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Figure 1: To use our system, users (1) select and upload an image, (2-3) iteratively convert the image to a set of tactile graphics
and optionally apply refinements, then (4) fabricate the resulting tactile graphics via embossing and 3D printing.

ABSTRACT
Images like photographs, paintings, and illustrations are used to
convey important information in educational, professional, and
cultural settings. Blind and low vision (BLV) individuals can access
such images via verbal or text descriptions, or tactile graphics that
can capture rich spatial detail often lost from text alone. However,
tactile graphics remain rare as they require specialized design and
fabrication expertise to create. Prior work has explored approaches
to take an image (e.g., a diagram) and automatically convert it into a
given tactile medium (e.g., an embossing of the diagram outline with
braille labels). However, the appropriate tactile medium depends on
the image content and audience expertise such that a single medium
may not be appropriate for all images or audience members. To
lower the barrier of entry for non-experts designing and fabricating
tactile graphics to meet diverse image and audience needs, we
present a system that generatesmultiple tactile mediums at once for
a given image: outlines for paper embossings, 2.5D or “bas-relief”
models for 3D printing, and fully 3D models for 3D printing. A
preliminary evaluation of our system with educators in museums
and schools and BLV audience members indicated enthusiasm for
integrating the system in existing programs, and revealed initial
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benefits and tensions of presenting multiple tactile graphics from
creation and consumption perspectives.
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1 INTRODUCTION & BACKGROUND
Images such as photographs, paintings, and illustrations commu-
nicate ideas across cultural, educational, and professional settings.
BLV people access such images via verbal or written descriptions,
but it is difficult to convey the full visual composition (e.g., rela-
tive size, spatial relationships, and textures) in descriptions [33]. In
addition, excessively long descriptions can be cognitively taxing
and remain prone to omitting important visual details, limiting
the viewer’s independent interpretation of the image [33]. Tactile
graphics, or accessible tactile representations of 2D images [27],
address the limitations of descriptions by enabling BLV individuals
to engage in tactile exploration. Such exploration fosters deeper
understanding of an image’s composition [42] while supporting
memory, problem-solving, and the development of richer spatial
and conceptual models [12].
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Prior research has explored how tactile graphics may support
greater image understanding in STEM [24, 30], arts [6, 7, 19], cul-
tural [41], and other educational contexts [18]. Tactile mediums
include embossed paper [14], refreshable 2D tactile displays [17], re-
freshable 2.5D shape displays [32, 38], 2.5D bas-relief models [7, 33],
3D printing [18, 28, 36, 39], and handmade models [14]. While each
of these formats has unique advantages and disadvantages (e.g.,
cost, ease of creation, ease of understanding, resolution, expres-
sivity), our work considers static tactile graphics as they are the
most widely used in such settings and have the capability for high
resolution and expressivity compared to their refreshable alterna-
tives (e.g. Graphiti board [34], Dot Pad [22]). Creating effective
static tactile graphics is a costly, labor-intensive process that often
requires professional designers [24] as the steep learning curve of
required technologies and the lack of accessible tools and train-
ing present significant barriers of entry for non-experts [3, 40].
Thus, interest to automate all or part of the tactile graphic design
process has increased (e.g., automatically translating single-point
perspective artworks [13], data visualizations [24], and naturalistic
paintings [33] into tactile graphics).

However, prior tools assume there is one optimal tactile graphic
for each type of image (e.g., an embossing for a data visualization or
a bas-relief for a painting) and that the creator will know the type
to create in advance. In practice, tactile graphics must be tailored
to both the image and the audience as not all images can be repre-
sented with a single medium, and not all audience members have
the same tactile literacy and preferences. Prior work emphasizes
these challenges and establishes that the best medium for a given
tactile graphic is context and user dependent (e.g., to account for tac-
tile literacy level, Hathazi and Bujor describe the process of building
tactile literacy by exposing BLV children to 3D, real-world objects
before moving to 2D abstractions [16]). Thus, when considering
automated workflows, providing a single representation as output
is insufficient to communicate a broad array of 2D imagery to a
wide range of audiences. Our work builds upon prior approaches
by exploring the potential to create multiple tactile graphics from a
single image at once thereby providing novice creators with output
comparisons and giving BLV users access to the information they
want. We first present a tactile graphics creation tool that generates
multiple types of tactile graphics at once (embossing, bas-relief
2.5D model, and 3D model) based on the same input image. We
then conduct a preliminary study with people who teach and/or
provide accessibility services to BLV people (in education or mu-
seum settings) and gain feedback on the tactile graphics from BLV
individuals. Our exploration on the use of multiple mediums can
inform design of future tactile graphics tools.

