signal response, and touch-based reward interaction. A prototype incorporating these scenarios was
developed and tested in realistic user environments. Test results demonstrated that repeated training significantly
improved dogs' autonomous engagement and behavior, validating the effectiveness of remote control and automated
reward systems. Thus, this study highlights the potential of user-centered approaches to facilitate positive behavioral
outcomes in dogs during owner absences.
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Table 1. Design process for user-centered loT-based dog
play product development

Description
|dentify the causes of
behavioral problems in dogs
and analyze types, effects,
and features of loT-based
dog play
Conduct in-depth interviews
with three working pet owners

Step | Core activities

Preliminary
research

Focus group

2 interview to collect specific play-related
needs and experiences
. Analyze interview data (text
Analysis of )
. and keyword analysis) to
3 | requirements and
e extract core play types and
key insights o :
prioritize user requirements
Prototype Develop product prototypes
: based on extracted
production and : o
4 requirements and insights,

user environment

then evaluate effectiveness
test

through real-world user testing
Analyze test results and
performance indicators to
verify effectiveness and
establish future design
directions

Results analysis
5 and design
direction setting
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Table 2. Analysis of problematic behavior types

Type of

problematic Example behaviors Main causes
behavior

Separation Barking, whining, Anxiety during

) destructive behavior, ,
anxiety o . owner’s absence
urination accidents

) ) . Lack of
Aggressive Growling, biting, N
) . socialization,
behavior aggressive posture
stress
Destructive | Destroying furniture or | Boredom, stress,
behavior objects, digging lack of exercise
. ! Lack of exercise,
Hyperactive | Excessive movement,
’ lack of mental
behavior |endless demand for play ) .
stimulation
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Table 3. Classification of dog toys and expected effects of dog toys on play behavior
, : Expected effects
Play type | Product name | Main function (Behavioral changes) Recommended target Elec | loT
' Enhances focus through olfactory Dogs with separation
Hidden treat . . : )
Snuffle mat stimulation, alleviates stress and anxiety, nervousness, or No | No
search ! .
boredom, promotes emotional stability boredom
Olfactory PRSI —
Repetitive licking behavior induces )
play Licking food calming, helps slow eating pace, Fast eaters, anxious or
LickiMatWobble 0 9. p. 9 Pace, stressed dogs (suitable for | No | No
on surface reduces anxiety and prevents - ) )
. training/eating regulation)
overeating
- Salt|sf|es digging instincts, stress Dogs with strong digging
) - Digging/treat relief, releases energy, prevents ) .
iFetchiDig . ' ) ) .| behavior, prevention needed| No | No
. searching | destructive behavior, provides positive : ;
Exploration outlet for fumiture destruction
play . .
Outward hound | Plush sauirrel Helps Wltlh boredom and problem lDogs that gnjoy
. : . behavior prevention through seeking/hunting indoors, or | No | No
hide—a-squirrel |hide and seek ) ) ) ) )
searching and hunting simulation easily bored dogs
Nina ottosson | Puzzle treat Enhanpes problem—solvmg, extgnds High-energy, intelligent dogs,
i mealtime, improves concentration, . No | No
dog tornado dispenser dogs that eat too quickly
reduces boredom
Electronic Adjustable difficulty, remote control Dogs that need cognitive
Cognitive | CleverPet hub | treat puzzle | via Wi-Fi, downloadable games and stimulation, separation Yes | Yes
play console activity tracking training, or are often alone
Voice training, video feedback, Dogs with separathn anxiely
) Al-based ) or those requiring
Companion i personalized play and schedule : ) . Yes | Yes
smart trainer ) ! behavioral/emotional training
setup, stress/emotion detection .
while alone
Chewing relieves stress, improves | Dogs with strong chewing
KONG classic Che.w?‘b'e/ treat dental health, can be used for urges, boredom, or No | No
-hiding toy . :
Physical fetch/play destructive behavior
. i Burns energy, reinforces rules, helps | Dogs needing exercise or
activity Tug rope toy | Tugging toy = o No | No
a in_impulse control discipline through tug-of-war
pay ) ) ) Dogs can play fetch alone, timed Dogs needing consistent
iFetch automatic | Automatic ball ) - :
. launcher model available for and safe exercise, especially| Yes | No
ball launcher shooting T ) i
controlled exercise indoors/outdoors indoors_or_unsupervised
Al-based treat| Al alert system for barking, 1080p Dogs that get anxious whlen
Furbo dog ' ) e : left alone or owners needing
dispenser & night vision camera, real-time Yes | Yes
Remote camera L L remote
) . monitoring monitoring ) ) )
interaction interaction/observation
play Smart treat Al-based movement detection, Owners with limited
PetcubeBites 2 camera adjustable distance treat tossing, response time wanting to | Yes | Yes
multi-user app sharing support interact or reward remotely
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Table 4. Interview participant profiles

