2013 "1 12

oo M "'

NIDIN NIDYN 2X'VI NN
37213401

2 NIV ,N1DIN NOTIN

' Ty

nyv vy

(09TIN) Aty "IN 'H

:NM'NAN INN
N¥NN DY
:01pn DY
:01Ipn ‘on
Ty Ty
1 :"tvono
:N'NaN \Yn
TV MMiIN

N1DIN NIDVYN AIX'VI NIN'aAa |han

13721 TD0R

TRN 10 AT 12V .17W DI'ON VR'NDY7 NOPN N'XVINIPIT 207 11X NDIN NOTINA 'T Nwn 17w Jan 2T
X7 NID .N1DA NTN721 DMNMIATRA ITZANN 7Y 17NN 0117 2NI NIDIN NIDIWYN QXY NN TA7Y
UKIQ M0 [TV JNINAY (1P QIX'Y DNIFMYON 1901 |2 NIvj va7nni UML 7w nifpTn 2 X 77 oir

NPT 70NN NN NITY NN Wpa 1T 7Y

N2WNAN 7Y 17 IR [0 7710 Jnonn LT 'RINK NY7YY NDYNA 770 INIR 7Y 01190 IR 707
N12IN NIN'IN DNKR 01701 DFD M'wind wnnwin? 1N 1T N2vnn NN 1*70Nn 7702 .niwnTl

.2 NIMVATNN 1DONINIF D7W NINY 17 NYWOX DAY [II') N1AIN

?

e | N7XW N'0 "y 1N 91X NINION 1T YW Ni7RwN 23 D

TIX A"X71 NIYNN DX 2IMDY Y70 . 7272 TYIMn 017N 1N2 ANl NRIMD N7 NN Rin
.N1'NAN DI'0 1197 NYY '¥ND 09107 NI'SI0N NIAUYNN DX P'NYN71 NOI' NNANNA N7'NN DN'YINN

Contents
1
2
3
4
4.1
4.2
5
6
6.1
6.2

.qwon 1wn 20% -2 ndth "y XM nawn

DT 110 n1'n22 1y 11 3"No , TNRD D''RN W7 ONTNN IR 0T ['N2 2IMd [I7RYN

INErOdUCTION (TPL) .eieiieiie e e e eeas 2
StAKENOIAEIS ... 3
USE CASES (25P) uneiiiriieeiiiie ettt ettt e e e e 4
Data Model (20Pt)..ceuee e e e e e e e e 10
Data Flow Diagrams (10pt) 10
Entity-Relationship Diagram (10pt) 12
Static System Analysis (18Pt) ..uuuieiiiiiiiiiii e 13
Behavioral Analysis (46Pt)........eurrreeiiie e 15
Sequence diagrams (26pt) 15
States (20pt) 17



Auditory Imaging For Sightless Navigation (ASIN)

1 Introduction (1pt)

The following document described a research prototype of a system intended to help blind people
with navigation in their surroundings. The system contains a small Bluetooth camera mounted on the
user's head, the main processing unit installed on a laptop, and headphones. The main functionality of
the processing unit is real time sensory substitution that translates visual input from the camera into
audible signals. Figure 1 presents the main components of ASIN: Image Processing, Sound Creation,
and a component for managing Experiments and Configuration. Two third-party (external) software
products are used: the OpenCV image processing library and a 3D Sound Positioning software called
Sound Scape Renderer (SSR) which supports the standard OpenAL API.

<<devices>
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<<components> g] <<components> El [
AISN SSR | <<device>>
Headphones
<<devices> <<componentss> @ <<components> a <<componentss> g]
Camera ImageProcessing Sound ti SoundPositioning ©
1 / OpenAL
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UserProfile Experiment

Visual information is obtained from the camera as a stream of images. Every image is analyzed by the
Image Processing Unit. Detection and tracking of visual patterns in every image may depend on
information extracted from previous images. The extracted visual information is passed to the Sound
Creation Unit. This unit creates the relevant sounds, according to the received information and
transfers them to the third party 3D Sound Positioning Unit. The sounds are positioned relative to the
user's head at the location corresponding to the location of the visual patterns as seen by the head
mounted camera.

