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but few have attempted to provide access
to visual information through touch
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RESEARCH GOAL

Augment visually impaired users’ sense of touch
with interactive, real-time computer vision to
improve the accessibility of information.




Cat'egory #1: access to visual information in the physical world



Category #2: access to digital information by controlling computers or mobile devices



OPEN QUESTIONS

What is the best method to recognize the

content that the user is touching, and how
should information about that content be

conveyed to the user?

HANDSIGHT

Key aspects:

Physical hardware
Real-time algorithms
Interactive interface
Usability evaluations
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SUMMARY OF CONTRIBUTIONS

Development and iterative refinement of HandSight, a
novel wearable system to assist visually impaired users.
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SUMMARY OF CONTRIBUTIONS

Development and iterative refinement of HandSight, a
novel wearable system to assist visually impaired users.
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SUMMARY OF CONTRIBUTIONS

Findings from user evaluations across a diverse set of
tasks, which demonstrate advantages and disadvantages
of our finger-worn approach.



SUMMARY OF CONTRIBUTIONS

Design Implications for future wearable assistive

systems and for the fields of accessibility, computer
vision, AR and VR, and human-computer interaction.



HANDSIGHT I-\PPLICATIO I-\REAS




HANDSIGHT APPLICATION AREAS

Reading/Exploring Text
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HANDSIGHT APPLICATION AREAS

Clothing Colors/Patterns



Reading/Exploring Text On-Body Input Clothing Colors/Patterns
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RELATED WORK

Magic Finger: X.D. Yang, et a/, "Magic finger: always-available input through finger instrumentation," in Proceedings of UIST 2012.



RELATED WORK

Magic Finger: X.D. Yang, et a/, "Magic finger: always-available input through finger instrumentation," in Proceedings of UIST 2012.



FingerReader: R Shilkrot, er a/, "FingerReader: a Wearable Device to Explore Printed Text on the Go," in Proceedings of CHI 2015.
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FingerReader: R. Shilkrot, et a/, “FingerReader: a Wearable Device to Explore Printed Text on the Go," in Proceedings of CHI 2015,



Glasses-mounted camera

OrCam MyEye: http://www.orcam.com



Access Lens: S. Kane, et al, "Access lens: a gesture-based screen reader for real-world documents," in Proceedings of CHI 2013.
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Access Lens: S. Kane, et al, "Access lens: a gesture-based screen reader for real-world documents," in Proceedings of CHI 2013.



RELATED WORK

.

OmniTouch: C. Harrison, et a/, "“OmniTouch: Wearable Multitouch Interaction Everywhere," in Proceedings of UIST 2011.
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OmniTouch: C. Harrison, et a/, "OmniTouch: Wearable Multitouch Interaction Everywhere," in Proceedings of UIST 2011.



RELATED WORK

VizLens: A. Guo, et al, "VizLens: A Robust and Interactive Screen Reader for Interfaces in the Real World," in Proceedings of UIST 2016.



RELATED WORK
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VizLens: A. Guo, et al, "VizLens: A Robust and Interactive Screen Reader for Interfaces in the Real World," in Proceedings of UIST 2016.
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HANDSIGHT APPLICATION AREAS

Reading/Exploring Text



Advantages of Touch-Based Reading

1. Does not require framing an overhead camera
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Advantages of Touch-Based Reading

1. Does not require framing an overhead camera
2. Allows direct access to spatial information
3. Provides better control over pace and rereading

New Challenges

1. How to precisely trace a line of text?
2. How to support physical navigation?
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COMPARING Two TYPES OF
DIRECTIONAL FINGER GUIDANCE
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COMPARING Two TYPES OF
DIRECTIONAL FINGER GUIDANCE
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COMPARING TwO TYPES OF > Audio via builti
DIRECTIONAL FINGER GUIDANCE or external speakers

Higher pitch: move up
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COMPARING TwO TYPES OF > Audio via builti
DIRECTIONAL FINGER GUIDANCE or external speakers
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Lower pitch: move down



READING PILOT STUDY 4 Participants
3 female, 1 male, ages 43-64
M ETHODS 3 totally blind, 1 severe low vision

" Arduino Battery ~ Vibration Motors
L8, - (1. Above Finger, 1 Below)

==Y S

Overlay ~

Physical Boundary

Lee Stearns, Ruofei Du, Uran Oh, Yumeng Wang, Leah Findlater, Rama Chellappa, and Jon E. Froehlich, “The Design and Preliminary Evaluation of a
Finger Mounted Camera and Feedback System to Enable Reading of Printed Text For the Blind," in Proceedings of ECCV 2014 (ACVR Workshop).



READING PILOT STUDY 4 Participants

3 female, 1 male, ages 43-64
I N DI N GS 3 totally blind, 1 severe low vision

audio-only haptic-only

Example finger traces— mark drift off of the line

Audio was more accurate, about twice as fast, and preferred by 3 out of 4 participants



READING STUDIES | & I

Lee Stearns, Ruofei Du, Uran Oh, Catherine Jou, Leah Findlater, David Ross, and Jon E. Froehlich, “Evaluating Haptic and Auditory Directional Guidance
to Assist Blind People in Reading Printed Text Using Finger-Mounted Cameras," in ACM Transactions on Accessible Computing, October 2016.

Study I: initial iPad study (19 participants) Study II: physical prototype study (4 participants)



READING STUDIES | & i

Goals:

Compare audio/haptic
Explore & interpret spatial layouts
Assess reading and comprehension

Participants: 8 female, 11 male, ages 26-67)

StUdy L: initial iPad study (19 participants) All totally blind or minimal light perception



READING STUDY |

Used an iPad to focus on user experience, gather finger trace data



SYSTEM DESIGN

EXPLORATION AND READING MODES

Animals also have emotions

Lorem ipsum dolor sit amet, consectetur
adipiscing elit. Nam malesuada augue at
venenatis vestibulum. Fusce non dapibus
orci, in vestibulum nisi. Sed eu elit nec ex
posuere dictum. Sed sed libero rutrum,
dictum leo at, tempus elit. Integer porta
egestas nibh. quis mollis erat dignissim
non. Nulla nec luctus nisl. Sed ultrices. Sed
ultrices libero a pellentesque sagittis. Sed
ultrices libero a pellentesque sagittis.