Family L .
p Age/ compasition & Pet ralsm.g experience
gender ; & special remarks
occupation
Female| 3-person family ngr 5 years (.)f
A experience behavioral
30s marketer .
issues
Female| 2-person family N
B 3 years, anxiety issues
30s planner
Male | 22-person family 5 years, separation
C . .
40s designer anxiety
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Focus group interview &2 &3

Table 5. Interview questions for focus group interview

No

Interview guestions

Purpose

How do you usually play
with your dog?

|dentify the way your dog
plays and the experience
of your guardian

What behavioral changes
do you observe in your
dog when left alone for a
long time?

To identify symptoms of
separation anxiety or
stress-related behaviors

What do you think is the
cause of problematic
behavior that occurs

when your dog is along?

|dentify the caregiver's
perception of the cause
of the problematic
behavior

What are the pros and
cons of a play product or
service you currently use?

|dentify satisfaction and
improvement requirements
for existing products

What are the ideal
conditions for a dog play
product or service?

Clarify the characteristics

and requirements of the

play product desired by
the guardian
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Table 6. Summary of interview results and content
requirements

Behavioral | Preferred | Desired play | Problems
P |traits when play content and
alone methods |characteristics| complaints
' Increased
Loneliness, ) )
) Static, anxiety
anxiety, and .
g Nozwalk, | concentrating | when left
A |caregiving-o f
iented ball play | play (you can | alone lor
behavior play alone) |long penods
of time
Feeling Preference Responsive Lack of
) for noisy | play such as . .
listless, .| coping with
B ball and |sound or voice
bored, and ; o unexpected
-~ |sound-stim| (to maintain S
less active Jating pla interest situations
when alone g Py
Gets bored | Physically Play that
. . focuses on
or tired | active play hvsical ener Gets bored
C easily, such as Py nergy and bored
! expenditure )
needs high | ball play . easily
g and active
activity level| and fetch
movement
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Table 7. Required play types
: - Reason for
Play type | Detailed description preference
Waiting . Helps develop
Rewards are given patience and
(Reward L - .
after when the pet waits in stability, while
o\ a designated location reinforcing basic
waiting) . -
obedience training
Maintains
' Performs actions in Qngagementleve’,n
Responding - in the caregiver's
response to specific .
to sounds ! absence, enhancing
sound signals ) )
the pet's attention
and focus
Satisfies curiosity
Provides rewards when | and natural play
Touch -
the pet touches a instincts,
reward o : . )
specific object encouraging active
participation
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Table 8. Analysis of user requirements for loT-based devices

kI

User Detailed contents and design
requirement directions
Designing "Adaptive Play” content where

No

1 ;oglr;ﬁg; game difficulty and type dynamically
gag change based on the situation
Utilizing smart cameras and audio
Remote )
5 L systems to allow caregivers to check
monitoring

on their pets and communicate with
them remotely in real time
Automated Implementing an optimized reward
3| reward frequency and smart treat-dispensing
system system to motivate pets
Enhancing product sturdiness while

& interaction

4 Durak:hty & ensuring safety, considering pet
salety behaviors like chewing
User Simplifying usage and incorporating a
5 convenience minimalistic, emotionally appealing
& design design that blends well with living
compatibility spaces
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Contents Image Purpose

Observation Use CCTV to remotely monitor pet’s behavior in real time

Camera

Main Unit &
Remote
Control

Utilize a trainer to allow caregivers to engage in remote
play and reward activities even when away (PetSafe Teach
& Treat Remote Reward Trainer)

Use it as a designated area mat to encourage your petto
wait in a specific location