The system is developed as a flexible research environment. It should allow detection and tracking of
variety of visual patterns and mapping of those patterns to variety of sounds. The system contains a
few predefined visual patterns and prerecorded sounds; however, most of the visual patterns and
sounds will be defined by the researchers in future.

Since the system is a research prototype, its configuration and operation (except the actual sensory
substitution) needs not to be accessible for blind people and can be performed by sighted operator.
The system configuration includes among other things extended user profile which specifies the
preferred sound mapping and Head Related Transfer Function for accurate 3D sound positioning. The
system manages experiments performed to evaluate the effectiveness of sensory substitution. Every
user can participate in many experiments and every experiment contains the task description and
result.




2 Stakeholders

End Users

The system will be used, mostly, by visually impaired (or even blind) people (also called “end-users”)
for the purpose of hearing their physical environment.

Configuration users

The system installation and initial tuning, such as user profiles creation, will be performed by
configuration users. These users will set all the settings needed for an end-user to use the system

properly.
Researchers

Researchers are configuration users that conduct experiments to evaluate the quality of sensory
substitution.

Experts

The system 3D sound engine, based on HRTF datasets is developed in coordination and under
technical advisory of the acoustics laboratory. This laboratory supplies the sound equipment required
for experiments.

Sponsors

The system is sponsored by non-profit organizations that support the community of visually impaired
people.



3 Use Cases (25pt)
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Figure 2 ASIN Use Case diagram
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UC-1: Explore Surroundings

Summary:

A End User (also called Blind User) uses the system to understand what is located in front of
him by listening to the 3D-sounds produced by the system. The system processes every
video frame captured from the camera to detect and track objects in the camera's sight. The
system calculates coordinates of every tracked object relative the user's head. For every
such object a corresponding sound is generated. Finally the generated sounds are positioned
in the 3D space according to calculated coordinates. This process repeats until the user stops
it.

Actors:
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.Use Case-n

Trigger:
System start up

Main success scenario:

1. When the system starts up it loads the main components and ensures that a SSR is
running and available.
2. Load profile (UC-3).
3. Configuration User activates the sensory substitution (UC-4) by pressing the
"Activate" button. The sensory substitution is active until deactivated.
Alternative flows and Exceptions:
1.a. If SSR is not available display appropriate message and exit.
1.b. If camera is not found display appropriate message and exit.



UC-2: Perform Experiment

Summary:

Experiment represents a task that researcher gives to the End User in order to evaluate
system performance and system usability. After the researcher explains the End User what
should he do in current task, the researcher selects an experiment that will be performed or
defines a new one by typing in its description. After the experiment is selected it starts.
During the experiment, the researcher can change the settings or stop the experiment and
return to the welcome screen.

Actors:

End User - performs the experiment and gains experience by using the system.
Researcher — defines an experiment and monitors the performance of the End User.
Configuration User — helps with starting the system and selecting user profile.

Trigger:
Researcher presses the “Experiment” button located on the welcome screen.

Main success scenario:

1. [Ifitis the first experiment task with current End User the UC-1 (“Explore Surroundings”)
is executed.

The researcher presses the “Experiment” button located on the welcome screen.

The experiment screen is presented to the researcher and he is asked to select one.

A timer window is presented.

The researcher asks the End User to begin the task and starts the timer which causes the
Translation process to begin (UC-4).

The researcher stops the timer

7. The translation process is stopped (see UC-4)

8. The researcher enters the experiment task results and observations.
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Alternative flows and Exceptions:
3.a. The researcher did not find the right experiment.
1. The researcher selects add new experiment.
2. The researcher fills in the experiment task description.
8.a. The experiment task was not performed as expected.
1. The researcher does not enter the results and restarts the use case.
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8.b. The researcher wants to perform additional experiment task.
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UC-3: Load Profile

Summary:
As a part of UC-1 “Explore Surroundings” (or UC-2 “Run Experiment”) the Configuration-User
selects a user profile from a list of the available profiles.