Despite the stubborn, widespread opinion
that animals don’t feel emotions in the same
way that humans do, many animals have
been observed to demonstrate a capacity for
joy. People have often seen animals
evincing behavior that can only be taken to
mean they are pleased with what life has

brought them in that particular moment.

A chimpanzee named Nim was raised by a
human family for the first year and a half of
his life. After that time, Nim was separated
from them for two and a half years. On the
day that Nim was reunited with his human
family, he smiled, shricked. pounded the
ground, and looked from one member of
the family to the next. Still smiling and
shrieking, Nim went around hugging each
member of the family. He played with and
groomed each member of the family for
almost an hour before the family had to
leave. People who were familiar with Nim's
behavior said they had never seen him
smile for such a long period of time.

Exploration Mode

history and buried for safekeeping. Because stores of coins gathered and hidden in this
manner lie untouched for many years, they can reveal a great deal about a given culture.

re useful in revealing many aspects of a culture. They can provide clues about when a

ivilization was wealthy and when it was experiencing a depression. Wealthy nations
tend to produce a greater number of coins made from richer materials. The distribution of
coins can also reflect the boundaries of an empire and the trade relationships within it. Roman
imperial gold coins found in India, indicate the Romans purchased goods from the East.

The way the coins themselves are decorated sometimes provides key information about a
culture. Many coins are stamped with a wealth of useful historical evidence, including
portraits of political leaders, important buildings and sculptures, mythological and religious
figures, and useful dates. Some coins, such as many from ancient Greece, can be considered
works of art themselves and reflect the artistic achievement of the civilization as a whole.

Information gathered from old coins by historians is most useful when placed alongside other
historical documents. such as written accounts or data from archeological digs. Combined

Reading Mode




SYSTEM DESIGN

EXPLORATION MODE

Continuous audio feedback to identity content beneath finger
Flute sound: text
Cello sound: picture
Silence: empty space



Animals also have emotions

Lorem 1psum dolor sit amet, consectetur
adipiscing elit. Nam malesuada augue at
venenatis vestibulum. Fusce non dapibus
orci, in vestibulum nisi. Sed eu elit nec ex
posuere dictum. Sed sed libero rutrum,
dictum leo at. tempus elit. Integer porta
egestas nibh, quis mollis erat dignissim
non. Nulla nec luctus nisl. Sed ultrices. Sed
ultrices libero a pellentesque sagittis. Sed
ultrices libero a pellentesque sagittis.

Silence:

Despite the stubborn, widespread opinion

that animals don’t feel emotions in the same

way that humans do, many animals have

o demonstrate a capacity for

Flute sound: text g [
. 1ave often seen animals

evincing behavior that can only be taken to

mean they are pleased with what life has

brought them in that particular moment.

empty space

A chimpanzee named Nim was raised by a
human family for the first year and a half of
his life. After that time, Nim was separated
from them for two and a half years. On the
day that Nim was reunited with his human
family, he smiled, shrieked., pounded the
ground, and looked from one member of
the family to the next. Still smiling and
shrieking, Nim went around hugging each
member of the family. He played with and
groomed each member of the family for
almost an hour before the family had to

who were famihar with Nim’s

they had never seen him

smile for such a long period of time.




SYSTEM DESIGN

READING MODE

Right index finger to read, left to anchor start of line

Two directional guidance conditions: audio or haptic
Used to stay on the line or find the start of the next line
Audio: pitch of continuous audio
Haptic: strength and position of vibration

Additional audio cues (same for both conditions)
Start/end of line or paragraph
Synthesized speech
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Coins are useful in revealing many aspects of a culture. They can provide clues about when a
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culture. Many coins are stamped with a wealth of useful historical evidence, including
portraits of political leaders, important buildings and sculptures, mythological and religious
figures, and useful dates. Some coins, such as many from ancient Greece, can be considered

works of art themselves and reflect the artistic achievement of the civilization as a whole.

[nformation gathered from old coins by historians is most useful when placed alongside other
historical documents. such as written accounts or data from archeological dies. Combined
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FINDINGS

Haptic vs. Audio: Quantitative Performance (n=19)
audio haptic
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FINDINGS

Haptic vs. Audio: Quantitative Performance (n=19)
audio haptic
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FINDINGS

Overall Reading Experience

Pros

Low learning curve
Flexible

Direct control over speed




STUDY |

FINDINGS

Overall Reading Experience

Cons

Low learning curve
Flexible

Direct control over speed

Hard to use for reading

High cognitive load may
affect comprehension
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FINDINGS

Exploration Mode

Participants appreciated direct access to spatial information, and
nearly all able to locate images and count the number of columns.
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osuere dictum. Sed sed libero rutrum,
ictum leo at, tempus elit. Integer porta
pgestas nibh, quis mollis erat dignissim)
on. Nulla nec luctus nisl. Sed ultrices. Sed
nltrices libero a pellentesque sagittis. Sed
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Study I: initial iPad study (19 participants) Study II: physical prototype study (4 participants)




READING STUDIES | & Il  Goals:
Fvaluate HandSight prototype

Gather subjective feedback
Compare with KNFB Reader iOS

Participants: 1 female, 3 male, ages 39-64)
All totally blind or minimal light perception

Study II: physical prototype study (4 participants)
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METHOD: HANDSIGHT

Participants used preferred guidance from
Study I to explore and read physical documents
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STuDY ||

MEeTHOD: KNFB READER 10S

Photographed and read physical documents

-1/1-

Here's a tip. Don't stress over tipping. Restaurant tips are
more modest in Europe than in America. In most places,
10 percent is a big tip. If your bucks talk at home, muzzle
them on your travels. As a matter of principle, if not
economy, the local price should prevail. Please believe
me, tipping 15 percent or 20 percent in Europe is
unnecessary, if not culturally ignorant. Virtually anywhere
in Europe, you can do as the Europeans do and, if you're
pleased with the service, add a euro or two for each
person in your party. In very touristy areas, some servers
have noticed the American obsession with overtipping,
and might hope for a Yankee-size tip. But the good news
is that European servers and diners are far more laid-
back about all this than we are. The stakes are low, and
it's no big deal if you choose the wrong amount. And
note that tipping is an issue only at restaurants that have
waiters and waitresses. If you order your food at a
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IMPLICATIONS

