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4 Collaboration results in better understanding of concepts [1] by discussions with
peers and instructors (via a chat window in J-DSP). Accelerate learning by exposing
students to advanced level concepts in DSP [2].

4 Most signal processing applications involve analysis-synthesis, fransmitter-receiver
and encoder-decoder kind of simulations which can be used to form collaborative
simulations for 2 or more users.

4 To our knowledge no other signal processing simulation tool that has an in-built
support for running collaborative simulations exists.

¢  The existing J-DSP tool already possesses many capabilities and supports simulation
of a wide variety of signal processing functions. Also, J-DSP is already in use for
performing on-line laboratories and is being used in at least four other universities [3]
[4]1[5].

4 Provide hands-on experiences to undergraduate/ graduate DSP students and distance

learners.

oA Fibron The J-DSP tool

School of Engg.

# J-DSP is an on-line, object-oriented
graphical DSP editor written as a Java
applet.

# Useful for distance learning education
as it enables distance learners to

simulate DSP systems. Blocks

# Users can view the results at any point

Dialog windows

of the simulation, graphically or

DSP

numerically.

# Provides a simple and user-friendly
interface.

# Platform independent and is universally
and freely accessible.
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J-DSP Overview

Editor

Basic functionality in J-DSP Other functionalities:
« Fundamental DSP Functions (FFT, IFFT, 4 Analog and Digital Communications
Windowing etc.) #  Control Systems
«  Basic Arithmetic Functionality 4 Image and 2D Signal Processing
+  Multi-rate DSP ¢  Speech Analysis and Synthesis
¢ Pole-Zero z-domain diagrams «  Time/Frequency Representations
¢ Frequency Response ¢ MIDI Functionality for High Schools
4 Visualization Blocks + Digital Audio Effects
¢ Digital Filtering # J-DSP Scripts for Interactive Web lectures
+ FIR/IIR Filter Design ¢ Automated MATLAB Scripts
4 Spectral Estimation
« 3D Animations
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J-DSP Scripts
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J-DSP simulation can be represented in the form of special text called J-DSP script [6].

Editor frame

| applet CODE="TDsp.cluss" Width="400" height="250" param

: " value:"BO-snggen(0,0)" param name=
| ££1(1,0)" param name="2" value="B2-plot(2,
| 1-- START CONNECTIONS -- param nal
i -0" param name="4" value="C-1 0" I-- END

| CONNECTIONS -- |-- START OPEN DIALOGS -- param

| name="5" value="0-0" param name="6" value="0-2" I-- END

| OPEN DIALOG: I-- START PART PARAMATERS * DO

| NOT MODIFY! param name="7" ;
! value="P0~20,10,0,~1.0,0.9,0.0,0.2,~a,Rectangular,No,null,~~" |
i param name="8" value="P1~256,~~b,~~" param name="9" H
! value="P2~~~c,cont., Amplitude, linear,~false,~" |-- END PART

| PARAMATERS -- /applet

J-DSP Script

This scripting capability is used in the new software infrastructure.
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Collaborative Research M
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Collaborate on experiments,
exchange ideas and observations

User-1

Applications:
# Research

+ Distance learning and on-campus education

J-DSP Blackboard Concept by Prof. Andreas Spanias, ASU.

Fsu Snapshot of a real-time J-DSP

UNIVFR=ITY
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Collaboration-1 Collaboration-2
User-1
v v voer
A &
Server
v -
‘ A

Why do we need a Server module?

« Transfer of J-DSP scripts [6] for running collaborative experiments required some form of
communication between different users.

+ J-DSP is basically a Java applet which is executed by first downloading it in to the clients computer by
the web browser.

« For security reasons these Java applets are allowed to communicate through sockets only with the server
from which they were downloaded and not with any another computer.

