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Abstract—Contemporary activities in laboratories have
become versatile and complicated, and can be significantly
affected by the environment of the laboratory. Thus, a smart
laboratory environment is needed to interpret and manipulate
(implicit) environmental quantities, for improving and retaining
the performance of laboratory activities. This paper presents a
deployment of a cyber-physical system (CPS) gathering and
acting on relevant information about physical quantities in
laboratories. In particular, the proposed CPS can measure,
analyze and regulate the thermal comfort. Improvements have
been proposed to enhance the functionality of the system.
Evaluations of an on-site deployment indicate the functionality of
the proposed CPS.
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L. INTRODUCTION

Cyber-physical systems (CPSs) are systems that contain
numerous distributed, linked and autonomously operated
sensor nodes and actuator nodes [1], [2]. Generally, CPSs can
be used to gather adequate information about the physical
environment via sensors, and eventually provide useful and
prompt services for people via actuators. Meanwhile, from the
system perspective, computation, communication and control
are tightly integrated in CPSs, in order to manipulate cyber/
physical/information quantities. Results showed that CPSs can
be used for various applications [3], [4]. However, CPSs were
seldom used in improving and retaining performance of
learning activities in schools.

On the other hand, learning in higher education has become
versatile, integrated and context-aware [5]. In particular,
working activities in laboratories have become sophisticated
and highly complicated. For examples, people have to work
with different hazardous chemical substances (i.e. solvents,
catalysts, reagents and products), and use environment-
sensitive equipment. Therefore, a smart laboratory environment
is needed for productive and effective laboratory activities.

Different learning technologies have been proposed to
integrate different tools and services from a mobility
perspective and an anytime-anywhere perspective [5]-[8].
However, existing technologies are mainly about manipulating
direct data obtained from experiments. In addition, the
environment of the laboratory can significantly affect the result
of experiments. Therefore, a proper interpretation and
manipulation of (implicit) environmental quantities in
laboratories can lead to a more facilitating environment for
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activities carried out in laboratories. This issue has not been
explored by researchers and yet, is significant. Recently, a
preliminary wireless sensor network (WSN) had been proposed
for collecting information of physical quantities in a laboratory
[9]. However, the WSN cannot convert measured data into
meaningful knowledge through statistical analysis, and it also
cannot provide services to regulate the environment instantly
because of the absence of actuators in the WSN.

In this paper, we describe how a smart laboratory can be
constructed via a CPS. In the proposed system, the CPS is used
to gather and act on relevant information about the thermal
comfort for people and equipment in laboratories. In order to
improve the performance of the system, mechanisms for habit-
based control, low-volume communications and statistical
analysis have been proposed. In this paper, after the
introduction of smart laboratories in Section II, requirements of
a smart laboratory environment as well as the discussion of
computation, control and communication in the CPS are
discussed in Section III. The performance evaluation of the
developed CPS is shown in Section IV.

II.  REGULATING THERMAL COMFORT IN A SMART
LABORATORY

A. Roles of a Smart Laboratory

The main purpose of a smart laboratory is to enhance the
efficiency of working activities. In particular, a smart
laboratory should be able to

1) detect hazards, such as fires and accidental spill of
chemical and bacteria;

2) monitor long-term health of staffs and students, as well
as conditions of equipment and the environment;

3) track the existence of equipment for maintaining safety
and security; and

4) regulate the environment to reduce consumption of
power and other resources without deteriorating efficiency of
research activities.

In order to achieve aforementioned outcomes, different
physical quantities should be regulated. Examples of design
concerns and relevant physical quantities are shown in Table I.

B. Regulating Thermal Comfort in Laboratories

In the application of monitoring laboratory, the major
relevant physical quantity is thermal comfort. A poor thermal
comfort condition can lead to dissatisfaction and discomfort,
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and eventually a reduction in work performance and
concentration [10], [11]. Factors determining thermal comfort
include air temperature, radiant temperature, air speed and
relative humidity (RH). For example, a range of operative
temperature and RH that meet the thermal comfort criteria can
be found in [12]. In particular, people become uncomfortable
when the RH of the environment is lower than 25% or higher
than 60%. Reliability of equipment can also be affected by
temperature and RH. For example, low RH may cause
problems with static electricity, which may cause damages to
static-sensitive equipment and materials as well as may cause
fires and explosions when working with flammable liquids and
gases. Meanwhile, when RH is high (e.g. >70%), there may be
condensations on surfaces of instruments, which leads to
corrosions and moisture-related deteriorations. Therefore, these
quantities should be examined and moderated automatically in
the laboratory.