Dispenses treats based on movement, encouraging active

Treat Bowl participation in play

Mini

Speaker Functions to signal playtime

3
.
-
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Fig. 1. Prototype components for user environment testing

a9 200He AFA 87 HI2EE E4ERE B
otk EAZAY HZ2E GAdAE BRIt
CCTVE &3l ¥ 7e] P5s d4os #sia
(Observation), =°| 7|7(Play device)S 53 AL
= Also] W Ao] A-gH o2 Rk (Response)st=
AE Hretatt Bl o] B3 )5S FYstA
2 A 2~E(Dispenser)= F3| 25O 7Ho] A|
F(Reward/supply) o] =o| W5 IAHA 7o}
ApEA FoE F8G o] AL BeAe
B AgoA s digdo] S5d 0T Ho|E A&
& & e s A8 Wl $HE FAT A
4 JIERE vEoE Rox FA Al B9
Eebdh A #ES s)asty] A3 Al A e =

o] e A8k



Journal of KIIT. Vol. 23, No. 5, pp. 75-88, May 31, 2025. pISSN 1598-8619, eI[SSN 2093-7571 81

Observation _ ccTV Pet

Response -
Play Device Tz

Interaction

Parent
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Fig. 2. User environment test configuration
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Day 1: Designated Location Test

Test Type User (Caregiver) Actions & Role Pet Behavior & Response

Caregiver monitors through CCTV and
rewards f the pet moves to the specified
tocation

Pet moves to the designated area
(mat), waits, and receives a
reward

Designated Location
Test

Day 2: Action After Sound Test

User (Caregiver) Actions & Role Pet Behavior & Response

Pet hears the sound and
performs a specific action (moves
the treat bowl)

Caregiver delivers a specific sound signal
to guide play behavior and provides a
reward

Play After Sound Signal

Day 3: Touch for Reward Test

User (Caregiver) Actions & Role

Test Type

Pet Behavior & Response

Caregiver observes and provides a reward
when the pet touches th
object

Pet touches the specified object
[ i receives a

Touch for Reward Play
reward

02 3, ZREER|IS 8238 32710 ALK} A

o
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Fig. 3. Results of prototype user environment testing and
analysis of dog behavior

Table 9. Integrated evaluation of user environment test using prototype over 3 days

Date Play type Stage Duration | Perf. Behavioral changes and characteristics
Training 10 min - Distracted behavior, lack of understanding of play method
Test1 10 min X Location departure, lack of focus
; Test? 10 min X Repeated departures, continued unstable behavior
D?y Icl?c?;tli%r;attzgt Test3 10 m@n A Beginning shor‘g—term Iocati'on retenti'on
Test4 10 min A Increased duration of location retention
Testb 10 min 0 Stable location retention achieved
Testb 10 min 0 Able to voluntarily and repeatedly perform the action
Training 10 min - Difficulty recognizing sounds, initial confusion
Test1 10 min X Struggles with immediate response to sounds
. Test? 10 min A Increased reaction, but insufficient approach behavior
Dzay Action ?2:{ sound Test3 10 m@n A Intermittent actions, impro_ved re_action _speed
Test4 10 min 0 Stable response to sounds, immediate action taken
Testb 10 min O Able to perform actions smoothly
Test6 10 min 0 Active and repetitive execution of behavior
Training 10 min - Initial lack of interest and confusion
Test1 10 min X Indifference to sensor, avoidance of touch behavior
Test2 10 min A Increased curiosity, beginning attempts at contact
Dgy Touch tfort reward Test3 10 min A Growth in touch behavior, forming recognition of rewards
es Test4 10 min 0 Stabilization of touch behavior, immediate reward action
Testb 10 min 0] Consistent and repeated execution
Testb 10 min O Autonomous and proactive behavioral performance

Test execution status (O

Success, A: Partial success, X: Failure)
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Design direction

elements Detailed guidelines

Development of Designing active play scenarios
sustainable play | focused on waiting, sound response,
content and touch rewards.

Support for remote| Utilizing smart cameras and audio
interaction & systems for real~time status checks
monitoring and guided remote play.

Implementation of | Providing immediate sensor-based
automated reward rewards and customizable user
systems settings.

Using sturdy materials, designing safe
structures, and ensuring ease of
maintenance.

Enhancement of
durability & safety

Creating an intuitive app interface

User-friendly and emotionally appealing design that

interface & design

harmonizes with residential spaces.
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No. Name Function
Observe and record the dog’s
1 Camera Observe g
2 Sound Emits sound at the
start/success of play
3 Sound Sensor  Detects surrounding sounds
and converts them into data
4 Treat Dispenser Dispenses treats when play

is successfully completed

“Ifeel reassured knowing | can monitor and record my

ey dog's play and treat intake through the camera.”

“Even without my guardian, I'm happy | can enjoy

play and get treats when | succeed!”

Master
Feature Task Flow o Auerage sound
sensitiviy feedback
" Sound Detection & | ‘Sound Detection &
Messurement | Measurement

o B
Treat Dispensing e
App Access

.

