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Context Aware Information Delivery for On-Site Construction

Operations

Z. Aziz, C.J. Anumba, D. Ruikar, P.M. Carrillo & N.M. Bouchlaghem
Centre for Innovative & Collaborative Engineering, Department of Civil and Building Engineering,

Loughborough University, Leics, UK

ABSTRACT: The information intensive nature of construction projects requires the site personnel to have an
on-demand access to project information. Current information delivery methods are primarily static and do
not take into account the site personnel’s changing context. Delivering information to site staff, based on their
context (such as location, time and profile) has the tremendous potential to improve construction productivity.
In this paper a prototype application for context-aware information delivery is discussed. The implementation
is based on a Pocket-PC platform and makes use of wireless local area networking (WLAN) to capture con-
text parameters. A semantics-based Resource Description Framework Schema (RDFS) is used for both con-
text interpretation and to define construction documents and project task structure. Conclusions are drawn
about the possible future impact of context-aware applications for the construction industry.

1 INTRODUCTION

The construction industry is experiencing unprece-
dented change and dynamic conditions resulting
from clients demanding better value-for-money,
higher quality, shorter cycle times and access to the
latest information, produced at any point in the pro-
ject life cycle and supply chain. This demand re-
flects the increasingly competitive pressure to de-
liver faster and cheaper solutions. Current thinking
within the industry is that major benefits can be ob-
tained through improved collaboration and enhanced
enterprise efficiency. A fundamental underpinning
to achieve these goals is construction field force en-
ablement, by ensuring optimal support for onsite
staff.

The information-intensive nature of construction
projects requires the site staff to have on-demand
access to construction project plans, drawings,
schedules, budgets, etc. The unstructured and dy-
namic nature of the construction site, and the haz-
ards and difficulties presented by the on-site work,
also necessitate the use of intelligent ways to support
on-site construction staff.

In recent years, the emergence of powerful wire-
less web technologies coupled with the availability
of improved bandwidth, has enabled mobile workers
to access in real time different corporate back-end
systems and multiple inter-enterprise data resources
to enhance construction collaboration. Context-

aware information delivery adds an additional layer
on top of such real time wireless connectivity, by
providing the ability to intelligently interpret the
user context, and delivering data and services to the
mobile worker based on the user’s context. This
way, it is possible to eliminate distractions for mo-
bile workers, related to the volume and level of in-
formation. Also, user interaction with the system can
be reduced by using context as a filtering mecha-
nism to deliver only context-relevant information to
users. This has the potential to increase usability,
by decreasing the level of interaction required be-
tween the mobile devices and the end-users. The
emergence of complementary technologies such as
user profiling, ubiquitous computing and sensor
networking enables the capture of many other con-
text parameters.

This paper presents a scalable architecture and a
prototype implementation for a context-based infor-
mation delivery system for supporting construction
site staff. The paper is organised as follows. The
next section reviews the concept of context-aware
computing and related work. Section 3 discusses the
system architecture for context-aware data delivery,
and is followed by presentation of the prototype sys-
tem. Section 5 presents the future outlook and sum-
mary.
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2 CONTEXT-AWARE COMPUTING

Context-aware computing is defined by Burrell et al
(2001) as the use of environmental characteristics
such as the user’s location, time, identity, profile and
activity to inform the computing device so that it
may provide information to the user that is relevant
to the current context. Context-aware computing en-
ables a mobile application to leverage knowledge
about various context parameters such as who the
user is, what the user is doing, where the user is and
what terminal the user is using. The application
adapts services to the interpreted context, thereby
ensuring that the busy user gets highly specific data
and services (Schilit et al., 1994). Pashtan (2005) de-
scribed four key partitions of context parameters, in-
cluding user static context, user dynamic context,
network connectivity and environmental context
(Figure 1).
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Figure 1. Context Dimensions

