
Abstract— The continuing development of the Information 
and Communication Technologies (ICT) is bringing about 
deep changes in the way we work and live, as the 
widespread application of ICT is accompanied by 
organizational, commercial, social and legal innovations. 
These changes have made new tools available for education 
and training. In particular, Internet Based Education has 
been growing continuously and several teaching 
applications make remote connections to physical systems 
over the net. This paper illustrates how undergraduate 
students have implemented a remote motor position control. 
Some of the teaching and learning benefits of such an 
experience are also identified. 

I. INTRODUCTION

HE huge expansion experienced by the Information and 
Communication Technologies has determined a strong 

growth of the Internet as a medium for transmission and 
diffusion of information. This expansion has evolved from a 
unidirectional transmission of information, i.e., users/clients 
only receive information, to a bi-directional exchange of 
information between users/clients and physical systems. 
This type of development has determined that different tasks 
including supervision, maintenance, and systems/processes’ 
operation have started to use the Internet as a physical and 
logical support layer to implement their actions. This has 
opened new research areas such as remote supervision and 
robot’s programming and tele-operation via the Internet [1]-
[2]. 

The field of teaching and learning deserves special 
attention. For many years now there have been technological 
platforms which have enabled the sharing of remote devices 
over the Internet therefore allowing distant participation in 
hands-on sessions using real equipment located at 
geographically dispersed locations. This sort of 
experimentation environment is called remote laboratory, 
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telelaboratory, or on-line laboratory [4]-[7], [16]-[18].  

Figure 1.  Remotely operated motor position control system.

A number of social, political, economic and cultural 
changes have taken place in Europe in the last few years 
determining that the higher education sector is also in a 
period of great transformation. There are several important 
EU agreements that seek to implement a European Higher 
Education Area (EHEA) by 2010 [15]. These agreements 
show a resolute will to promote a Europe of knowledge. The 
main ideas in these agreements can be summarised as 
follows: 

1) Students are the central element in any education 
process. This means that educators should focus on 
developing and implementing student centred teaching and 
learning models as opposed to the more traditional instructor 
centred models. 

2) Education influences the cultural, economic, business, 
intellectual and technical dimensions of a society and 
because of this, education must be adapted to suit the 
requirements demanded by a society of knowledge. 
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Education will help to achieve a dynamic and competitive 
European economy, and this economy will be based on 
knowledge. 

3) Higher education must be substantially improved to 
address challenges linked to the need for innovation in the 
methods of generation and transmission of knowledge. 

4) Global information networks should influence the way 
higher education institutions provide education 
opportunities. Universities’ essential nature and objectives 
should be reinforced by the use of ICT. These technologies 
will actively encourage knowledge “mobility” providing a 
thrust to European cooperation. 

5) Lifelong learning opportunities should be easily 
available to all members of the society. 

6) Students are the professionals of the future and, 
because of this education, must be reformed using input 
from key stakeholders. 

This paper argues that Internet-based remote laboratories 
used in undergraduate control teaching may contribute to 
address some of the challenges outlined above. It is also 
argued that this type of laboratory also contributes to active 
learning. Note that “learning by doing” [19] has been 
previously identified as one of the seven principles of good 
practice in education [8]-[9]: 

1) Contact between students and faculty: this should be a 
two-way communication process between student and 
instructor. 

2) Reciprocity and cooperation among students: good 
learning is a collaborative and social effort, not a 
competitive and isolated one [9]-[10]. 

3) Active learning: students must take ownership for what 
they learn. In general, we remember only 20 [%] of what we 
hear, and 90 [%] of what we say and do ourselves [11]. It is 
in this area where remote laboratories may contribute to 
students’ learning by doing. 

4) Prompt feedback: students have to recognise what they 
know and don’t know in order to focus on their learning. 
Students need ways of regularly knowing their current 
performance and level of knowledge. 

5) Time on task: students need help in learning effective 
time management techniques. 

6) High expectations: teachers have to expect the best 
from students. This idea becomes a self-fulfilling prophecy 
when teachers and institutions hold high expectations for 
themselves and make extra efforts to support students reach 
their full potential. 

7) Respecting diverse talents and learning styles: students 
need opportunities to show their talents and learn in ways 
that work for them; this means that it is necessary to offer 
different ways: collaborative learning and work, self-
evaluation, remote hands-on sessions, simulations, etc. 