Sound
measurement
Sound result

Laser Pointer

e
s ey s

Camera

Final diagnosis
report

Adjust Play Time

(a) OkAE 7]7]2t E3
(a) Master & Features

No. Name Function

1 Master Treat Treat is dispensed via the
Master unif

2 Startof Play  Sound indicating the start
of play

3 Direct Treat  Guardian manually gives the
treat

“Ifeel relieved because | can directly observe how

ot My dogis playing.

“Playing with my guardian is more exciting

and keeps me from getting bored.”

Switch (_\

By operatng the sich ey,
Vou an il lay and.
a

Feature Task Flow o
Dispense reats
PEMBER —_— sTeR o slongwitha
Accesstheapp | I specificsound
ME strt
S — o predesignated
Click MAsTER | PEMBER play

Caregiver dispenses

Dispense treats e treats along with a
Via MASTER specific sound

——
(o) 2%I% 7|7|2t EX
(b) Switch & Features

No. Name Function
1 Location Sensor Measures activity, and cpordinates via
linkage with the”"Place’
| 2 Sound Detection Pe!elcls barking and measures decibel
level
3 Clip Attaches securely to the dog’s collar

“Knowing how much my dog moved today helps

Guardian M@ Manage their activity level.”

“Since | get treats when | move, | think I'm

becoming more active and healthier!”

Collar (_\

us 22
by Dsity step court

Gt v roro  and calories
e a8 v o A

Feature Task Flow

. Measure activity

Location Tracking

Aecesstheapp Calorie bum by
Barking Sound : . ® day of the week
ecton
View activity
Actvty Pattern | paternreport |
Anlysis —T

Confirm the e e g o 50 o Weekly analyss ofrest
results and sleep pattens

© =& 7|17|1e2 &
(c) Collar & Features

No. Name Functiol
1 Object Detection Detects number of balls and links
Sensor with Colla device

2 Base Structure  Structure that allows placing and
lifting the ball

“since multiple toys can be connected and used,

Guardian Playtime can be used more efficiently.”
“I can enjoy various toys, 5o it's not boring and
really fun!”

Place (ﬁ

Check the level of
.

Feature Task Flow L1 - Bhono s Growing feiipet
[ Recognitionof | Recogi Inaividual Moge: P e
| Pactiovement | mementbebwsen | e
Location PR S
Recognition rcessthespp | |
s ‘ U
Recogrition
Ecopnith) ) o Choose the right
Select play mode | based on level

Set the mode

——
Zejo|A 7|7|9 EA
(d) Place & Features

(d

No. Nar Function
1 Snack Hole  Space where treats are
\ released
2 Location Sends location signal to Master
Sensor
3 Bumps Helps with dental care (removes
plaque/tartar)

“It used to be hard to give snacks every time, but now

cumaian I’ more convenient. And since | can adjust

the play level, my dog doesn't get stressed.”

“As the level goes up, it gets harder,

but when | succeed, | feel proud and accomplished.”

Ball
S P Set the number of
Feature Task Flow e  ballsto be placed in
. the Place

Locati
Location-Based o

ased
jon

Treat Holder —
App Access

Select Play Mode

Set Number of
Balls

Set Number of Balls

) 22 7|7]e} EX
(e) Ball & Features
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No.  Name Function
1 Touch Sends a signal to the Master when
Button pressed by paw
2 LED Emits three different colors
of light

“By adjusting difficulty levels, | can help improve

Guardian My dog's problem-solving skills.”

“The more | play, the smarter |

oy feell”

Touch
Feature Task Flow

Touch Button )

LED Control

Select Play Mode:

(f) EAxl 7|7|2t EF
(f) Touch & Features
a8 8 HEe 7y ¥ &3

Fig. 8. Product types and key features
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Level 03 (House Training)

(" Dog stays on the Place mat
inside the House.
start
und
Dog does not stay on the
Place mat inside the House
Level 04 (2 Places)
Start

Sound

Place

Level 01 (1 Piace]

start
Sound

Level 02 (1 place)

(a) Place =0| g4l
(a) Place play method

Level 01 (1 Ball)

Dog places the Ball on
t
st
Sound

Level 02 (2 Balls)

Dog places 1Ball
onthe Place
start

Dog does not place 1
Ball on the Place

(Movement )
(Dng picks up the Ball
Fe e
_ = |
(b) Ball- Place =0| 2+4
(b) Ball- Place play method
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Fig. 9. Dog play content scenarios and level configuration
using prototypes
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