2.1 Related Work

The application of context-awareness for mobile us-
ers has been demonstrated in a large number of ap-
plications, including fieldwork (Kortuem et al.,
1999; Pascoe et al., 1998), museums (Fleck et al.,
02; Lassila et al., 2003), route planning (Marmasse
et al., 2002), libraries (Aittola et al., 03) and tourism
(Long et al., 1996; Laukkanen et al., 2002). Other
projects that have specifically focused on location-
based data delivery include the GUIDE project (Da-
vies et al., 99) and the Mobile Shadow Project

(MSP) (Fischmeister et al. 2002). The MSP ap-
proach is based on the use of agents, to map the
physical context to the virtual context. Ambience
project (Ambience, 2004) has adopted a different
approach by focusing on creating a digital environ-
ment that is aware of persons’ presence, context, and
sensitivity and responds accordingly. Context-aware
applications are also being investigated by other
fields of research in computer science, including
mobile computing, wearable computing, augmented
reality, ubiquitous computing and human-computer
interaction.

There is also a great deal of interest in the appli-
cation of Semantic Web technologies in context
aware applications. The Semantic Web technologies
provide a framework for shared definition of con-
text, resources and their relationships. It also pro-
vides an application and platform independent way
to interpret context, thereby enabling both humans
and software agents to infer new context knowledge
and consequently take intelligent actions. In the
Konti Project, an ontology is developed for express-
ing the properties required for constructing contex-
tual profiles (Toivonen et al., 2003). Chen et al
(2003) also applied the Semantic Web technologies
for modeling context and for supporting context rea-
soning.

3 CONTEXT AWARE SERVICE DELIVERY
ARCHITECTURE

The concept of “context-aware information deliv-
ery” as discussed in this paper centres on the need to
provide mobile construction workers highly specific
information and services on an as-needed basis. This
concept goes beyond merely capturing user context.
It encompasses the creation of a pervasive, user cen-
tred mobile work environment, which has the ability
to deliver relevant information to the workers by in-
telligent interpretation of their context so that they
can take more informed decisions. Figure 2 presents
a system architecture for context aware information
delivery. It is based on multiple tiers which are ex-
plained below:

3.1 The Client Tier

The Client tier provides users with access to the sys-
tem. It also facilitates context capture. It includes
WLAN-enabled devices and WLAN tags, which
contain information about the objects they are at-
tached to.
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Figure 2. Context Aware Services Delivery Architecture

3.2 The Access Tier

This provides the vital communication link between
the wired back-end and the wireless front-end, using
a WLAN-based infrastructure. The proposed archi-
tecture relies entirely on standard Internet technolo-
gies (e.g. IP addressing, HTTP). This ensures that
any I[P-based wireless technology can possibly be
used. Key components in the access tier include a
proxy and a publisher. The proxy server keeps a
cache of active user sessions and the most accessed
services. This eliminates unnecessary traffic over the
wireless network. The publisher handles device de-
tection and content update based on the changing
user context. The access tier supports both push and
pull modes of interaction (i.e. information can be
pushed to the user while the user can also proac-
tively access the relevant information.

3.3 The Positioning Tier

The positioning tier tracks all mobile devices and
tags in a wireless domain and determines their cur-
rent location, by displaying coordinates correspond-
ing to device/tag current location on a map. Tags
contain important information about the object they
are attached to.

3.4 The Context Broker

The context broker acquires context information,
applies semantics-based reasoning to the captured
contextual information and determines information
relevant to users based on their existing context.

3.5 The Application Tier

It contains construction applications and services, to
support mobile workers. As logic and data process-
ing resides on the wired network, the mobile client is
charged with minimal memory and processor-
consuming tasks.

4 CONTEXT BROKERAGE AND MAPPING

Five context dimensions are addressed in this re-
search, including Location, Time, User Device, User
Profile and User Activity (Figure 3).

Location
+Where are my tools?
“Where 15 my colleague
right now?

