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Abstract— Puzzle mats made of cushioned material are
widely used in environments like homes and playrooms to
prevent injuries from infants and toddlers falling. The mats
feature puzzle-like edges, allowing users to freely adjust their
size and shape to fit the space where the mat is placed. This
study proposes “PuzMaty,” a design interface for drawing
patterns of animals, numbers, letters, etc. using puzzle mats of
different colors. This interface is expected to make the puzzle
mat function not only as a safety measure but also as an
interior decoration. It is also likely to reduce the burden of
childcare when placing mats because it makes the number of
mats required for a particular space more intuitive.

I. INTRODUCTION

Many traumatic brain injuries in infants and toddlers are
caused by falls in the home, often due to the child’s behavior,
such as running and jumping [1]. However, it is not easy to
control infant behavior, and children’s ability to move around
freely is crucial for healthy development. For this reason,
families with small children and children’s rooms often place
cushioned puzzle mats on the floor of living rooms and
children’s rooms. Puzzle mats are made of resilient materials
like Ethylene Vinyl Acetate (EVA) or polyethylene, with
each mat surrounded by edges that fit together like puzzle
pieces, and they measure approximately 30 cm to 1 m on
each side. Due to their high cushioning properties, they
absorb shock and sound, preventing injuries from falls and
reducing noise. The puzzle-like edges allow the mats to be
connected, so their size can be freely adjusted to fit the
room’s dimensions and shape.

In general, most puzzle mats on the market are colorful,
with two or three colors, intended for use in children’s rooms.
However, due to the emphasis on safety, design options are
limited and tend to feature simple patterns.

Therefore, this study aims to develop a design interface
called “PuzMaty,” which allows children and caregivers
to easily and enjoyably simulate puzzle mat patterns 1.
By doing so, puzzle mats, traditionally used for children’s
safety, can be repurposed as tools for freely designing
floors. Users can create their drawings freely or refer to
websites like DOTOWN1 to draw patterns that match the
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Fig. 1. Systems Overview

room’s dimensions, seasonal themes, or educational designs
(e.g., letters and numbers) to support children’s learning.
Additionally, since the number and colors of mats required
can be intuitively determined based on the room’s size,
caregivers do not need to measure the room dimensions and
calculate the number of mats required, thereby reducing the
burden of childcare.

II. RELATED WORK

A. Design Support Tool

Handcrafting and garment creation usually require manual
design schematics and structural planning during the creation
process. However, these tasks can be challenging for children
and beginners and time-consuming even for experienced
individuals. Therefore, simulating design schematics via
computer tools can offer several benefits, such as improved
efficiency and support for beginners’ learning. Tools exist
for designing not only 2 Dimensions (2D) works like wire
wrapping [2], stenciling [3], rhinestone embellishments [4],
and paper piecing [5], but also for creating 3 Dimensions
(3D) handcrafts like plush toys [6], beadwork [7], and
pouches [8]. There are numerous studies on embroidery
[9], knitting [10], [11], and garment design [12], including
sketch-based systems that create e-textile patterns incorpo-
rating electronic components like sensors and LEDs [13] as
well as programming-based tools that promote programming
education through the creation of embroidery patterns [14].
In addition to creating and simulating designs, some studies
have focused on optimal design and support during the
creation process. For example, there is research on the
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application of pixel art to handicrafts, where images are
converted into knitting, cross-stitch, and beadwork patterns,
and patterns are corrected when errors such as pixel skipping
or duplication occur during creation [15]. Legolization [16]
generates Lego assembly patterns based on 3D models, sug-
gesting stable structures to prevent collapse during assembly.
While many design interfaces use images, sketches, or 3D
models as input, sketch-based design interfaces are simple to
operate, allowing even novices to easily realize their ideas.