TABLE 1. EXAMPLES OF CPS FUNCTIONS IN A SMART LABORATORY.
. Rel hysical
Concern Students/Staffs Facilities elevant physica
quantities
Air pressure; Air
Saving energy; movement; Light
Utilizing Recommending Manggmg and intensity;
of nearby tracking Temperature;
resources . .
resources available Particulates;
resources Current; Power;
Moisture
Monitoring
infrastructure; Rotation;
_ Sparking alert; Sensing and Accelgratlon;
Ensuring . alert; Collusion;
Recording . o
safety Broadcasting Vibration;
attendances .
hazards; Existence;
Identifying Orientation
users
Traci .
racing ant.l Toxic gas;
authenticating .
Particulates;
dangerous Relative
Protecting | Health materials; . .
- . humidity; Air
health monitoring Preventive .
movement, Light
healthcare; . 5
- intensity;
Monitoring Temperature
thermal comfort P

Fig. 1. The deployment of the CPS in the laboratory. The black square, black
circles, black triangles, grey squares and white rectangles denote the base
station, sensor nodes, actuator nodes, wall structures and laboratory benches,
respectively.
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Fig. 2. Implemented prototypes of nodes for the proposed CPS: (a) sensor
node, and (b) actuator node.

III. DEVELOPMENT OF A SMART LABORATORY VIA A CPS

In a CPS, measured physical quantities are processed by the
microcontroller in the sensor node, and are transmitted to the
base station via the wireless transceiver in the node. After
system-level analysis, control signals are then sent from the
base station to actuator nodes. Finally, actuator nodes introduce
motions and regulate the environment.

A. Deployed Environment

The proposed CPS has been deployed in a project
laboratory in a university. In one semester, about 150 students
had to use microprocessor boards as well as peripheral sensors
and actuators to design engineering machines [13], [14]. The
floorplan of the laboratory and positions of deployed nodes are
shown in Fig. 1. Since many students had to work at the same
time before the end of the semester, and main vents were not
distributed evenly, there were areas with poor ventilations and
thermal comfort. Therefore, CPS is deployed for monitoring
and regulating thermal comfort of the laboratory.

B. Challenges of Deploying CPSs in Laboratories

There are a few challenges in the deployment of CPSs in
general environments, such as power supply for the system,
processing of measured data, and communications between
nodes. In laboratories, there are a few requirements for the
deployment of CPSs:

e Nodes should be placed seamlessly, such that nodes can
measure realistic environments and provide effective
services as well as prevent destructions by impact with
equipment and human activities.

e Most power plugs had been occupied by existing
equipment, therefore only the base station can be
powered by a power plug. Meanwhile, nodes are
usually powered by portable battery packs.

e Wireless communication may be blocked or
deteriorated occasionally because of physical obstacles
(e.g. wall structures) and electromagnetic obstacles (e.g.
instruments and computers).

C. Hardware of Nodes

An implemented sensor node and actuator node of the
proposed CPS are shown in Fig. 2. In the proposed CPS,
Arduino-compatible and transceiver-embedded microcontroller
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platform Zigduino is used in nodes. Sensors are installed in
sensor nodes for measuring humidity, temperature and light
intensity. Meanwhile, 2W electrical fans, electrical buzzers,
light emitting diodes are installed on actuator nodes for
notifying and introducing motions. Furthermore, since
actuators consume a large power for operations, a separated
battery pack is used for operations.

TABLE IL THE CONFIGURATION OF DUTY CYCLE ADJUSTMENT: (A)
SENSOR NODES, AND (B) ACTUATOR NODES.
Condition | Laboratory Initial Increment of Max.
activities duration duration in each duration
(sec.) time step (sec.) (sec.)
Normal Existed 15 5 30
Normal Not existed 30 10 300
Abnormal Existed 5 0 5
Abnormal | Not existed 5 5 60

D. Communications between Nodes

Sensor messages (i.e. messages from sensor nodes) and
actuator messages (i.e. messages fo actuator nodes) are sent
through the wireless network. Generally, a sensor message
contains its sensor node number, measurement readings and a
checksum. Furthermore, urgent messages further contain
reserved codes to indicate abnormal conditions, such as sensor
failures. Meanwhile, an actuator message contains the recipient
actuator node number, action code and a checksum.

For reliable communications, a message acknowledgement
mechanism and a disconnection alarm have been introduced in
the system, such that the system can notify technicians for
diagnosis if the node is not working. For example, if a sensor
node cannot successfully transmit messages to the base station,
the sensor node will be self-classified as “disconnected”.
Meanwhile, the base station also monitors the traffic of
communications between nodes.