Time
+Certain Services may be
active during certain
time
*Recording arrival time

User Device
Delivering content based on
Terminal Capabilities

Context
Dimensions

/

User Activity
Infortnation delivery
based on the taslk at hand

User Profile
*Information delivery
based on user
occupation/preferences

Figure 3. Context Dimensions

Context is drawn from the following sources:

— Current location, via a wireless local area net-
work-based positioning system. A client applica-
tion running on a user’s mobile device or a
WLAN tag sends constant position updates to the
position engine over a wireless link. This allows
real time position determination of users and
equipment;

— User Device, through a Microsoft NET frame-
work application;

— User profile, associated with mobile device’s
unique IP address;

— User’s Activity via integration with MS Pocket
Outlook;

— Time via computer clock.

Changes in the context prompt the context broker
to trigger the pre-programmed events. Events may
include delivery of push-based messages to the users
(e.g. H&S warnings) or an exchange of information
with other applications, to make them aware of the
events on the site. As the user context changes (e.g.
change of location, tasks), the context broker recal-
culates the available services to users in real time. In
the prototype implementation, RDF schema (RDF,
2004) was used to provide vocabulary and structure
to express the gathered contextual information. Pre-
viously, many researchers have also used RDF
schema for representing and delivering the context
information (Ferscha et al., 2002; Chen et al., 2004;
Toivonen et al., 2003). Being XML-based, RDF also
ensures provision of context information in an appli-
cation and platform-independent way.

Using RDF schema, the context broker maps cap-
tured contextual information to available data and
services.
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Mapping includes:

— User Profile to Project Data: Mapping of infor-
mation, based on the role of user on site;

— Location to Project Data: Mapping user location
to project data (e.g. if electrician is on floor 3, he
probably requires floor 3 drawings and services);

— User Task to Project Data: Mapping information
delivery to the task at hand.

This mapping is then used as a filtering mecha-
nism to find relevant documents for a given context.
Figure 4 shows a higher level ontology used in the
mapping process, describing the link between user
profiles and associated resources.

o /:Resourcef‘\r\, —_RDF Schema
(Property Ubclassof subclass of f)lassﬁ)

insjance of
—*—_Ontology

ofinstance_of.
ofinstance”of Metadata

. (" Person )
subclas% of \//h N P N J—
e . has_role ~ ( N _
S~ —"'///»\‘t\ Actor /Wftk?jfoi/\* project )

Consultant

\;-ﬁnstanceﬁof

Architect

Project A

works for
has role

userid e-mail

Figure 4. Team Profile Ontology

The Resource Description Framework Schema
(RDFS) was selected as the ontology language of
the system. With regard to ontologies, RDFS pro-
vides two important contributions: a standardized
syntax for writing ontologies and a standard set of
modelling primitives such as ‘instance-of” and ‘sub-
class-of” relationships (W3C, 2004). Ontology is de-
veloped using a modular approach with high flexi-
bility so that it can be extended to accommodate an
unlimited amount of new ontologies in the future.

RDF was also used as a meta-language for anno-
tating construction project resources, drawing, im-
ages etc. with machine readable information. For in-
stance, the RDF description of a CAD drawing of
the main entrance slab with unique identification FF-
A23 is illustrated in Listing 1.

Such a semantic description provides a deeper
understanding of the semantics of construction
documents and an ability to flexibly discover re-
quired resources. The RDF schema can also become
more detailed by adding related documents and
tasks. A semantic view of construction project re-
sources logically interconnects project resources, re-
sulting in the better application of context informa-
tion. At the same time, semantic description enables
users to have different views of data, based on dif-
ferent criteria such as location and profile (e.g. all
the electric drawings for floor 3). This allows map-
ping of the captured context (e.g. Joe is an electri-
cian working on floor 3) to available data (e.g. draw-

ings of floor 3).

<rdf:description
about="http://www.lboroCivilExtension.co.uk/dra
wings/Floorl/MainEnteranceSlab.CAD"
ref:ID="FF-A23">
<res:creator>
<rdf:Description>
<architect:name> Joe Blog ~ </architect:name>
<architect:email> joe.blog@lboro.com
</architect:email>
</rdf:Description>
</res:creator>
<res:description> Drawing OF Main Enternance Slab for
Floor 1 </res:description>
<res:title> Floor 1 Main Enterance Slab Drawing
</res:title>
<res:date> Feb 10, 2005 </res:date>
<res:type> CAD Drawing </res:type>
</rdf:description>