In comparison, PuzMaty aims to create a tool that supports
pattern generation for puzzle mats, enabling users to design
floor layouts easily before placing the mats without requiring
complex operations. Users can scan a 3D model of the
environment in which they want to place the mats, select
the mat size, and automatically simulate mat placement.
They can then design the floor like pixel art, adjusting to
the room and mat sizes. This tool is expected to eliminate
the need to calculate the number of mats required for the
space before purchase, thereby reducing the burden of mat
placement tasks.

B. Interaction with Floor Surfaces

The floor is a particularly important area in living spaces,
with its materials and design significantly impacting the
overall ambiance and style of the space. Using carpets
and rugs not only improves comfort through insulation and
thermal effects but also harmonizes the entire space, creating
a cozy environment. There are several studies in the field of
Human-Computer Interaction (HCI) that use floor surfaces.
For example, TapTiles[17] embeds LED lights in the floor to
present information, while other studies have investigated the
impact of floor-based interface design on decision-making
[18]. In addition, there are studies on developing interactive
children’s games that project images in response to human
movements [19], [20]. However, installing displays or em-
bedding LEDs across the entire floor presents challenges,
such as financial costs and space requirements. In contrast,
there are studies that use carpets or mats such as PI Floor [21]
and those aimed at rehabilitation for children with disabilities
[22], [23], [24]. These studies utilize paper with printed
letters or carpets embedded with sensors and LEDs, which
are more cost-effective and portable compared to large-scale
displays.

Related research on floor design includes studies on AI
Carpet [25], generating patterns for jacquard woven carpets
[27], and Graffiti Fur [26]. AI Carpet creates carpet designs
that match the room’s ambiance based on user preferences
and room images. Graffiti Fur is a technology that uses
raised fur fibers to display designs on carpets. This allows
ordinary carpets to function as rewritable displays, with no
running costs to maintain the image. Puzzle mats are also
available with designs or numbers and letters embedded like
puzzles [28], offering aesthetic appeal and educational value
for young children. However, these mats often have fixed
designs that are difficult to change.

This study aims to design floors using flexible puzzle
mats traditionally used for safety purposes. This approach

Fig. 2. System flow: (1) 3D model scanning; (2) drawing; (3) mat
placement

eliminates the need for new devices or special spaces,
allowing children to safely draw and play in their everyday
living spaces. The use of multiple mats to create a single
design in a room allows for easy redesign by rearranging
the mats, facilitating room redecoration with educational
letters and numbers or seasonal designs, thus contributing
to children’s education and making it easier to change the
room’s appearance.

III. SYSTEMS SCENARIO

The scenario for this system is shown in Figure 2. The
target users are (a) those who already own puzzle mats and
want to change the pattern using a limited number of mats
they own and (b) those who are considering purchasing
puzzle mats and want to buy the necessary amount based
on patterns that match the room’s atmosphere or patterns
drawn by their children.

1). 3D model scanning and importing into the system:
Users use tablets like iPhones or iPads to scan a 3D
model of the environment in which they want to place
the mats and import it into the system.

a) Enter the colors and numbers of the mats users
own in advance, and create a new pattern while
ensuring that the number of mats used for each
color does not exceed the number of mats owned.

b) Create patterns while freely adjusting the colors.
After deciding on a pattern, check the list of
colors and numbers used in the simulation, and
purchase the necessary mats.

2). Drawing: The 3D model of the room is displayed by
the system, allowing users to rotate the model, adjust
the area where the mats will be placed, and set the size
of the mats.

3). Mat placement: Arrange the mats in the actual envi-
ronment while referring to the created pattern, either
by printing it out or viewing it on a display.

IV. DESIGN INTERFACE “PUZMATY”

In this study, a design interface is created using Unity to
simulate the placement of the puzzle mat. The interface is
shown in Figure 3 below.

