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Executive Summary

There are currently 10 million blind and visuaitypaired people living in the United States. While many
grocery shops now offer online shopping, they are not always available. Blind and visually impaired
people that requireagsd G yOS Ay GKS 3INBOSNE &K2LJ) [DeNBlopidi A f €
assistive technologies and handheld devices allow the possibility of the increase in independence for the
blind and visually impaired.

The GroZi project was created in thepes of empowering visually impaired individuals to shop at their
own convenience and privacy using computer vision technology like object recognition, sign reading and
text to speech notification.

In summer2009,the teamworked on several subegments dGroZitowards the goal of implementing

a Remote Sighted Guide (RSG) interfad&/e explored the feasibility of using spatialized audio,
packaged wiimote functions for easy integration in the RSG interface, adjusted the audio properties to
enable the wiinote to play the sound file, finalized the choice of a camera and implemented an RSG
interface.
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Introduction

According to theAmerican Foundation for the Blihdthere are currently 10 million blind and visually
impaired people live in the Uteid StatesAt least 1.5 million Americans with vision loss use computers.
Recentlya student team in the Virginia Tech College of Engineering managed to provide the blind with
the opportunity to drivé. Henceforth, it can be seen that there is an inceeasrate of the number of
people in the blind community demanding to be more independent from physical human assistants.
Developing assistive technologies and handheld devices allow the possibility of the increase in
independence for the blind and visualmpaired.

Blind and visually impairegbeople in the United States often face daily obstacles with routine tasks,
including grocery shopping. While many grocery stores offer online shopping and home delivery, they
are not always available. Blind peoee then forced to request for an employee to accompany them
around the store or depend on friends and family to go grocery shoppifluie GroZi project was
created in the hopes of empowering visually impaired individuals to shop at their own convemietice
privacy using computer vision technology like object recognition, sign reading and text to speech
notification.

Ly O2yedzyOitAzy gAGK /FfLe¢nHTZ |/ {5Qa /2YLziSNIJ xA&A
develop a portable handheld device thaty ¢aSSé¢x Fff26Ay3a GKS 0fAYR | yF
more efficiently within difficult environments as well as better locate objects and locations of interest.

DNER %A Qa LINA Yl NE NBaSINOK Aa F2O0dzi SR ctfiat cofihesRS @St 2
a mobile visual object recognition system with haptic feedback. Although still in its early stages of
development, when complete, the GroZi system will allow a shopper to navigate the supermarket, find a
specific aisle, read aisle labetsan the aisle for products on the shopping list and direct the shopper to

acquire the product.

The summer goal of Gro&as to implement a Remote Sighted Guide (RSG) that incorporates the use of
audio and haptic feedbackn order to achieve that goafpur subsegments of GroZi were explored:
spatialized audio, wiimote hacking and software, camerastaadRSG interface.

! http://www.afb.org/Section.asp?SectionID=15&DocumentlD=4398
% http:/Avww.nfb.org/nfb/NewsBot.asp?MODE=VIEW&ID=453
% http:/Avww.nfb.org/nfb/Answers_about_Blindness.asp?SnID=1052246829
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Description of Project Tasks

Formalized Stages

It is important for both users and the designireamn to fully understand each and every stage involved

in the seemingly rudimentary task of grocery shopping. It is also crucial for both groups to know how
directions are given to the user, and in some degrees, the technology or methodrusadh stageThe

table below illustrates the formalized stages of the grocery shopping experience. It also demonstrates
what technology each stage uses, and how directions are conveyed to the blind user.

No. Stage Method Command Conveyance
0 Userwalks into store
1 Locate aisle Read aisle signs Audio/ Speech Synthesis
2 Locate product shelf Object detection Audio/Tactile Alert
3 Approximate product Object detection Spatialized Audio
location
4 Detailed product location | Object tracking Haptics/Tone Progression
5 Product selection Object detection Audio Alert
6 Product confirmation Bar code| Audio/Speech Synthesis
scanning/detailed objec]
recognition

In stage 0, the blind person walks into the grocery shop, with the shopping list already preloaded into
the GroZisystem. Next, he/she has to locate the correct product aisle. This is done in stage 1, where the
computer vision system will read the aisle signs using audio or speech synthesis.

