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ABSTRACT

Real-time data generated by the many sensors and other

sources today can serve as important input to mobile and

web applications. This data, however, is often either pro-

prietary or in a format that is not easily usable by real time

applications. Furthermore, if an application developer needs

to integrate (mash-up) data from multiple sources it is quite

burdensome to develop interfaces. The present platforms for

open data repositories are designed for static non real-time

data. We propose a design and specifications for a platform

that will accept real-time open data from multiple sources in

multiple formats and make the data accessible in a standard

format at any desired frequency. The data is held for a finite

period of time (depending on factors such as frequency, pre-

cision, etc.) and digests made so that developers can also

make use of historical data.

Keywords— Open data, Real-time systems, Sensor net-

works, Data repository, Open source

1. INTRODUCTION

Open data as defined by the Open Knowledge Foundation

is data or content that is free to use, reuse, and redistribute

subject only, at most, to the requirement to attribute and/or

share-alike [1]. The World Bank further defines openness as

a combination of being both technically and legally open [2].

Many Governments worldwide are currently going through

an open data revolution. The focus is currently on increas-

ing transparency [3] such as in the case of the United States

of America with its Open Government Directive [4] and the

European Union’s Public Sector Information (PSI) directive

[5]. As a result, many data portals and open data platforms

have sprung up to accommodate the needs of these initia-

tives [6]. Examples include data.gov, data.gov.uk, data.tt etc.

The World Bank has also been actively working with various

countries and informing the Governments of the advantages

of making their data open and available to the public.

These data platforms, such as CKAN and Junar, work well

for processed, aggregated and summarized data but fall short

of providing any efficient means of supporting raw real-time

data. Furthermore, many institutions that deal with real-time

data do so using proprietary methods. For example, CitySDK

[7] is an open data portal that caters for a city’s data but has a

separate module specifically designed for dealing with real-

time transport data. This makes it extremely difficult, and

most times impossible, to use multiple real-time data sources

in a collaborative effort. The lack of a proper system de-

signed for real-time data also discourages many people from

publishing much needed real-time data even if they are will-

ing to provide it to the public. Platforms have been created

to use real-time data such as the systems designed in [8] and

[9]. These platforms manipulate the data to create Linked

Data. Linked Data, however, simply is not able to guarantee

the open data principle of reuse [10]. For geo-spatial data,

the platform of choice is Geonode but this does not support

real-time sources.

The ability for almost anyone to develop web and mobile

applications with minimal training has resulted in an explo-

sion of these applications, especially for the Android and IOS

smartphone markets. Some of these applications depend on

real-time information and so developers need to work closely

with the providers of the required data in order to ensure

compatibility and also to come to an agreement on usage

policies. If an application requires data from several data

sources then the time, complexity and cost of development

can grow rapidly. We propose a platform that would sig-

nificantly reduce this burden by allowing the application de-

veloper to focus on the application and simply assume that

the required data can be obtained in a standard format at

whichever frequency is desired. Note that we assume that

both content providers and content consumers will work ac-

cording to some agreed upon set of policies and licenses.

In the next section we provide an overview of the currently

available platforms that were developed for open data. We

then compare them with our proposed platform which will

be called the Real-Time Open Data repository (RTOD) plat-

form. Next we present the requirements for a real-time repos-

itory and indicate how these are incorporated in our proposal.

In particular, we discuss how received data is processed. If

the data is requested faster than it is collected then extrapo-

lation techniques are used to provide data when it is needed

even if a new value has not been received. Similarly if data is

requested at a slower rate then what is collected then filtering

(e.g. simply skipping some samples) can be used. Finally we

provide some more implementation details of how applica-

tion developers can access data via standard APIs (Applica-

tion Programming Interface) as well as some use cases.



2. OVERVIEW OF CURRENT PLATFORMS

In this section we provide a brief overview of the leading

open data platforms, CKAN, Junar, Geonode and the Sen-

sorMasher system designed in [9]. We follow the approach

used in [6] to compare these platforms and consider the prop-

erties that they considered. We focus on the ease of upload-

ing, downloading, accessing and using data. Although the

Geonode platform is Open Source and heavily utilized for

the storage of geo-spatial data (e.g., GIS data) it does not sat-

isfy all requirements of an Open Data platform and so is not

included in our comparison table provided in Table 1.