E. Computations for Analyzing the Environment

Since characteristics (e.g. reliability and redundancy) of
machine-generated data are different from human-generated
data, processing algorithms have been used in sensor nodes,
such that spikes and irregular tendencies of measured data can
be detected by sensor nodes directly, without processing
through the base station. This can simplify the notification
process as well as reduce the traffic of redundant data
communication. Meanwhile, computation algorithms have
been installed in the base station to perform system-level
analysis, generate histograms and relevant statistics (i.e.
minimum, maximum, (running) average and standard deviation
of measured data), and eventually provide meaningful and
evidence-based services for the laboratory.

F. Habit-based Mechanisms for Power-Aware Control

Sensor nodes and actuator nodes are mainly powered by
7.2V 3Ah battery packs that cannot be replaced frequently.
Meanwhile, by changing the node into "sleeping mode" in
unnecessary situations, current consumption of the Zigduino
board can be reduced by >99%. In other words, power
consumption can be significantly reduced. Therefore, power-
aware control operations are the major concern in the CPS.

978-1-4673-6355-6/13/$31.00 ©2013 IEEE

In the proposed system, adaptive operation control
mechanisms are proposed for sensor nodes and actuator nodes.
A summary of the configuration of duty cycle is shown in
Table II. To be specific, the adaptive control mechanism of
sensor nodes adjusts the duty cycle, based on

e long-term habits of laboratory activities;

e existences of current laboratory activities;

e existences of current abnormal environment condition;
e the status of current node operation.

For example, if the environment does not change, the duty
cycle can be prolonged gradually until the duty cycle reaches a
pre-determined maximum duty cycle. Meanwhile, the
maximum duty cycle can be longer if there are no activities or
abnormal conditions in the laboratory. On the other hand,
besides the wireless transmitter, other parts in actuator nodes
are deactivated. Actuator nodes are only activated when an
interrupt is received from sensor nodes or the base station.

Besides aforementioned control mechanisms, different
techniques have also been used in the system to avoid
unnecessary power consumption:

e Sensors are switched on only when an interrupt from
the microcontroller is received.

e Measurement data from sensors are verified in the
sensor node via checksum verification before
transmission, such that nodes only transmit low-volume
meaningful information to the network.

e A message acknowledgement mechanism and a
disconnection alarm are introduced to avoid
unnecessary communications (e.g. communications
with faults) in the wireless network.

IV. EVALUATION OF THE SYSTEM PERFORMANCE

In this section, we evaluate the proposed CPS from
perspectives of computation, control and communication.

A. Detecting and Regulating Abnormal Environment
Conditions in the Laboratory

Sensor readings had been analyzed to detect the onset of
thermal comfort deterioration and to restore the laboratory
environment in a real-time manner. Readings in abnormal
conditions are shown in Fig. 3. In the study, a water vapor
source had been placed at Time (I) near the sensor, in order to
imitate a hot and humid environment. The source is then
removed at Time (III). Based on received messages, the base
station noticed that the abnormal condition at Time (II).
Therefore, the electrical fan of the actuator node had switched
on to provide adequate air ventilation for a regulation. The
environment had been regulated after about one minute.
Compared to the original environment, the regulated
environment has a similar temperature and a slightly higher
relative humidity. On the other hand, if the ventilation was not
introduced by the CPS, the condition of the environment
deteriorated, and thus significantly affected the performance of
research activities and eventually the safety of people in the
laboratory. This example shows that the proposed CPS can
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effectively detect and restore deteriorations of thermal comfort
(and other physical quantities) in the laboratory.

B. Power Consumption of the Sensor Node with the Adaptive
Control Mechanism

The adaptive operation mechanism had been evaluated by
an example shown in Fig. 4. In each cycle, the sensor node as
well as actuator node switched on and off based on the
determined duty cycle. The figure shows that in a 1.8-hour
surveillance, the sensor node with adaptive duty cycle
mechanism switched on 63 times, which is about 4.9% times of
the standard sensing (i.e. sensing for every five seconds). In the
example, the proposed system with the adaptive control
mechanism consumed 945J energy during the operation, which
is about 1.9% energy consumption of the original system. The
excessive power consumption of the original system is caused
by unnecessary operations in low-risk situations (e.g.
environments without laboratory activities). The examples
show that the adaptive control mechanism can effectively
prolong the lifetime of the system. Thus, the system can be
placed in areas without continuous power supply.

C. Large-scale Network Performance Analysis

The system collected 90-hour communication traffic for the
evaluation of network performance. In the evaluation, one
sensor node had been deployed for monitoring. In the study,
32431 sensor messages had been collected from the base
station. Among received sensor messages, 31432 messages had

valid readings, i.e., the mean system reliability is about 96.91%.

All measurements showed that the laboratory was in a normal
condition (e.g. no “hazards”). Results indicate the system had
successfully delivered a high proportion of valid transmissions
in spite of dynamic channel conditions.