After entering the correct aisle, the blind user then proceeds to locatepttoduct shelf (Stage 2). The
object detection system is constantly panning the product shelves within that particular aisle for the
item in the shopping list. Once the correct product shelf is located, an audio or tactile alert is conveyed
to the user.

In stage 3, the blind user is now standing in front of the correct product shelf where the product is
located. The approximate product location, for example above, below or top left, is given using
spatialized audio. Determination of the approximate protllocation is done using object detection.

This is followed byA dzA RAy 3 (G KS dzaSNDRa KFIyR (G2 GKS LINRPRdAzOG Q2
tracking. The blind user is guided by some form of haptic feedback or tone progression.

Once the blind userds his/her hand on the correct product, an audio alert is played to inform the user

to select that particular product (stage 5). Object detection is used to achieve this task. Finally, it must
be followed by product confirmation (stage 6), where either lcade scanning or detailed object
recognition is used to check if the item chosen is correct or wrong. The accuracy is conveyed to the blind
user using audio or speech synthesis.
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Spatialized Audio
Tommy Mueller and Grace Foo were the main students thakea on this suksection.

The human ear has the natural ability to perceive different sounds coming from a source at a particular
position. For example, if a sound was coming towards us from the right side, the human ear is able to
speculate that a sounslource is coming towards us from the righhis is under the assumption that the

said person has good or perfect hearing in both ears.

Spatialized audioh @ Y2 RSt SR | ¥ SsinKidzyrbegseai to ogive? the? [Bten@r the
impression of a soundosirce within a threedimensional environment.True binaural spatial audio,
when presented from headphones or earphones, appears to come from a partpmitdrin the space
2dziaARS 2F { RSomé éxamplEsyoSspeiniizedkaSdio fdudermai tour of London city
and a visit to the neighbourhood barber sHop

Instead of using conventional WRA YSY &aA 2y It | dzRA2 GKI G ¢2dAf RMPS 6SS
speakers in usual circumstances, we decided to experimentthigttechnologythat is relatively new.

The use of conventional twdimensional audio would include words like in front, above, below, left,

right, top left, top right, bottom left and bottom rightUnfortunately, dhough the wiimote has basic

audio functionality so farthe sound quality from wiimote has been low amiiffled. For audio files that

contain words, the words are practically inaudible, unless you know the words beforehand and have

been listening to the audio file play multiple times on the wiimdkaus, withthe current sound quality

of the wiimote builtin speakers, it is not feasible to use the wiimote birlspeakers to inform the blind

user of the approximate location of the product relative to where they are stan@tage 3)

The software that we wed for testing isa demo programpDiesel StudioThe demo version of Diesel
Studio can be downloaded for free fromhttp://www.am3d.com/526fabbe7ebl-45b7-8db5
344342d9a894.W5Dobiesel udio uses HeadRelated Transfer Functions (HRTF), making it possible to
perceive a sound source in any directidithough a 3D sensation can be experienced using a headset, 2
or 4 speaker system, to ensure full immersion, we utilized earphomab our tests.

* http:/Avww.n oisebetweenstations.com/personal/essays/audio_on_the_internet/Spatialization.html
® http:/Awww.cc.gatech.edu/gvu/multimedia/spatsound/spatsound. html

® http://www.gsound.com/demos/londortour.htm

" http://listenwithyourownears.com/3daudio-demo-showdown/
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Diesel Studio

Experimental Design

The coordinate system used in Diesel Studio is the x, y and z axis-Cboedixate signifies the
horizontal movement in front of the user. Thecgordinate signifies the movement of sound moving
towards or away from the listener. Theeaordinate signifies the vertical movement in front of the user.
The figure below illustrates the coordinate systefte ycoordinate is fixed in this experiment as it is
assumed that the blind user is static andrgtiang in front of the product shelf.

