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Abstract - Several web-based signal processing simulation
packages for education have been developed in a Java
environment. Although this environment has provided
convenience and accessibility using standard browser
technology, it has recently become vulnerable to cyber-attacks
and is no longer compatible with secure browsers. In this paper,
we describe our efforts to transform our award-winning J-DSP
online laboratory by rebuilding it on an HTMLS framework.
Along with a new simulation environment, we have redesigned
the interface to enable several new functionalities and an
entirely new educational experience. These new features include
functions that enable real-time interfaces with sensor boards
and mobile phones. The Web 4.0 HTMLS technology departs
from older Java interfaces and provides an interactive graphical
user interface (GUI) enabling seamless connectivity and both
software and hardware experiences for students in DSP classes.

Keywords—Signal Processing, HTMLS5, Web 4.0 Engineering
Education, sensor interfaces, real-time online labs.

L INTRODUCTION

At Arizona State University (ASU), DSP-related courses
are part of the accredited online engineering degree offered
by the ASU Online/EdPlus network and have worldwide
reach. These programs have created new needs for online lab
access and enable enriched education experiences with
supplemental materials including streaming video and
interactive simulations. In order to provide on-line laboratory
experiences to distance learners, we have previously
developed and tested the award-winning Java-DSP (J-DSP)
tool [1-2] for use in DSP and signals and systems classes.
With the development of web-based technologies over the
last two decades, several of web-based signal processing
simulation packages for education [3-4, 12-15, 17-20] have
been proposed. The Java environment used to develop these
technologies provided convenience and accessibility using
standard browser technologies for a long period. However,
the limited compatibility of browsers with Java has had a
negative effect in disseminating Java courseware.

Our award winning J-DSP online laboratory [6-10.33],
which was developed as a JAVA applet, provided a valuable
online resource for DSP simulation for several years.
However, several browsers do not support JAVA applets.
Elevated requirements for online education content and
limited access in older applet technologies have motivated
rebuilding and enhancing online simulation tools in an
entirely new and secure framework. We have developed,
from the ground up, a new online tool based on Web 4.0
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HTMLS5 technologies. HTMLS5 is compatible with most or
all modern browsers and enables connectivity and access to
several new interactive tools [30]. Several aspects of this new

HTMLS J-DSP education environment are shown in Figure
2.

HTMLS is a markup language used for structuring and
presenting content on the World Wide Web. The new
software now can be opened in the browser as any other
webpage and it doesn’t need any dependencies on external
applications, making our software browser friendly. Being a
browser-based environment, HTMLS5 provides compatibility
with JavaScript and Cascading Style Sheet (CSS). Using
these techniques and the opportunity to renovate the software
we came up with a better visual and user-friendly
environment.

With no browser connectivity limitations and with an
environment similar to a web-site, our interactive software
can be securely connected to the Internet. We plan to develop
interfaces in the software to interact with hardware platforms
such as Arduino™, Raspberry Pi, and NXP sensor boards,
and also with mobile devices such as Android phones and
iPhones. This feature will give the software a new dimension
where a user can interact perform real-time experiments with
hardware. Data acquisition can further be developed to
enable running machine learning algorithms. The ability to
track parameters and the performance of algorithms as
applied to data gathered from remote devices will provide
students experience in new areas involving Internet of Things
(IoT) applications.

Figure 1. HTMLS5 based DSP software interface with
hardware platforms.
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Figure 2. Implementation of Pole-Zero and Frequency response block in HTMLS5 based J-DSP

II.  ARCHITECTURE

The front end of the software is completely developed
inHTMLS. This gives the software a user-friendly and
interactive environment when compared to designing the
software in other languages. The application we have
developed is similar to a web-site interface and all the
processing is done at each instance and then discarded when
the program is closed. All the data signals generated,
processed or displayed are present in the browser interface
until they are required and discarded as soon as they are no
longer used. Therefore, there is no dependence on any other
external application such as an applet. The maximum size of
the array that can be generated in Java applets is 256. Using
HTMLS gives the software an ability to generate signals with
samples in the range of thousands and perform complex DSP
operations. Therefore, DSP operations such as the FFT and
the frequency response function can be executed with high
resolution. This will lead to more accurate calculations, and
make it easier for the students to understand and interpret
spectral representations of the signals. Fig. 2 describes the
flow of the code and the architecture used to develop this
HTML 5 DSP software package. HTMLS5 gives us the
freedom to interact with different structures such as
JavaScript, jQuery, and Cascade Style Sheets (CSS) [30].
CSS provides a simple and appealing GUI and produces

animations that make the software more interactive and user-
friendly. On the other hand, JavaScript and jQuery gives a
powerful environment to perform complex DSP operations.
The back-end, that is, the processing part of our new software
has been primarily developed in JavaScript.

