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ABSTRACT: The paper describes and gives example on how Information and Communication, ICT, can and will en-
hance and support the building functional systems defined from client and end-user needs and requirements. The build-
ing systems may be derived from functional requirements on buildings such as usability and security on highest level 
with sub-systems definitions on lever levels. Building functional sub-systems may be defined for user comfort, indoor-
climate, evacuation, space configuration, aesthetics, O&M etc. These building systems are supported by Information 
and Communication Technology, ICT, and building component systems that are accessed and integrated in the real 
world of building use in different contexts. The ICT systems may be physically or virtually embedded in the building.  
Already in 1982 AT&T established the 'intelligent buildings', IB, concept due to marketing reasons and the Informart 
building was established in Dallas as a showplace for IB installations. The interest in IB has fluctuated since then. 
There may be a fruitful interaction between user needs pull and ICT break-through push for creative and innovative 
development of ICT enhanced buildings. The paper explains the Intelligent Building concept with focus on virtual build-
ing models support, new services and user environment definitions and development, virtual spaces and augmented 
reality, intelligent building components, application ontologies, and ICT systems integration to illustrate ICT enhanced 
buildings potentials and R&D needs. 
 
 
1 INTRODUCTION 

The concept of intelligent buildings, IB, was due to mar-
keting reasons established 1982 by AT&T to demonstrate 
how advanced IT from different suppliers could be used 
in the Intelligent Building (IB). Through the latest more 
than 20 years there has often been a mismatch between 
what users expect from an intelligent building or smart 
house and what the suppliers were able to deliver. Often 
the intelligent building services were defined based on the 
available technologies and systems, rather than in terms 
of the goals and needs for services defined by the occu-
pants. The paper explains the Intelligent Building con-
cept, future avenues of R&D and influences on the build-
ing construction industry. 
 
 
2 HISTORY OF INTELLIGENT BUILDING 

In 1982 AT&T establishes the concept "INTELLIGENT 
BUILDINGS" due to marketing reasons. The INFOR-
MART building is erected in Dallas containing latest IB 
systems on display. In 1984-85 The Smart House Devel-
opment USA (National Association of Home Builders, 
NAHB) starts and we talk about 'Automated Buildings', 
'High Tech. Buildings', and 'Smart Houses'. STS, Shared 
Tenants Services, companies are started with minor suc-
cess. There are today many Smart House systems avail-
able for the family villa. (Christiansson, 2000). 

In 1986 we arranged a national Intelligent Office work-
shop at Lund University Sweden, where some still valid 
conclusions were drawn - man/machine environment im-
portant, lack of knowledge, information vulnerability, 
flexibility requirements not fulfilled, too little holistic 
problem views, new building construction coordination 
and procurement forms needed, and lack of standards. 
N.Y. Times writes 1987 "I.B. is a dumb idea".  
Services announced around year 2000 by IB-system com-
panies were typically - fire alarm, energy control, heating 
control, telephony/computer net, ventilation control, cli-
mate, surveillance, lightning, power, security, passage 
control, and automatic door functions. Intelligent Build-
ing services may be directed towards 3 groups of people 
1) residents/end users including end user external service 
providers, 2) operation & maintenance personnel, and 3) 
building/facility administration personnel. See also figure 
1. 