2 SYSTEM
To support creators in making tactile graphics that address a wide
range of image and audience needs, we present a web application
that allows users to upload an image then automatically and simul-
taneously generate three downloadable tactile graphics in three
different mediums (outlines for paper embossing, 3D-printable 2.5D
or “bas-relief”, and 3D-printable full 3D models) using Computer
Vision models (Figure 1). Our system also allows users to iteratively

refine their image to improve the tactile graphics (e.g., with back-
ground removal). Following the findings of Prescher, et al., that
complex graphics (like photos) require detailed descriptions to be
fully understood [31], our prototype generates image descriptions
for both the main image and the individual tactile graphics to pro-
vide complementary visual and contextual information as well as
suggested touch strategies to match each tactile graphic back to
the original image. The descriptions provide non-experts a starting
point for crafting supplemental descriptions while also increasing
accessibility for users with screen readers when evaluating out-
put (e.g., by identifying obvious errors in the generated 3D model
similar to GenAssist for generated 2D images [21] and similar to
A11yShape for generated 3D models [25]).
Image Enhancement Control Panel Options: When uploading
an image, users can apply image processing techniques to enhance
the input image before processing (Figure 1). Our panel includes
sliders to adjust brightness, saturation, and contrast, and two tools
to remove the background: (1) an automated background removal
tool that uses Rembg [15] to segment the foreground from the
background, and (2) a brush tool to make pixel-level refinements by
either blacking out pixels in "draw" mode or returning original pixel
colors in "erase" mode. Together, these refinements can enhance
the output and remove distracting artifacts (Figure 2, left). During
initial testing, bas-relief representations were often too flat (see
Figure 2, right), so we added a “vertical warp” option to exaggerate
texture and depth.
Paper Embossings: Prior work for producing comprehensible
outlines uses a combination of grayscale, edge detection, and image
segmentation [1, 11, 23, 43]. We followed this workflow, using
OpenCV’s Canny edge detector [2, 5] to create embossing outlines.
We convert the output to a PNG image format with black lines on a
white background for paper embossing with a Cricut Maker [8]. We
followed a YouTube embossing tutorial by Kelly Rossouw [35] and
made adjustments based on results (print settings in Appendix A.1).
We used a Cricut Maker due to its low cost of acquisition ($400 [9]
vs. $4,000 for typical embossers [20]), but our output can also be
used on higher quality embossers.
Bas-Relief Models (2.5D): We use DepthAnythingV2’s [44] depth
estimation pipeline to generate a bas-relief mesh from the uploaded
image. We chose this model for its high detail retention. The output
of the model is a depth map of the perceived distance to each pixel
in the image. We then apply the user’s choice of vertical warp to
either exaggerate or dampen the depth of the mesh and construct
the bas-relief mesh by creating faces using the points contained in
the depth map. The resulting 2.5D mesh is exported as an STL file
for 3D-printing (see Appendix A.2).
3D Models: We use the TripoSG [26] model to convert the user’s
uploaded image into a 3D model. We selected TripoSG for its avail-
able open-source code base and for its ability to generate a high-
quality 3D-printable model from a single input image. After running
an inference on the user’s uploaded image, we convert the resulting
GLB format mesh into an STL file using the Trimesh [10] library’s
export feature to ensure compatibility with standard 3D printers.
Previewing Tactile Graphics: After users make all image process-
ing selections, they can simultaneously convert their image into all
three available tactile graphic types. Previews of each are available
under the tabs marked "Embossing," "Bas-Relief," and "3D Model."
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Figure 2: Left: Background removal for with extraneous detail. Right: Effect of increasing vertical warp for bas-relief models.

Figure 3: Example of printed tactile graphics: cardstock embossed outline, 3D printed bas-relief model, and 3D printed fully 3D
model. The back view of the 3D model is entirely hallucinated by TripoSG.

