Paper Reference No.: PN-205

Title: An Infrastructure for Mobile Weather Dataaligement
Authors: Wengiang Wang, Hock Beng Lim, MudasserlgiFuxia Yao

Name of the Presenter: Wang Wengiang

Mailing Address:

Intelligent Systems Centre

Nanyang Technological University

Research Techno Plaza, BorderX Block, Level 7
50 Nanyang Drive, Singapore 637553

Tel: +65-67906678
Fax: +65-63164480

Biography:

E -
.y s

A

Wengiang Wang obtained his BSc (Hons) degree infiien and Information Science from the
National University of Singapore in 2000 and theDRihegree in Computer Science from the
National University of Singapore in 2006. Currenthe is a research fellow in the Intelligent
Systems Center, Nanyang Technological Universitg. ldsearch interests include sensor grid
infrastructure design and implementation, and daéaagement for large-scale wireless sensor
networks.

Hock Beng Lim is program director of the Intellige®ystems Center at Nanyang Technological
University, Singapore. He received his BS in CorepuEngineering, MS in Electrical
Engineering, and PhD in Electrical and Computeriiggying from the University of Illinois at
Urbana-Champaign, and his MS in Management Sciemme Engineering from Stanford



University. His research interests include sensetwarks and sensor grids, cyber-physical
systems, ambient intelligence, parallel and disted computing, wireless and mobile networks,
computer architecture, embedded systems, perfonan@luation, e-Science and high-
performance computing.

Mudasser Igbal received his Ph.D. in Computer Saem 2008 from Monash University,
Australia and his B.Sc. (Hons) in Computer Scienc2003 from the University of Engineering
and Technology, Lahore, Pakistan. He is currenttgsearch fellow in the Intelligent Systems
Center at Nanyang Technological University. Hiseegsh interests include design and
implementation of real life sensor grids for enmmzental monitoring, earth sciences and health
care; middleware and embedded solutions for dajaisition, processing and communication;
service oriented and semantic web architectureemsor networks; cyber-physical systems and
large-scale ambient smart environments.

Yuxia Yao received the BSc degree in Computer $eidrom Huazhong University of Science
and Technology, Wuhan, China in 2003, and the Pbfrek from the School of Computer
Engineering at Nanyang Technological Universityndgaipore, in 2008. She is currently a
research fellow in the Intelligent Systems Cenfdanyang Technological University. Her
research interests include mobile computing, dedaagement in wireless sensor networks and
spatial databases.



An Infrastructurefor Mobile Weather Data Management

Wengiang Wang, Hock Beng Lim, Mudasser Igbal, Y aD
Intelligent Systems Centre, Nanyang Technologiaal/ersity
[wgwang ,limhb, mmigbal, yxyao] @ntu.edu.sg

Abstract

With the rapid development of wireless communigati@chnologies and mobile devices,
accessing the web and Internet using smart phonB®As is becoming increasingly popular.
However, due to the limitations of current techiys, mobile internet connection still cannot
be compared with traditional fixed line connectiarterms of upload/download bandwidth and
stability. It is still a major challenge to delivezal-time information to a large number of mobile
devices effectively and efficiently. We believe ttteawell designed mobile data management
infrastructure can play a crucial role in solvifgstissue. In this paper, we will present such a
data management infrastructure specifically forrttaagement of weather data and the delivery
of these data to mobile devices.

Under the National Weather Study Project (NWSPhdneds of mini weather stations have been
deployed in schools across Singapore. These westi#gons generate weather data in different
formats and at different rates. Our infrastructomdlects data from these weather stations,
processes it and delivers weather information tbilealevices in real time. We address several
major challenges in mobile data delivery such asvork instability and low bandwidth using
our infrastructure. The infrastructure is based aum work on sensor grid technologies to
facilitate sensor data processing, data managemeaijata query processing.