II. REMOTE LABORATORY STRUCTURE

Using remote laboratories to encourage students’ active 
learning has at least two potential benefits: what the students 
learn when they use the laboratories and, if possible, what 
the students learn when they actually build the laboratories 
themselves. In other words, being able to build a remote 
laboratory may increase students’ interest in the subject. The 
remote laboratory may become a platform through which 
students with basic knowledge of programming strengthen 
and integrate their theoretical knowledge with practical 
skills. In these circumstances, active student learning 
intensifies enormously. 

Figure 2.  Connection layout for the motor position control system.

Using the Internet Server Application Programming 
Interface (ISAPI) architecture we developed a motor 
position control scheme which could be remotely operated. 
This module is part of a larger initiative which is described 
elsewhere [12]. The actual system is a Feedback MS150 
servo unit connected to a PC using an Advantech 1711 A/D 
card. Figures 1 and 2 provide further details on the system. 

To allow the connection over the Internet, without 
security or traffic problems, a common structure based on a 
three-tier or three-layer model is used, i.e., there are client, 
intermediate, and server layers, respectively. Clients are 
always Java applets, the server layer is the union of the 
physical system, the A/D card and the PC running the 
control program. The intermediate layer is a Windows 
service using an ISAPI interface [12]-[14]. Figure 3 
illustrates the three layers and their interconnections. 

The ISAPI interface is a Microsoft’s programming 
interface between applications and their Internet server. 
ISAPI is used for the same sort of functions as Common 
Gateway Interface (CGI) but uses Microsoft Windows 
dynamic link libraries (DLL) for greater efficiency. 
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 The server loads the DLL the first time a request is 
received and the DLL then stays in memory, ready to service 
other requests until the server decides it is no longer needed. 
This minimizes the overhead associated with executing such 
applications many times. This means remote users are able 
to run external programs using a world wide web Hyper 
Text Transfer Protocol (HTTP). 

An HTTP server can unload ISAPI application DLLs to 
free memory or preload them to speed up the first access. 
Thus, DLLs are faster than CGIs, as they don’t need to 
create a new process to run the external program. 
Applications can also be enhanced by ISAPI filters. 

The ISAPI structure is a robust, simple and easy 
maintenance solution, because only two software 
components are needed: a web server and a DLL 
application. Non-desktop PC clients like PDAs (Personal 
Digital Assistants) or Handheld PCs are also accepted. If 
this structure is used, these latter clients only need a web 
browser and don’t need Java virtual machine. Note also that 
it is possible to build a specific DLL to answer to this type 
of clients. Windows for Pocket PC needs commercial 
software to run Java programs,  so the ISAPI option solves 
this problem. This means that both Java and non-Java clients 
are supported with no changes in the structure. 

A. Important features 
The operation of the proposed structure is based on a 

service program which runs on a PC. This program, called 

service.exe, consists of two threads that are executed 
independently: one thread is dedicated to reading the output 
channels of the A/D card and the other thread is dedicated to 
writing to the input channels of the card.  This program is 
indispensable for two fundamental reasons: 

1) The server which executes the Internet Information 
Server (IIS: intermediate layer), Web server, is located in a 
“demilitarised zone” (DMZ), with access to the outside 
world while the PC is within the corporate virtual private 
network (VPN). Note that the network administrators don’t 
allow connection requests originated in the outside world 
(IIS). In fact, the PC itself is the one which initiates the 
transmission of data to the IIS. The program service.exe is 
dedicated to establish output connections with the Web 
server, to send the values read on the card, and to determine 
if writing requests exist on the Web server for the card. 

2) The program service.exe enables us to separate the A/D 
card hardware from the software since it includes the DLL’s 
of the card currently in use. If the A/D card was to be 
replaced, it would be enough to rebuild the program 
including the DLL’s of the new card. 

The server executing the IIS has one port open to the 
Internet, i.e., the HTTP port. This port is used to receive 
reading and writing requests from the clients. As this server 
cannot make input connections to the corporate VPN, 
external attacks will not compromise network security. 

The structure proposed here is a natural evolution of 
earlier structures [14] and is one that doesn’t create 
problems to corporate VPN administrators. In other words, 
if a remote laboratory is to be operated within a corporate 
VPN, it is necessary to consider the proposed structure or 
others that don’t allow input connections from the outside 
world.