2.1. CKAN

As described on their website ckan.org, “CKAN is a power-

ful data management system that makes data accessible by

providing tools to streamline publishing, sharing, finding and

using data. CKAN is aimed at data publishers (national and

regional governments, companies and organizations) want-

ing to make their data open and available.”

CKAN is an open source open data platform streamlined

for data publishers whether private or Government. CKAN

allows registered users to upload data in many different

formats including CSV, XLS and JSON. Each resource be-

longs to a parent dataset which contains metadata for the

data. CKAN allows for entire datasets or single resources

to be downloaded via the client web interface or through a

semi-RESTful API. Data for select formats such as CSV and

XLS can be retrieved as JSON, displayed as charts or even

shown as tabular data. CKAN also has a geospatial compo-

nent which allows for visualizing geospatial data on a map.

CKAN has turned out to be the most popular Open Data

platform and is used by many Governments worldwide (e.g.,

data.gov in the United States of America and data.gov.uk

in the United Kingdom).

2.2. Junar

According to their web site www.junar.com “Junar provides

everything you need to open data with confidence. It’s built

for massive scale and supports local and global data-driven

organizations. With Junar, you can easily choose what data

to collect, how you want to present it, and when it should

be made publicly available. You can also determine which

datasets are made available to the public and which datasets

are available only for your internal use. Think of it as a

next generation data management system for sharing infor-

mation.”

Junar is a specialized data platform geared towards govern-

ments and organisations at a commercial price which varies

based on the size of establishment. Junar provides similar

services as does CKAN such as the uploading of data in

many different formats. Junars service being more tailored

towards business needs allows a user to enhance uploaded

data by making custom charts. It also incorporates different

analytic features for business and government use. Data in

Junar can be downloaded via the web interface or program-

matically retrieved through HTTP requests.

2.3. SensorMasher

According to the web site sensormasher.sourceforge.net,

“SensorMasher is a platform which makes sensor data avail-

able following the linked open data principle and enables the

seamless integration of such data into mashups.” According

to Wikipedia, “In computing, linked data (often capitalized

as Linked Data) describes a method of publishing structured

data so that it can be interlinked and become more useful. It

builds upon standard Web technologies such as HTTP, RDF

and URIs, but rather than using them to serve web pages for

human readers, it extends them to share information in a way

that can be read automatically by computers. This enables

data from different sources to be connected and queried.”

The SensorMasher system is quite different from both

CKAN and Junar. SensorMasher gets its data through the

Linked Open Data cloud in streams using the RDF format. It

also does not provide any API to programmatically download

the data. The data has to be manually downloaded through

the web interface. SensorMasher allows a user to create

interesting mashups between different streams of sensor data

but the process is very difficult and not user friendly. The

web interface, though unfriendly, does provide some data

visualisations through maps and charts. The approach taken

in [12] is also based on the RDF format.

2.4. Geonode

According to their site geonode.org, “GeoNode is a web-

based application and platform for developing geospatial in-

formation systems (GIS) and for deploying spatial data in-

frastructures (SDI). It is designed to be extended and modi-

fied, and can be integrated into existing platforms.”

GeoNode is the most popular Open Source geospatial content

management system. GeoNode is used through a web appli-

cation. Using the web application users can upload different

types of geospatial data as layers. This data is made public

through the very same web application which allows viewing

the data by wrapping the layers over maps. Despite GeoN-

ode’s ability to upload, publish, download and view data it

was excluded from the open data platform comparisons be-

cause the system does not allow programmatic publishing or

downloading of data. The system does incorporate some in-

ternal APIs that deal with customizing the system but there

are no public APIs for manipulating data.

The aforementioned platforms while providing helpful ser-

vices are not suitable candidates for a real-time open data

repository. CKAN and Junar both target governments and

business organisations, as a result they cater directly for sum-

marized data in document form as opposed to real-time data

which is granular and updated more frequently. The Sensor-

Masher system uses real-time data but in the form of Linked

Data from the Linked Open Data cloud and therefore it is not

raw real-time data.



