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Abstract. The electrical stimulation of a component of thenfan visual system can result
in the perception of blobs of light (or phosphenadptally blind patients. By stimulating
an array of closely aligned electrodes it is pdesibr a blind person to perceive very low-
resolution phosphene images. Using this approachumber of international research
groups are working toward developing multiple aledée systems (called visual prostheses
or Artificial Human Vision (AHV) systems) to prowda phosphene-based substitute for
normal human vision. Computer vision methods previcritical link between the camera
and electrode array of an effective visual prothesi

Despite the promise of partially restoring sighttte blind, there are currently a number of
constraints with current visual prosthesis systeffisese include limitations in the number
of electrodes which can be implanted and the pesdespatial layout and frame rate of
phosphenes. Therefore the development of compigien techniques that can maximize
the value of the limited number of phosphenes wdiddiseful in compensating for these
constraints.

In this paper a novel framework for the dynamicspregation of information to a visual
prosthesis recipient is presented. This frameviecludes the main factors which impact
on blind mobility. These factors include the emtrcontext, scene properties, task under-
taken, available sensory information, and enviromiaefactors , in addition to human fac-
tors (such as level of training) and prosthesisirietogy (for example, camera and elec-
trode array technology).

The benefits of using this framework include enlgghcommunication between AHV re-
searchers and the ability to experimentally expkmd compare different factors (such as
different types of computer vision methods, andedént mobility environments).  Ex-
perimental evidence supporting the use of the aysflamework will be presented. This
evidence has been obtained through mobility studieslving human volunteers wearing a
head mounted display which presents a simulatigrasgthetic vision.

1 Introduction

A number of research teams are investigating thidapaestoration of sight to
blind people from the electrical stimulation of @gponent of the visual system.
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In 1929 it was noted by Otfrid Foerster that stiatmlg the human visual cortex
led to the perception of spots of ‘light (Hambe¢rt®90) referred to as
phosphenesWith recent advances in technology, progresseas made toward
building a usefulvisual prosthesior Artificial Human Vision (AHV)system to
present phosphene information to a blind person.

However there are currently a number of constramtsirrent prosthesis systems,
including limitations in the number of electrodekigh can be implanted and the
perceived spatial layout and frame rate of phosphierThe development of com-
puter vision techniques that can maximize the vaifi¢he limited number of
phosphenes would be useful in compensating foethesstraints. There are also
a limited number of people who have received anlamtp therefore there much
visual prosthesis research is currently conductéd mormally sighted research
participants.

Three main functional requirements for blind usdra wisual prosthesis include:
the ability toread text(e.g Dagnelie et al., 2006); tecognize facege.g. Thomp-
son et al., 2003) anehobility (Cha et al., 1992). Although reading and face rec
ognition research have received attention in sitrafisstudies there has been less
research conducted on mobility.

This paper presents a framework for the adaptiveladisof mobility information
for visual prosthesis recipients. The usefulnesthisf framework in practice is
then demonstrated with a recent simulated visuadthesis mobility experiment.

2 A Framework for Information Presentation

Although the development of a visual prosthesi®ives research from a diverse
range of specialists, there has not been a unifiyargework which combines the
requirements of blind end-users with different egstcomponents. This paper
presents a novel framework (shown in Figure 1) Wisccomposed from different
influences effecting how information from a prosisesystem (or other mobility
device) is perceived by a blind traveler. The niaiar-related components of the
framework are: dynamic and external factors, compuision methods, display
type, and other display modalities, and finally hitity performance.

In this frameworkdynamic factors are those which relate to the current situation
and goals of a mobile person. As a person mokesetinter-related factors can
change rapidly. The first identified dynamic fad®context,used here to de-
scribe the expectations that a person will hawdiffierent situations, which will in
turn affect the type of mobility information reqgedt. The extraction of informa-
tion from captured scenes is affected by a numbpraperties, such as lighting,
glare, low contrast, clutter and texture, theretbeesecond factor involvessene
properties. Different information is required depending on terenttask A
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road crossing task may emphasize a straight pattetopposite curb (to prevent
veering), whereas a task involving identifying a&fekeys on a cluttered table
may involve zooming or object recognitioBensory Informationdynamically
changes for blind travelers: Auditory cues (sushh& sound of an approaching
object) are particularly important for blind mobyliand navigation, as are tactile
cues (such as hand-rails or Braille strips on #pfath). The final dynamic factor
is theenvironmentwhichincludes properties of the physical environmenhsag
the weather, landmarks or people.

External factors refer to a groupf factors which are important for displaying in-
formation; however these factors are static whiggeeeson is moving. The first set
of external factors relate to the components dbaal prosthesis system whief
fect the amount of information which can be obtdifley camera properties such
as frame rate, resolution and field of view), pss=el and displayed (by the lim-
ited number of electrodes). Individual psycholadjiand physical differences be-
tween people, dnuman factors,may also affect the required information display.
In addition to image information captured usingaanera; information about the
environment can be provided fronon-image sensorsuch asultrasound, laser
and Global Positioning System technology. Theseimage sensors have been
used in a number of electronic travel aids fortitied.

Computer vision methodarean important component of the framework. Images
acquired from a camera will need to be updatedrbdfey can be used for dis-
play (e.g. to reduce spatial resolution).

