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Animated Space Architecture for Multimedia
Experience - ASKME

Niranjan, Rakesh Kothari, and Aura Ganz

Abstract— In “Animated Spaces” real-world objects can
communicate with users in order to convey their purpose,
function, and history. Achieving the vision of animated spaces
will require adaptive streaming and delivery of video to mobile
users. In this paper, we specify the technical requirements of
such an animated space and use RFID technology to develop
smart objects. We present an architecture for adaptive delivery
of stored MPEG-4 encoded audio-visual information with
varying wireless network conditions and client device
capabilities. The proposed architecture is developed under
constraints imposed by user preferences and multimedia content,
to ensure smooth delivery of multimedia contents to mobile users.
We implement a pilot implementation of this concept using RFID
technology and evaluate it over a real network testbed.

Index Terms—Adaptive Multimedia, Information Systems,
MPEG-4, RFID.

I. INTRODUCTION

ITH the rise of unprecedented new technologies (e.g.,

smart homes, shop-bots, pedagogical agents, wearable
computers, personal robots, multi-agent systems, sensors,
grids, knowledge environments) and their increasing ubiquity
in our social and economic lives, ubiquitous computing offers
a means to create “Animated Spaces” for users through their
mobile devices (laptops, PDAs, mobile phones, etc.). In
Animated Spaces, real-world objects can communicate with
users in order to convey their purpose, function, and history. It
can be used to provide location-aware information services, to
support learning through design experiences [1], [2], [3] and
cultivate interests and emergent community [4]. The vision of
putting information in places has been a key goal of
researchers developing augmented reality systems [5], [6], [7].
Information exchange through streaming video is a vital part
of animated space architecture envisioned in this paper.
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In this paper, we present ASKME, software architecture for
creating “animated spaces” comprising of smart real-world
objects tagged with RFIDs and associated with audio-visual
information. Deploying Animated Spaces architecture for
mobile users, is a challenging problem due to the wireless
channel characteristics such as high latency, high bit-error
rates, limited bandwidth and frequent disconnections. To meet
these challenges, ASKME employs MPEG-4 compression
standard [8], [9] with its high bitrate scalability, compression
efficiency and superior quality. Moreover, MPEG-4
compression standard is divided into a number of profiles and
levels that makes it operable for a wide range of applications,
end device and network conditions. ASKME architecture
provides support for cataloguing the information in the form
of video encoded in MPEG-4 at multiple bit-rates ranging
from high to coarse quality and delivering the appropriate
version of it depending on the network traffic. We also present
the decision rules designed for intelligent mapping of device
capabilities and network conditions to decide the quality of
video to be delivered to the mobile user.

There are a variety of existing projects working to increase
interaction between the physical and digital worlds [10], [11],
[12], [13], [14]. None of these projects include the use of
RFID for object identification and MPEG-4 encoded
multimedia data for information delivery.

The paper is organized as follows: Section II presents the
animated space architecture and its key components. In
Section III, we introduce the implementation details and the
testbed description used for evaluating the animated space
architecture. Section IV concludes the paper.

II. ARCHITECTURE

We developed a comprehensive system, composed of a test
bed and framework for web intermediaries, aligned with
existing related standards, for animated spaces where smart
objects can dialogue with users about their function and
purpose.
Some of the key components of our architecture are:

e RFID technology

e Proxy-based Information Exchange

e  Multimedia Delivery over Wireless Networks

e Server Component Architecture
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Fig. 1. ASKME Component Architecture

A. RFID Technology

All the existing projects related to smart room or augmented
realities uses cameras, microphones, touched sensitive screens
or GPS for user or object identification and location
information. We use RFID technology for developing smart
objects. RFID (Radio Frequency Identification) allows
contact-less identification of objects using RF [15], [16], [17].
RFID system consists of a tag (transponder) and a reader
(interrogator). A RFID tag is a small and inexpensive
microchip that emits an identifier in response to a query from
a RFID reader. RFID tags are used for virtual genesis of smart
objects and RFID readers are attached to user’s wireless
handheld devices. Some of the advantages of using RFID for
object identification over other technologies are:

1) Read-Write: The data stored in RFID tag can be updated
which is useful for object classification and its indexing to
provide low delay on user interface.

2) Non line of sight: The positioning of RFID tags on
physical world objects are not critical as it doesn’t require line
of sight to read the RF identification tags.

3) Data capacity: It can store a larger amount of data which
will reduce connection and data transmission on wireless
medium.

4) Re-usability and Durability

5) Multiple read: Many tags can be read at same time in the
field of view of the reader.

6) Security: Security (e.g. password authentication) can be
implemented to protect private objects.

B. Proxy-based Information Exchange

The proxy architecture which includes a third entity
between the server(s) and the client(s) represents a good
approach to address the heterogeneity of clients and servers in
the ASKME architecture. Adapting on the proxy means that

there is no need to change existing clients and servers, and it
achieves economy of scale. Proxy tasks are designed to
behave transparently to clients and content servers.