+ Also, since all the communications are via server, the administrator can have a control over them. Several

actions involved with the software can be moderated.
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EditorFrame

GraphPanel PartList

Network

Name1Part |« NameNPart
o e P } Function1 FunctionN
Name1Dialog NameNDialog
Name1GraphPanel NameNGraphPanel
Part
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New J-DSP Infrastructure

-DSP.
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ChatDialog

GraphPanel & other
existing infrastructure

ServerConnector PopupDialog

EditorFrame

|:| New classes

RemindTask - Existing classes
- Existing classes, modified
ExportScriptAsString ImportScriptFromString .
« One for each client
Server

l

ClientConnector

ClientConnector

l

,,,,,,,,, ClientConnector

7 G L By B
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New J-DSP Infrastructure 11

JDSP.
Editor

Server

ClientConnector ClientConnector

° °

2 2

£ £

I I

£ £

o o
ServerConnector ServerConnector

A

Detailed mechanism behind
the J-DSP chat and
collaborative simulation
features

EditorFrame

»: Scripts

i Scripts i
} 4 | Channelviaserver = 9 { ; .
Chat text h Chat text

User-1

EditorFrame

User-2
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The Export Script mechanism of J-DSP transforms the simulation environment in to the
J-DSP Script representation which is sent as a Java string via server to the
collaborator's J-DSP environment.

This process is automated to operate once in every 2 seconds.

Also each user is provided with a button labeled LoadScript which would call a function
that imports the collaborator's simulation environment from the latest J-DSP script
received.

Button for importing the collaborator's
simulation environment. Activated only
when collaborating with someone.

DHECLAIMER

Speech- |l £

B | Parks MeClitian § LME § | Frisg Sampling § | TVAFDwmo
-

Fsu
1o Futron New J-DSP Infrastructure IV
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[ sever |
Server

ClientConnector ClientConnector ClientConnector

Channel
Channel
Channel

ServerConnector ServerConnector ServerConnector

All users are connected to the server.

Interaction between the server side and client side, takes place through the
ServercConnector and ClientConnector classes.
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Open the sockets

Open the Input &
Output stream of
the socket

[

Read from & write
to the stream
according to the
protocol

Close the streams
Close the sockets

Typical operations in a socket based
communication
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Software details
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Class Name No. of lines . .
of code 2100 lines of new Java code in total.
JDsp 620 *
EditorFrame 120 * Does not include comments and extra
spaces.
Server 81
ServerConnector 163 *only new code
ClientConnector 133
PopupDialog 91
ImportScriptFromString 155
ExportScriptAsString 564
ChatDialog 175
Total 2102
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@Dncumenl Title - Internet Explorer Provided by Cox High Sp... g@
cox.

Rl B Gl ) B - .| J-DSP Initial Login Screen
Qe - © - (¥ B ) search ¢ Favortes () ' '
: ! X ' Enter name, press 'OK' button

§ Address [48] http:fjdsp. asu.edufjdsp_chatfjdsp.html B> E

Enter login name; m Press ok fo Start -DSP_D 4~ |

Login Narme rmust contain only 3 to & alphanumeric characters.

Version: 1.0 M Arizona State University

J-DSP”
Editor

J-DSF cancept by: Prof. Andress Sparias
Copyright; 1996-2008: Arizona Board of Regerts

(&] Applet 10sp started ® Internet

http://jdsp.asu.edu/ jdsp_chat/jdsp.html
Java Run-time Environment (JRE) must be installed to run this software.
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%7 Document Title - Internet Explorer Provided by Cox High ... g@
cox

{ Ble Edit Wew Favorites Tools  Help

: Qe - ©  [x] [&] €0 Oseach §l¢Faoris €

¢ address | )] bttp:fidsp. ssu.edufidsp_chatjidsp. bt B E

Digplay Editr Frarms

(o ravi
\(11) ken

List of users available /
for collaborative
simulations

Select a user fram the list and then press ‘Start Collaborative Simulation®

Messages are displayed "

fO r The user &) Choose a user from the list ) D Internet
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Step 1: Select a user
S‘r\ep 2: Click the 'Start Collaborative Simulation’ Button

€] Dncumkanl Title - Il\lernel Explorer Provided by Cox High ... E]@
o

Fle Edif Wew Faorites Tools  Help

Qe - © |*] 1B B /-]Search .7 Favorites 4

acdriss [ @] hetpifidsp. as.ecufidsp _chatfjdsp.html ] B e

Dizplay Editor Frarms \

10y ravi l_
(1) ken ¥

Button useful to reopen
the editor frame window.