Actors:
A Configuration-User — helps to initialize the system.

Trigger:
System stratup, automatically triggered in UC-1.

Preconditions:
The user chose one of the options - “Explore Surroundings” (UC-1) or “Run Experiment” (UC-
2).

Postconditions:
The system is initialized with the desired profile details.

Main success scenario:
1. The system presents the user a list of the available profiles.
2. Configuration User selects a profile
3. The system loads profile details
4

The system initializes the ImageProcessing, SoundCreation, and SoundPositioning
components according to the chosen profile.
5. The system notifies the user upon successful initialization.
Alternative flows and Exceptions:

2.a. The system fails to retrieve profile data from the DB.
1. An appropriate error message is shown.
An option to create a new profile is presented.
If the user chooses to create a new profile
UC-5. "Add Profile" is executed.
The new profile is selected and the system continues to step 3.
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UC-4 Sensory Substitution

Summary:

The core of a sensory substitution process, which allows the End User to understand what,
appears in an image, by playing 3D-sounds in the appropriate positions around him. This
use-case occurs as a part of the “Explore Surroundings” use-case (see UC-1).

Image Processing component processes the received image and takes the relevant visual
information out of it. The received information is transferred to the Sound Creation unit
which generates sound samples. The created sounds are transferred to the Sound
Positioning unit which outputs them to the End User via headphones.

[e)]
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Actors:
The End User — experiences sensory substitution.

Trigger:
End User clicks the Activate button

Main success scenario:
1. Video capturing is started.
The system retrieves video stream from camera and processes each frame.
The Image Processing component retrieves visual objects from the video stream.
The visual objects and their positions are stored in a buffer.

vk wN

The Sound-Creation component generates a sound for each visual object and stores
it in a buffer along with its position.

6. The system operates the Sound-Positioning component to play each sound in the
appropriate position in the 3D auditory space.

Steps 3 4 and 5 are performed continuously and in parallel until the translation process is
stoped.
Alternative flows and Exceptions:
*.a. At any time. On termination of the translation process.
1. Video capturing is stopped.
2. All buffers are cleared.
3. The system moves to idle state and allows




UC-5: Edit Profiles

Summary:

A user of the system wants to edit, create, or delete user profiles. A typical user will have
one profile, but may have more than one. Each profile contains the preferred settings such
as the sound volume, the HRTF', a set of visual objects, and the mapping of visual objects to
sounds.

Actors:

A Configuration-User — chooses the desired system configuration based on feedback from
the End User.

Trigger:
Configuration-User presses the “Edit Profiles” button located on the welcome screen.

Main success scenario:
1. All profiles are listed.
2. The Configuration-User is allowed to edit the list of profiles.

Alternative flows and Exceptions:
3.a. Deleting a profile
1. User selects a profile
2. Presses the delete button
3. Confirms the operation
3.b. Creating a profile
1. The system asks to name the new profile.
2. The system creates a profile with default volume, empty HRTF file name, and no
visual object definitions.
3.c. Viewing\Editing a profile
1. User selects a profile
2. Profile summary is displayed to the user.
3. The user chooses a parameter to edit and presses the edit button.
a. Sound volume
1.Volume value is edited using a slider
b. Sound positioning
1.User can browse for a file containing the HRTF data
c. List of visual object definitions
1.User selects a number of visual objects from a list of supported
visual objects
d. Visual object to sound mapping
1.User selects a visual object
2.User selects one of the supported sounds
4. The user confirms the edit operation
3.c.2.a-d.a Invalid values are entered.
1. The useris requested to enter a new value or cancel the operation
a. User cancels the operation
1.The old property value is set.
b. User repeats the editing operation 3.a-b.
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4 Data Model (20pt)
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4.2 Entity-Relationship Diagram (10pt)
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5 Static System Analysis (18pt)
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Figure 4 Experiment and Profile
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6 Behavioral Analysis (46pt)

6.1 Sequence diagrams (26pt)
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6.2 States (20pt)
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