C. Multimedia Delivery over Wireless Networks

Contextual learning is provided through information
associated with the objects in the form of text or compressed
audio and video. Audio-Visual information has significant
bandwidth and latency requirements. We use MPEG-4
compression standard for video compression. MPEG-4 video
compression specification has been developed as an open
standard to encourage interoperability and widespread use.
MPEG-4 has enjoyed wide acceptance in the research
community as well as in commercial development owing to its
high bitrate scalability and compression efficiency. Other
features of MPEG-4 that makes it suitable for our architecture
are:

1) Open source encoders for MPEG-4 are widely available
and hence the architecture could be easy to develop, deploy
and modify.

2) MPEG-4 standard is divided into number of profiles and
levels that makes it operable for wide range of applications,
end device and network conditions.

3) MPEG-4 video encoder is capable of compressing video
from 5 Kbps to 6 Mbps and hence it’s highly scalable.

4) MPEG-4 supports the encoding of arbitrarily shaped
objects. Individual objects in an audio-visual stream provide
better understanding and enhances overall learning
experience.

Each object in animated space is associated with static
visual information in the form of MPEG-4 video compressed
at various bit-rates. Video encoded with higher bit-rate is of
higher quality then the same video encoded at low bit-rate. On
receiving request from user for fetching visual information
about a particular object in animated space, network is
actively probed for available bandwidth. The decision about
the quality to video to be delivered to the user is taken on the
basis of available bandwidth in the network. In this way
network bandwidth can be efficiently utilized and at the same
the high quality video can be delivered to the end user.

Streaming video has soft real-time delay constraints and at
the same time accuracy of end-to-end available bandwidth
estimation is constrained by level of CPU availability and
large number of context switches at either network end points
[18]. Hence in our architecture, available bandwidth
estimation in done at the proxy while streaming server is
responsible for video streaming. This approach helps in
preventing unnecessary overloading of streaming server.

D. Server Component Architecture

Figure 1 shows the ASKME component architecture and
Figure 2 shows the modules architecture of ASKME. Looking
at the networking middleware from a system architecture
perspective as shown above, we can identify the following
basic components in ASKME architecture:

1) Client components: These are various heterogeneous
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Fig. 2. ASKME Module Architecture

devices (Laptops, PDAs, Tablet PC ...) used by users through
web services to interact with the smart objects in an animated
space environment. All these devices have a RFID reader to
sense the smart objects (marked with RFID tags) and a
networking card to connect to the ASKME server. Client
program does the initial filtering of objects identifier read by
RFID reader based on the User Interest Code (UIC). UIC is
generated by ASKME server depending on user interest
profile.

2) Search Engine: The architecture also contains a search
engine to provide more information about any animated
objects. The users may get highly immersed in some objects
and would like to know more about them. The search engine
gets more information about the internet through APIs
provided by various search engine (e.g. Google) and makes it
available to the interested users.

3)  Administrative  server:  This server manages
Authorization, Authentication, and Accounting details. It also
deals with the maintenance of user preferences and device
profile. The user-preferences and device profile stored in this
server will allow users the flexibility to modify the contents of
the data being delivered as per their preferences and their
device capability.

4) The Proxy server: This is the intermediary acting on
behalf of the user. All the data traffic sent from and to the
client devices flow through the Proxy. The proxy uses object-
oriented component model [19], [20], [21] to provide
information to heterogeneous devices depending on their
interest profile and device profile to avoid retrieving and
storing same content many times. The idea is based on the
well known model-view concept to maintain different views
of the same content. It also maintains the session-state

Adrministrative

Server

Fersonal Proxy .
Content
Server

- T/ Wired Natwork Rl -
gy

Search
Engine

= =
- wd
| == O
oA 0‘ : =
Mobile ’ Mobile
userl user2
Smart Object
0.+«  Rado
Fregueancy
Wired Link
= Wiraless
py

Fig. 3. ASKME Testbed

information of various communication sessions. Network
Load Monitor inside the proxy (see Fig. 3) periodically
collects the network load information by sniffing aggregate
data flowing through the network. Depending on the network
load, device and user profile information Proxy makes an
informed decision about the encoding rate at which the audio-
visual information should be streamed to the mobile users
[22]. For e.g.: if there is congestion, the server will reduce its
sending rate and the video encoding rate to a level the network
can accommodate. Although a decrease in the video bitrate
produces image of coarser resolution, it is not nearly as
detrimental to the perceived video quality as inconsistent,
start-stop play out.