Table 1. Platform Comparison

CKAN Junar SensorMasher RTOD

General

Use

Supported

Languages

Multiple English and Spanish English English

Registration To upload data To upload data To upload data To upload data

Metadata Type Contextual and de-

tailed

Not very contextual

and detailed

Not applicable Contextual and de-

tailed

Structure Machine readable Machine readable Not applicable Machine readable

Open Data Uploading Registered users Registered users Registered users Registered Users

Target Governments Governments and

businesses

Academia Public

Value Description, fo-

cused on data econ-

omy, innovation,

transparency and

collaboration

Description, fo-

cused on data econ-

omy, innovation,

transparency and

collaboration

Focused on data

mashups

Focused on Real-

Time Data

Type Multiple Multiple Multiple Multiple

Level Mainly national Mainly national Low level sensor data Any

Format Multiple formats

(CSV, XLS, PDF,

etc.)

Multiple formats

(CSV, XLS, PDF,

etc.)

RDF Multiple Formats

Finding

Data

Searching Keyword search Keyword search Location search only Keyword Search

RESTful API Yes Yes No Yes

Interfaces Simple to use Simple to use Complicated controls Simple to use

Navigation Clear Clear Not very clear Clear

Using Data Cost Free to use Organisations are re-

quired to pay for the

service

Free to use Free to use

Download Metadata and data Data only Data in RDF format Data (metadata pro-

vided during registra-

tion)

Tools for

changing

format

XLS,CSV to JSON XLS, CSV to JSON No Yes

Collaboration No No Through using the

Mashup option

Yes

Version con-

trol

Yes No No Yes

Visual dis-

play of data

Yes, tabular, map and

multiple charts

Yes, tabular and

charts

Yes, line chart, lim-

ited maps and raw

data display

Real-Time graphs



3. SPECIFICATIONS FOR PROPOSED PLATFORM

The system architecture consists of three components (see

Figure 1), the data providers (which are the sources of data),

the Real-Time Open Data Repository (RTOD) and the data

consumers (these are the developers who develop mobile and

web applications for the end user). Hence we need to spec-

ify the interfaces between the data sources and RTOD, the

data consumers and RTOD and the RTOD platform. In this

section we provide an overview of this design. In the next

section we provide some more details on the software archi-

tecture of RTOD.

RTOD Server

Data Consumers

Data Providers

Frequency x, Format y

2 31

1 2 33

Frequency a, Format b

Retrieve

Store

Extrapolate/Filter

Convert

Manage

Display

Figure 1. Architecture Overview

3.1. Data Providers

Each data provider may provide multiple streams of data.

The provider must first register on the RTOD platform and

also register each stream that will be made available. Details

such as format of the data, frequency of generation, metadata

for the streamed data and other pertinent data must be sub-

mitted as well as acceptance of the data policies of the RTOD

owner. For each stream an appropriate license must be cho-

sen by the provider under which the data is made available

(e.g, the Creative Commons License which is specified at

creativecommons.org). The RTOD platform supports vari-

ous APIs for receiving data including the RESTful API. The

data provider will also need to specify which protocol will be

used. In summary the data provider must:

1. Follow the policies and guidelines specified by the

provider of the RTOD platform

2. Register on the RTOD platform and provide details of

each data source (e.g., metadata, frequency, protocol

for uploading, data format and precision etc.)

3. Use the specified upload protocols to upload data to

RTOD.

3.2. The RTOD Server

The requirements for the RTOD server are based on our ear-

lier discussions. The server must:

1. Provide a registration interface for data providers and

allow for the authorization of streams

2. Provide a registration interface for data consumers

3. Be able to simultaneously receive multiple data streams

from multiple data sources in real time

4. Be able to store and manage data and metadata for each

received stream

5. Be able to process (i.e., filter, extrapolate, convert, di-

gest etc.) data from each stream

6. Be able to serve data streams to data consumers at the

requested frequency (within limits)

7. Be able to display the stored data in various formats

(tabular, graphical etc.) and allow users to manually

download data

8. Provide search capabilities

9. Manage data and periodically flush dated data

10. Allow registered users to maintain their accounts (e.g.,

data providers can add/drop/modify data streams, data

consumers can add/drop/modify requests for data and

regular users can modify details of their accounts)

3.3. Data Consumers

The data consumers are the application developers who use

the provided data in their mobile and web applications. Al-

though they are called data consumers, the real consumers

are the users of the applications which are the end users. Ap-

plication developers will be able to access the data via the

standard RESTful API. This allows the developer to choose

the rate at which data is retrieved based on the requirements

of their application. The developer will be provided limits

on the rate at which the specific dataset can be retrieved as

well as the number of simultaneous streams that can be ac-

cessed so as to maintain acceptable performance levels for all

developers. Data consumers must agree with the data poli-

cies specified on the RTOD platform. Note that these data

consumers will develop user friendly applications for use by

the general public who need not understand technical details

such as APIs.