 
Figure 2. The IB integrates Internet, intranets, IB systems, and 
the physical building. Canalization may be canals, wireless car-
rier frequencies, existing wires, overhead lines or other reserved 
space. from (Christiansson, 2000). 
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(Weiser, 1996)" 'Smart House': Does this mean any more 
than a house with a computer in it? Does it mean anything 
like "Better House"? Do we really think that everything in 
the world would be better if it were smarter? Smart Cap-
puccino? Smart Park? The "Smart House" of 1935 had an 
electric light in every room. The "Smart House" of 1955 
dared to put a TV and a telephone in every room. And the 
"Smart House" of 2005 will have computers in every 
room. But what will they do?" 
Around 10 years ago there started to be more focus on 
broader social and life-quality end-user aspects on ser-
vices in the Intelligent Building/Smart House domain, for 
example elderly/handicap living support, home health 
care, and home distant working. 
The Gator Tech Smart House project (Helal et.al., 2005) 
looks at context descriptions and how for example a space 
can adjust to a certain context by using a set of sensors, 
actuators , and objects/devices engaged in different ser-
vices. 
"..the University of Florida’s Mobile and Pervasive Com-
puting Laboratory is developing programmable pervasive 
spaces in which a smart space exists as both a runtime 
environment and a software library. Service discovery 
and gateway protocols automatically integrate system 
components using generic middleware.."  
"The project’s goal is to create assistive environments 
such as homes that can sense themselves and their resi-
dents and enact mappings between the physical world and 
remote monitoring and intervention services."  
"We have implemented most of the reference architecture, 
though much work remains to be done at the knowledge 
layer." " Ultimately, our goal is to create a “smart house 
in a box”: off-the-shelf assistive technology for the home 
that the average user can buy, install, and monitor without 
the aid of engineers". (Helal et.al., 2005) 
A number of protocols and network solutions to integrate 
more or less intelligent sensor/actuator control units have 
been developed. 1990 LonWorks technology work starts 
(LON), Local Operating Network for IB systems, devel-
oped by Ecehelon Inc. http://www.echelon.com/, EIB, 
European Installation Bus, and later KNX (ISO/IEC 
14543) http://www.konnex.org/, BACnet, a Data Com-
munication Protocol for Building Automation and Control 
Networks, developed under the auspices of the American 
Society of Heating, Refrigerating and Air-Conditioning 
Engineers (ASHRAE), http://www.bacnet.org/. OSGi, 
Open Service Gateway Initiative, http://www.osgi.org/, is 
an industry plan for a standard way to connect devices 
such as home appliances and security systems to the 
Internet, a kind of Universal Middleware. Wireless sen-
sors and control networks are delivered today based on 
for example ZigBee (Kinney, 2003) and Z-Wave (Jorgen-
sen & Johansen, 2005). The proposed Near-Field Com-
munication standard (Want, 2006) is now implemented in 
some mobile phones enabling communication with a 
RFID (Radio-frequency identification) tags within maxi-
mum 20 cm distance (important security aspect). 
 
 
 
 

3 DRIVING FORCES AND TRENDS 

The technology driving force has been significant in de-
velopment of the Intelligent and Responsive Buildings 
and Intelligent Cities. The main technological factors 
have been Moore's law predicting doubling of Informa-
tion and Communication Technology, ICT, perform-
ance/price in 18 months, spread and standardisation of 
Internet, increased bandwidth within Internet, communi-
cation standards development, new sensors with standard-
ised connection properties and inbuilt intelligence (now 
also applied to RFID), embedded intelligence, flat panel 
screens, and wireless communication standards. We can 
slowly, enforced by the progress of cheap RFID technol-
ogy, imaging an Internet of things (ITU, 2005). 
New network services and service-oriented architectures 
have been developed e.g. SOAP web services - Simple 
Object Access Protocol, UDDI - Universal Description 
Discovery and Integration, WSDL - Web Services De-
scription Language, WSRF - Web Service Resource 
Framework), OGSA - Open Grid Services Architecture. 
See also the above-mentioned specific IB networks. A 
future improved interoperability between technical sup-
port systems can be expected. 
We will see an increasing focus on ontology development 
as a necessary pre-requisite for services and ICT systems 
inter-operability. The Semantic Web has set new focus on 
ontology development. Ontologies can be machine read-
able represented in e.g. RDFS (Resource Description 
Framework Schemas) (http://www.w3.org/RDF/), OWL 
(Web Ontology Language) 
(http://www.w3.org/2004/OWL/), and OWL-S an OWL-
based Web service ontology 
http://www.w3.org/Submission/OWL-S/. 
Ontologies in general today mainly support the technical 
service layers and to a lesser extent the business applica-
tion layers. There are though efforts to fill in this gap. See 
for example the Inteligrid project (Interoperability of Vir-
tual Organizations on a Complex Semantic Grid, 
http://www.inteligrid.com), Amigo (Ambient intelligence 
for the networked home environment http://www.hitech-
projects.com/euprojects/amigo/), and Service Oriented 
Business Architecture (SOBA) and Service Oriented 
Technology Architecture (SOTA), (Doucet, 2006) 
Virtual building (VB) models access is getting more stan-
dardised through use of the IFC standard, http://www.iai-
international.org/, and will thereby be easier to integrate 
as a resource in IB service systems. VBs can be used to 
augment the real world and to simulate different proc-
esses and actions. Figure 2 illustrates how the new Danish 
public client requirements norm enhances possibilities to 
obtain a VB that can be used as a resource in the IB ser-
vices systems. See also (Christiansson & Carlsen, 2005). 
We have in late years outside the research community 
seen a dramatic growth of interest in virtual worlds. This 
is caused by more powerful graphic processing power in 
personal computers, and widespread availability of high 
bandwidth on the Internet. We can more easily augment 
our physical world with for example overlaid models of 
invisible building parts, create virtual spaces as a combi-
nation of different scattered physical surroundings, simu-
late and try out design ideas in virtual building models for 