Each tab also has the option to download the tactile graphic(s) as
well as the option to generate image descriptions. Because proper
thresholds for edge detection vary from image to image, we pro-
vide users with three preset outline results in the "Embossing" tab
with a range of edge detection sensitivity for more flexibility when
choosing which output best represents the original image. While
the embossing outline tab displays a simple image preview, the bas-
relief and 3D model tabs have interactive previews implemented
with three.js [4], which allow the user to zoom in and/or rotate the
models to assess the final output.

3 PRELIMINARY USER EVALUATION
We conducted semi-structured preliminary user evaluations with
eight participants (six sighted participants, two blind participants)
recruited via local mailing lists to collect initial feedback on the
usability of our creation tool and the printed results. The sighted par-
ticipants were either teachers of students with visual impairments
(TSVIs) or museum professionals. Six participants (four sighted, two
blind) had prior experience with either creating and/or using tactile
graphics while two participants (both sighted museum profession-
als) had no prior experience. Sessions were conducted in-person
and took 60 minutes. Our institution’s IRB approved the study.

Sighted participants selected three to five images from a set of 14
(architecture, realistic art, abstract art, nature photography, anatom-
ical diagrams, and museum artifact photography) and used our tool
to iteratively create three tactile graphics for each. These categories
were chosen to reflect participants’ professional environments (e.g.,
paintings for museum officials; educational photography for TSVIs)

and to cover a range of image complexity and style. All participants
expressed enthusiasm about using the tool in their institutions and
about having access to multiple tactile graphics for an image —
either to directly provide all graphics to BLV audiences or to de-
cide between multiple graphics in selecting one to fabricate. For
example, TSVIs highlighted that typical 2D tactile graphics used for
standardized tests (e.g., STAAR) were difficult for BLV students to
understand. TSVIs were interested in using our system’s multiple
representations for educational scaffolding, moving from a full 3D
model to a bas-relief, and then to the embossed image. While cre-
ating their graphics, participants previewed multiple alternatives
to determine the best medium for the image content. For exam-
ple, a sighted museum professional examining a 3D model of a
portrait noted that the original painting did not depict the back
of the subject’s head, so the hallucinated back view in the model
was unexpected. In this case, the participant selected the bas-relief
model to avoid confusion. Interestingly, when asked to select their
preferred representation for each set of tactile graphics created,
sighted participants most frequently preferred 3D models (e.g., for
photographs of real objects like a fish or a frog) followed by bas-
relief (e.g., for 2D art), and then embossings (e.g., only for technical
illustrations). They also reported that the tool was easy to use and
would fit well with their existing resources (e.g., a 3D printer at
their school or museum).

In our preliminary evaluation, blind users explored 15 of 21
available printed tactile graphics previously generated using our
creation tool with five randomly selected images. Each of the five
images were available for users to manipulate in three different
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tactile mediums (embossing, bas-relief, and 3D). Blind users also
received image descriptions containing contextual information and
suggested touch strategies. In the end, blind evaluators appreci-
ated access to multiple models, but when we asked them to select
their preferred model for each image, they always preferred the 3D
model (or equally preferred 3D and bas-relief) as the 3D models
allowed them to create more accurate mental pictures. In contrast
to sighted participants who preferred bas-relief for 2D paintings,
blind users favored 3D models (even if the back of the object was
hallucinated). This preference is consistent with prior findings that
exact proportional or positional accuracy of 3D model segments
is of low importance when understanding a graphic’s overall con-
tent [29]. By providing multiple mediums, blind users can access
models they want to use rather than those filtered through sighted
people’s preferences, which aligns with GenAssist’s emphasis on
reducing dependence on sighted intermediaries [21].

During both the sighted and blind preliminary evaluations, be-
yond representing 2D images, participants raised the potential use
case of creating 3D models for real-world objects that are other-
wise inaccessible due to their large size and/or unobtainability (e.g.,
architecture, monuments, animals). Both sighted and blind users
highlighted the importance of our tool synching tactile output with
specific user goals (e.g., whether the goal was simply to build ab-
stract concepts or to directly represent real-life physical forms).
They also liked the possibility further customizing output based on
the intended audience’s tactile comprehension level and the actual
object’s dimensionality. Given this, providing multiple tactile repre-
sentations of the same image was deemed essential for supporting
a diverse set of end users.