JavaScript is a high-level, dynamic, and interpreted run-time
language. It has been standardized in the ECMA
Script language specification. Alongside HTML and CSS,
JavaScript is one of the three core technologies of World
Wide Web content production; a majority of websites
employ it, and all modern Web browsers support it without
the need for plug-ins [11]. Since there are no plug-in
dependencies, the software is an independent website that can
work on its own without interruption and external application
requirements. The object-oriented nature of HTMLS also
provides us an ability to interact with the large set of libraries
already available. Just by importing a specific library, its
functionalities and features can be used in our application.
This can be used to develop classes that represent a particular
type of object. We can then use this object to perform DSP
operations on the data it contains. The blocks in our software
are individual objects and although being of the same type,
i.e., ablock, they can be used to perform different operations.
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Figure 3. HTMLS5 DSP software code flow and architecture.

The blocks can be connected in different configurations in
our software and therefore used for several DSP operations.
Furthermore, the memory utilization is optimized, which
makes the processing of complex algorithms faster.

1. ENVISIONED SPEECH AND AUDIO
PROCESSING FUNCTIONS

By using HTMLS5, large sets of data can be processed at
a time. Due to this advantage, we plan on using a function in
our new software that can acquire speech samples in real-
time using mobile devices like Android phones and iPhones
[21-25]. This will give our software an ability to perform
real-time operations with real-life speech signals [26,34,35].
Through this function, we’ll be able to capture and track the
changes in parameters of the speech.

We can also use the speech data acquired using our
software with different functions in our software to extract
useful signal information. For example, the PZ-Placement
block [2] in JDSP provided a unique feature where one can
add or remove poles or zeros on the z-plane and observe the
change in the frequency response. We use this feature to
manipulate real-time signals and audio files. For example, the
changes in the filter using the pole-zero placement function
in HTML 5 can now be observed in conjunction with audio
processing on a hardware platform in real-time. The
hardware platform will not require any dedicated code as our
software provides the necessary interfaces.

V. ENVISIONED MACHINE LEARNING
FUNCTIONS
Another planned feature is to introduce in the software a
learning model. The software will learn the habits and
requirements of the users and make suggestions according to

their personal learning styles. Moreover, HTMLS allows for
enhanced analytics, better graphics, low power video
streaming, and enables several new methods for tracking
student performance.

Our software now has the ability to acquire data from
remote devices. It can also process more data at the same
time. This ability can be used for complex machine learning
algorithms. The data acquired by the remote devices or
hardware can be used to train a model using machine learning
algorithms [27] such as K-means clustering. This trained
model can then be used to perform real-time operations over
the new data acquired from the users. This will make our
software a real-time application, where we can gather sensor
data from mobile phones using a mobile app installed on
users’ mobile phones.

We aim to use this ability to perform classification over
the data acquired by habits of users and monitor health
activities and performance of the user. Our software will now
be able to detect any abnormalities in the activities and report
that to the user.

V. ENVISIONED HTML5 ENABLED LABS
AND IOT FEATURES

In addition to improved aesthetics, HTML5 J-DSP can
interface to various hardware platforms such as the
Arduino™, Raspberry Pi, and the NXP sensor boards [28].
The Web 4.0 environment that we have used to build the
HTMLS5 online DSP lab provides several opportunities to add
new interfaces and several other modern features. The
software can now communicate with other devices including
computers, Android phones, and iPhones. With this interface,
we can create a channel through which learners can visualize



and experiment with real life signals and implement real-time
DSP applications using phones and laptops. Figure 3 shows
the capability to connect HTMLS DSP software to remote
devices such as laptops, Android phones, and iPhones.
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Figure 4. The interaction between DSP software and
remote devices using wireless communications (Internet,
Cloud, and Bluetooth) and sensor boards.

An additional enhancement over JAVA applets includes
the ability to seamlessly work with expanded signal arrays
and matrices of large dimensionality. With the Java
constraints removed, we are able to process more than 20000
samples at a time. These expanded signal analysis
capabilities allow us to demonstrate more clearly, frequency
resolution and spectral leakage in Fourier analysis and more
complex time-frequency graphics such as spectrograms,
which were previously limited with JAVA applets. In
addition, certain advanced functions such as array processing
[31], GPS [32], and Kalman filtering [29] can be
demonstrated with the expanded data processing capability.

VL PLANNED ASSESSMENTS

J-DSP assessment will be made through online forms
and feedback from the students using the software in courses.
The online exercises and labs performed on J-DSP software
will automatically store securely and privately qualitative as
well as quantitative data over the network. Feedback forms
from students are first collected for general assessment. They
assess the learning experience while using the software and
specific lab functions. Additional assessment based on pre-
and post- exercises aim to determine student learning of
specific topics.

The evaluation forms can be accessed securely with
passwords through the J-DSP website. The users fill out and
submit such forms on the Internet. The feedback data can also
be accessed by links provided on-line.

VII. REMARKS

The HTML5 DSP software allows users to use a secure
user-friendly environment, designed with latest web
technologies. This gives students new opportunities to
interact with various hardware and software platforms
available for data processing or acquisition. Since
connectivity with the Internet is of vital importance, the
capability of our software to interact securely with several
browsers make it more accessible and easy to use. The ability
to interact with hardware and sensor boards provides
opportunities for real-time hardware experiments. The new
interface will also enable learning student habits and adapt

the simulation environment. The data from the activities of
the users can be used to track and assess student learning.
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