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My Recent Background
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My Research ς1. Robotics
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My Research ς2. Human Motion & Manipulation

(m)

target
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My Research ς3. Vision Impaired Navigation

Flatland (2015) ïOshodi, Spiers et al.
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Ψ±ƛǎƛƻƴ LƳǇŀƛǊƳŜƴǘΩ

ÅBlindness 

ïComplete lack of vision

ÅVisual Impairment / Vision Impairment / Low Vision

ïDecreased ability to see

ïNot correctable by glasses

ïAlso known as VI

ÅVisual Impairment (VI) includes blindness
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Types of Vision Impairment
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Vision Loss and Navigation

Bradley & Dunlop (2005)
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Technical Interventions: Reading & Writing

On Paper On A Computer
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TechnicalInterventions: Navigation

Limited adoption of many other technologies
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Medieval Solutions (~1300 AD)
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Two Types of Navigation

1. Obstacle Avoidance

ï Not bumping into things
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Two Types of Navigation

2. Wayfinding

- Getting to a destination

-!ƭǎƻ ŎŀƭƭŜŘ ΨtŀǘƘ tƭŀƴƴƛƴƎΩ
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Obstacle Avoidance

ÅConsidered a fundamental ability in 
biological systems

ÅAlso taught as a fundamental ability 
in robotics classes

ïά! ώƳƻōƛƭŜϐ Ǌƻōƻǘ Ƙŀǎ ǘƻ ŀǾƻƛŘ 
obstacles before it can do anything 
ǳǎŜŦǳƭέ

ÅProf. Kevin Warwick 
(my undergrad professor) ~2001
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Visual Obstacle Detection (1966)

ÅHumans primarily detect 
obstacles via sight

ÅA source of inspiration in 
early ΨǘƻǇ ŘƻǿƴΩ
(cognitive) robotics

ÅShakeyς1966 
Stanford University, USA

ΨtŜǊŎŜƛǾŜ ĄReason Ą!ŎǘΩ
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Non-Visual Obstacle Detection

Bottom Up óReactiveô Robotics

óPerceive ĄActô
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Visual Obstacle Detection (today)

ÅVisual obstacle detection / 
avoidance is now easily 
possible due to

ïSmall cameras

ïPowerful processors

ïAlgorithmic developments

DJI Spark Drone (with obstacle avoidance) - ú429.00
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Microprocessor
Ultrasonic 

Sensor

Motors
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Ultrasonic 
Sensor

Microprocessor Motors 
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Device
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The Haptic Torch [Taschenlampe] (2004)

ÅUndergraduate research project

ÅDistance to obstacles measured 
via ultrasound

ÅCommunication to a blind 
ƛƴŘƛǾƛŘǳŀƭΩǎ ŦƛƴƎŜǊ Ǿƛŀ ŀ ƘŀǇǘƛŎ 
interface

ÅThe person can then walk 
around the obstacles
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The Haptic Interface

ÅA rotating disc under the 
ǳǎŜǊΩǎ ǘƘǳƳō

ÅA raised dome acts as an 
ΨƛƴŘŜƴǘŜǊΩ ƻǊ ΨǘŀŎǘƻǊΩ

ÅTactor position is related to 
distance
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Sensory Substitution

ÅNormally, vision informs the brain about 
obstacles

ÅHere, touch informs the brain about obstacles

ïBut with much less information

ï²Ŝ Řƻ ƴƻǘ ƪƴƻǿ ŀōƻǳǘ ǘƘŜ ƻōƧŜŎǘΩǎ ǇǊƻǇŜǊǘƛŜǎ

ÅType

ÅColor

ÅMaterial

ïBut these things are not important in this scenario
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Other forms of Sensory Substitution for obstacle 
detection

Distance to 

audio beep 

interval

Ultracane: 

Distance to Vibration Intensity

(Vibrotactile)
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Sensory Substitution & Cognitive Load

ÅTVSS (1969)- Tactile Visual 
Substitution System ςBach-y-Rita

ÅCamera input Ą Vibration 
intensity of vibrotactors in an 
array on the back or abdomen

ÅBlind people learned to interpret 
camera data

ÅConsidered a landmark in 
Sensory Substitution research
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Sensory Substitution and Cognitive Load

ÅOver 100 hours of 
participant training

ÅAttempts at mobile use for 
navigation

ÅRequired ΨǳƴǎǳǎǘŀƛƴŀōƭŜ 
levels of ŎƻƴŎŜƴǘǊŀǘƛƻƴΩ 
[when used outdoors or 
egocentrically]

ïC. C. Collins (1985)
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Visual Sensory Substitution with Sound

ÅΨSonificationΩ

ïConverting data 
to Sound

ÅBrock & 
Kristensson
(2013)

ÅMany previous 
examples
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Sound & Distraction
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Beep Beep Beep Beep Beep Beep Beep Beep Beep Beep Beep Beep Beep Beep Beep Beep Beep

Beep Beep Beep Beep Beep Beep

Imagine constantly listening to beeping whenever you walked somewhereé
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Design Choices

1. What information should we deliver?

ÅDistance / visual scenes?

2. What sense should we target?

Å Sound, Touch (vibration, moving tactors, etc.)
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Wayfinding / Path Planning
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Wayfinding - How Do People Navigate?