4 LIMITATIONS & FUTUREWORK
Greater Support for Blind Users: The core functionality of our
current prototype is screen reader accessible. However, previews of
resulting tactile graphics are primarily visual such that BLV users
rely on descriptions or print out their results to fully assess output.
Our future work will implement greater support for BLV users to
gauge how well their results represent the input image (e.g., via a
scoring system, validated descriptions, refreshable displays).
Direct Manipulation: Participants expressed the desire to have
finer control over adjustments to both the input image and the
resulting tactile graphics. Suggestions included directly applying
shape annotations or textures to output, blending ormerging output
files, having tools to further edit input images, and supporting
braille labelling. One TSVI said that she could apply braille stickers
to her printed results, but it would be more convenient to have
within the application.
Textural Feedback: Sighted and blind participants noted that tex-
ture is important for differentiating regions of a tactile graphic and
conveying real-world appearance. Our prototype provides limited
variation in textural feedback due to material constraints required
for fabrication (i.e., plastic filament for 3D printing and cardstock
paper for embossing). Several TSVIs suggested using tactile graph-
ics strictly to convey shape and size while supplying students with
additional materials to better represent real-world textures. In the
future, similar to a suggestion made in a previous study [37], we will

explore using texture to map tactile regions to image descriptions
for ease of interpretation.
Applications Beyond Accessibility: Tactile graphics have the
potential to engage children as a complement to visual exhibits that
they are not able to touch (a benefit raised by a participant in our
study). Future work will explore how to optimize tactile graphic
design and creation tools for different populations.

5 CONCLUSION
We presented a tool to facilitate the simultaneous creation of tactile
graphics for complex images (paintings, diagrams, and illustrations)
by non-experts. Preliminary evaluations show that automatically
generated tactile graphics provide teachers, museum professionals,
and other non-experts with an easy, cost-effective way to make
complex images more accessible to BLV people. Our prototype
allowed users to customize their tactile graphic designs to pro-
duce ready-to-print tactile graphics in three different mediums at
once. Evaluators agreed that 3D models generated using monocular
depth reconstruction and image-to-3D inferences are a viable and
promising medium for communicating complex imagery to the BLV
community in an engaging, comfortable, and comprehensible way.
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A TACTILE GRAPHICS PRINT SETTINGS
A.1 Paper Embossings
To achieve the final printing strategy for paper embossings using
the Cricut Maker 3’s debossing tip, we tested three different meth-
ods of creating texture on paper. For all three methods, we first
upload the resulting outline image to the Cricut Maker Design
Space application and select the "single layer" option in order to
recognize all outlines.

(1) Within the design space, we selected the outline and changed
the maker setting to "Deboss." Using the highest pressure
option on 100 pound heavyweight cardstock on top of a
Cricut cutting mat, we were then able to create debossed
lines.

(2) Within the design space, we duplicated the outline. Selecting
one outline, we created a rounded "offset" edge with a value
of 0.05 to create extra space surrounding the outline itself.
Making sure that the outline and the offset were aligned
properly, we changed the maker setting to "Deboss" on the
outline itself and to "Cut" on the offset. Using normal pres-
sure with the Cricut Maker’s cutting tip, we first cut out the
offset selection on 100 pound heavyweight cardstock on top
of a Cricut cutting mat. We then removed the offset area so
that there was no cardstock where the outlines would later
be drawn and regions between outlines did have cardstock.
This allows for the ability to create deeper embossed lines
in the final graphic. We then taped or glued a second piece
of 100 pound heavyweight cardstock on top of the first (still
on the cutting mat). Using a high pressure setting and the
debossing tip, we were then able to create deeper debossed
lines.

(3) Within the design space, we selected the outline and created a
rounded "offset" edge with a value of 0.05. We then changed
the maker setting "Cut." Using normal pressure with the
Cricut Maker’s cutting tip, we cut out the offset selection on
100 pound heavyweight cardstock on top of a Cricut cutting
mat. We then removed the offset area so that there was no
cardstock where the outlines would be. Finally, we glued
the resulting cardstock pieces to a second sheet of paper to
create a paper cutting that depicted separate raised areas of
the image.