We have also developed a mobile web portal andagtans for users to easily access weather
data using mobile devices. We have also developeelal services for users to make use of the
weather data. A set of APIs has been developegablished for developers who are interested
in accessing the weather data. Besides managinghevealata, our data management

infrastructure is capable of handling other typéslata from heterogeneous sensors due to its
novel design and implementation.

1. Introduction

By the end of 2008, the number of mobile phoneassm had reached four billion world-wide [1].
Among all the mobile phone users, over 600 milleme 3G subscribers and this number is
increasing rapidly as more and more countries i8€udicenses to the telecom market. Today's
mobile devices, such as Google phone, iPhone, ate.,much more powerful than their
predecessors in terms of memory, processor spabdaious user features. Thus, they are not
only simply used as communication tools, but alsgpersonnel portals to receive information
through the 3G network. People can browse web pagatsh on-line videos, and use on-line
applications on their mobile devices the same v&athay do on normal computers. There is no
doubt that accessing the web and Internet usingilenalevices and PDAs is becoming
increasingly popular. Mobile devices are also idgddtforms for real-time information



dissemination and update, which are gaining inangasnportance in practical applications such
as early warning of natural disasters, traffic nggmaent, business advertisements, etc. Currently,
the primary means of providing such informatiotheough SMS, which is costly and lacks in
interactivity. With the development of wireless &dband networks, we can expect better
solutions.

However, mobile internet connection still cannot t@mpared with traditional fixed line
connection in terms of upload/download bandwidttl stability. Current 3G networks support a
maximum of 14.4Mbit/s data rate [2] for stationasers. In comparison, for fixed line networks,
100MB/s is considered as the basic requirement.eMaar, environmental factors such as
blockage by tall buildings and natural phenomereh sas heavy thunderstorms can also greatly
weaken the wireless signal strength causing netwmidtability or even unexpected
disconnection from the 3G network.

Therefore, it is still a major challenge to delivenal-time information to a large number of
mobile devices effectively and efficiently. We Ilesfe that a well designed mobile data
management infrastructure can play a crucial nolsolving this issue. In this paper, we discuss
the practical scenario of delivering real time vieatinformation to mobile devices. Hundreds of
mini weather stations have been deployed in schaotsss Singapore under the National
Weather Study Project (NWSP) [3]. These weathdrosia generate weather data in different
formats and at different rates. We have designed iamplemented a data management
infrastructure specifically for managing weathetadand delivering them to mobile devices. The
infrastructure has the following features:

* The infrastructure collects weather data from mvimiather stations, processes it and
delivers weather information to mobile devicesaalrtime.

» It is based on our previous works on sensor grathrielogy to ensure scalability of
weather data processing.

» It provides APIs for external applications to accegather data in an easy yet efficient
manner. We have developed a mobile web portal awvdral user applications using
these APIs.

» The infrastructure is capable of handling otheretsypf data from heterogeneous sensors
with its novel design and implementation.

The rest of this paper is organized as followstiSe@ presents the background information of
this work. We discuss the key design challengedhferproposed infrastructure in Section 3. In
Section 4, we present the infrastructure with itshiecture, major components and also
applications and services built on top of it. Fipalve conclude this paper in Section 5.

2. Background

2.1 The National Weather Study Project (NWSP)



News and articles regarding global climate changeear in press and media more and more
frequent in recent years. Not only scientists aadiérs, but common people also have started to
worry about global warming, El Niflo phenomenon, tingl of icecap and many other
phenomena caused by global climate change. Aslandi country, Singapore is vulnerable to
the hazardous consequences of global climate chandes therefore very much concerned
about this issue. In 2006, Senoko Power, one ofattgest local power companies, initiated the
National Weather Study Project [3]. This projecaisommunity-based environmental initiative
that aims to promote the awareness of Singaporeisger population, especially school
students, about climate change, global warming thed relationship with the environment.
Under this project, each participating school hasnbprovided with a mini weather station for
the school students to carry out various projesisted to the study of the climate. At this point
of time, over two hundred mini-weather stationsenalready been installed in schools across
Singapore with the Vantage Pro 2 weather stati@mogled in primary and secondary schools
and WeatherHawk weather stations deployed in jurodieges.