Figure 2. Software Design

4. IMPLEMENTATION DETAILS

The server was developed in python using the object oriented

programming paradigm along with various design patterns.

The server uses the Waitress Web server because it has ex-

cellent performance and is also platform independent.

All user tasks fall under a specific category e.g. an account

task or dataset task. Each category is represented as a Ser-

vice Class. A service is attached to a URL which gives users

access to them. Each service class defines a function for ev-

ery HTTP method that it supports, thereby allowing many

actions to be represented by one URL. These service classes

and associated URLs makeup the request handler (RH) com-

ponent of the server.

Requests, that require querying the database, are passed over

to the database handler (DH) from the RH. Every table in

the database maps to a Model Class in the database handler.

The DH then uses instantiations of these classes to commu-

nicate with the database via database sessions. In order to

allow multiple concurrent users to perform database depen-

dent tasks simultaneously a registry design pattern is used to

allocate a database session to each client.

The server contains a views module that allows users to GET

the client application. The client application is built on the

MV* architecture using both HTML and JavaScript. The ap-

plication itself is a single page application that uses its own

Router class to determine which view to present. Views are

populated using a combination of static data and dynamic

data contained by the client’s models. The client’s models

are similar to their server side brothers and are populated

with data from AJAX calls to the RH, which are forwarded

to the DH whose response is further forwarded to the client

via the RH.

The client application’s feed view provides real-time updates

of the data stream that is currently being viewed, which are

displayed on line graphs. In order to avoid costly polling

of the server both the client and server implement sockets.

When a client goes to a feed view it sends a GET request to

the socket service running on the server. When the socket

service receives a socket connection request to the feed

socket service the connection is established and added to the

namespace. Once the client has established a connection it

requests access to a given feed and the server then adds it to

a list of sockets for that feed. The client application listens

on the socket through non-blocking code for updates from

the server. Each feed being viewed has its own socket con-

nection. When the RH receives a POST request to a feed and

the DH successfully inserts the data the RH passes the data

to the socket service which then emits the data to all sock-

ets associated with the given feed. When a client navigates

away from a feed the socket is disconnected and the socket

service removes the socket from its lists. The socket service

is micro-threaded allowing multiple sockets to be managed

concurrently. See Figure 2 for a depiction of the software

architecture.

5. SAMPLE USE CASE

In this section we present a simple use case to illustrate us-

age of the RTOD platform. This is just for illustrative pur-

poses. The data source machine feeds its CPU utilization

information to the RTOD server. This information is then re-

trieved at a third computer which then displays the data in

graphical form. This example, although simple, illustrates

the 3 components of the system. One can see that additional

sources can be added and multiple applications using mul-

tiple streams can be used by simply following the process



illustrated in this simple example.

Figure 3 provides a simple application for displaying the re-

trieved data (i.e. the CPU utilization of the data source) on

the client (the data consumer). Note that the feed also pro-

vides metadata for the source such as the last updated time,

data format and freshness of the data. In this particular case

the client requested, in addition to the original feed, an expo-

nentially smoothed version with a filter constant of α = 0.9.

The smoothed samples ds(n) are computed from the raw

samples dr(n) as follows:

ds(n) = αds(n− 1) + (1− α)dr(n)

Both versions of the feed are displayed graphically and is

updated in real time. The top graph contains the raw data

while the bottom one contains the filtered version.

Figure 3. Sample Use Case

6. CONCLUSIONS

In this paper we provided requirements and specifications for

an open real-time data repository. We use JSON as the data

format as opposed to RDF since it allows for faster trans-

fer and parsing of data. The temporal database is designed to

handle a heavy load of incoming real-time data while provid-

ing multiple raw and/or processed streams to multiple data

consumers (mobile and web applications). The design pro-

vides functionality that combines the requirements for open

data, real-time data and an open data platform.
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