»

The goal of the experiment was to determine the accuracy of determining the sound source using
spatialized audio.
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Tommy and Grace dakest Qubjects

Before testing spatialized audio wilohn Tommy and Grace testete software together. Tommy and
Grace alternated between being the controllen Diesel Studio who determines the location of the
sound and being the listener who identifies the location of the sodndimpleaudio splitteris used so
that two earphonesan be used at the same time to listen to the same sound.

N\ K

2-way Audio Splitter
A few simple steps are followed:

1. Controller sets % y- and zcoordinates of the sound sowgavith earphones put on.

2. The listener stands in front of the whiteboardlatNJ¥é&nhgth with earphones put on. Make sure
that the earphones are put on correctly (Left earphone in left ear, right earphone in right ear).

3. When both parties are ready, the controller plays the sound and the listener marks it on
whiteboard.

4. The results areecorded.

Two modes were tested, the former without calibration (the sound plays without first centering it) and
the latter with calibration (the sound plays from the center, then migrates towards the final location).
Without calibration, the audio fileJt @ SR & K2dz R 0SS | & Ruésgsdne soand aff S
a helicopter movingThe sound source that is calibrated before migrating towards its final location must
follow the system below:

(2,1)
(1,1) « *(3,1)
(2,2)
(1,2) « *(3,2)
(1,3) < (2.3) > (3,3)
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The sound source always starts at (2,2) for calibrafFor sound sources that are going(®1), (1,2),

(3,2) and (2,3), the sound source will take 4 seconds to migrate from (2,2) to the respective coordinates.
For sound sources that are migrating from (2,2) to (1,1), (3,1), (1,3) or (3,3), the soucd willitake 2
seconds to migrate from (2,2) to (2,1), (1,2), (3,2) or (2,3), and anotbecdhds to migrate from those
coordinates onwards to the corner coordinatdhe paths are set using tlikine Path option in Diesel
Studio.

Below are the resultkor Tommy/Grace without calibration:

Tommy: 4/7 accuracy. Out of the 3 that were wrong, 2 were up/down mistakes.
Grace: 3/6 accuracy. Out of the 3 that were wrong, all 3 were up/down mistakes.

With calibration, Tommy was able to get 100% accuracy.

Dr. John Miller as test subject

The way the experiment was conducted closely resembled the way the experiment was conducted with
Tommy and Grace. The steps are as follows:

1. Controller sets % y- and zcoordinates of the sound source with earphones put on.

2. The listener stands in front of the whiteboardlatNJ¥é&nhgth with earphones put on. Make sure
that the earphones are put on correctly (Left earphone in left ear, right earphone in right ear).

3. When both parties are ready, the controller plays the soward the listener marks it on
whiteboard.

4. The results are recorded.

However, in the experiment conducted with John, it was determined that testing would only
incorporate calibration as the accuracy without calibration was too low (from results for Tcamihy
Grace).

A 5way audio splitter was used during the experiment so that everyone that attended the GroZi
meeting could listen together. Unfortunately, it appeared that-w&y audio splitter also affected the
guality of the sound, resulting in John nmting able to hear the sound source cleaHgnce, the Bvay
audio splitter was removed and only the listener (John) had earphones on.
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Below are the results for John with calibration:

Try # Location Result Accuracy
1 1,1 ?7? Wrong
2 (1,3) (1,1) Wrong
3 (3,2) (3,2) Right
4 (3,1) (3,1) Right
5 (1,1) (1,1) Right
6 (1,3) (1,3) Right
7 (3,3) (3,3) Right
8 (3,1) (3,3) Wrong
9 (2,3) (2,3) Right
10 (2,1) (2,1) Right

John achieved 70% accuracy in this test. From the results, several conclusibesicawn:

1. With training, accuracy can be improved. Therefore, listeners should be trained before using this
technology.

2. It is important to concentrate while the sound source is playihg.try #8, John lost
concentration by talking to us, and hence wasbie to tell if the sound source was up or down.