ADVANTAGES AND DISADVANTAGES OF A FINGER-BASED READING APPROACH

Pros Cons

Spatial layout information Slower, requires increased |
concentration and physical dexterity

Direct control over reading * Consistent with Shilkrot et a/. 2014, 2015

Reduced camera framing issues Importance of spatial layout

. . 1 information is unclear
Efficient text detection and recognition
* We observed these in our studies




CONTRIBUTIONS

Implementation and systematic evaluation of haptic
and auditory cues for directional finger guidance

[dentification of tradeoffs of both the finger guidance
methods and touch-based reading in general in
terms of speed, accuracy, and user preference

Proot-of-concept realtime system for reading and
exploring printed documents via touch



Lee Stearns, Victor De Souza, Jessica Yin, Leah Findlater, and Jon E. Froehlich, “Augmented Reality Magnification for Low Vision Users
with the Microsoft HoloLens and a Finger-Worn Camera," in Proceedings of ASSETS 2017.

Lee Stearns, Leah Findlater, and Jon E. Froehlich, “Design of an Augmented Reality Magnification Aid for Low Vision Users," in
Proceedings of ASSETS 2018 (1o Appear).
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AR systems combine real and virtual objects, are
Interactive in real-time, and are registered in 3D

Ronald T. Azuma (paraphrased)
A Survey of Augmented Reality, 1997

Video by Yang et al, 2015
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MICROSOFT HOLOLENS
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DESIGN SPACE

GOALS

Augment rather than replace existing vision capabilities
Leverage augmented reality and persistent 3D content

Prioritize customization and flexibility



INITIAL INVESTIGATION: HOLOLENS

DESIGN

Built-in camera to capture images |

Two display modes:
Fixed 2D & Fixed 3D

Voice Commands to select mode

& " B

Image Enhancements:
Binary threshold & Invert colors

Aa AR

.



INITIAL INVESTIGATION: HOLOLENS

OBSERVATIONS

Camera resolution too low

Turning head to look at desired
content was uncomfortable

Voice commands cumbersome,
imprecise, limited customization




AR PROTOTYPE 1

HoloLens and Finger-Camera



\CAL DESIGN

AR PROTOTYPE 1;: HOLOLENS AND FINGER-CAMERA



Camera
‘N*f LED

v

\ / Custom Mount
, .

PHYSICAL DESIGN o

AR PROTOTYPE 1: HOLOLENS AND FINGER-CAMERA




Virtual Display Design 1: Fixed 2D ~

Acts as a heads-up display, stays in the user's view at all times

"VIRTUAL DISPLE

AR PROTOTYPE 1: HOLOLENSWAND FIN

R-CAMERA



AR PROTOTYPE 1: HOLOLENS AND FINGER-CAMERA



3 Low Vision Participants ( |
Fach participantused three vu{" | dis
documents and other text (e.g., mall, pill bottle, cereal box)




They providedfeedback and suggestions or kes -
design preferences, ideas for mprovements or new features



AR PROTOTYPE 1: HOLOLENS AND FINGER-CAMERA

FINDINGS

Virtual Display Designs

Fixed 3D (Vertical or Horizontal) Finger Tracking Fixed 2D

Reading experience similar to using Can help to quickly Always visible, required
a CCTV or handheld magpnifier. search a document. least concentration.



AR PROTOTYPE 1: HOLOLENS AND FINGER-CAMERA

FINDINGS

Finger-Worn Camera
[+] Flexible, allows hands-free use
Requires moving finger to read

Small field of view (~3-4 lines)



AR PROTOTYPE 1: HOLOLENS AND FINGER-CAMERA

FINDINGS

HoloLens Display
Low contrast due to transparency

Narrow view, center of vision




AR PROTOTYPE 1: HOLOLENS AND FINGER-CAMERA

FINDINGS

User Input

Midair gestures difficult to use

Unable to make quick adjustments




AR PROTOTYPE 2

HoloLens and Smartphone



HoloLens
>

PHYSIC

AR PROTOTYPE 2: HOLOLENS AND SMARTPHONE



AR PROTOTYPE 2: HOLOLENS AND SMARTPHONE

PHYSICAL DESIGN




Virtual Display Design 1: Attached to Headset

Maintains fixed position relative to the user at all times o~

VIRTUA LAYS»

AR PROTOTYPE 2: HOLOLENS AND SI\/MONE




Each design included several options for customization,
including the position, size, and contrast/colors
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AR PROTOTYPE 2: HOLOLENS AND SMARTPHONE



documents and other text (e.g., mall, p||| bottle, cereal box)



AR PROTOTYPE 2: HOLOLENS AND SMARTPHONE

FINDINGS

Participants were more successful and positive
about their experience using this version of our system.

They were better able to experience the AR aspects of
our approach, which most participants found promising.



AR PROTOTYPE 2: HOLOLENS AND SMARTPHONE

FINDINGS

Virtual Display Designs

Inch by inch, natu nl...,
fmrshlmd pine

udledbones.'l'heu
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> weakening and carrying less water
The average elevation of the Deal Tslan
“= Famine, drought, sickness and extincti
”'th'}’lf e if carbon emissions arentt
t aﬂy halted. But for Katherine

Attached to Headset Attached to World Attached to Phone

1t Several factors are con tributing: geologic
m  and ice caps are melting; Wwarming seawa
n___is weakening and carrying less water aw:
n- The average elevation of the Deal 1s\:

Famine, drought, sickness and extin

Easier to focus on the text Natural reading experience Versatile

Potentially distracting Easier to multitask Intuitive interactions



AR PROTOTYPE 2: HOLOLENS AND SMARTPHONE

FINDINGS

Smartphone

+| Better camera

+] More usable interactions

No longer hands-free

Too heavy for extended use



AR PROTOTYPE 2: HOLOLENS AND SMARTPHONE

FINDINGS

HoloLens

Issues with contrast, field of view, and
ohysical size and weight still present.