Gets activated as soon as the
editor frame is closed and vice
versa.

Select a user from the list and then press ‘Start Collaborative Simulation®

(&) Chaose a user from the list £ Internet

Working with J-DSP Collaborative

ARZONA STATL

e Futon Simulations IV =
Button useful to reopen the chat window. Collaborator's name is
Similar to "Display Editor Frame" button. displayed

@ Document Title - Internet Explunxr Provided by Cox High Sp... E]@
c

Fie Edt Wiew Favorites Tooks  help

- ) A ®) S i e
@Back > Iﬂ &L‘ (u)| - search ¢ Favortes )

Adfiress 4] hitps//idsp. asu. edufidsn_chatficka bt [

Your login name is: rocky. You are Elirremly collaborating wi1

Display Editor Frame

Version: 1.0

Clicking on this button stops the

Editor current collaboration. A user
list containing users who are not
o S, s oo et already involved in a

collaboration is displayed again.

(] Callzbarative Simulation with: ken B Intermet
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@Dorumenl Title - Internet Explorer Provided by Cox High ... Q@
cox

Ble Edt Wew Favorites Tools Help

@ park - FRENR & ) ssarch Favorltes {64

Address | &) hitp: jdsp.asu.edu/jdsp_chatjdsp. html v B

 cicot o o

10y ravi
(111 ken

List of users available /
for collaborative
simulations

Select a user from the list and then press 'Start Collaborative Simulation*

Messages are displayed
for, The user < &) Chanss a user Fram the list 4 Tntermet

o] M | .f‘“ 23
el |

N Demonstration Video
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Wnregistered HyperCam 7
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Fe BB Ver Fasts Ted bk
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J-DSP Chat Functionality
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Chat Window
Chat text is displayed here.
\ \ CHAT DIALOG
JDSP CHAT \
CHAT DIALOG \
rocky: hiken APS

ken: hello

rocky: how are you?
ken: lam fine.thanks
rocky: Shall we do the Peak picking analysis and
synthesis simulation

ken: Yeah sure

rocky: | wil the analysis part

ken: ok.iwill do the synthesi
rocky: | will let you know or
click on the loadscript butto)

Entter Chat Text

Java Applet Window

t
done, so thtu can
port it v

Enter Chat Text

Java Applet Window

\

Enter Text and press 'ENTER' button on the keyboard or Click on the ‘Send’ button

Pheo= [ Pam | gl
il -l s, P i
ARZONA STATL
UNIVEBSITY & o
e Pop-up dialog window
School of Engg. Editor
In case the server module is down, a pop-up dialog is displayed
Mo Server warning
Server down - Please report to the administrator
The server is currently dovwn. YWe appreciate your patience.
Plesze report this errar to the administrator and try sgain
later .
Thanks,
J-DEP Development Team.
Java Applet wWindow
P 26 !;‘7“_7 i\ ""—|




LLLLLLL

J-DSP Collaborative Simulation Exercises
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Real-time collaborative experiments:

1. Pole-zero cancellations and filter system stability
2. Peak picking analysis and synthesis of a speech signal

3. Auto-Regressive (AR) System Identification using Linear Prediction




watvaoy J-DSP Collaborative Simulation Exercises 11 o

1. Inthe pole-zero cancellation simulation, user-1 setups a stable filter system with a pair
of poles using the pole-zero placement facility and also obtains the impulse response of
the system. User-2, adds another two pairs of poles just outside the unit circle making
the system unstable. User-1 adds two pairs of zeros to cancel these poles and
stabilizes the system.

2. In the peak-picking analysis and synthesis system, user-1 generates the FFT
transformed version of a male speech signal and then picks a few components from it
for reconstruction. User-2 performs the synthesis of speech signal by using inverse
FFT on the components selected by user-1. Both users perform subjective and
objective analysis, comparison of the speech signals obtained by peak picking and
picking first few components.