Fig. 3. Obtained readings in abnormal situations with an actuator and without
an actuator: (a) temperature, and (b) relative humidity.
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V. CONCLUSION

This paper presents a deployment of a CPS for smart
university laboratory environment. Techniques have been
proposed for solving issues of power-aware adaptive control,
computations for providing meaningful services, reliable data
communication between nodes. Evaluations showed that the
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deployed CPS can regulate the thermal comfort. The developed
system can also be used to regulate other relevant physical
quantities shown in Table I, for a comprehensive smart
laboratory environment.

Fig. 4. The duty cycle of a sensor node with an adaptive sensing mechanism.
(a), (b), (c¢) and (d) indicate normal conditions with laboratory activities,
abnormal conditions with laboratory activities, abnormal conditions with no
laboratory activities and normal conditions with no laboratory activities,
respectively.

(1]

(2]

(3]
[4]

(3]

(6]

(7]

(8]

[9]

(10]

(1]

[12]

[13]

[14]

g

Duration of the duty cycle (sec.)
»nN
g
T

100 (@) (b} (c) _ (d) () 4
10 20 30 40 50 60

Sequence of the duty cycle

REFERENCES

J. Eidson, E. A. Lee, S. Matic, S. A. Seshia, and J. Zou., “Distributed
real-time software for cyber-physical systems,” Proceedings of the
IEEE, vol. 100, no. 1, pp. 45-59, Jan. 2012.

R. Rajkumar, I. Lee, L. Sha, and J. Stankovic, “Cyber-physical systems:
the next computing revolution,” in Proc. ACM/IEEE Design Automation
Conference, Jun. 2010, pp. 731-736.

Y. M. et al., “Cyberphysical security of a smart grid infrastructure,”
Proceedings of the IEEE, vol. 100, no. 1, pp. 195-209, Jan. 2012.

I. Lee. et al., “Challenges and research directions in medical cyber-
physical systems,” Proceedings of the IEEE, vol. 100, no. 1, pp. 75-90,
Jan. 2012.

B. Hirsch and J. Ng, “Education beyond the cloud: Anytime-anywhere
learning in a smart campus environment,” in Proc. IEEE International
Conference for Internet Technology and Secured Transactions, May
2011, pp. 718-723.

Cmuk, T. Mutapcic, and 1. Bilic, “MIRACLE-Model for integration of
remote laboratories in courses that use laboratory and e-learning
systems,” IEEE Trans. on Learning Tech., vol. 2, no. 4, pp. 275-288,
2009.

N. Lehlou, N. Buyurgan, and J. Chimka, “An online RFID laboratory
learning environment,” IEEE Trans. on Learning Tech., vol. 2, no. 4, pp.
295-303, 2009.

N. Lewis, M. Billaud, D. Geoffroy, P. Cazenave, and T. Zimmer, “A
distance measurement platform dedicated to electrical engineering,”
IEEE Trans. on Learning Tech., vol. 2, no. 4, pp. 312 — 319, Oct. 2009.

C.-U. Lei, J. Seon, Z. Shen, K. Man, D. Hughes, and Y. Kim, “Building
a laboratory surveillance system via a wireless sensor network,” in
Lecture Notes in Computer Science, May 2013.

S. Yatim, M. Zain, F. Darus, and Z. Ismail, “Thermal comfort in
airconditioned learning environment,” in Proc. IEEE Intl. Symp. and Ex.
in Sustainable Energy and Environment, Jun. 2011, pp. 194-197.

W. Lipin and W. Hien, “Applying natural ventilation for thermal
comfort in residential buildings in singapore,” Architectural Science
Review, vol. 50, no. 3, pp. 224-233, 2007.

Thermal  Environmental Conditions for
ANSI/ASHRAE Standard 55-2010, 2010.

C.-U. Lei, H. K.-H. So, E. Y. Lam, K. K. Wong, R. Y. Kwok, and K. Y.
Chan, “Teaching introductory electrical engineering: Project-based
learning experience,” in Proc. IEEE Intl. Conf. on Teaching, Assessment
and Learning for Engineering, Aug. 2012, pp. HIB-1-H1B-5.

C.-U. Lei, H.-N. Liang, and K. L. Man, “Advancements in using a
machine design project for teaching introductory electrical engineering,”
in Proc. IEEE Intl. Conf. on Teaching, Assessment and Learning for
Engineering, Aug. 2013.

Human  Occupancy.

26-29 August 2013, Bali Dynasty Resort, Kuta, Indonesia

2013 IEEE International Conference on Teach}i)ng, Aiisg,ssment and Learning for Engineering (TALE)
age



978-1-4673-6355-6/13/$31.00 ©2013 IEEE 26-29 August 2013, Bali Dynasty Resort, Kuta, Indonesia

2013 IEEE International Conference on Teach}i)ng, %Zs;ssment and Learning for Engineering (TALE)
age




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