Participants with central vision loss
struggled to use the system.




CONCLUSIONS

Strengths and Weaknesses of 3D AR for Magnification

[+] Enables new interactions not possible with other approaches
[+] Good for multitasking



CONCLUSIONS

Strengths and Weaknesses of 3D AR for Magnification

[+] Enables new interactions not possible with other approaches
[+] Good for multitasking

May require more effort to use than fixed 2D display.



CONTRIBUTIONS

Design space exploration: AR magnification &
enhancement

Implementation and-evaluation of proof-of-concept
designs with low vision users

Proposed design recommendations for future AR
vision enhancement aids



HANDSIGHT APPLICATION AREAS

Reading/Exploring Text



HANDSIGHT APPLICATION. AREAS
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ON-BoDyY INPUT

USING FINGER-WORN SENSORS

Advantages:

1. More easily scalable to other body locations and surfaces
2. Largerinput vocabulary: touch position x relative gestures
3. Simplitied sensing and processing due to sensor positioning



i 30 Sighted Participants
ON-BopY STUDY | 23 Female, 7/ Male

DATAS ET Ages 1659 Fingers
/

~

®

SNATA

30 participants x 17 locations x 20 samples

Total dataset size: 10,198 images [/ K ;i(les Nail

(one participant accidentally skipped two trials) S

~
»

LG

Lee Stearns, Uran Oh, Bridget J. Cheng, Leah Findlater, David Ross, Rama Chellappa, and Jon E. Froehlich, “Localization of Skin Features
on the Hand and Wrist from Small Image Patches," in Proceedings of ICPR 2016.
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ALGORITHMS

Stage 1: Stage 2: Coarse- Stage 3: Fine- Stage 4: Geometric
Preprocessing Grained Classification Grained Classification Verification and Refinement

Select next best
template match

from Stage 3 i

i Output location
Extract Gabor Select best template estimate
(LBP/VAR bins) Compare texture keypoints match from Stage 3
against templates
from estimated
coarse-grained class

Jn.nh“ﬂl‘.h..mﬂllmb.nmw‘

Aggregate and
flatten histogram

Fingers

Sort templates

Enhance ridge/crease Estimate coarse-grained by X’ histogram “Filter matches for Validate homography matri,
lines (energy image) class using SVM distances geometric consistency eliminate degenerate cases




ON-Boby STuDY |

ALGORITHMS

é )
Stage 1: Stage 2: Coarse- Stage 3: Fine- Stage 4: Geometric
Preprocessing Grained Classification Grained Classification Verification and Refinement

Select next best
template match

from Stage 3 i

i Output location
Extract Gabor Select best template estimate
(LBP/VAR bins) Compare texture keypoints match from Stage 3
against templates
from estimated
coarse-grained class

Jn.nh“ﬂl‘.h..mﬂllmb.nmw‘

Aggregate and
flatten histogram

Fingers

Sort templates

Enhance ridge/crease Estimate coarse-grained by X’ histogram “Filter matches for Validate homography matri,
lines (energy image) class using SVM distances geometric consistency eliminate degenerate cases




ON-Boby STuDY |

ALGORITHMS

Stage 1:
Preprocessing

Enhance ridge/crease
lines (energy image)

Stage 2: Coarse-

Grained Classification

(LBP/VAR bins)

Jn.nh“ﬂl‘.h..mﬂllmb.nmw‘

Aggregate and
flatten histogram

Fingers

Estimate coarse-grained
class using SVM

N

Stage 3: Fine-

Grained Classification

Compare texture
against templates
from estimated
coarse-grained class

Sort templates
by x? histogram
distances

Stage 4: Geometric
Verification and Refinement

Select next best
template match

from Stage 3 i

Output location

Extract Gabor estimate

) Select best template
keypoints

match from Stage 3

Validate homography matrix,
eliminate degenerate cases

Filter matches for
geometric consistency
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ALGORITHMS

Stage 1:
Preprocessing

Enhance ridge/crease
lines (energy image)

Stage 2: Coarse-
Grained Classification

(LBP/VAR bins)

Jn.nh“ﬂl‘.h..mﬂllmb.nmw‘

Aggregate and
flatten histogram

Fingers

Estimate coarse-grained
class using SVM

7

Stage 3: Fine-
Grained Classification

Compare texture
against templates
from estimated
coarse-grained class

Sort templates
by x? histogram
distances

Stage 4: Geometric
Verification and Refinement

Select next best
template match

from Stage 3 i

Output location

Extract Gabor Select best template estimate
keypoints match from Stage 3

Filter matches for Validate homography matrix,
geometric consistency eliminate degenerate cases
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ALGORITHMS

Stage 1: Stage 2: Coarse- Stage 3: Fine- Stage 4: Geometric
Preprocessing Grained Classification Grained Classification Verification and Refinement

Select next best
template match

from Stage 3 i

i Output location
Extract Gabor Select best template estimate
Compare texture keypoints match from Stage 3
against templates
from estimated
coarse-grained class

JA.,J“MJ:.nhﬂlmbmmnﬂ‘

Aggregate and
flatten histogram

Fingers

Sort templates

Enhance ridge/crease Estimate coarse-grained by X’ histogram “Filter matches for Validate homography matri,
lines (energy image) class using SVM distances geometric consistency eliminate degenerate cases
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EXPERIMENTS AND RESULTS

Within-Person Classification Experiment (n=30) Fingers

Coarse-Grained Localization (Stage 2) r
(5 classes: @finger, ®palm, ©knuckle, ...)
accuracy: 99.1% (50=0.9%)

~
- ~
—
\
.

N VA

Fine-Grained Localization (Stage 3) / .
(17 classes: @palm up, @ palm down, ...) / //K uckles Nail
accuracy: 88.0% (50=4.5%) '

S

1 G

Fine-Grained Localization (Stage 4) . /
accuracy: 96.4% (5D=2.3%) Othe
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EXPERIMENTS AND RESULTS

Within-Person Classification Experiment (n=30)

Similar

Textures

Out of
Focus

Insufficient
Contrast

Query Image 1

Palm Down

Palm Right .