A research topic in:

ÅNeuroscience
ïStructure and function of the nervous 

system

ÅExperimental Psychology 
ïEmpirical approach to studying the mind

ÅCognitive Science
ïThought, learning and mental 

organisation

BARRY, C. AND BURGESS, N. 2014. Neural mechanisms of self-location. 

Current Biology

ULANOVSKY, N. 2011. Neuroscience: How is three-dimensional space encoded 

in the brain? Current Biology

TINTI, C., ET. AL. 2006. Visual experience is not necessary for efficient survey 

spatial cognition: Evidence from blindness. Quarterly Journal of 

Experimental Psychology

SCHINAZI, V.R., THRASH, T., AND CHEBAT, D.R.2016. Spatial navigation 

by congenitally blind individuals. Wiley Interdisciplinary Reviews: 

Cognitive Science7, 1, 37ï58.
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How do VI People Navigate?

Limited experimental comparisons 
between location and navigation in 
VI and Sighted Persons

LOOMIS, J.M., KLATZKY, R.L., GOLLEDGE, R.G., CICINELLI , J.G., 

PELLEGRINO, J.W., AND FRY, P.A.1993. Nonvisual Navigation 

by Blind and Sighted: Assessment of Path Integration Ability. 

Journal of Experimental Psychology: General122, 1, 73ï91.

ñThe slight performance differences between groups 

varying in visual experience were neither large nor 

consistent across tasks. Results provide little indication 

that spatial competence strongly depends on prior visual 

experienceò

VI

Sighted
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Why did Loomis do this experiment?

ÅTo investigate how space is internally represented by people

ÅDoes spatial ability rely on prior visual experience?

ÅAre congenital / early blind individuals at a navigational 
disadvantage? 

ïPapadopoulos et al. 2017; Tinti et al. 2006.

ï²Ŝ ŀǊŜ ǎǘƛƭƭ ƴƻǘ ǎǳǊŜΧ
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Verbal Spatial Representations

ÅWayfinding directions provided by 
VI people are difficult for sighted 
people to understand

ÅThe same applies in reverse.

ÅIndividuals focus on different 
perceptual information 

ïBased on their sensory abilities

BRADLEY , N. A. AND DUNLOP, M.D.

2005. An experimental 

investigation into wayfinding 

directions for visually impaired 

people. Personal and Ubiquitous 

Computing9, 6, 395ï403.
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THE MOBIC TRAVEL AID

(1996)
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?
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Labelling the World



Dr. Ad Spiers13th Feb 2020

Designing Data for Different People

ÅLƴŦƻǊƳŀǘƛƻƴ ŦƻǊ ǎƛƎƘǘŜŘ ǇŜƻǇƭŜ ŘƻŜǎƴΩǘ ƴŜŎŜǎǎŀǊƛƭȅ ǿƻǊƪ ŦƻǊ ±L ǇŜƻǇƭŜΦ

ÅAs Bach-y-Rita attempted with vibrotactile pixilation!

http://thispersondoesnotexist.com
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Design Choices

1. What information should we deliver?

2. What sense should we target?

3. How should we deliver it?
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Inclusive Design

ÅThe biggest hurdle to advanced Assistive 
Technologyproducts is financial:

ïSmall Market

ïNot a wealthy demographic

ïSmall profit margin

ïThis can be seen in prosthetics

ÅE.g. The smartphone is a great tool for VI people

ïBut its success was driven by the sighted market

ÅMy research is on navigation systems that 
may benefit sighted and VI people

$50,000
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Smartphones

ÅGPS enabled Smartphones 
have led to widespread 
pedestriannavigation 
assistance

ÅYet, typical smartphone 
interfacesmay not be optimal 
for this task

41

Turn Left in 

20 Meters
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Smartphone Screens are Distracting for Sighted People

ÅAn increasing cause of hospital admissions*

* Nasar & Troyer (2013)
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Audio Interfaces

ÅObscure / distract from important environmental sound cues

ÅParticularly for blind / visually impaired users*

* Borenstein & Ulrich 1997
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Haptic Interfaces

ÅTarget the sense of touch 

ïWhich is used less than sight or sound 
when walking

ÅHaptic sensations may be less 
distracting for people who are:
ïSighted

ïVision-impaired

ïHearing-impaired

ïDeafblind
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~50 years of Haptic Navigation Research

ÅFew outcomes ΨƻǳǘǎƛŘŜ ƻŦ ǘƘŜ ƭŀōΩ

ÅFocus has mainly been on vibration feedback

ïGood at providing alerts

ïBut alerts get annoying/ distractingover time
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Guide Dog & Cane

ÅMost successful 
navigation toolsfor blind 
/ vision-impaired people

ïHaptic interfaces

ïNaturalistic 
Mechanotactile
feedback
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Haptic Shape Perception

ÅA mechanotactile modality

ÅFrequent, Subtle and Unobtrusive
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The Animotus

Å2DOF Handheld Shape-ChangingCube

ÅCommunicates heading and proximity to waypoints
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Mechatronic Design
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Testing Haptic Perception

ÅDevice held by participant, hidden in a box

ÅDevice assumes a shape (pose) 
ïVia simultaneous or sequential actuator motion (equal number of each)

ÅParticipants selected pose from a chart
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Results

ÅScoring based on distance of 
selected pose from actual 
pose

Å10 participants

Å108 poses per participant