example alternative building layouts as well as new end 
user services not yet implemented and interac-
tion/dependencies between different services.  

 
Figure 2. The newly released, January 2007, Danish digital con-
struction requirements lets public clients put requirements on the 
content of the digital models of the building handed over to the 
client after finalised construction. (DDB, 2006). 
 
We experience a growing focus on design of end-user 
environments with early involvement of end-users and 
formal methods to capture end-user needs and require-
ments on systems, as well as continuous evaluations. This 
processes can and shall be integrated with the more tradi-
tional technical system development. These activities may 
also involve user driven innovation. 
 
 
4 INTELLIGENT BUILDING DEFINITION 

In 2000 the author made the following definition "Intelli-
gent buildings are buildings that through their physical 
design and IT installations are responsive, flexible and 
adaptive to changing needs from its users and the organi-
sations that inhabit the building during its life time. The 
building will supply services for its inhabitants, its ad-
ministration and operation & maintenance. The intelligent 
building will accomplish transparent 'intelligent' behav-
iour, have state memory, support human and installation 
systems communication, and be equipped with sensors 
and actuators."  
 
(Christiansson, 2000) 
"There have been many definitions of IB made during the 
last 20 years. The IB will possess some important charac-
teristics  

- be flexible and responsive to different usage and envi-
ronmental contexts such as office, home, hotel, and 
industry invoking different kinds of loads from nature, 
people, and building systems,  

- be able to change states (clearly defined) with respect 
to functions and user demands over time and building 
spaces (easy to program and re-program during use)  

- support human communication (between individuals 
and groups)  

- provide transparent intelligence, simple and under-
standable to the users (support ubiquitous computers 
and networks)  

- have a distributed long term and short term memory  
- contain tenant, O&M, and administration service sys-

tems  
- support introduction of new (sometimes not yet de-

fined) services  
- be equipped with sensors for direct or indirect input 

and manipulation of signals from users, systems and 
the building structure  

- be equipped with actuators for direct or indirect ma-
nipulation installations and the building structure  

- accomplish 'intelligent' behaviour (self diagnosis, 
trigger actions on certain events and even learn from 
use)  

- integrate different IB systems to form complex sys-
tems  

- contain IB life time standardized solutions as far as 
possible  

- be well document (in 3D with functional descriptions) 
available in Virtual Reality with physical structure 
overlay  

- provide canalization (information roads) that shall 
house 'wires' carrying new services  

- be able to handle high band width information trans-
fer.  

- provide dynamic secure information domains (i.e not 
based on a non-routed Ethernet in a residential block)  

- be open to efficient communication between applica-
tions based on for example XML implementations 
(Christiansson 1998), and platform independent solu-
tions as Jini on Java Virtual Machines, (see 
http://www.sun.com/jini)"  

 
 