3. Inthe system identification example, user 1 creates a 6™ order AR system and User 2
identifies the system using linear prediction. User-1 also informs user-2 that it is a 6
order system using the chat dialog.

Note: Collaborators exchange their simulation environment several times and also discuss various
observations during the whole process using the chat window.

Gallnendi o ? hy Bl ol
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File Visw Help Demos

Snapshot of User-1's
J-DSP Environment.

User-1 establishes a
[ filter system with
conjugate pair of

poles.
Add polesizinos. | Geaphically | v -
Sagreal Gunerator amacH| ) PI (0661036)
Mame A el Proviiwy. - Mpety Amplitode  |w| scale inear O 0@
N - This is a stable
system.
l / \
omim |10 . { II =
Pulsowidth: | 256 Y /
1! . - or |
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J-DSP Collaborative Simulation exercise
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Pole-zero cancellation 11

[0 o
Fila View Help Demos

User-2 adds two
more pairs of
conjugate poles to
make it an unstable

A polesisns: | Graphically ]

Sigeal Ganarsr 7 Nama: | hir) Sys.rem.
- HEE el T b, (0735,0735)
. ’}, . s0m )
- A L , P, (-0.735,0.735)
Gain 10 \ ‘/ os . I}ﬂ!h_
Pulaewidih: 48 'y I\‘-- ’/'
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Teno Shit |0

Samples
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Java Applet Window
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e Apgiet Wendom

- [} e
13 ] an ETECE

I Grid OnOT Plot | cont [se] Mg [an [v]

mmm GraphialuesSiats | Clete | Mg

ARZONA STATL
UNIVERSITY

Ira A. FULTON
School of Engg.

J-DSP Collaborative Simulation exercise

Pole-zero cancellation 111
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S picking analysis & synthesis of a speech signal
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J-DSP simulation diagram for Peak picking analysis & synthesis, User-2

J-DSP Collaborative Simulation exercise
watuion  Peak picking analysis & synthesis of a speech signal II 8
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Sound Player
Long Signal Generator @ 2051
Input Signal
Selectthe pin#  |PIN-1 v Signal Preview 0.0 .;\Ilu "
Input: Walespeaker-| il p— Frame Mumber, 32132
: 0E1
Gain 1.0 0 8192
Mt J\ Nﬁ i h‘ h »J'l " M B (0] Somomeemmmeme VOLUME ----memmeee-> (hiigh)
"
ARIETART Y w\rww < >
Framesize: | 258 Close | Help
% Overlap: -0.1939 —
&0 100 150 200 _ 250 Peak Picking &3
= 0%  25%  50% Sariples X]
Peak Picking
I 2
Mame: |2d i ——
. aoniudelLinear
i i Rerun Amplitude Mormalized to ‘Blue FFT ‘gray-peaks selected
¥ Show Graph & Currentframe Al frames FFT size: 256

Help | Close

Components selecled: 64
Java Applet Window

" First * Highest

@ Linear " dB

Close | Update | Help

Java Appiet Window
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J-DSP Collaborative Simulation exercise
AR System Identification using LP

1DSP.
Editor

|": J.05P Editor

(8% ]

File “igw Help

Fraquensy Response
lln Magnifude(Linear
A
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0 b=
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Snapshot of
J-DSP User-1's
Environment.

User-1
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. LT Topi
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Signal Generator Fityr Smng User-2
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AR System Identification using LP 1]
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|": J.05P Editor e
File View Help Demes

User-2 adds

LPC+ block and
the Frequency
Response block.

The LPC+ block
identifies the

i _ AR system
: o coefficients.
LPComur= 6 LP Coaficients, ali - Hasna:|LPC: Namo: VP AR Sys ff
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Demonstration Video
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Preliminary Evaluation
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Delay Estimation

A collaborative simulation in J-DSP involves an implicit transfer of information from
one user fo the other.

Time delays for the script transfer between two computers are calculated for
different types of network connections, with users from different places.