3. ltis harder to tell if a sound source is coming from above or below the listener, as compared to
the horizontal direction.

Since spatialized audio lieavilyreliant on the assumption that the user hasogbor pafect hearing in

both ears, the currentechnologylevelwill prove inadequate in the case of a user that has only partial
hearing in one ear, or has hearing problems.
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Cameras
GraceFoowas the main person that worked on this ssiéction.

Theegt S 2F GKS OFYSN}Y A& (2 LINRiWRSds fo¥dmars selecioh, (1 K S
GKS LINRPOS&da aidlFNISR 2FF TNRBY VY2RStAy3 Aigthe F3GSNI
Swann SWP-MWC Mini Wireless Camera. This was becaheg were the only other GroZiteam that

had successfully implemented a Remote Sighted Guide (RSG) was the MAE156B team. The Swann SW
PMWC is a security camera, about the size of a thumb. According to the MAE156B team, the small
camera has a large enough resadut to identify items clearly from 20 feet away.

Swann SWP-MWC Mini Wireless Camera

One of the main discoveries from the research on cameras was that the SwaRVBWC operates in

the 2.4GHz bandwidth. While the 2.4GHz bandwidth might have been eHatimpopulated territory in

2007, that bandwidth is now cluttered with 802.11 wireless LAN (WLAN) systems, Bluetooth devices,
homeRF solutions, cordless phones and a flurry of other unlicensed wireless sySwitis.the
increased use of the 2.4GHz baradvalid concerras arisen regarding mutual interference between
users of the bandwidthTheoretically, as long as there are no other 2.4GHz wireletmnsy installed in

the same environment, the déce should be able to operatgroperly without a fearof interference.
However, aghe wiimote communicates with the computer using Bluetooth, whigkerates in the same

band, with such close proximity to eaalmother; it is highly likely for the camera system and wiimote
system to interfere with each other.

This led tathe search for a camera system that operates in a different bandwititas discovered that
5.8GHz is a bandwidth above the 2.4GHz band that is relatively uncluti¢deals been described as

being ideal for the wireless transmission of boaudio and video signals. With a 5.8GHz wireless
cameras and a 5.8GHz receiver connected to a monitor, we can expect a signal range from a 300 feet
range onwards.

However, it wagevealedlater that most systemsat least for cordless phones currently the market,
use a hybrid transmission. For example, if it claims to operate in the 2.4GHz band, thay @&dzo
send a signal from the base to the handset, but use 900MHz to return the signal from the handset to the

8 http://www.commsdesign.com/csdmag/columns/programming/showArticle.jhtml?articlel D=16502631
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base.’ The same concept is appligd the 5.8GHz frequency. It has not been determined yet if the
security camera companies use the Hadflf strategy, but if we were to spend more money by getting a
5.8GHz wireless camera, it is crucial to ensure that the system sendsaides at thesame frequency.

While using higher frequencies do give us extra clarity of signal, keeping in mind also that the 2.4GHz is
too crowded, this is done at the expense of losing a little rarfiges however, might not be a huge
problem for GroZi, as the RensoSighted Guide (RSG) will probably only be in the next room or at least

in close proximity. Besides, RSG is a stsormh solution that is merely substituting the automated
computer visionCV)system until theCVsystemis fully functional

Taking into onsideration price and size, it was then decided that the Mini Wireless Camera (Iltem # SV
C1182) from spyville.coMwas the best choice if we were to go along with 5.8G@HInoks similar to

the Swann SW-MWC Security Camera, with a camera dimensionéof 1E  H ¢ ThE prined@fr .50 ©
includes a camera, receiver with antenna, 2AC adapters and a RCA cable.