Predicted Location 1

Palm Center

Palm Up

Palm Up

Query Image 2

Outer Wrist

Palm Down

Predicted Location 2

Back of n

Back of Hand

Palm Up

Inconsistent Touch Location
Query Image 1 Predicted Location 1 Correct Location 1

Palm Right Palm Left Palm Right

Query Image 2 Predicted Location 2 Correct Location 2

Palm Right Palm Up Palm Right
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EXPERIMENTS AND RESULTS

Within-Person Classification Experiment (n=30)

Inconsistent Touch Location
QueryImage 1  Predicted Location 1 Query Image 2 Predicted Location 2 Query Image 1 Predicted Location 1 Correct Location 1

Similar
Textures

- Inner Wrist Palm Center ‘ OuterWrit Back of Hand

Palm Right Palm Left Palm Right

Out of
Focus

Query Image 2 Predicted Location 2 Correct Location 2

Palm Down Palm Up Outer Wrist Back of Hand

Palm Right . Palm Up Palm Down Palm Up Palm Right Palm Up Palm Right

Insufficient
Contrast
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EXPERIMENTS AND RESULTS

Within-Person Classification Experiment (n=30)

Inconsistent Touch Location

Query Image 1  Predicted Location 1 Query Image 2

Similar
Textures

- Inner Wrist Palm Center . OuterWrit

Out of
Focus

Palm Down Palm Up Outer Wrist

Insufficient
Contrast

Palm Right . Palm Up Palm Down

Predicted Location 2

Back of n

Back of Hand

Palm Up

Query Image 1

Palm Right

Predicted Location 1 Correct Location 1

Palm Left Palm Right

Query Image 2

Palm Right

Predicted Location 2 Correct Location 2

Palm Up Palm Right




Lee Stearns, Uran Oh, Leah Findlater, Jon E. Froehlich, “TouchCam: Realtime Recognition of Location-Specific On-Body Gestures to
Support Users with Visual Impairments," in /nteractive, Wearable and Ubiquitous Technologies, Decernber 2018,



OFFLINE PROTOTYPE

Microcontroller and
Wrist-mounted IMU

IR Reflectance

Sensors (x2) Camera Finger-mounted IMU




24 Sighted Participants
DATA COLLECTION 15 Body Locations 16 Female, 8 Male

Ear ¢ Ages 19-51

Shoulder

Fingers

Thigh

Wrist and
Back of Hand




DATA COLLECTION 24 Sighted Participants
15 Body Locations 16 Female, 8 Male

Ear ¢ Ages 19-51

Shoulder

Fingers

Thigh

Wrist and
Back of Hand

8 Basic Gestures

IMIMOA'_

Swipes (x4) Symbols (x3)




Stage | .
@ Touch Segmentation Signals
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Stage I
Feature Extraction

Signals

Camera
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Time (seconds)

Magnetometer (gauss)



Stage i
Localization

Signals

Palm Center

Camera



Stage IV

Gesture Classification Swipe Right Signals
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EXPERIMENTS AND RESULTS

Within-Person Classification Experiment (n=24)

Coarse-Grained Localization
(6 classes: @finger, @palm, o thigh, ...)
accuracy: 98.0% (50=2.3%)

Shoulder

Fingers

Fine-Grained Localization
(15 classes: @palm up, @ palm down, ...)
accuracy: 88.7% (50=17.0%)

/ Wrist and
=" Back of Hand
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EXPERIMENTS AND RESULTS

Within-Person Classification Experiment (n=24)

Coarse-Grained Localization
(6 classes: @finger, @palm, o thigh, ...)
accuracy: 98.0% (50=2.3%)

Shoulder

Fingers

Fine-Grained Localization
(15 classes: @palm up, @ palm down, ...)
accuracy: 88.7% (50=17.0%)

Wrist and
=" Back of Hand

Location-Specific Gesture Recognition =
(24 classes: 3 locations X 8 gestures) ’ l - |‘ ' O /\ ‘

accuracy: 95.7% (50=3.2%)

Tap Swipes (x4) Symbols (x3)



12 Participants:
/ female, 5 male

Ages 29-65
Il Blind or low vision

ODY STUDY
y

5 . {t/ @3{?3 .
Uran Oh, Lee Stearns, Alisha Pradhan, Jon E. Froehlich, Leah Findlater, “Investigating Microinteractions for People with Visual

Impairments and the Potential Role of On-Body Interaction,” in Proceedings of ASSETS 2017,

Lee Stearns, Uran Oh, Leah Findlater, Jon E. Froehlich, “TouchCam: Realtime Recognition of Location-Specific On-Body Gestures to
Support Users with Visual Impairments," in /nteractive, Wearable and Ubiguitous Jechnologies, December 2018.



ONn-Bopy Stupy i

Algorithms
Real-time processing (~60fps)
e Removed geometric verification stage (required 1-2s per image)
« Combine predictions across 20 video frames (~300ms)
 Increase number of texture features per image from 1792 to 15,552
« Reduced number of fine-grained locations (removed 5 fingertip classes)



REALTIME PROTOTYPE

Camera and LED

"/ I‘\’;‘»;l' o ."l.“' Lo

° IR Sensor (x2)

oo
~ ©5N
N o~ ~J00F L

IMU

Microcontroller




Five applications:

INTERFACE DESIGNS Clock, Daily Summary, Notifications, Health and Fitness, Voice Input
)

7

Ll Location-independent gestures

\‘ Location-specific gestures
on the body

Location-specific gestures on the palm LS body

,
2l

palm



Five applications:
INTERFACE DESIGNS Clock, Daily Summary, Notifications, Health and Fitness, Voice Input
©

7

Ll Location-independent gestures



* Health & Activities  Notifications ~ Daily Summary

Interaction Design 1: Location-Independent Gestt
Swipe left and right anywhere on the body to sequentially navigate a list of ¢



Five applications:

INTERFACE DESIGNS Clock, Daily Summary, Notifications, Health and Fitness, Voice Input

