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Motivation

Many physical objects are 
partially or completely 
inaccessible to people with 
visual impairments:

• Relief maps

• 3D models, e.g., 3D-printed or 
physical models

• Appliances
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Motivation (con’t)

Tactile documents are designed 
for maximum accessibility:

• Tactile maps

• Tactile graphics

Braille labels are added to 
improve accessibility

However, this approach has 
some important limitations…
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Limitations of braille labels

• Inaccessible to people who don’t know braille

• Limited space for braille labels

– Labels compete for space with the tactile 
surface

– Can interfere with exploration of tactile 
surface

– This limits the amount of label information
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Limitations of braille labels (con’t)
• Label abbreviations save space but are less clear

• Labels/legends can be placed some distance away 
from the landmarks they label, but…

– this often requires adding lines to connect the label with the 
corresponding landmark, which can be confusing

From Tactile Graphics Helper
(Fusco & Morash, 2015)
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General solution
Add audio labels to an object using an accessible

process

Each landmark (or “hotspot”) of interest on the 
object has a specific audio label

Allows person to explore object naturally with 
fingers, and then query hotspots as needed

Enables audio-haptic interaction with object

How to accomplish this?
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Existing solutions/related work

Customized objects and tactile 
graphics, e.g.,

• Add touch-sensitive sensors at 
each landmark of interest

• Stylus that interacts with surface 
with special optical patterns:

– Talking Tactile Pen

– PenFriend Voice Labeling System

• Talking Tactile Tablet 2 (Touch 
Graphics)
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Existing solutions/related work 
(con’t)

Customization is a powerful approach, but it 
has a big drawback: the object of interest 
must be tailor-made in order to be 
accessible

• This can be costly and time-consuming

• What if you want to make an existing
object accessible?
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How to avoid having to customize the object? 

One way is with computer vision:

• A camera views the hands as they explore the object

• The camera tracks finger locations

• When the user is pointing to a hotspot, this is 
recognized by the system, which then reads aloud 
the corresponding label

This is a form of augmented reality (AR), but with 
audio output

Existing solutions/related work 
(con’t)
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Several groups have used 
computer vision for this purpose 
over the years:

• KnowWhere (Krueger & 
Gilden, 1997)

• Access Lens (Kane, Frey & 
Wobbrock, 2013)

• CamIO (Shen, Edwards, Miele & 
Coughlan, 2013)

Existing solutions/related work 
(con’t)
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• Tactile Graphics Helper (Fusco 
& Morash, 2015)

• Augmented Reality Tactile 
Maps (Ichikari, 2016)

• JustPoint (Mascetti et al., 
2016)

• MarkIt and TalkIt (Shi et al., 
2017)

Existing solutions/related work 
(con’t)
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CamIO (“Camera Input-Output”)

Originally used a depth-sensing 
camera (Kinect) to simplify the 
detection and localization of the 
user’s fingers

New approach (inspired by MarkIt
and TalkIt): use a conventional 
camera, like a webcam or 
smartphone camera
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CamIO
Early version used brightly colored 

sticker on fingertip

Current version uses a handheld 
stylus instead

Advantages of stylus:

1) More accurate pointing

2) Stylus tip location can be 
estimated in 3D

3) Stylus is more visible than 
fingertip

4) Enables accessible authoring
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CamIO

Conventional camera makes the 
computer vision more challenging, 
but has important benefits:

• Just use built-in camera – no need to 
purchase specialized camera (e.g., 
Kinect) or high-end smartphone 
with depth sensor (e.g., iPhone 11 
Pro)

• Current version runs on iOS, with 
future version planned for 
Raspberry Pi
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How it works
Annotation data = hotspots and associated 

text labels

Current version requires: 

• Object is mounted on a board – special 
barcode pattern printed on paper

• User points using stylus
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User interface

Whenever stylus tip gets close to a hotspot, the 
corresponding label is read aloud

Refusable interface: if the stylus is moved away during 
a text-to-speech utterance in progress, utterance is 
halted immediately

Crickets warning sound: issued whenever board is not 
visible to the camera  indicates that CamIO can’t 
function until this problem is corrected

New user interface (more recent than CSUN Journal 
paper): verbal guidance to help user find a desired 
hotspot -- up/down/left/right/forward/back
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Accessible creation of audio labels

Originally the audio labels were created offline by a 
sighted experimenter

New accessible authoring approach:

• Use a second writing stylus to define a new 
hotspot…

• Then record your own audio label

How does this work?