5 PHYSICAL AND VIRTUAL CITIES, BUILDINGS 

AND SPACES 

5.1 The building systems view 

 
Figure 3. Real world systems supported by ICT systems. 
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In the real world, see figure 3, we identify activities, 
things, processes, context, and persons. The real world 
can be described as (interrelated) systems (no de-facto 
structure is available today) to accomplish different func-
tions e.g. a comfort system to provide personal living and 
working quality, personal transport system, load carrying 
building system, escape system, and communication sys-
tems (collaboration, knowledge transfer, mediation, vir-
tual meeting). The systems are modelled in context and 
more or less formal conceptual models and later data 
models in formal representations are designed. The data 
models are implemented in computerized information 
handling systems, and the ICT and physical component 
systems performance is (continuously) evaluated and us-
ability tested. 
Needs and requirements formulation from end users leads 
to specific requirements on the building functional sys-
tems and their implementation as a physical building. The 
traditional functional building systems may be improved 
to help in making the building more intelligent and re-
sponsive to end user needs, usage context and surround-
ing constraints.  
The traditional physical building components are on all 
levels, from canalisation to walls separating virtual 
spaces, integral parts of the IB ICT support systems. The 
IB response time to different service requests is an impor-
tant design factor and can vary from milliseconds to 
years. The virtual building, see figure 4, can be used as 
interactive documentation of the ready building to support 
different services such as O&M activities, location of 
resources and persons in the building, and simulation and 
design of new services and user environments. The build-
ing is more or less functionally integrated with other 
buildings, city areas, and optional global 'neighbour-
hoods'. 
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Figure 4. The Virtual Building (VB) model should be a digital 
copy of the real building, the physical building (PB), even be-
fore it is built. 

5.2 Virtual spaces 

We can decide on how close we want the connection be-
tween the physical and virtual world to be. The virtual 
world is represented in models that we can use for differ-
ent purposes like simulating activities, remote collabora-
tion, hand over tasks to agents, link up physical objects 
(off all kinds from door to clothing to personal arte-
fatcts/tools/objetcs), store historical data on activities and 
building systems performance etc. There are great room 
for innovations here. Real and virtual worlds can be 
merged to a Mixed Reality. We can augment the reality 
(Augmented Reality) or augment the Virtual Reality 
(Augmented Virtuality) (Milgram et.al., 1994) depending 
on service relevance and surrounding constraints. 
A Virtual Space (VS) may be defined as a mixed reality 
environment optionally involving many physical spaces 
and many virtual spaces. A VS may be set-up within one 
building or many buildings placed in the local community 
or on the other side of the world. A VS do not have to be 
stationary but can e.g. follow a person defined as the im-
mediate surrounding of that person. In this latter case 
wireless connection to the space is a necessity and maybe 
a complication in interaction with stationary spaces. 
A virtual space may provide service to support many 
kinds of activities. We may define virtual workspaces 
supporting collaboration, see (Christiansson, 2001) and 
(Lai, 2006) for semantic web supported collaboration, 
home health care space with access to distant doctors, 
different communities of interest or practice, virtual city 
space for service discovery and access etc. The impact on 
social behaviour, economics, and personal values due to 
virtual spaces introduction should continuously be moni-
tored and taken into account. 
There may be a close dependence between VSs and 
physical spaces that may put constraints on the design of 
VSs. We notice the classical design dilemma, if form fol-
lows function or vice versa. In case of new constructions 
it may be easier to fulfil form needs such as requirements 
on physical space layout and special requirements on 
communication spaces. 
 
 
6 SERVICES ONTOLOGIES 

An ontology is an explicit formal specification of how to 
represent the objects, concepts and other entities that are 
assumed to exist in some area of interest and the relation-
ships that hold among them. (http://www.doi.org/). On-
tologies can be machine-readable represented in e.g. 
RDFS (Resource Description Framework Schemas) or 
OWL (Web Ontology Language). 
Service ontologies should support service consumers and 
service providers on different service levels.  
Ontologies provide end-user service and ICT support sys-
tem developers a common base for efficient and effective 
services definitions as well as integration and utilization 
of ICT systems and resources.  
What will trigger a service and how can it be discovered? 
Trigging may be done by context automatically measured 
somehow, special sensor trigging a service or a manual 
start. It may probably in many cases be favourable for end 



users to manually compose and set up a temporary service 
that also may be stored in e.g. a personal space specific 
memory (compare to personalized RSS feed news ser-
vice). Mechanisms for end-user service discovery must be 
carefully designed and evaluated by the end users.  
A service request may generate alternative support system 
actions depending on context and/or other parallel ser-
vices requests. Worse case is that a critical service will 
invoke temporary close down of other services. E.g. es-
tablishment of escape ways in conflict with fire spread 
prevention, conflict between heating and lighting leading 
to different actuators activation pattern or care provider 
service in conflict with O&M service. 