0

palm Location-specific gestures on the palm



ENCRONO

Voice Input  Health & Activities Notifications

P 7 s 1
Interaction Design 2: Location-SE ic Ge: ? on the Palm

Applications are mapped to five palm locations, select'® yuchi g a location. Supports “



Five applications:
INTERFACE D ESIG N S Clock, Daily Summary, Notifications, Health and Fitness, Voice Input

Location-specific gestures

LSbody on the body



Noﬁ'ﬁcations Daily Summary Clock

Interaction Design 3: Location-Specific Gestures
Applications are mapped to five body locations, semantically when possi



FINDINGS (12 Visually Impaired Participants)
; % P

Ll Locatlon -independent gestures

@/3

® TR N\
\‘ Location-specific gestures

LS palm Location-specific gestures on the palm LS body on the body




FINDINGS (12 Visually Impaired Participants)

b

Ll Location-independent gestures




FINDINGS (12 Visually Impaired Participants)

-

6 participa nt\j\i\
\

LS palm Location-specific gestures on the palm




FINDINGS (12 Visually Impaired Participants)

Location-specific gestures

LSbody on the body



CONTRIBUTIONS

On-body input method using finger-worn sensors

Mitigates camera framing issues
New types of contextual, location-specific gestures

Our findings demonstrate teasibility, with high
accuracy and realtime performance

We identified tradeoffs that will impact the design of
future on-body interfaces (e.g., accuracy, usability)



HANDSIGHT APPLICATION. AREAS
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HANDSIGHT APPLICATION AREAS

Clothing Colors/Patterns



IDENTIFYING CLOTHING

[ R TS

Alexander Medeiros, Lee Stearns, Leah Findlater, Chuan Chen, Jon E. Froehlich, “Recognizing Clothing Colors and Textures using a
Finger-Mounted Camera: An Initial Investigation," in ASSETS 2017 (Poster Track).
Lee Stearns, Leah Findlater, Jon E. Froehlich, “Applying Transfer Learning to Recognize Clothing Patterns Using a Finger-Mounted

Camera," in ASSETS 2018 (Poster Track, 1o Appear).



‘/\;’{‘ A ‘ o1 B Handwriting
Colorino Color Identifier Microsoft SeeingAl App



COMMERCIAL COLOR RECOGNIZERS

Limitations:
Cannot recognize patterns, only color
Do not allow users to quickly inspect multiple locations

Accuracy affected by lighting and distance



OTHER | RELATED WORK
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Access Lens: S. Kane, ef a/, "Access lens: a gesture-based screen reader for real-world documents," in Proceedings of CHI 2013.



OTHER RELATED WORK

Magic Finger: X.D. Yang, et a/, "Magic finger: always-available input through finger instrumentation," in Proceedings of UIST 2012.



OTHER RELATED WORK

striped patternless

X. Yang, et al, "Assistive Clothing Pattern Recognition for Visually Impaired People," in /££E Trans. on Human-Machine Systems, 2014.



IDENTIFYING CLOTHING

COLORS AND PATTERNS

Advantages of HandSight:
Can recognize visual patterns as well as color

Constrains distance and lighting for consistent results

Allows for interactive exploration of colors and textures



HANDSIGHT CLOTHING PATTERN

DATASET

Collected 520 images across 29 articles of clothing and 9 categories of pattern

Controlled and varied the distance (5cm vs. 12cm), rotation (0° vs. 45°), perspective
of the camera (90° vs. 45°), and the tension of the fabric (taut vs. hanging naturally)

Chekere A Denim 7 FIofaI nitted‘ Lacelike Polka-dotted - Striped Zigzagged None



PATTERN CLASSIFICATION

INITIAL EXPLORATION

Visual Texture Recognition Algorithms * Adapted from Cimpoi, et a/, 2012

1. Deep convolutional activation features (DeCAF)

Adapt a pretrained object classifier from the ImageNet Large Scale Visual
Recognition Challenge, removing last two layers used for classification and
using the outputs as a raw feature vector (4096 DeCAF features).



PATTERN CLASSIFICATION

INITIAL EXPLORATION

Visual Texture Recognition Algorithms * Adapted from Cimpoi, et a/, 2012

1. Deep convolutional activation features (DeCAF)

Adapt a pretrained object classifier from the ImageNet Large Scale Visual
Recognition Challenge, removing last two layers used for classification and
using the outputs as a raw feature vector (4096 DeCAF features).

2. Dense SIFT features combined in an Improved Fisher Vector (IFV)

Extract scale invariant features densely at multiple scales, then combine using the
Improved Fisher Vector formulation. Results in a complementary set of features
that captures important texture information (40,960 IFV features)



PATTERN CLASSIFICATION

INITIAL EXPLORATION

100.0
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PATTERN CLASSIFICATION

INITIAL EXPLORATION

Highly controlled dataset—risks overfitting, limits robustness

Training process not easily scalable



ONLINE CLOTHING PATTERN

DATASET

Built a larger and more varied dataset of images downloaded from Google Images
Focused only on fabric patterns that cannot easily be distinguished by touch
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Available online: https://github.com/Istearns86/clothing-pattern-dataset/



ONLINE CLOTHING PATTERN

DATASET

Built a larger and more varied dataset of images downloaded from Google Images
Focused only on fabric patterns that cannot easily be distinguished by touch
Downloaded top 1000 images for each category (e.g, “striped fabric”)

After removing erroneous results, duplicates, and cropping logos/backgrounds,
contained 317-584 images per class (2764 total)

.........
''''''''''''
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)‘Solid o Striped Checkered Dotted | Floral
Available online: https://github.com/Istearns86/clothing-pattern-dataset/



ONLINE CLOTHING PATTERN

DATASET

Synthetic variations: rotation (30° increments), scales (1-4, depending on resolution)
Final dataset: 8,232-1/,304 samples per class, 77,052 total
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Available online: https://github.com/Istearns86/clothing-pattern-dataset/
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¢ Gimolified visualizati RELU RELU RELU RELU RELU RELU
implified visualization, actually

used ResNet-101 architecture cONV | CONV CONV | CONV CONV | CONV FC

RN NN RN

K

'

LI LTl 1L
HEERNEE

Tl Tl 10
HEBDEREEN

1 RIS LT ]
[ [T L1 I]

IEEENEEEN

ANENLEEN

DT T T DI

Image from Andrej Karpathy's “Convolutional Neural Networks for Visual Recognition”course, http://cs231n.github.io/convolutional-networks/



PATTERN CLASSIFICATION

AN END-TO-END DEEP LEARNING APPROACH

Randomly sampled 6400 images per class
for training, and 1600 for testing

Validation: classification accuracy on the
test set was 91.7%

Accuracy on HandSight dataset (400
images) was 72.8%.