5.
5.8 GHz Mini Wireless Cameras

Both the Swann SW-MWC and Spyville 5.8GHz Mini Wireless Camera transmits via RCA, hence we also
need a USB Frame @hber to capture the live feed on the computdihe DigiVue EDXDSTK has been
proven to work for the MAE156B RSG interface and is reasonably priced, so we decided to use the same
product.

DigVue EDVADSTK

® http://www.epinions.com/content 1277730948
19 http://www.spyville.com/miniwirelesscamera5-8ghz.html
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Although we were able to identify the two salile wireless cameras (2.4GHz and 5.8GHz) and the USB
frame grabber to be usedye had to keep in mind what this system should be transferrable to computer
vision, namely OpenCV compatib@penCV (Open Source Computer Vision) is a library of programming
functions for real time computer visionFrom arrent research showcased dhe internet, so far no

one hastested and proven that the DigiVue EDYDSTK frame grabbeoftware will work with the
OpenCV libranyin fact, based on the OpenCV community fofrmost developers stick to using USB
cameras.

According to customer support at DigiVue, the EADSTK uses a generic Windows driver and most
softwares work with it. Extrapolating from that, OpenCV will most probably work twehEDVADSTK

software. Everh ¥ h LISy / + RARY QG KIF @S + LI NIAOdzZE F NI Fdzy Ol A 2y
literature on the internet on developers who write their own functions or tweak with the OpenCV
functions. Given the timeframe that we had to implement the RSG inteffae decided to go with

tested and proven USB cameras on the OpenCV community forum. Wireless cameras were put on the
backburner and but should not be eliminated as a possibility for future prototypes.

The final camera that we bought is the Microsoftedm V>6000. It is OpenCV compatible with a
stable6-foot longUSB connection and has a high resolutibas 3x digital zoom and has pan and tilt
functionality. It has a reasonably high framage (30 frames/seconyj ensuring that video images are
smoah and seamlessAdditionally, it also haa 71 degrees wide angle lens which alldarsa larger
view of the product shelf.

Microsoft LifeCam V>6000

" http://opencv.willowgarage.com/wiki/Full OpenCVWiki
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Wiimote
Grace Foo was the main person that worked on thissediion.

The reason why th&lintendowiimote was chosen for GroZi has been nicely summed up in the GroZi
{LINAY3 Qndp FAYIFE NBLR2NIY

The device may seem extremely complex and technologically advanced however

there is technology readily available today which can perform the tasks needed

forthisLINEP 2SO0 x adzOK Fa bAYyiSyR2Qa 2AAY20S® ¢KS 2
powerful device and is perfect for the GroZi Parrot application. When connected

to the Nintendo Wii, the Wiimote uses its infrared sensor and accelerometers to

translate position and motim to the television screen. In the parrot device, an

AYFNINBR [ 95 LXIFOSR 2y (GKS dzaSNDa KFyR Aa NI
accelerometers to recognize position and motion. It is also equipped with a

vibrating motor and speakers. These are some loé tmost important functions of

the Wiimote as the vibrations are used as the actual haptic feedback provided to

the user, and the speakers are used to indicate successful location of the desired

product. Furthermore, the Wiimote connects to the NintendoiWa Bluetooth
O2YYdzyAOFGA2yd ¢KS DNR%A GSIY dzaSa GKS 2AAY2i
connect to a computer. With an established connection between Wiimote and

O2YLIzi SNE a2F0g6FNB OFy (G4KSy LINPINFXrY GKS 2AAY?2
projects speific needs.

The primary functionsof the wiimote harnessed by Grozire vibration, the infrared (IR) sensor, and

basic audio functiond.ast quartergpringQn 0 > G KS & A A Y dnBectiigSiiinotesst@ N SR 2
laptop computer usin@luetoothand devebp software which exploits various functions of the wiimote.