The delay calculations are made indirectly using the ping utility available in the
Operating System.

Average Round Trip Times (ARTT) are obtained using the ping utility for three
different packet sizes namely 1024 bytes, 5120 bytes and 10240 bytes.

ARTT is halved to represent time taken to travel in one direction.

Packet size

Bit rate = ———
ARTT,
2

ARZONA STATL
UNIVERSITY

Ira A. FULTON e
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These three bit rates are averaged for each type of connection. Then the time
delay (Ty) for the script transfer from a computer to server or vice versa is
calculated as shown below.

Script size
e @
Average Bit Rate

Equation-2 is repeated for a 3-block simulation, 9-block simulation and 21-block
simulation.

As we have the time delays for scr‘i?T transfer from computer-1 to server and
server to computer-2 (for different connections and simulations), they can be
added respectively to get the over all delay for a particular type of connection
and a particular demo.

All timings are measured in milli seconds.

Gl o | PSRt |
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Sum of delays between Computer-1 to Server and Server to
. Computer-2 values for different script sizes (in ms)
Connection type Traffic index
yP I Resp. time
3-blocks 9-blocks 21-blocks
(816 bytes) (1720 bytes) (3980 bytes)
Telephone 94/59 84.60 178.33 412.64
LAN (J-DSP lab) 93/60 0.21 0.46 1.06
Wireless 93/60 18.16 38.26 88.53
AsSU 93/60 0.92 1.94 4.48
Within USA 94/55 17.37 36.61 84.71
Other Country (India) 67/326 82.40 173.68 401.89

We calculated the delay between two computers for various internet connection types, different places and
simulations. Traffic Index and Response time are based on the website resource http://internettrafficreport.com.
The traffic index is a score from O fo 100 where Ois slow and 700is fast.

ARIZONA STATL
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Delay plotted for different connections and no. of blocks in J-DSP

Milli Seconds

@ 3-blocks
| 9-blocks

21-blocks 0O 21-blocks
9-blocks
3-blocks

Phone
LAN
Wireless
ASU
Within USA
Other Country
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The following collaborative sites have been used for testing the developed
software infrastructure:

University of Washington, Bothell
University of Leceister, UK
Osmania University, Hyderabad, India

Sum of delays between Computer-1 to Server and Server
Traffic index to Computer-2 values for different script sizes (in ms)
Connection type .
/ Resp. time
816 bytes 1200 bytes 1090 bytes
UWB, Telephone 94/59 84.60 124.41 113.01
London, DSL 93/60 18.15185 26.69 24.24
India, DSL 67/326 82.39 121.17 110.06

ol di @\ Bl ol
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The abilities of the new software infrastructure have been demonstrated to be
working.

Collaborative simulations using J-DSP are simple and effective.
An inbuilt Chat Dialog makes them even better.

The real time delay calculations indicate the performance of the software and show
that it is feasible to use the software in real-time.

Wireless Routers with firewall posed a problem as they blocked Java Sockets and
hence did not allow collaborative simulations to be run smoothly.

In the collaborative simulation test with UWB site, the user at UWB was using a
telephone modem and still the simulations were successful and fast enough.
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Preliminary Assessment Statistics
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Preliminary Assessment Statistics

-DSP.
Editor

easy to use.

I
The new collaborative simulations feature of J-DSP is ‘

simulations and also communicating with my partner.

The inbuilt chat facility was useful in running collaborative ‘

The J-DSP manual (and the demonstration video file)

were very useful in getting familiar with the collaborative
simulations working procedure.

In my opinion, J-DSP collaborative simulations version

can be used as a teaching tool for various signal
processing concepts.

The new collaborative simulations feature operates fast
and there is not much delay in exchanging simulation
environments.

lunderstood the basics of peak picking analysis and
synthesis process by working with a partner.

I better understood the effects of pole-zero ion on
the frequency response with the help of the new features
inJ-DSP.

The new collaborative simulations feature enhanced my
understanding of signal processing concepts.