Listing 1. RDF description

5 PROTOTYPE IMPLEMENTATION:

5.1 Overview

The prototype implementation involves a proof-of-
concept demonstrator and provides an initial work-
ing model of a large, more complex entity. It dem-
onstrates some of the concepts presented in this re-
search in realistic construction scenarios. The
implementation is based on a Pocket-PC platform. It
makes use of a wireless local area network
(WLAN)-based positioning engine to map a user’s
physical location to a virtual environment. Figure 6
shows the implementation architecture.

vagg::: f/ P'g:'::it:::" Service Components Data Services
Task Update
ily Task List [ViewTaskList(}
, -

\ \
\ \
\ \
I lUpdaleTasklisty) | I
‘ +UpdateResourcelist() ‘
\ \
\ \

Service

Components Database

Mobile Device

Figure 6. The application architecture

After a successful Log-In, the site worker can see a
set of services. These services could be accessed on
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an as-needed basis. Three of these services are dis-
cussed in more detail below:

5.2 Profile Based Task Allocation

This implementation describes the process by which
tasks are allocated to site workers based on their pro-
file. Task list specifies the activities a site-worker
must perform and it also includes the associated
method statement, describing how tasks need to be
performed. As the site worker arrives for work, the
site server detects the unique IP address of their mo-
bile device and prompts the worker to log-in. On a
successful log-in, the worker can see his/her task list
and associated method statement (Figure 7).

Using an administration application, the site man-
ager assigns tasks and method statements to site
worker. The client application running on the site
worker mobile device detects that data on the server
has been changed. The changed files are then syn-
chronized using WLAN-based synchronization.
Synchronization is a two ways process (i.e. synchro-
nizing files between the mobile device and the
server application). This way, the completion of
tasks can be monitored in real-time and an audit trail
maintained. A Similar concept can be used to update
changes in project management plans.

5.3 Inventory Logistics Support

WLAN tags were used to store important informa-
tion about a bulk delivery item. XML schema was
used to describe the tag information structure. As the
delivery arrives at the construction site, an on-site
wireless network scans the tag attached to the bulk
delivery and sends an instant message to site man-
ager’s mobile device, prompting him/her to confirm
the delivery receipt.

o 2210 €3
Priority -

oz O

All Tasks - Store crane in Compound iy

' | ik ” Tap here to add a new task | v
First of all inspect the crane- Make sure all the
procedures are Followed. Store the crane in

[Vl ! Get work checked by Engineers
[]! Store crane in Compound

[l Inspect cranes after the day Work the compound, in the designated area.
Inspect cranes for Service

[ Pick up skips

[] Pour concrete in Shutters

New Tools E|A Edit Tools E|A

Figure7. Profile based task allocation

The site-supervisor browses through the delivery
contents and records any discrepancies. Once the
delivery receipt is confirmed (Figure 8), data is
stored locally on the site manager’s mobile device.
Local information stored on the mobile device is

subsequently synchronized with the site server, re-
sulting in an update of the inventory database.

oF o2 512

A3 | WiSECON Demo

Crrder IC | 10366 i |

Products: [Bathroom Shower
Bathroom Furniture

Towel Radiators

Cuuantity |6 | .| v| Price |2‘30 |

Mot | |

Confirm
Company | Orders | Data Source

| |
|Ready |

File E|A

Cormpany | Orders | Data Source |

|Data has been saved successhully |

File E|A

Figure 8: Inventory Logistics Support

5.4 Real Time Tracking Support

For real time tracking support, a WLAN-based
positioning engine from Ekahau (Ekahau, 2004) was
used. The Positioning Engine tracks the real time
position of a WLAN-enabled mobile device/tag. It
discovers all the WLAN-enabled devices using their
IP addresses, and makes use of the signal strength
measurements as detected by the access points to de-
termine the actual position. A key advantage of us-
ing a WLAN-based positioning engine is that it has
considerably less infrastructure requirements, com-
pared to other location determination techniques
such as Global Positioning System (GPS) and other
real time location tracking systems. This makes it af-
fordable for deployment in a site environment. Also,
it is appropriate for use within the indoor environ-
ment.