2.2 Sensor Grid

Sensor grid is the integration of wireless sensor networks gnd computing infrastructures —
the two cutting edge state-of-the-art technologiEse sensor grid enables the collection,
processing, sharing, visualization, archival andra@ng of large amount of sensor data. We
have developed a sensor grid architecture framewosdkled the Scalable Proxy-based
aRchltecture for seNsor Grid (SPRING) [4]. It is a flexible framework that is not corshed by
the characteristics and requirements of specifigeta applications. By using proxies as
interfaces between the sensor networks and theaiit, the SPRING architecture can support
a wide range of sensor devices, including the ¢essputationally powerful ones. Based on the
SPRING framework, we have designed and implemetitedNational Weather Sensor Grid
(NWSG) [5] for real time collection, archival, pessing and visualization of weather data from
the network of weather stations under the NWSP.

3. Design Challenges

This section discusses the important issues anlengas in the design of the proposed data
management infrastructure.

3.1 Mobile Network Connectivity and Bandwidth

In conventional fixed line networks, connectionsth@ Internet are reasonably reliable and
unexpected disconnections do not occur very freyigrowever, this is not the case in the case
of accessing the internet via mobile devices. Tuabile Internet connection is dynamic in
nature, and at times, it may get very intermit@md susceptible to faults due to noise and signal
degradation caused by environmental factors angralgthenomena.

International Telecommunication Union (ITU) stateat 3G networks are expected to provide
the data rate of minimum 2 Mbit/s and maximum of41Mbit/s for stationary users, and 348

Kbit/s in moving vehicles. However, these theomdtitandwidths are rather difficult to achieve

in practice because multiple users simultaneouséresthe same bandwidth. Besides, upload
bandwidth is much less than the download bandwidthost situations.



The data management framework needs to take thesesi into consideration when supporting
mobile applications which require frequent data hexge. It should provide support to
applications so that they can avoid failure or stegponding due to network disconnection or
high latency.

3.2 Scalability

Scalability is the ability to add additional da&sources to the infrastructure in order to increase
the capacity of data collection, without substdlytiehanging the underlying framework. Since
weather data collection from different types of thea stations may vary substantially in terms
of format and type, the infrastructure should bke &b provide them to applications in a unified
form so that the underlying data formats and tygreskept transparent to applications.

3.3 Security

Similar to the fixed line networks, mobile netwoik® also vulnerable to internet attacks such as
denial of service, etc. Mobile network security dedo be taken into consideration in the
framework design. In addition, if the data is cdefitial, the user applications should obtain
authenticated before the data is delivered to tbeile device. Thus, it is necessary to ensure
that proper authentication mechanism is implememtéide infrastructure.

3.4 Quality of Service

Quality of Service (QoS) is a key issue that detees whether the proposed infrastructure can
efficiently provide the weather data on demand. thaastations under the NWSP project are all
installed in schools; therefore, their availabiligysubject to the school’s IT/power management
policy. Moreover, there are a number of areas mg&vore where there is no school where a
weather station can be deployed, such as the teotrminment area, etc. In the situation that a
user application requires weather data from a fipegiea at a specific resolution (i.e. in terms of
sampling rate), the infrastructure should be abldatermine which weather station (or group of
weather stations) to query in order to meet apptios data needs.

3.5 The kNN problem

The classical KNN problem has its application isigeing such an infrastructure. Finding the
nearest weather stations around the mobile desddsely to be the first step in the work flow
of many weather related mobile applications. Moezpas mentioned in Section 3.4, the weather
stations under the NWSP cannot guarantee 100%abildil. The status of weather station and
its availability patterns must be taken into coesadion when employing KNN algorithms.