O Agree
& Neutral
O Disagree

0 10 20 30 40 50 60 70 80 90 100

Nl
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Preliminary Assessment Statistics Il
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0%

The aspect that | like the mostin the latest
additions to J-DSP software is

0%

| 15-30min 0 30-60min
8% 0%
How long did it take to get familiar with the
new collaborative simulations feature in J-DSP?
@ <15min
92%
ONone @ Only Chat

Only

Collaborative
Simulations
O Both Chatand 17%
Collaborative
Simulations
83%
= 48 T
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Which simulation fitted bestin to the
collaborative simulations setup?

O Both of them

@ Pole-zero
cancellation
8%

| Peak picking
analysis and
synthesis
42%

wruos Preliminary Assessment Statistics 1V i

Post-lab
100

# This assessment instrument focuses ?g %01 == —

on evaluating whether learning of § 0y Assessient
certain topics is attributed § 7
specifically to the usage of hew s :Z
software. % 0
+ A 20% average improvement can be § %
noted after performing the two ;% #
collaborative simulations. g 12
Comparison of pre-/post-lab assessment results
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An averaging filter of order L (i.e., length L+1) is a simple low pass FIR filter
that averages over a window of L+ samples. It is also called a linear mean
filter.

x(n) - input signal
y(n) - output signal

. 1
bli]=—,i=01...L
L+1
Filter Averaging Filter
Coefficients
/ Averaging Filtar
- Filter Order: 1
Signal - ™ g:gﬁ:f Close | Update | Help

Java Applet Window

R s st
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Averaging Filter 11
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A median filter of length L is based on a moving window (of length £)
applied to the input sequence. It calculates the median for each set of
the samples by ranking the data within the window. This is taken as the
output sample corresponding to the input sample on which the window
had been centered. Typically, L is chosen to be odd, so that the window
is centered on one particular input sample. However, for an even L, it is
placed such that it has more samples to the left of it.

The non-linear function involved with a median filter, L=2/+1.

y(n)=median[x(n—i),x(n—i+1),....... x(n),... x(n+i-1),x(n+1i)].
Median Filter
Median Filter
sl?gpr:‘a:l /v ’ \g:gs:ll Filter Length: 1

Close | Update | Help

Java Applet Wwindow

B i oy P o
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Correlogram estimates the power spectral density (PSD) of the input signal

by calculating FFT of biased autocorrelation estimates of the data set. The
output depends on the type of lag window selected, input signal and the no. of
lags. Window types supported in this block are Rectangular, Bartlett, Hamming,
and Gaussian. M (=2L+1) biased autocorrelation samples are chosen by
truncating with the window w(m), for calculating the PSD estimate.

For, input signal x(n), n=0,1,...N -1.
N-|m|-1
F (M) =% Z x(n+ \m\)x(n), -(N-1)<m<(N-1).
n=0

Foe (M) =F (m)w(m).
Ru&) =10 3 unlmle

R,(”) is the PSD estimate of the input signal

where
i(m) is the biased autocorrelation estimate
P i s ol N
A FuLton Correlogram+ 11
School of Engg. Editor
Go e
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input signal
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Conclusions & Future Work
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. Conclusions & Remarks o
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# Developed collaborative simulations software infrastructure including a server module.

# Developed an in-built chat facility for collaborators.

# Developed few signal processing functions in J-DSP.

# Preliminary evaluation in the form of script transfer delay calculations under
different network conditions involving students from different universities.

# Developed collaborative signal processing exercises for undergraduate DSP
coursework.

# Preliminary assessment of the new software infrastructure and the laboratory

exercises.
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# Support multiple users in each collaboration.

# Chat facility can be upgraded to have features similar to those available in

commercial chat software.
+ Develop more collaborative simulation examples.

¢ Make it seamless (remove Loadscript button).

@

Can be modified to support an instructor and multiple students

environment. It can be automated too.
# Login procedure could be password enabled.
4 Anoption to approve/disapprove a collaboration request.

¢ Interface it with other J-DSP versions. For eg., J-DSP Sensor motes

version, DSP boards version.
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