A. Scanning 3D Models

First, scan the 3D model of the environment in which
the user wants to place the puzzle mats and import it into
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Fig. 3. PuzMaty

PuzMaty. In this study, we use the iPhone’s built-in LiDAR
sensor to capture the actual environment and convert the
files for import into Unity using Meshlab2. The 3D model is
displayed in the center of the screen within the interface, and
mats are placed in areas excluding furniture and walls. The
detection of obstacles like furniture and walls is described
in detail in Section IV-C. Before drawing the pattern, the
user can use the slider at the bottom right of the screen to
rotate the model and adjust the mat size, thereby adjusting
the angle. Additionally, users can set the area where they
want to place the mats by moving the spheres located at the
top right and bottom left of the 3D model.

B. Functional Description of the Interface

As described in Section III, this system targets users
(a) who already own puzzle mats and those (b) who are
considering purchasing them. Therefore, the system has
two nodes to serve both purposes. The basic interface and
operation instructions are the same, but during color selection
users (a) adjust the size of the mats in the interface to match
the mats they own, register the colors and quantities, and
create patterns within the limits of their available mats. In
contrast, when selecting the second option, users (b) can
freely choose the size and color of the mats, create patterns
and then purchase the mats based on the colors and quantities
used in the simulation. Users considering the purchase of
puzzle mats traditionally need to measure the area where the
mats will be placed and calculate the required mat size and
number of pieces. However, with the use of this system, it
becomes possible to simulate the placement of mats and their
sizes on a 3D model, thereby eliminating the need for this
cumbersome process in a real environment.

1). Setting the placement area: Adjust the placement area
of the mats by moving the spheres located at the top
right and bottom left of the 3D model in the simulation.

2). Color Palette: Select the color of the mats from the
color palette. Specify the color using RGBA, HSB, or
HEX color codes.

2https://www.meshlab.net/

Fig. 4. System configuration: (1) 3D model; (2) mat layer; (3) point cloud
detection layer

a) Create a color that closely matches the mats you
already own, enter the quantity in the text field
below the color palette, and press the save button.

b) Create the colors needed for the pattern you want
to draw.

3). Color preview: Check the colors used and the number
of each.

a) The initially created colors using the color
palette, the quantity of each color owned, and the
quantity used in the simulation are displayed.

b) The colors and quantities used in the simulation
are displayed.

4). Rotation slider: Rotate the 3D model.
5). Mat size adjustment slider: Adjust the mat size on a

scale from 0.1m to 1m.
6). Angle change button: Change the camera position.

Initially, the model is projected from directly above
(Figure 3), but pressing the button changes the camera
position to a 45-degree angle. You can further adjust
the camera position forward, backward, left, and right
using the WASD keys and up and down using the
arrow keys to replicate a human’s view in the actual
environment and check the mat placement.

7). Mat simulation: Apply the selected color to the mat
area by left-clicking on it, and erase the color by right-
clicking.

C. System Implementation

This system consists of a 3D model (Figure 4(1)), a mat
layer (Figure 4(2)), and a point cloud detection layer (Figure
4(3)). The 3D model is captured by the user and imported
into Unity. To remove the floor portion of the 3D model, pre-
crop the bottom 10% of the model’s point cloud and create a
mat layer in place of the floor. The size of the puzzle mats in
the mat layer can be adjusted on a scale from 0.1m to 1m.
Users can change the color of the mats and draw patterns by
clicking on them. The point cloud detection layer consists
of a collection of smaller mats (point cloud detection mats)
and is used to detect objects such as furniture and walls
within the 3D model. When the scale of the 3D model is
set to 1 and point clouds exist up to a height of 0.6, the
point cloud detection mat directly below these point clouds
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becomes active. If 60% or more of the area of a single
puzzle mat contains active point cloud detection mats, the
area where the puzzle mat is placed is considered to contain
furniture or walls and is grayed out. Initially, the point cloud
detection mats are one-fifth the size of the default puzzle
mats, so each puzzle mat contains 25 point cloud detection
mats (5× 5 = 25). If 60%, or 15 or more, of these point
cloud detection mats are active, the area where the mat is
placed is recognized as containing furniture.