o i Mip: | Ste Layou Disgram For Ekshau PE3 D}} m & ) Es
PR ste Layou Diagram For Ek Hlwalking Track
S [ Logical Areas |_
® Steofice .
® SteWarehouse localhost : AL |
® Waling Track 1921684101
® Ste Operations
P ==
| king
| fack
Site Warshouss |
Site Warehouse
- 5 |
Site Operations W ‘
| —r— Crane
o A Gl IR
© H nksys' = ] H =
Security EE13
Office
site
Entrancel
B T [ | —
Name P Address DNS Address X Y Expected Enor
ocalhost (OCAL) 127001 ocalhost Sic Layout Disgram .. Wakking Track 1897 253
1921681 101 1921681 101 1921681 101 Ste Layout Diagram | Walking Track 1866 372 14

Figure 9: Tracking a notebook device and a W-LAN tag

As the user moves across the construction site,
his location details are updated on the corresponding
site map using a positioning engine. Real time posi-
tioning of site workers can be recorded for Health
and Safety objectives. Four logical areas were de-
fined within a simulated construction site, including
a site office, site warehouse, a walking track and site
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operations area (Figure 9). As a site worker enters a
restricted area, appropriate warning messages are
generated.

Similarly, tracking information was used to assist
site-operatives to query the system using various
search strings (e.g. Device type and area, etc). Using
a positioning engine, a mobile worker can obtain a
map-based navigation from his/her current location
to the target object. Also, knowledge of the user’s
location was used to deliver data relevant to the lo-
cation context (Figure 10). To implement this func-
tionality, an XML Web Service was written to query
the semantically annotated data on the server, using
the location context as a filtering mechanism.

Semantic
Annotations to

Firewall facilitate indexing
and searching
D eg= f - =
= ] (= Web Server
User Web Service \
ﬁ % @ @ 9
—7L— A o \ Databases
—7— _
Wireless
Mobile User access Point

Figure 10. Location-based data delivery

6 SUMMARY AND OUTLOOK:

In this paper, the architecture and implementation of

a context-aware information delivery system for

mobile construction workers was discussed. The ap-

plication of Semantic Web technologies, both in
context interpretation and at the application and ser-
vices layer allows for better understanding of con-
textual meaning and relationship. Better context-
awareness has the potential to cause a paradigm shift
in construction management practices, by allowing
mobile workers access to context-specific informa-
tion and services on an as-needed basis. The pro-

posed architecture can be adapted to different im-

plementations.  For instance, integration with a

project management application will allow a project

manager to monitor:

— What tasks have been assigned to worker A?

— How much time has it taken for worker A to
complete the tasks?

— Which task is worker X involved in right now?

— What is the on the task queue (tasks which can be
allocated to workers in real time)? Based on
worker location and real time progress, how can
this task queue be allocated to workers?

The knowledge of such contextual information
allows for better monitoring of the current status of
the project (the tasks completed) and the velocity
with which the project is moving ahead (against the
project plan). In future, using different enabling

technologies such as wireless communications,
smart materials, sensors and actuators, it is possible
to capture a wide range of context variables. This
enables the design of better user-interfaces, by shift-
ing the focus from explicit to implicit human-
computer interaction (Schmidt et al., 1999). It also
prevents users from information overload, thereby
allowing the site workers to do their tasks efficiently
and safely. Also, new application scenarios are be-
coming viable by the ongoing miniaturisation, de-
velopments in sensor networking, the increase in
computational power and the fact that broadband is
becoming technically and financially feasible. How-
ever, realisation of the real potential of context-
aware services for mobile computing in the con-
struction industry needs to satisfy the constraints in-
troduced by technological complexity, cost, user
needs and interoperability. At the same time, at the
level of an individual construction firm, it often
takes more than technology to determine whether or
not returns on innovation investments are always
positive. Also there is a need for successful indus-
trial case studies. The next step in this research is to
undertake field trials to test the prototype system in a
real life construction project.
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