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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

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

• Talking Tactile Pen uses 

Livescribe Pen, which optically 

senses pen’s location from a 

dot pattern on special paper

• Tickers (Shi et al., 2015)
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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

Note: 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)

• Magic Touch (Shi et al., 

2016)

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 Magic 

Touch): use a conventional 

camera, like a webcam
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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, which is…

– Often bulky

– May pose incompatibility issues (e.g., Kinect is 

best used with Windows)

• Current version runs on Windows, but will be 

ported to mobile (smartphone/tablet) platform in 

near future

– Regardless of whether mobile devices have 

special depth sensors or not
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How it works

Annotation data = hotspots and associated 

text labels

All annotation data is entered offline 

(currently by someone with vision – more 

on this later…)

Current prototype requires 

• object to be mounted on a special 

checkerboard pattern (printed by laser 

printer)

• user to wear multi-color sticker on 

fingertip nail of pointer finger



16

User interface

Whenever pointer finger gets close to a hotspot, the 

corresponding label is read aloud

Dwell gesture: if finger remains stationary at this 

hotspot for a few seconds, secondary information 

about the hotspot is read aloud

Periodic click is issued to remind user that the 

system is running and still sees the fingertip

If too little of the checkerboard is visible, system 

issues a speech warning

Fingertip must remain visible to camera – this means 

object should be rotated as finger moves around 

the object to maintain its visibility

[DEMO]
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Entering annotation data

Currently this is done by a sighted person who 

possesses the object

Annotator holds a square piece of cardboard (with a 

special pattern printed on it) to point to a hotspot 

of interest. Hotspot’s 3D coordinates are 

computed relative to the object + checkerboard

The text labels associated with each hotspot are 

typed in

Each object has its own annotation file, which 

includes all the hotspot locations and 

corresponding labels
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Formative study

New version of CamIO was tested with 3 blind 

volunteer participants

After a short training session, participants were able to 

find hotspots on objects

Participants expressed interest in CamIO
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Formative study (con’t)

Participants’ comments and suggestions:

• They would like to annotate some objects 

themselves

• Wearing a color sticker on their fingertip is 

acceptable because it doesn’t interfere with natural 

tactile exploration

• A sticker sheet would be convenient

• Feedback from first two participants helped us 

improve user interface
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Current work

Planning focus groups with hands-on demos to 

identify key applications of CamIO, and to identify 

what improvements and new functions are needed

Several focus group categories: blind; low vision; 

accessibility experts; children; etc.

Question: is the CamIO approach useful to people 

with low vision? 

• Instead of reading text labels aloud, present 

zoomed-in view of region the user is pointing to

• Is this any better than using a magnifier or 

magnifier app?
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Future work: general

Ongoing user testing will help us improve the user 

interface

Explore the use of multiple finger gestures, e.g., 

double-tapping a finger or drawing a circle

Implement object recognition to automatically 

identify which object is present

Port CamIO to the smartphone/tablet platform, in 

addition to Win/Mac/Linux

CamIO software will be open sourced

Training materials (for both end users and 

annotators) will be created and disseminated
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Future work: scaffolding

Simplify or eliminate the “scaffolding” (checkerboard 

and fingertip marker):

• Either substitute checkerboard with a smaller 

textureless base (e.g., cardboard or blank 

paper)…

• …or get rid of it altogether (which may require a 

3D model of the object)

• Use color, texture and shape cues to recognize 

fingertip without any fingertip marker

• Ask end users about pros and cons of the 

scaffolding: while inconvenient for some, it makes 

the system more reliable
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Future work: annotation

Want multiple ways to annotate an object:

• In person: annotator manipulates physical object 

to specify hotspot locations

– Use a stylus with a pointy tip to specify hotspot locations

– Make an accessible user interface for annotators who 

are blind

– Fine if you own the object, but what if you don’t?
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Future work: annotation (con’t)

Want multiple ways to annotate an object:

• Remotely: 

– Images of the object from multiple views (and/or a 3D 

model) are shared remotely with a sighted annotator, 

who views object in a browser window and specifies 

hotspot locations by clicking with mouse

– If the object shape is defined by a 3D digital design file 

(for 3D printing), then this file defines the 3D model

Annotations could be shared in a publicly available 

repository

Crowdsourcing: multiple people can contribute 

annotations for an object
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Future applications

Accessible art and museum exhibits

Educational applications

Interactive games

Tangible computing and manipulables

…
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For more info about CamIO

CamIO project website: 

www.ski.org/project/camio

Emails: 

James Coughlan: coughlan@ski.org

Joshua Miele: jam@ski.org
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Postdoc openings at 

Smith-Kettlewell

1-2 slots per year

Contact Josh or me for more info