PATTERN CLASSIFICATION

AN END-TO-END DEEP LEARNING APPROACH

-y

- -
I T

Randomly sampled 6400 images per class
for training, and 1600 for testing

Validation: classification accuracy on the

test set was 91.7% Y
\‘ - __“ \:

Accuracy on HandSight dataset (400 _Zigzag > Floral

images) was 72.8%.

Fine-tuning the classifier with ~half of

the HandSight images (N=36 per 3 o
class) increases accuracy to 96.5% e
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ONGOING WORK

IDENTIFYING CLOTHING COLORS

[dentity multiple colors in a single image

Two methods: K-means clustering and superpixel segmentation
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ONGOING WORK

IDENTIFYING CLOTHING COLORS

What is the best way to convey this
information to users?

User-configurable level of detail:
Color names
Number of colors
Frequency of feedback

B -:--

purple green blue pink brown red
(#7ele9c) (#15b01a) (#0343df) (#E8 1c0) (#653700) e50000)

] .. ::-:

light blue teal orange light green magenta ycllow
(#95d0fc) (#029386) (#197306) (#96197h) (#c20078) (#

] B ] ] e

sky blue grey lime greenlight purple violet dark green
(#75bbfd) (#929591) (#891e03) (#bF7716) (#9a0eea) (#033500)

[N I | .

turquoise lavender dark blue tan cyan aqua
(#06c2ac) (#cT79fef) (#00035b) (#d 1b26f) (#0OOFTTT) (#13eac9)

BN ) BT e e

forest green mauve dark purple bright  maroon olive
(#06470¢) (#acT181) (#35063e) areen (#650021) (#6e750e)
(#O1£107)

] [ e

salmon beige royal blue navy blue lilac black
(#F796<) (#e6daat) (#0504aa) (#001146) (#oea2fd) (#000000)

[ T T .

hot pink light brown pale green  peach olive green dark pink
(#F028d) (#ad8 150) (#c7fdb3) (#ffh07c) (#677a04) (f#fch416b)

B 0 g ]

periwinkle sea green lime 1nd100 mustard light pink
(#8e82fe) (#53fcal) (#aaff32) #380282) (#ceb301) (#frd 1df)




CONTRIBUTIONS

Two datasets of fabric pattern images
529 images collected systematically using HandSight.

77,052 images assembled from online sources and
augmented synthetically (rotations, scaling, and cropping).

Preliminary algorithmic results demonstrating the feasibility
of recognizing clothing patterns with a finger-worn camera.



CONCLUSIONS -
- AND FUTURE RESEARCH DIRECTIONS

. ;

Reading/Exploring Text On-Body Input Clothing Colors/Patterns



ALTERNATIVE OR SUPPLEMENTARY CAMERA LOCATIONS



CONCLUSIONS

AND FUTURE RESEARCH DIRECTIONS

Camera on the User’s Finger or Wrist | Camera on the User’s Upper Body

Enables interactions anywhere the user can touch | Wider field of view, more contextual information
Reduced issues with occlusion Easier to localize and track hand/finger position
Better resolution, more detail at the touch location | Can use larger, higher-fidelity hardware

Simplified processing of content beneath finger Less likely to interfere with motion or touch sensitivity

Easier to recognize relative gestures

ALTERNATIVE OR SUPPLEMENTARY CAMERA LOCATIONS






R& G‘Néﬁ 12.95

» s ' Mmhommdemetswm. ,g GINGE
Mushroom, carrots, onions, fresh ginger, and bell peppers sue fried in o

) y uﬂ.hnuv‘gﬁ"ﬂl(ﬂ - J

4. CURRY | f |
Deepmedwm.dpo"pss'aessuﬁeimthpc:atn, PP
and onions with cucumber sauce flavorful brown cauce
%2 GOLDEN TOFU 5.45 hrimp, =yt A ENVE NG BN 37- PAD PRIK KHING* 11.95
6. FRIED CALAMARI 8.45 amongrass String beans & bell peppers stir fried in red curry paste wntl! fragrant
7. KRA DOOM TONG 9.45 38. SWEET & SOUR 11.95
Crunchy chicken popcom with hot sauce Large 10.25 Pineapple, tomato, cucumber, bell pepper and onions stir fried
g. CRISPY PORK WONTON 7.95 3 \n tomato sauce
3 CRISPY SHRIMP ROLL (5) 8.45 :‘squ«d or fish with mushroom, scallions 39. KRAT\EM PRIK TAI* 11.95
0. BKK CHICKEN WINGS (8) 9.45 b+.|lemongrass broth Calamelized garlic and pepper ctir fried until frangrant with cholce of
1. TOD MUN 7.95 _Large 10.25 meat or seafood
ried fish cakes (5)* or frie shrimp cakes (6) w ith . 40. BROCCOL! 11.95
weet & soUr cucumber sauce ‘ Choice of Crown Broccoli orilh ol

" =< brown sauce

2298

2 KANOMJEEB(G) 7.95

e 3m pork dumplings with sweet SOy sauce
.ame oil

. LARB** 7-95 ; ‘ $ )
A1.95%

A L g PAD WOONSEN
= d cellophane oodles with egg a d « veqgeta

y St frie

soice of minced C hicken, pork, of beef salad with onions
sntro and fresh mints In spicy lime dressing PAD PAK
i . - Fied mix veqetables ght gari 3 ‘

IRAMTOR L PSR <o 7.8 SRaD PRIK POW* 195 B

|| marinated beef or porx salad in spPicy lime dressing - \

YUM PED YANG** 10.45 « ks, sc Lons. anio!

ssted duck saiad In spicy hme dressing with tomatoes, & . .

ymber, ginger, 0nion> and cilantro BD PED PAH )

YUM PLA GROB** 10.45 ;'f}l" ) pef

d fish salad in spicy lime dressing with cilantro and onions :AA k k“ [

BEE 13.9

¢UM TALAY** 10.45 peEr .