In our study, we opted to use the second creation method as it
produced the deepest embossed lines.

A.2 3D Prints
Aside from the default settings within the Bambu Studio application,
we used the following print settings:

(1) Layer height: 0.1 mm
(2) Initial layer height: 0.2 mm
(3) Sparse fill density: 10%
(4) Enable support
(5) Support type: Tree
(6) Support threshold angle: 20°

Figure 4: Left: The offset cutout pasted on a second sheet
of cardstock. Right: Result of debossing the outline on a
separate piece of paper placed on top of the offset cutout.
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B PRELIMINARY STUDY PARTICIPANT INFORMATION
B.1 Participant Demographic Information

Authoring Study Participant Information

ID Age Gender Vision Occupation Experience Creating
Tactile Graphics Frequency Preferred Mediums

1 54 Female Sighted Natural History Museum
Program Coordinator None N/A N/A

2 50 Female Sighted Teacher of
BLV Students 15 years Occasionally

Handmade materials;
paper and art supplies,

felt board

3 50 Female Sighted Teaching Assistant
of BLV Students 7 years Monthly PIAF machine,

swell paper

4 31 Female
Sighted;

Convergence
Insufficiency

Teacher of
BLV Students 7 years Monthly

Dependent on content;
PIAF machine,

handmade models

5 47 Male Sighted;
High Myopia

Teacher of
BLV Students 16 years Weekly

Dependent on content;
graph and peg boards,
paper and art supplies

6 30 Female Sighted Art Museum
Assistant Curator None N/A N/A

Table 1: Demographics of authoring study participants.

Interpretation Pilot Study Participant Information

ID Age Gender Visual Impairment Onset Occupation Experience Using
Tactile Graphics Frequency Preferred Mediums

7 43 Female Totally blind Acquired;
age 2

Tech Support
Specialist

Some;
Educational context Occasionally Raised line

8 36 Female Totally blind Acquired;
age 10

Teacher of
BLV Students

Expert;
Educational context Weekly

Dependent on content;
thermoform,
3D printing

Table 2: Demographics of interpretation study participants.
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B.2 BLV Participant Usability Ratings
P7 Usability Ratings

Statements for each
Tactile Graphic Medium Image Category

Embossed Outlines Animals Architecture Naturalistic Art Museum Artifacts Nature
Comfort of use 3 3 1 2 3
Comprehensibility 3 3 1 2 3
Communication of spatial relationships 3 2 1 1 3
Composition of image as a whole 2 2 1 1 2

Bas-Relief Models Animals Architecture Naturalistic Art Museum Artifacts Nature
Comfort of use 4 4 4 4 4
Comprehensibility 4 4 4 4 4
Communication of spatial relationships 4 4 4 5 4
Composition of image as a whole 4 4 3 5 4

3D Models Animals Architecture Naturalistic Art Museum Artifacts Nature
Comfort of use 5 5 5 5 5
Comprehensibility 5 5 5 5 5
Communication of spatial relationships 5 5 5 5 5
Composition of image as a whole 5 5 5 5 5

Table 3: P7’s Likert scale usability ratings for each tactile graphic medium and image category.

P8 Usability Ratings
Statements for each

Tactile Graphic Medium
Ratings for each
Image Category

Embossed Outlines Anatomical
Diagrams Animals Architecture Museum

Artifacts Abstract Art

Comfort of use 3 5 3 3 1
Comprehensibility 3 5 3 3 1
Communication of spatial relationships 3 5 3 3 1
Composition of image as a whole 3 4 3 3 1

Bas-Relief Models Anatomical
Diagrams Animals Architecture Museum

Artifacts Abstract Art

Comfort of use 4 5 4 4 3
Comprehensibility 4 5 4 4 3
Communication of spatial relationships 4 5 4 4 3
Composition of image as a whole 4 5 4 4 3

3D Models Anatomical
Diagrams Animals Architecture Museum

Artifacts Abstract Art

Comfort of use 5 4 4 5 5
Comprehensibility 5 4 4 5 5
Communication of spatial relationships 5 4 4 5 5
Composition of image as a whole 5 4 4 5 5

Table 4: P8’s Likert scale usability ratings for each tactile graphic medium and image category.
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