4. Thelnfrastructure

The proposed mobile data management infrastrudgtudesigned in a layered, proxy-based
approach based on our previous work on the semgbrig the following sub sections, we will
introduction its architecture, major components s@vices build on top of it.



4.1 Architecture
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Figure 1. Architecture of the proposed infrastroetu

Figure 1 shows the architecture of the proposedilmaeather data management infrastructure.
The infrastructure makes use of proxies to interfaeather data resource with the underlying
sensor grid framework. The proxy serves severabmapt functions. First, it exposes the data
resources as grid services which can be discovarddaccessed by higher level applications. It
also translates weather data from its native fortoa suitable data exchange format such as
XML. Second, the proxy coordinates the connectietween weather stations and the grid. It
uses techniques like caching, buffering and linknagement to minimize the possibility of
connection failure due to unexpected network dieection or high network latency. Third, it
greatly improves the scalability of the infrastuwret New types of weather stations can be
integrated into the existing system by adding nesxiges. Finally, it also provides an interface
for various underlying services such as statiotustenonitoring, active data collection, etc.

Compute/data resources are responsible for storing, analyzing and praongssveather data
transmitted through the proxies. The infrastructtakes care of issues such as resource
discovery and brokerage, resource monitoring aad lmalancing, job scheduling, job executing
management, etc.

Mobile application support component plays the major role in delivering réale weather
information to mobile devices. It has the followimgpdules.

e Authentication



This module is in charge of handling authenticatiequests from mobile user application.
It interprets and sends these requests to the rdidhgon engine of different
compute/data resources in the infrastructure.

*  Weather Sation Discovery

This module is responsible for locating most reféwaeather station resources to answer
incoming requests. The requests may come from tht@lenapplications directly or from
other modules/services within the infrastructurdef® are a number of factors to
consider when determining the most relevant stafieuch as geographical locations,
current status, data availability, sampling frequeretc.

e Data Access

The data access module provides pull/push basex$ato real time as well as archived
weather data. The data is provided in various &sndepending on the application
requests. Plain ASCII test, XML, light semi-struetd format, or even binary streams are
different data formats supported by the proposédsiructure.

» Data Transmission Management

This module manages the procedure of transmitt@mgel amounts of weather data to
mobile devices. It uses techniques such as cadmdgbuffering to minimize the data
loss due to unexpected network disconnections guhie data transmissions.

4.2 Implementation

Currently, theWeather Station Proxies have been implemented using two approaches. botch
that have suitable conditions, a PC is used asptbgy. Programs running on the PC are
responsible for collecting weather data from weagtations on a pre-determined interval and
convert them into suitable formats before sendimegrt to the sensor grid. This approach is cost-
effective for schools because the proxy softwarammnents require minimum system resources
and are easy to install and maintain. However,tdube school’s IT/power management policy,
it's very difficult to keep the PC powered on ak tines. During the period when the PC is
switched off, no real time weather information daa collected. Data collection only resumes
when the PC is switched on again. To address $bigei we have also developed an embedded
device to replace the PC. This embedded devicerispower efficient so it can be turned on all
the time. In addition to running the similar progpmponents, the key advantage that the
embedded device provides is the remote accessetavéather station through secure SSH
tunnels. This remote access allows the sensor tgrideconfigure various weather station
parameters (such as the sampling rate) and algy theedata as and when needed by different
mobile applications.

The Compute/Data Resource component consists of various servers and datab&sveral
important services have been implemented to enatethese resources are effectively and
efficiently used to handle application requests aada management jobs. ThResource



Discovery and Brokerage service provides seamless access to weather ddtacanputing
resources, irrespective of their specifications #&xhtions. It determines the most relevant
weather station to resolve applications’ data retpu@nd also discovers computational and
storage resources when needékhe Monitoring and Load Balancing service watches system
health and detects possible failure based on testbdmes like heartbeats. It also assigns
computational/storage jobs based on system loads &1 average CPU utilization, to different
servers/databases.

