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Executive Summary

This document will report on activities and findgnfipr a Phase 2 SBIR project carried out betwegnlh 2004
and January 31, 2007. The project called for #wdgh, implementation and evaluation of a new teldgy that
promises to improve access to science museum aed pablic exhibit spaces for visitors who are tjimisually
impaired or otherwise print disabled. The repodriganized into the following sections:

Executive Summary

Research Activities

Dissemination and Commercialization Activities
Summary of Expenditures

Schedule Information and Task Completion Status
Evaluator's Report (as a separate document)

Overall, the findings of the research indicate thatidea of user activated audio beacons, knofenrirally as the
Ping! system is conceptually sound, and suggeatsotihor more commercial products based on theym
system would be of significant benefit to the tamadience. Participants in the final round ofriedies carried
out at New York Hall of Science were strongly piesitabout their experience, and their performandeoith
navigating the space and interacting with the eiditroves that permanent installations based eiPthg! concept
would be practical and effective. Furthermore,theapcomponent of the research project, the devedop of a
talking touchable sculpture that has become a peemaexhibit component at the Hall of Science, destrates a
powerful new way to display spatial and graphiofbimation to visitors with disabilities. Whileth parts of the
project were successful from the point of view séusatisfaction, at this time it appears thatctmamercial
introduction of talking sculptures stands a muctidseehance of leading to a sustainable compornfestiobusiness.

Steven Landau

Principal Investigator
Touch Graphics, Inc.



Research activities carried out in the this period
Installation of 36 wireless audio beacons in the W& ork Hall of Science

We installed wireless audio beacons at each extiaitis included in the cell phone delivered t(agre
figure 1). These beacons are small devices tltét iealude a wi-fi transceiver, a microprocessar, a
audio player, and non-volatile memory for storihg attractor tones. The beacons were each condnecte
to electrical power. A separate speaker was mduntehe exterior of each of the exhibit enclosiisee
figure). In cases where there were no exhibit engies, the beacons were affixed to the underside of
counters, and were not visible to visitors. WHhseacons were used to guide visually impaired museum
visitors along routes, beacons were mounted wittodified track light fixtures, and then hung from
existing tracks on the ceiling, from which theykquower.
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Figure 1: A diagram showing the locations of eatthe wireless audio beacons in the Hall of Saenc
The red arrows indicate travel routes.

Figure 2: One of the wireless audio beacons, sliowwomparison to a cell phone and a speaker.



Final testing and debugging of the system

Once all of the beacons were installed, we addedarces to each of their IP addresses to thedflall
Science’s Wi-Fi network, so that we were able tmgwnicate with the devices and send instructions to
do various things. Next, we tested all of the beacto ensure that a consistent connection cauld b
maintained. We discovered that several of the bebumations got only limited radio signals, andsthi
proved to be a serious problem that was never adelguesolved. Making matters worse, we discavere
that, while the system performed perfectly whenHladl of Science was closed to the public, sigtals
some of the beacons were unexpectedly dropped thiecfacility was crowded with visitors. We believe
that this was caused by interference due to theepge of many human bodies; in those places where t
radio signal was weak, this presented a real pnofdiecause the beacons sometimes failed to respond
instructions. In cases where this happened atithail exhibits, the consequences were not veipser
but where a beacon that was along a travel roatectinsisted of a chain of beacons was non-opesdfio
it led to a serious disruption, and diminisheddkerall quality of the visitor experience. In theer
testing, we were forced to individually guide paigants through routes that were interrupted is Way.
This revealed a serious potential shortcoming efabverall concept, since individual outages in the
network proved to undermine the overall succeshatystem. While this problem could have been
resolved by simply adding access points in pooecaye areas, the Hall of Science was not willing to
undertake this upgrade due to its cost, which veadudgeted for in the SBIR project.