 
Figure 5. Possible outline of main ontologies to support IB ser-
vices development, implementation, and use. Many IBs can 
interact during services supply. 
 
 
7 CAPTURE OF END USER NEEDS AND RE-

QUIREMENTS 

There is a great need today to secure development with 
below specified areas to secure smart buildings to meet 
future needs from end users and technology providers 

- Systematic description of existing and future applica-
tion/business services needs in terms of application 
domain, functionality, involved actors, organisation, 
and use contexts. 

- Systematic description of existing and future available 
smart building/smart city services in terms of applica-
tion domain, functionality, and use context. 

- Systematic description of existing and future available 
resources that can support provided services. 

This is a complex design endeavour that well could be 
supported by a platform as suggested below, bSB - build-
ing Smart Buildings platform.  
The 'building Smart Buildings', bSB, platform can act as a 
vehicle for continuously generating and capturing creative 
ideas, needs and inventions on new products and services, 
and new business models within the IB/Intelligent City 
domain. bSB will also support subsequent product design, 
development, evaluation as well as high-tech products 
and business promotion (demonstration, test installations, 

training, feed-back capture). The platform can also pro-
vide a living environment and laboratory for end users, 
companies in particular SME´s, and university research 
groups with possible inclusion of real smart buildings and 
parts of smart cities. End-user, company and researcher 
should participate and innovate in all stages of the new 
product and business development. 
bSB should embrace methods and tools to secure high 
motivation for platform participants. This is achieved 
through establishment of communities of interest and 
communities of practice where goals and rewards are 
formulated and revised both in a social and a business 
context. 

 
Figure 6. A bSB, building Smart Buildings, platform will ac-
tively contribute to the building of smart buildings by providing 
mechanisms for idea generation and product/services develop-
ment beyond inventions in isolation. 
 
A similar approach is reported in (Match 2007) "The 
overall aim is to develop a research base for advanced 
technologies in support of social and health care at home. 
This includes care at home of those with long-term ill-
ness, physical or mental impairment." with focus on four 
technology areas "home network services, lifestyle moni-
toring, speech communication and multimodal interfaces" 
(Helal et.al., 2005). See also (Wang, 2006). 
 
 
8 FUTURE DIRECTIONS 

We can conclude to ascertain that we are facing some 
major challenges and possibilities to create user friendly 
and improved services in the IB/Intelligent City domain. 
We shall bear in mind that it is a slow process involving 
de-facto standards development very often driven by bot-
tom-up processes. It is important to try to establish a sus-
tainable top-level framework and meta-classification to 
ensure efficient services use of underlying resources, ser-
vice definitions, and service interoperability. 
Business level ontologies and Service Oriented Business 
Architecture must be subjected to increased development 
efforts. This will also require building sector persons to 
gain higher insight in areas presented in paper. It is ex-
tremely important that the new civil engineers posses 
these competences.  
End-users must be involved in service needs capture, and 
service design and evaluation. Platforms as described and 
'Living Labs' can support development of efficient tools 
for design, simulation, and evaluation of services in real-
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istic digitally supported settings. The impact on social 
behaviour, economics, and personal values should con-
tinuously be monitored and taken into account. 
We will soon broader realise the need for better descrip-
tions and structuring of Building Functional Systems. 
These will in general support requirements set-up and 
modelling in connection with building design and end-
user service ontologies specification as well as model-
based control of technical building services. ICT and 
building system component providers will also use these 
requirements. Again we can expect slow development, 
which though could start in collecting relevant meta level 
information on global level. We will in this context with 
high certainty find deviations with tight dependences on 
living culture and social values.  
We should also be very open for start-up of companies 
providing needs capture and try of new service as well as 
service provider companies.  
An important effect of efficient IB energy systems is the 
possibilities to reduce energy consumption through more 
optimal energy use.  
Questions concerning legal aspects on use of virtual 
worlds spaces should also be considered. A virtual world 
is vulnerable for information loss/theft/modification as 
well as illegal trespassing. 
 