The Mobile Application Support component provides support for mobile applicatiomsiccess
weather data from the infrastructure. In the curpdrase of implementation, web service is used
as the main method for data access. Due to theadtesistics of mobile network connection
mentioned in previous sections, changes to theuttefeb service mechanism are necessary. For
example, depending upon the available bandwidthatheg data should be automatically
aggregated to smaller sizes and a lighter datadbused so that long transmission delays can be
avoided.

4.3 API

An Application Programmers’ Interface (API) is dgsed to provide weather data to mobile
applications such that the underlying data coltecind processing are kept transparent to the
applications. It provides the following key funcim

o GetSationList

This function simply returns the unique ids and eanof all the weather stations
currently connected to the infrastructure.

» GetSationMetaData
This function returns parameters that are defioedescribe a weather station.
* GetSationinfo

This function returns the meta information of acfie weather station. The returned
results are a set ofigme, value) pairs.

¢ GetNearestSation

This function returns the neardstveather stations with respect to a fixed locatidn.
takes a(location, k) pair and a set ofname, operator, value) pairs as input, where the
(name, operator, value) are used to specify meta information of a weast@ion. Unique
identifiers of the weather stations that satisfyhbilme kNN condition and the meta data
conditions are returned as results.

¢  GetWeather Data



This function serves the main method of providingatiher data to mobile applications. It
takes a station id and a set(ohme, operator, value) pairs as input, where theafne,

operator, value) pairs specify the parameters that are soughagsopthe of the weather
data.

» UploadWeather Data

We foresee that it will not be long before the nellevices are equipped with some
basic weather or other environmental monitoringseen This function is designed to
handle weather data uploaded directly from suchcdsy Currently, it takes a chunk of

fixed format weather data as input, process it arakes it available to the entire
infrastructure.

4.4 Web Portal and Application

Limited processor power, low volume of on board RAMd small screen sizes of mobile
devices pose challenges in the development of alenkather data portal. The development of
a mobile web portal is different from normal webrtpb design in several aspects. First, the
interfaces need to be friendlier than normal weessas QWERTY keyboards and mice are not
available on most mobile devices. Navigation metdmnand input methods should be
redesigned to accommodate normal mobile phone legglbo Second, the layout of the web
pages requires redesign due to small screen sizesobile devices. Third, the use of web
designing techniques such as java scripts, flaghctd) etc needs to be reconsidered as the
browsers used on mobile devices may not be powernfoiigh to supports these features.
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Figure 2 shows a few screen shots from the welalptrat we are developing for the mobile
devices. From left to right, the screenshots shaather summary interface, station information
interface and data download interface. We use gatric web interfaces such as Google map
for visualization purposes. Users can obtain neaétweather information and relevant weather
parameter values from the portal. For users thed echived weather data for research purposes,
the portal provides a flexible data download sesicThe web portal can be accessed at
“http://nwsp.ntu.edu.Saising mobile phones or PDAs.

For users using Google Phone, we have also dewklapesasy-to-use android application for
users to access weather data on a map-base istefagure 3 show a screenshot of this
application.

5. Conclusion

In this paper, we have presented a data manageniexgtructure that aims to provide weather
information to mobile devices. This infrastructui® based on the SPRING sensor grid
framework and is capable of real-time collectiomgessing and delivery of weather data to
mobile devices. We have examined key design isandschallenges for such an infrastructure
under mobile networking environments. A prototype tbe proposed infrastructure was
implemented and a web portal and various applinatiwere developed on top of it.

Based on the current prototype, we plan to develope mobile applications or games to exploit
the capabilities of the infrastructure to its fptitential. We will also develop more features and
services for the mobile web portal. In additiorttie weather data, we plan to integrate real-time
data feeds, such as air quality and environmerizé hinto our infrastructure so that they can be
used for a wide range of complex mobile application
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