User testing

The final round of user testing was held on Janadrgnd 15 at the New York Hall of Science. Altota
of ten blind or low vision individuals participatédthe trials. A full report from the Project Buators
appears as an Appendix to this Report.



Figures 3 through 7 (clockwise from top right): pArticipant interacting with the Rocket Park Tatkin
Touch Model; a participant being interviewed abloigtexperience at the end of the test; a paritipa
navigating with assistance from her guide dog &edRing system; a participant exploring the Germs i

the Nose exhibit.

Figures 8 (left): A participant exploring the Caratithe Music Exhibit
Figure 9(right): A participant listening to travabtes on her cell phone before beginning navigato
one of the exhibits.



Commercialization Activities

Commercialization and Dissemination Activities

The project includes development of two distinchi®logies, both of which show promise in improving
accessibility to science museums and other pulshibé spaces for people with visual impairmentd ather
disabilities. We have pursued commercializatioparfunities for both of these; however, the parhef SBIR
project that studied interactive touchable modat$ lrow they could be used in the museum exhibitecxdrappears
to be much more likely to attract real customers nead to actual installations. We have maédalowing
progress in commercializing the interactive modehnology:

1.

McDonnell Planetarium has commissioned a secondfgetket models for permanent display as part of
their upcoming exhibit on the Mercury and Gemiragp programs.

Touch Graphics is working with the Smithsonian itbasibn and the Rehabilitation Engineering Research
Center on Universal Design to develop, fabricatiastall the National Mall and Memorial Parks
Universal Display (see figure 2), to be installédhe Smithsonian Information Center in the Castle.

Touch Graphics is in discussions with New-York Higtal Society to create an interactive exhibit thugir
upcoming focus on the work of Louis Comfort Tiffanyhey have asked the company to develop a model
of a stained glass Tiffany lamp that will talk whimmiched in various places.

The Principal Investigator present findings frora 8BIR project (and other R&D) to exhibit desigafit
at NPS’s Harper’s Ferry WV Headquarters on Febr@&yNPS has expressed interest in creating antplki
touchable model for the Visitor Center at the Ches&e and Potomac Canal National Historic Park.

The PI presented findings from the SBIR resear¢heaCoastal Maine Botanical Gardens in Boothbay
Harbor, ME. This new institution is creating a f@an of the Senses”, and is exploring how varioosch
Graphics technologies and products could be pusé¢o

Figure 10: A rendering of the proposed Mall Mod®l the Smithsonian Castle.

We are currently experimenting with new, lower aogtthods for fabricating models that embody theabdjpy of
detecting the location of touches by human skihis Thay lead to creation of new IP, and a strorng @eaphasis in
our business plan. It appears that the idea oflimgjlUniversal access through this approach ressnaith both
museum visitors and planners. In contrast, we hademuch less success in interesting other musaums
commissioning a system for user-activated audiedes Reasons for this probably include the follgyyi

1.

Cell phone billing plans have not switched oveamounlimited minutes model; museum visitors are les
likely to use their cell phones for things like raus tour guides if they feel that there will beimpact on
their monthly bill. At the time when the SBIR peat was first proposed, projections indicated that



4.

unlimited minute plans would be the prevalent bdlimodel by now. But this has not happened, soyman
promising technologies that depend on extendedobelhe usage are less likely to achieve wide-scale
adoption.

Similarly, cell phone coverage has not improvedhash as was anticipated. Dead spots that leadll® ¢
being dropped as visitors move about in museumsecsignificant frustration. This problem is, irrpa
result of the US cell phone infrastructure beiragfmented into multiple networks, each owned and
operated by one or more companies. In countriés avsingle system, coverage tends to be much more
seamless.

Audio quality in cell phones still lags far behindhat is achievable using mp3-type audio playersaha
typically included in current Acoustiguide-type das that are used at many museums. Until theoaudi
quality begins to improve, it will only be praaido provide voice tracks using the phone. Thisg out
using music or sound effects that are typicallydusemp3 player-based museum guide devices.