5) Content Server: This is source of data for animated
space. The information about smart objects is available in
various formats and learning levels. Content Server is made
up of Content Retrieval Unit (CRU) and Content Catalog.
Content Catalog stores the same video sequence encoded in
MPEG-4 at several different compression levels. CRU is
responsible for sending multimedia content of specified bitrate
from content catalog to client device through proxy.
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TABLE 1
Decision Rule Set for Adaptive Content Delivery
Device and Network Profile (input) Multimedia Attributes (output)
End-device Device Network Video Video MPEG-4 Video
processing resolution Utilization encoding frame rate complexity | resolution
capability rate (bit- level
rate) (profile)
Case 1 Low 320x240 Low High Low Simple 176x144
(<400 MHz) (<10%) (>300 (< 15 fps) profile,
Kbps) Level 0
Case 2 Medium 640x480 Low High High Simple 320x240
(<800 MHz) (<10%) (>300 (>22.69 profile,
Kbps) fps) Level 1
Case 3 High 1024x768 Medium Medium Medium Advanced 320x240
(>800 MHz) (<50%) (>100Kbps | (>15 fps, simple
and <300 <22.69 fps) | profile,
Kbps) Level 1
Case 4 High 1024x768 High Low High Advanced 320x240
(>800 MHz) (>50%) (<100 (>22.69 simple
Kbps) fps) profile,
Level |
retrieve the information. All the rules are defined in a XML
[24] format with set of attributes and values pair. After
III. IMPLEMENTATION AND TESTBED profiling is done, there is ASKME client running on user

The framework described above, is developed on
desktops/laptops running the Linux operating system, and is
coded in Java. The popularity of Java as a programming
language for mobile devices [23] encourages its adoption as
the language for development of this test bed. The schematic
layout of the test bed is shown in Figure 3.

All real-world objects are marked with RFID tags with a
unique identifier on it. The address space of RFID tags are
classified into different groups on the basis of various topics.
For e.g.: the first 4 bits for all the monuments are 1001 and the
monuments older than 5 years have the identifier starting with
100101. This allows fast filtering of RFID tags depending on
user profile and also helps in indexing the object information.
There is a database server which provides the mapping from
RFID tags to real world objects and stores information about
the objects.

User’s mobile devices are equipped with IEEE802.11a
WLAN cards to connect to ASKME Proxy Server and have a
RFID reader to read the smart objects in the real world.
Initially, each user creates a login and his user and device
profile with the proxy server through the web services running
on it. Depending on user profile and device profile, the proxy
rule parser generates a User Interest Code (UIC) and rule set
for the multimedia content (audio and video) corresponding to
the user. The user interest code (UIC) and multimedia rules
are stored at administrative server for each user. This
information are also stored on user’s devices as cookies in
which case users are not required to login every time it
connects to ASKME server. Cookies serve as a facility for
servers to send information to a client. This information is
then housed on the client, from which the server can later

mobile device which reads the tag identifiers read by the
attached RFID reader and does the initial filtering of objects
IDs using the UIC. The ASKME client shows the smart
objects of user interest in a web browser with which user can
communicate.

The ASKME server uses Apache Tomcat (Jakarta-tomcat-
4.1.30) and Axis Engine (Apache Axis 1.1) for hosting web
services. The Apache Xerces parser (Xerces 2.6.2) is used for
parsing XML content. When a user connects to ASPEN proxy
server, the HttpSession variable is initialized with the user’s
UIC and multimedia content rules. Network monitoring has
been an extensively researched area with many open source
monitoring tools widely available [25], [26], [27]. We are
using nettimer [25] inside Proxy for probing for the end-to-
end bottleneck link bandwidth upon request from the client for
delivering video. Audio-Visual information is compressed in
MPEG-4 at various bit rates using Xvid [28] and is stored in
the Content Server. MPEG-4 content is streamed on demand
through Darwin streaming server [29] installed at the content
server. Darwin streaming server uses RTSP [30] for real-time
streaming of hinted MPEG-4 video stream. MPEG-4 video is
rendered in the web-browser of the client through QuickTime
plug-in. The different server components and their functions
are explained in details in Section IV.

Table 1 enlists typical cases showing the ways in which
variety of video encoding parameters is related to various
network and device constraints. It shows that for thin-clients
like PDAs whose processing speed is low (case 1), MPEG-4
simple profile with level 0 is chosen whose encoding and
decoding complexity is less. Also resolution of the video
depends on device characteristics. Videos with high bit-rates
are streamed if enough bandwidth is available (case 1 and 2).
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Figure 5 Typical Rule Set for a user

The figure 5 shows the typical rule-set which translates
device profile, user profile and network feedback into final
MPEG-4 video properties. These rule-sets are defined inside
the content server, which receives network traffic report from
proxy server and makes decision about the appropriate version
of the video to stream on the basis of these rule-sets.

IV. CONCLUSIONS

In this paper, we presented a new form of space, Animated
Space, in which real world objects can communicate with
users about their purpose, function and history. We designed
and implemented an architecture for adaptive audio-video
delivery depending on user profile and network characteristics
using RFID technology and MPEG-4. We also developed a
testbed for evaluating the feasibility and usability of the
animated space.

In the future, we plan to integrate other type of multimedia
data (text and image) and design unified real-time content
adaptation architecture using an object-oriented approach for
multimedia content delivery to heterogeneous devices in
wireless networks. We also plan to include the ability to
maintain discussion groups among users interested in the same
types of information and enable the storage of any sights that
a user might contribute to a shared discussion.
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