V. RESULTS

We conducted a workshop and recruited ten participants (6
males, 4 females, average age 23.8±2.23 years) to evaluate
the system by simulating patterns and arranging mats in the
actual environment. Participants first received explanations
of the system’s functions and practiced operating it. Then,
they registered the colors and quantities of mats prepared
in advance, drew patterns, and arranged mats based on the
patterns. There was no time limit for drawing or arranging
mats. All experiments were conducted in the same environ-
ment to arrange mats in the actual environment, and mats
were prepared in advance to fit the room dimensions. A total
of 224 mats were prepared in six colors (beige: 84, orange:
40, green: 36, yellow: 28, blue: 28, brown: 8)

Participants were not given specific tasks and were free
to draw animals, plants, characters, etc. They arranged the
puzzle mats using a printout of their designs as a reference.
Eight out of ten participants searched for images and pixel art
on the Internet for reference. On average, participants spent
about 20 minutes on drawing and 30 minutes on arranging
mats. Figure 5 shows the patterns created by the participants
and the actual arrangement in the room. Additionally, the
System Usability Scale (SUS) [29] was used to evaluate the
interface, resulting in a score of 82.5. In post-experiment
interviews, participants were surveyed about their satisfaction
with the designs created and suggestions for improving the
interface. While participants enjoyed designing and arranging
mats, they noted that it was difficult to create colors without
explanations for HSV or RGB values and highlighted the
need for a feature to bulk draw mats by dragging the mouse,
as currently, each mat needs to be clicked individually for
coloring. Regarding satisfaction, many participants felt that
the simulated and arranged designs met their expectations.
However, one participant mentioned that his impression of
the simulated patterns and those in the real environment
differed because he registered colors different from the actual
mat colors during registration.

VI. FUTURE WORK

One constraint of this system is that users need to scan
a 3D model of the room using an iPhone or iPad, fol-
lowed by converting files and removing unnecessary parts
to import them into PuzMaty. Furthermore, mastering the
technology to scan more accurate 3D models takes time,
which raises concerns that creating 3D models could be a
barrier to using this system. In this experiment, we scanned
and pre-processed the room’s 3D model in advance, and the

Fig. 5. Patterns Created by Participants

participants’ tasks were limited to registering the colors and
quantities of mats, drawing patterns, and arranging mats. In
the future, we plan to consider the practicality of the system
and implement features to easily incorporate 3D models
into PuzMaty. Additionally, this experiment only involved
adult participants, excluding the intended users: children
and parents. Therefore, we plan to organize workshops
with children to evaluate the system’s usefulness. Moreover,
considering that children will use the interface, there is a
need to simplify the functions for ease of use. In this study,
a tool was developed to allow users to freely create designs.
However, it is acknowledged that some users may find it
difficult to come up with ideas and draw them on their own.
Therefore, it is necessary to build a system that suggests
appropriate designs based on images or keywords. After the
experiment, a function was added to load the image and
convert it into pixel art with a resolution of 2 x 2 to 20 x 20
pixels. In future experiments, this functionality will be used
and evaluated for design tasks, and if necessary, we envision
implementing a function to create designs from keywords
by preparing a design data set as a simpler design method.
Implementing these features would lead to the development
of a more user-friendly tool, even for those who find the
design process challenging.

VII. CONCLUSION

In this study, we developed a design creation tool using
cushioned puzzle mats, which are commonly used to prevent
injuries and noise due to falls by infants and toddlers. Our
aim was not only to enhance safety measures but also to
foster children’s creativity by allowing them to draw patterns
with puzzle mats and to reduce the childcare burden by
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intuitively calculating the required number and colors of mats
during placement. Through user studies, we evaluated the
usefulness of the system and considered improvements to the
interface. Moving forward, we plan to conduct experiments
involving children and their parents, who are actual users of
the puzzle mats, to build a more practical system.
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