The Ping concept is based on the wide scale adopfioell phone museum guides for the general publive
realize that museums are unlikely to adopt a sy$temse only by visually impaired visitors. Unile market
forces that are impeding greater penetration bypaones offering cell phone guides in the mainstresamket
change, we are unlikely to see significant progfes®ing. However, Touch Graphics, Inc. has resgia US
patent for this invention, so if in the future, diions for cell phone museum guides improve, wi aréate

partnerships with those companies offering thesdymts. Touch Graphics has had discussions witdeGy Cell
of San Francisco, the main company offering thigsise to museums.

One significant disappointment and obstacle forftigre implementation of the Ping system in ottmeiseums is
that the Hall of Science, at the end of the projéetided not to maintain the system as a permdeatitre that
could be used in encouraging more blind or visuiatigaired individuals from visiting the museum. Nght is
unclear what lay behind this decision (and the moss administration was not forthcoming with thidarmation),
we have a few guesses:

1.

Dr. Alan Friedman, who was the Director when thejgxt started, left his post at the museum and was
replaced by Marilyn Hoyt. While Dr. Friedman wasteong supporter of the idea of improving
accessibility to museums for disabled visitorss possible that Ms. Hoyt does not share his eidbog as
it is not immediately clear how this benefits thetitution. Ms. Hoyt is was the decision-makereheo it
may be that she simply doesn’t see the value dirmging to maintain the system.

It is possible that the museum felt that continuimgupport the system past the experimental pevindd
imply an unacceptable level of liability in the ew¢hat a Ping user was injured during a visit.sTiki
legitimate concern, given that the system is inéghih allow blind individuals to travel independgnand
considering that the messages provided throughah@hone interface include way-finding informatio
that provided warnings about potential hazardsgtoavel routes.

Conferences and publications

The small business has successfully disseminasedtseof the ongoing work of this SBIR project.efentations
have been made at the following venues:

1. MIT Touch Lab. The PI presented findings from 8®IR for Dr. Dr. Mandayam A. Srinivasan and his
colleagues. The presentation took place on May&007.

2. American Association of Museums 2007 Conferencécddo. Panel presentation, entitled, “Hearing
Pictures, Touching Sounds: Multi-sensory ApproadheMuseum Interpretation.” This event will take
place in mid-May, 2007.

XXIII International Cartographic Conference, MoscowWhis event will take place in mid-August, 2007

4. Mid-Atlantic Association of Museums 2007 Annual Mieg, Pittburgh.



Figure 11: Cover page from the US Patent on thg Bamcept.




Project bar chart schedule, showing current status
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List of research and development activities and@etage completion for each:

Hardware Research: 100%
Beacon design: 100%
Program flow: 100%
Script writing: 100%
Recruit focus group participants: 100%
Focus Group: 100%
Focus Group report: 100%
Installation Design: 100%

Experimental design for acoustical properties study 100%

WMU IRB submission: 100%
Acoustical properties study: 100%
Report on acoustical properties study: 100%
RPI IRB submission: 100%
Beacon fabrication: 100%
Beacon programming: 100%
Recording and editing: 100%
Submit Interim Report 1: 100%
DMI conference No. 1: 100%
Recruit participants for usability study: 100%
Experimental design usability study: 100%
Usability study: 100%
Evaluator’s report on usability study: 100%
Dissemination: 100%
Second Interim Report: 100%
Kiosk design: 100%
Model design: 100%
Model programming: 100%
Model fabrication: 100%
Model study and evaluation: 100%
Model installation 100%
Script writing for model 100%
Refinement of acoustical properties study: 100%

Beacon programming (part 2): 100%



Identify subjects for Final Use Study:
Submit interim report no. 3:

DMI conference no. 2:

Final Use Study:

Evaluator’s report on Final Use Study:

Commercialization:
Submit Final Report:

100%
100%
100%
100%

100%
50%
100%