The use of additional methods used will depend erdimamic and external fac-
tors discussed above. A simple example might éa filter and edge detection
applied to images to highlight a sign. The computgbn component may also
combine information from non-image sensors.

Different types ofvisual prosthesis displaymay be useful. In &tandard Dis-

play captured images are reduced to a lower resolutidrtteen each pixel in the
reduced resolution image is used to control a siegctrode. The resizing may
be combined with a smoothing filter (to reduce apand edge detection (as in the
Dobelle cortical implant (Dobelle, 2000)). It makgo be beneficial if a visual
prosthesis could continually search for hazardeatufes of the current scene and
provide aralert display Finally, aSymbolic displaycould extract salient objects
from captured images and display a symbolic oocarike representation (e.qg.

to highlight a doorway or table).

Other display modalities

Although the primary method of displaying infornmatiwould be from electrodes,
additional information (particularly a warning) ddibe presented using auditory
channels. However, sensory substitution may oadrlm existing sensory input.
A benefit of including non-electrode displays i thhamework is the possible of
objectively comparing traditional and ETA mobilitida with a visual prosthesis.
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Figure 1. Proposed mobility display framework
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Mobility Performance

The final component of the mobility framework repets the dependent variables
used to measure mobility. This component allowsettperimenter to assess the
effect of framework components on an individual'shitity effectiveness. Three
of the most common mobility performance measuresofe vision and blind mo-
bility are the Percentage of Preferred Walking SpEPWS) , number of times
veering has occurred, and contact with obstacles.

3 Application of the framework to mobility assessme nt

In this section the results of an experiment ingasing two computer vision fac-
tors are discussed. There have been reported limthe temporal resolution at
which phosphenes can be perceived (e.g. Dobeltatezpthat 4 frames per sec-
ond (FPS) was the most effective temporal resaiuftio his cortical device (Do-
belle, 2000)). Auditory sensory substitution degidor the blind also provide in-
formation at low frame rates (e.g. the vOICe badmdce provides soundscapes at
1 FPS (Meijer, 1992)). Although a focus of mucinrent visual prosthesis re-
search is to increase the number of implantabletreldes and therefore increasing
the perceived spatial resolution, the effect ofgeral resolution on mobility for a
prosthetic display has not yet been examined. efbier in this mobility experi-
ment, it was hypothesized thabbility performance should increase with both in-
creased spatial resolution and increased frame.rate

Method

A 30m long winding mobility course and custom heaokinted PC-based visual
prosthesis phosphene simulation hardware and sefteeanponents used for this
experiment have been previously described in Daginal. (2006). Participants
in this experiment included ten female and 50 malanteers, all of whom had
normal or corrected-to-normal vision.

During each mobility session participants were oanly allocated to one frame
rate (1, 2 or 4 FPS) and one display type levet126r 32x24 phosphenes) and
were asked to walk through the mobility coursetistgrat one of two randomly al-
located starting positions. The end of the 30m path marked with a high con-
trast 1ni paper sheet attached to a partition (shown inrEigi During the mo-
bility trials, a single experimenter recorded watkspeed, obstacle contacts and
the number of times participants veered outsidg#ike boundary. Participants
Preferred Walking Speed (PWS) over 10m was recbati¢he start and end of
the mobility trials and used to calculate partici{zaPPWS.
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(a) (b) (€)
Figure 2. An image from the mobility course showig the effect of reduced
resolution on image quality. The original 160x12@mage (a) is shown re-
duced to 32x24 (b) and 16x12 simulated phosphengs.

Results

Overall veering was significantly less with a higHevel of spatial resolution
(F(1,54) = 21.25p< 0.01). There was no significant difference fobetiveen the
two levels of display spatial resolution and ovieddistacle contacts=(1,54) =
0.08, p=0.78). Participants spent significantly less timvalking through the
course during the second tri&l({,54) = 4.40p < 0.05). Using PPWS as the de-
pendent variable, frame rate was not related taorgd performance on the first
(F(2,54) = 1.80p=0.18) or second trial$-(2,54) = 2.33, p=0.11). However time
spent walking through the mobility course was digantly affected by frame rate
on both the first trialf(2,54) = 3.86p<0.05) and the second tridd(R,54) = 3.24,
p<0.05). There was also a marginally significafatienship between frame rate
and overall veering on both trials(@,54) = 2.68p=0.08).

Discussion

The results from this study indicate that spatiabhation is more useful than in-
creased temporal resolution for following a patthaiit veering. However tem-
poral resolution has a significant effect on a peispreferred walking speed.

These findings suggest the development of an adaptiwsthesis system which
could provide a lower resolution/faster display maghich a person is moving,
and a higher resolution/slower display when a pelss ceased movement.

4 Conclusions

This paper has presented a framework for the digflayobility information to
assist blind mobility. This framework includes timain factors which impact on
blind mobility, including the current context, seeproperties, task undertaken,
available sensory information, and environmentatdis, in addition to human
factors (such as level of training) and prosthésthinology (such as camera and
electrode array technology). The benefits of udhig framework include en-
hanced communication between visual prosthesisarelsers and the ability to
experimentally explore and compare different faxttauch as different types of
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computer vision methods, and different mobility iromments). A mobility ex-
periment has been presented which has demonstratedhis framework can be
applied to investigate different factors influergcimobility.
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