• When writing stylus dwells in one location for ½ 
second, a new hotspot is defined at this location

• Audio begins recording continuously

• To stop recording, user moves stylus away from the 
stylus (out of view of the camera)
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Co-design

Six participants who are blind (4 female, 2 male)

We asked each participant:

• How do you currently use labels (e.g., braille, audio, 
tactile) on objects in your daily life?

• Do you add your own labels?

• How would you imagine an ideal labeling solution?

• Show them a 2D tactile street map and microwave 
oven, then ask them:

– How would you label the object today?

– How would you label it with an ideal solution?
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Co-design: results

All participants identified as “lazy labelers” – only 
labeling what was necessary to use a device with 
bump dots and minimal braille

Ideal solution for all participants included both braille 
and audio labels

All participants agreed that existing braille labels had 
limitations (too big, easy to damage, too much work)

All but one participant wanted something that could 
accurately recognize objects when held up in front 
of a camera and apply annotations if created
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User Study
Next, all participants completed user study with CamIO

app running on iPhone 8

Hands-on training session showed them how to trigger 
pre-defined hotspots with stylus and how to define 
new hotspots, record associated audio labels and 
verify new hotspots

Participants were told to create their own labels for 
three objects: 

1. 3D model of biological plant cell

2. 2D tactile map

3. Microwave oven

The experimenters set up the smartphone camera and 
offered verbal assistance



21

User Study
Cell model task: define three hotspots (nucleolus, 

mitochondria and chloroplast) and verify them

Tactile map task: manually trace a route from a start 
location to a destination, add an audio label at each 
of the four intervening street intersections on the 
route, and verify them

Microwave oven task: label the Popcorn, Reset and 
number buttons 1-5, then complete three realistic 
button press sequences (e.g., press Popcorn 
followed by Reset)
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User Study: picture of setup 
with cell model
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User Study: Results
Most tasks were completed successfully for cell model 

and tactile map, with some exceptions

Most of these exceptions related to:

(a) being unable to verify a hotspot (due to noise in the 
location estimate of the stylus tip) and 

(b) software bugs (which have since been fixed) that 
erased some hotspots
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User Study: Results (con’t)
The microwave oven tasks were very challenging 

because (a) buttons on microwave panel were 
spaced close together and (b) no tactile features 
indicated the button locations on the panel 
(however, a button makes a sound when you press it 
firmly)

We allowed participants to apply bump dots to the 
panel

Four participants completed the requested button 
press sequences perfectly or near-perfectly; the 
other two labeled the buttons in the wrong locations 
because of user imprecision and/or stylus tip 
localization noise
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User Study: Results (con’t)
Informal wearable experiment: 

We asked all participants but the first to try using 
Google Cardboard with a head strap to hold the 
smartphone while using CamIO to access the 
microwave oven

Experiments explained how to use the app feedback to 
help them aim camera properly by moving head

Four of the five participants were able to read the 
hotspots this way, and two of the five were also able 
to record new hotspots

One participant was able to use CamIO by holding the 
smartphone in one hand while holding the stylus in 
the other



User Study: picture of Google 
Cardboard experiment
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User Study: Results (con’t)
Semi-structured interview to solicit comments on 

CamIO

All participants: 

• would prefer to point with their finger rather than a 
stylus

• wanted tactile indications for hotspot locations 

• thought CamIO could be useful after some 
improvements such as object recognition

All but one participant said aiming the camera was too 
difficult

One participant suggested using one stylus rather than 
two
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Ongoing/future work
Ongoing user testing will help us improve the user 

interface

We are now using one stylus instead of two

Develop training materials

Share beta version of app, which will be free on the 
Apple App Store

Explore the use of gestures, e.g., double-tapping the 
stylus or drawing a circle with the tip

Implement object recognition to automatically identify 
which object is present
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Ongoing/future work (con’t)

Simplify or eliminate the “scaffolding”:

• Use iOS ARKit to scan the object and create a 3D 
model of it can eliminate the board

• Do finger tracking to eliminate the stylus

• However, stylus may still be useful for precise 
annotations, and is preferable for some users
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Future application

Planned accessible 3D map 
installation at the Magical Bridge 
Playground in Palo Alto, CA, 
which was created “to address a 
lack of playgrounds accessible to 
children and adults of all abilities”
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For more info about CamIO
CamIO project website includes publications 

to download: 

www.ski.org/project/camio

Sign up to learn more about CamIO and beta 
test the CamIO app: 
https://forms.gle/Pfhmh5ujCCeyCVqb7

https://forms.gle/Pfhmh5ujCCeyCVqb7
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Postdoc openings at 
Smith-Kettlewell

1-2 slots per year

Contact coughlan@ski.org for more 
info
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