, mix seafood salad tossed with kaffir lime leaf, ‘b‘ izzing W

ngrass, onions and cilantro = > .F,\_N,,(.;“L,‘;_EN o

rUMWOONSEN** 7-95 2 L‘m ik, ) ‘ _

cellophane noodie salad with ground chicken tossed with fcken, cashe .

: e
A POAD LUNTAQ 12.95
| I 0 yaby corns, carrols and snow peas \n garlic sauce
tom ato, cilantro in e _—

slants, basils, bell pEpPEr, and onjons stir fried n garic sauce
it 10.75

{ with scallions and bean sprouts in black bean

SPATIAL EXPLORATION OF DOCUMENTS AND OTHER SURFACES



CI- JI

SPATIAL EXPLORATION OF DOCUMENTS AND OTHER SURFACES



CONCLUSIO

AND FUTURE E

ALTERNATIVE FEEDBACK METHODS s TeslaTouch, Xu et a/ 2011



tile Display, Choi et a/ 2004

ALTERNATIVE FEEDBACK



™ e - T L
(Ll \ciete s .

,o.,.-.- pelcdel ®
‘ Yl 0. &




CONCLUSIONS\‘

AND FUTURE RESEARCH DIREGH®@AS

EXTENSIONS TO OTHER USER POPULATIONS



EXTENSIONS TO C




R& G‘Néﬁ 12.95

» s { uwedmhommdemetswm. ’i GINGE
Mushroom, carrots, onions, fresh ginger, and bell peppers sue fried in o

) y uﬂ.hnuv‘gﬁ"ﬂl(ﬂ - J

4. CURRY |
oeepmedumxdpu"ns',iessuﬁeimthpc:a'n, PP
and onions with cucumber sauce flavorful brown cauce
%2 GOLDEN TOFU 5.45 hrimp, =t AN ES NG RN 37- PAD PRIK KHING* 11.95
6. FRIED CALAMARI 8.45 amongrass String beans & bell peppers stir fried in red curry paste wntl! fragrant
7. KRA DOOM TONG 9.45 38. SWEET & SOUR 11.95
Crunchy chicken popcom with hot sauce Large 10.25 Pineapple, tomato, cucumber, bell pepper and onions stir fried
g. CRISPY PORK WONTON 7.95 g {n tomato sauce
X CRISPY SHRIMP ROLL (5) 8.45  squid or fish with mushroom, scallions 39. KRATIEM PRIK TAI* 11.95
0. BKK CHICKEN WINGS (8) 9.45 b+.|lemongrass broth Calamelized garlic and pepper ctir fried until frangrant with cholce of
3. TOD MUN 7.95 _Large 10.25 meat of seafood
ried fish cakes (5)* or frie shrimp cakes (6) w ith . 40. BROCCOL! 11.95
weet & soUr cucumber sauce ‘ Choice of Crown Broccoli orilh ol

" =< brown sauce

21.95

2 KANOMJEEB(G) 7.95

e 3m pork dumplings with sweet SOy sauce
.ame oil

. LARB** 7-95 ; ‘ $ )
A1.95%

A L g PAD WOONSEN
= d cellophane oodles with egg a d « veqgeta

y St frie

oice of minced chiC ken, pork, of beef salad with onions
antro and fresh mints in spICy lime dressing EAD PAK
 NAM TOK** 7-95 2 ' mix vegetables in light garlic sauce
|| marinated beef or porx salad in spicy lime dressing < .’:D PRIK POW* - 5
YUM PED YANG** ol A D o o
sted duck salad in spIcy ime dressing with tomatoes, 2 B
- - . *h Qe
ymber, ginger, 0nion> and cilantro BB ocD PAH |
YUM PLA GROB** 10.45 "‘\‘;}:“ st
d fish salad in spicy lime dressing with cilantro and onions il paste
3EES 1.9
/UM TALAY** 10.45 o l' & 'b :
, mix seafood salad rossed with kaffir lime leaf, B aef sizzliNG W
ngrass, onions and cilantro =4 v‘ "'FWU“LKEN »
1 - - 3 . )
‘UM WOONSEN** 7.95 - L- oEN | .
cellophane noodie salad with ground chicken tossed with B cicen, cashew nuts, sca
I e
(1 L 1L
[ POAD LUNTAO 12.95
| omé yaby corns, carrols and snow peas \n garlic sauce
forn to, cilantro in oo, =
slants, basils, bell pEpPEr, and onjons stir fried n garic sauce
EL 10.75

{ with scallions and bean sprouts in black bean

EXTENSIONS TO OTHER USER POPULATIONS



CONCLU ON

AND FUTURE RESEAI

RECTIONS

EXTENSIONS TO OTHER USER POPULATIONS



ACKNOWLEDGEMENTS

Professors
Jon Froehlich, UMD / UW
Rama Chellappa, UMD
Leah Findlater, UMD / UW

Collaborator
David Ross, Atlanta VA

Funding Source
Office of the Assistant Secretary
of Defense for Health Affairs

uma
omp

t
nteractiol
aborator
MAKEABILITY LAB

Graduate Students
Uran Oh, UMD / CMU

Jonggi Hong, UMD
Ruofei Du, UMD

Liang He, UMD / UW
Alisha Pradhan, UMD
Darren Smith, UMD

Undergraduate / High School Students

Victor DeSouza, UMD
Meena Sengottuvelu, UMD
Jessica Yin, Poolesville HS
Eric Lancaster, UMD
Bridget Cheng, Cornell

Ji Hyuk Bae, Poolesville HS

UNIVERSITY of
WASHINGTON

Alexander Medeiros, UMD
Chuan Chen, Poolesville HS
Harry Vancao, UMD
Catherine Jou, UMD

Tony Cheng, UMD

Yumeng Wang, UMD

UNIVERSITY OF

/,;/ MARYLAND