 
REFERENCES 

Christiansson P, Carlsen M (2005) "Virtual Building from The-
ory to Practice." Proceedings W78 22nd Conference on In-
formation Technology in Construction. (Edited by R.J. 
Scherer, P. Katranuschkov, S.-E. Schapke). Dresden July 
19-21, 2005. ISBN: 3-86005-478-3, CIB Publication No.: 
304. (pp. 171- 175).  
http://it.civil.aau.dk/it/reports/2005_07_w78_dresden.pdf 

Christiansson P (2001) "Experiences from Using Internet Based 
Collaboration Tools". 'Konference om Arkitekturforskning 
og IT'. Proceedings Conference on Architectural Research 
and Information Technology. Nordic Association for Archi-
tectural Research. Aarhus 27.-29. April 2001. (pp. 103-112). 
http://it.civil.aau.dk/it/reports/r_aaa_2001.pdf 

Christiansson P (2000) "Knowledge Representations and infor-
mation Flow in the Intelligent Building". Proceedings of he 

Eighth International Conference on Computing in Civil and 
Building Engineering. ICCCBE-VIII 2000 (eds: Fruchter R, 
Pena-Mora F, Roddis K), ISBN 0-7844-0513-1. American 
Society of Civil Engineers, Reston, Virginia, USA. (Stan-
ford University, USA. August 14-17, 2000). (pp. 604-611). 
http://it.civil.aau.dk/it/reports/r_stanford_8_2000.pdf 

DDB (2006) "Vejledning til bygherren og rådgiveren. An-
vendelse af IKT/Digital Construction Requirements. Guid-
ance for the client and consultants. Use of ICT". Det Digi-
tale Byggeri/Digital Construction. December 2006. National 
Agency or Entgerprise and Construction (EBST), Denmark. 
(116 pp) (In Danish).  
http://detdigitalebyggeri.dk/fundament/bygherrekravene.html 

Doucet G (2006) "IM/IT in the in the Government of Canada. 
Open to Business." Government of Canada, Treasury Board 
Secretariat, CIO Branch. February 16, 2006 (17 slides.) 
http://www.governmentciosummit.ca/fileadmin/ciogov/fichi
ers/Doucet_Charp_e.pdf 

Helal S., Mann W., Hicham E-Z., King J., Kaddoura Y., Jansen 
E, (2005) "The Gator Tech Smart House: A Programmable 
Pervasive Space". Computer. IEEE Computer Society. (pp. 
50-60) 

ITU, 2005, "The Internet of Things". International Telecommu-
nication Union (ITU), Geneva. November 2005. (28 pp.). 
http://www.itu.int/ 

Jorgensen T., Johansen N. T. (2005) "Z-WaveTM as Home 
Control RF Platform". Zensys A/S, Denmark (9 pp.) 

Kinney P. (2003) "ZigBee Techynology: Wireless Control that 
Simply Works". Kinney Consulting LLC. (21 pp.) 

Lai Yoke-Chin (2006) "IT in COllaborative DEsign - ITCODE." 
Ph.D. Thesis. Department of Civil Engineering, Aalborg 
University. November 2006. ISBN 1901-7294. (pp. 183). 
http://it.civil.aau.dk/it/reports/2006_itcode_ycl 

Match (2007) "Mobilising Advanced Technologies for Care at 
Home developing home care systems to support independent 
living", http://www.match-project.org.uk. 

Milgram P., Takemura H., Utsumi A., Kishino F. (1994). 
"Augmented Reality: A class of displays on the reality-
virtuality continuum". Proceedings of Telemanipulator and 
Telepresence Technologies. 

Wang F., Docherty S., Turner K. J., Kolberg M., Magill E. H. 
(2006) "Service and Policies for Care at Home". 1st Interna-
tional Conference on Pervasive Computing Technologies for 
Healthcare 2006, Innsbruck, Austria. (10 pp.) 

Want R. (2006) "An Introduction to RFID Technology". Perva-
sive Computing, IEE CS and IEEE ComSoc, January-March 
2006 (9 pp.) 

Weiser, M. (1996) "Open House".   
http://www.ubiq.com/hypertext/weiser/wholehouse.doc 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


