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Visual Impairment

Traditional travel aids are
limited, invasive, training
heavy, and not social friendly
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Globally 285M/7.3B with VI, 39M blind

— 90% live in low income settings

— Incomplete public facilities in
developing countries

US 10M/320M with VI, 1.3M blind
— 109K VI use white canes (1. 1%)
— Just over 7K VI use dog guides (0.07%)
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_ Sensors

Electronic Travel Aids (ETA)

e Functions: obstacle detection,
=" mapping and navigation

Signals received: acoustic,
\ electrical, optical, etc.
, v Signals translated: auditory,
tactile cues, stereophonic
1mage
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Existed / Existing Products

Earphones
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(Primary reference: Vance Landford, “Electronic travel
aids ETAs, past and present,” TAER April 2004.)

(Image courtesy: S. Shoval et al, IEEE Tran. on Syst., 1998)
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Type-1

Single output for object

preview, goTno—go system, Pathsounder, 1966—NA 1.83 m NA
secondary aid

Russel

Ultrasonic 1972-NA 4.02 m NA Bad weather

Cone, Mowat failure

Polaron, Nurion 1980—-NA? 4.88 m $892

Sensory 6 NA-1994 2-3.5m NA Head position
important

WalkMate 1993-NA 1.83 m NA Beam may vary
outdoor

Miniguide US 2004-Now 7.92 m $545
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Type-11
Wheelchair NA 2. 44m $4500
Multiple outputs for pathfinder, forward, 1. 22m
object preview, go—no-go  Nurion above head,
system, secondary aid or 0. 3m side,
primary tool (cane) 2. 44m drop-
off's
Laser Cane N- Still 3. 66m $2650
2000 Available 3 beams
(straight,
head, drop)

Guide Cane NA—-1998 3. 5m

BAT ‘K’ Cane NA-2003
Handle

Ultra Cane Available 2 or 4m $635
forward, 1.6m
above head
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Type-III « Dr. Leslie Kay
Object preview, plus — Type—1I, Ultra Sonic Torch,
environmental information, 1965, 1st ETA product
iving text rather th
besdlineat oo _ Type-II, BAT ‘K’ Cane Handle

— Type—1II Sonic Guide
e The concept of Type—III ETA

— Interpretation of tonal
characteristics making
primitive object identification
possible
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Type-1V

Object preview, plus e Sonic Pathfinder

artificial intelligence .
& — Computer translates sonic energy to

directional music notes

— Displays only information of practical
interest, not visual picture of world

— Secondary aid, less training

— Not commercialized, research in 1996
http://members. optuszoo. com. au/aheyes40/pa/pf blerb. html
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Limitations of current e Limited range ("5m) and resolution
sonar-based products (>3cm)

Current available products are ~ ° OL10W response, not for fast walking

still secondary aids for a  Acoustic interference and screening
white cane or guide dog

e Large divergence, not directional

e No precise information about shape
and motion status of obstacles

Mini-guide US

($545

UltraCane $S635

Laser Cane $2650
Special “sonar”
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State-of-the-art Research
' [ |

e Infrared Sensor
« (Camera

— CCD or CMOS

— Stereo Camera

— Projected—light Camera
« 3D LiDAR
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Infrared Sensor e Mechanism - triangulation
In addition to distance, it ¢ Range: 10cm—1. 5m with 93%
provides material recognition accuracy

and shape analysis )
» Response time: 39ms compared

with 100-200ms for sonar

Obstacle
T NS
PR Tl R
1 S
;’;’J AN
S *
;) .
)
L
1
AN\
i
1
I
N c::—;},r 7777777
]
AN
U
- 1
NsSm D noto 5 o,
.
] | .
:X\ Q P,
! " NASA/IPAC
(Reference: A.S. AI—Fahoum, et al, “A smart
microcontroller-based blind guidance,” Hindawi, 2013) (Image courtesy:

http://www.physicscentral.com/explore/action/infraredlight.cfm)
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m—> The vOICe

—W—} Blind person Mental image

CCD or CMOS Camera

When webcam meets neuroscience
— a whole sound picture, not
just go—no—go, to truly improve
quality of life
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« vOICe!!!

Neuroscience: neural crossmodal
plasticity

v0ICe software does image—to—sound
rendering, through crossmodal
sensory integration

Creates stereophonic effect,
acoustic panorama

Drawbacks: limited ranging ability

(check out their website for demos and papers:
https://www.seeingwithsound.com/)
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Stereo Camera e Two lenses and sensors to

Camera with depth information, S%ml}late human binocular

but limited vision, but not as good as our
eyes!

WIRELESS REMOTE CONTROL FOR
MANUAL CUING

HEAD-MOUNTED STEREO RIG
(BUMBLEBEE2) FOR AUTONOMOUS
CUING

(Reference: V. Pradeep, et al, “Robot vision for the
visually impaired,” IEEE confer. 2010)
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Projected-light

3D Camera e 2D cameras: stereo or RGB

Combining the projection of a e Depth information: patterned light,
light pattern with a standard triangulation

2D camera

e Available products
— Ensenso N10
— Microsoft Kinect (0.7-3.5m)
— Asus Xtion
— Apple PrimeSense Carmine (0. 35-1. 4m)

* Drawbacks: limited range, not suitable
for outdoor

Projector
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3D LiDAR Camera e Need a “compromised” LiDAR

Laser “Radar”, time of flight (ToF) camera at cheaper price!

Swiss Ranger | Heptagon Modulated 5—8m 176x14 pixel 43.6° x 34.6° $9K

4000

CamCube 2.0 PMD Tech. - 7m 204x204 pixel | 40° x 40° $12K

Puck Velodyne Pulsed, 100m - 360° x 30° $8K
scanner

TigerCub ASC3D Pulsed, “1km = = $50K
flash

LiDAR-Lite 2 | PulsedLight Point-wise 40m lcm - $115

Sth in
between?
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Projection

Global LIDAR Market
By Application Type .
Corridal mapping [ N
: Seismology I
 Exploration and detection [N
' Others I
Corridal Mapping to be highest Revenue
generating segment by 2020
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Global LiDAR market is expected
to reach $624.9M by 2020

28bM vision—impaired people,
and it will make their lives a
lot better!

Autonomous cars and robotics

markets to lead Moore’ s law
for LiDAR?
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Thank you!

e Email: lindakli@berkeley. edu

CamCube _
2.0 gl >

SR4000

TigerCub
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