The software had several capabilities:

1. When the wiimote senses infrared (IR), it will output the coordinates of the IR source, vibrate
and play the specified audio file.

2. When there are at leasR wiimotes connected, wiimote 2 is used to control wiimote 1.
Commands include vibrating for a specified length and playing audio files.

3. Display the accelerograph of the wiimotes.

4. Output the X, y, Toordinates, roll and yaw of the wiimote.

5. Disconnect bhwiimotes when one wiimote disconnects.

This summer, the program was modified and improved by removing unnecessary andethen
packaged into an executable file that can ineplementedby the RSG interface. We also worked on
correcting the audio samiplg rate using a program, Audacity. Last quarter, only a crackling noise was
being played by the wiimote speakers becausmobrrectproperty settingsFinally, we also identified 7
audio cues for the 7 formalized stages (shown above).
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Audio Sampling Ra

The program, Audacity, was used to edit audio fildadacity is a free, open source software for
recording and editing sounds that can be used on multiple operating systems. Audacity can be
downloaded for free fromhttp://audacity.sourceforge.net/

4.0 50 9.0 10.0 1.0 12.!] 13.!] 14.0

< mn 3

;ijed Rate (Hz). Selection Start: @ End ) Length Audio Position

(w0« | snpTol] [0R00mO0ST fornoomoost
It pctuel Rt 20|
Diesel Studio

Sample rate is the number of times per second that a snapshot of audio information is captured during
recording. Higher sample rates result in greater audio detail, the same way smoothenntialeo is
achieved with a higher frame rate.

The wiimote can use multiple sound formats at multiple sampling rates, namely signie@®8M and 4
bit Yamaha ADPCM. Thebt ADPCM is Yamaha ADPCM, and-fit 8node, the sampling frequency
must be madeso low that the audio quality is rather bad.

In the case of GroZi, we decided to use the same settingfseasample audio fileAudio.au, whictwas
part of the sample file provided ke wiimote libraryWiiRemoteJThe settings used are as follows:

Project Rate : 2000Hz or lower
Mono

Sound format: signed-Bit PCM
File format: .au

pPowbdre

2 http://wiibrew.org/wiki/Wiimote
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The sound files were either downloaded from the internet or taken from our personal music library.
They were then edited using Audacity.

Audio Cues

Out of the seven formé&ed stages identified, three stages use the wiimote to convey directions to the
blind user.At stage 2, when the product shelf where the shopping item is spotted, an audio alert needs
to be sent to the blind user to stop walking and turn to face the pridinelf. At stage 5, an audio alert
need to be sent to the blind user to stop moving their hand and select the product below their hand.
Finally, at stage 6, the system needs to notify the blind user whether the product chosen is the correct
item or the wong item.

Below are the different sound files that apéayed:

1 Stage 2 and stage Stop_mov_high.au
9 Stage 6 (correct) : nyquistplot.au
i Stage 6 (wrong) : stop.au

Packaging of fileand Code Clean Up

Since the software created last quarter was mostlynodification of the sample code written by the
developer of the WiiRemoteJ library, Michael Diamond, there were also much redundant code that was
originally written for debugging purposes. This summer, redundant code was deleted and comments
were editedto keep the java file neand clean.

[Fad ljdzZ- NISNRa ¢2N)] Ffaz2z Ayg@2t SR (g2 oAAY2GSaz
GKS w{D AYyUiSNFI OSQa NRBfS ¢! msteacofusiBgl\fiirno®@& cotfolihg F dzy O
Wiimote 1, the remote sighted guide will be controlling one wiimote using the interface developed. To

do this, arguments were used to emulate the RSG interface calling the function.

When the argument igvibrate 100, the wiimote will vibrate for 100ms. When the arguinés ¢
vibrate500, the wiimote will vibrate for 500ms.
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