III. STUDENTS’ WORK

The students of the Computer Science degree at the 
University of León have programming skills. This is why 
remote laboratories allow us to encourage active learning in 
our students in two different ways, namely, through the use 
of a remote laboratory to conduct web-based control 
engineering experiments, and through group work efforts to 
connect a physical system to the Internet on which they will 
later conduct further experiments. The latter approach is 
always very attractive to them, and this is why they show a 
lot of interest and dedication to this sort of tasks. In addition, 
the depth of knowledge that they reach in areas like 
regulation, programming languages, concurrent 
programming, network applications, Web servers and 
database managers makes this a “success story”. We want 
our students to grow and develop to meet the needs of the 
modern workplace. This is why all of the subjects in our 
curriculum are highly integrated, with a number of them 
focusing on the connection of the physical world to the 

Figure 3.  ISAPI structure.
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virtual world. 
Preliminary work conducted at the University of León, 

during the period October 2004–February 2005, was 
considered very positive by the students and has achieved 
the connection of a Feedback MS150 system to the Internet. 
We initially worked with a group of fifteen students.  We 
presented our students with three different options when it 
came to the actual laboratory work. They could choose to 
work in traditional instructor-guided individual practical 
sessions, in 2-3 student group work sessions, or they could 
go for a more ambitious project whose main goal was the 
Internet sharing of a Feedback MS150 system with the 
subsequent execution of two remote experiments on it. The 
decision was to be taken by the students on the basis of the 
advantages and disadvantages of each option. The 
instructors were not going to decide for them. Once the 
students had made up their mind (they usually chose the last 
option because of the challenges that it involved), students 
would stick to their decision primarily because they had 
gone through an active thought process to reach their 
decision. This means that they took an active role in their 
own learning right from the start, deciding what they wanted 
to learn. The instructor’s job was to serve as a guide so that 
they achieved some minimum requirements. The instructor 
also motivated them to reach their full potential. 

Figure 4.  Target structure.

Due to the number of students involved, three sub-
projects were identified and allocated to different groups of 
students. These sub-projects were (see Figure 4): “clients” 
(allocated to three people), “access to the physical system” 
(allocated to seven people), and “database” (allocated to five 
people), respectively. The students could also choose the 
group they wished to belong to, where a minimum of three 
people were needed to make up a group. The job of the 
instructor was then to tailor the specific requirements that 
students were expected to meet to the actual number of 
students in each group and to their previous technical 
knowledge. 

The client layer takes care of the graphical representation 
of the data, together with the collection of real-time video 
data of the operation of the physical system. Note that the 
video data are served by a TCP/IP SNC-RZ30P web-cam 

and students must use the DLLs provided by the 
manufacturer. The ISAPI layer makes sure that the physical 
system can be shared over the Internet, incorporates 
different types of regulators in a position control problem, 
and offers remote configuration services of the A/D card. 
The database layer is the one which safeguards the 
experiments’ data, sends e-mail messages with these data, 
makes backups, and offers remote services for graphical 
representation of the data. 

A. ISAPI-Layer 
This layer has been built with a DLL and the following 

services have been implemented (Figure 5): 

1) Queue of experiments manager: this manager executes 
the experiments in the order determined by the queue. A 
user’s request of the execution of an experiment always 
prevails over the queue although a user who wishes to 
connect to the physical system will not be able to do so until 
the currently active experiment is finished. The queue of 
experiments is stored in the database, and there is a 
dedicated thread to manage it. Registered users can issue 
requests to this manager using a Web interface. The 
manager will answer with HTML pages showing how many 
experiments are waiting on the queue and if there is an 
experiment running. 

2) A/D card manager: this manager handles Web-based 
requests on the status of the card. It will answer with HTML 
pages showing the status of each input channel for both 
analog and digital inputs. The manager can also write to the 
output channels, making it possible to set the output 
channels to any convenient value. This option is very handy 
when an instructor wishes to simulate specific disturbances 
(see Figure 6). 

3) Physical system control manager: this manager 

Figure 5.  ISAPI-layer structure.
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executes a particular controller when specified. This 
controller is the one that implements real time control of the 
physical system, i.e., the one that reads variables and 
“writes” control actions on to the A/D card channels using 
the proprietary DLL’s.  As the controller is defined via a 
difference equation, it is possible to implement many types 
of controllers. There is a dedicated thread to manage it. 

4) Testing and configuration tools: it is a set of functions 
that make it possible to change some parameters of the A/D 
card, e.g., the sampling time, the span of the channels, etc. It 
is also possible to monitor the controller status as reflected 
in the control output, the error signal, or in internal values of 
the control algorithm, among many other possibilities. 

Figure 6.  A/D status interface.

The testing and configuration tools are very important to 
verify the right operation of the DLL built by the students. 
In particular, they can observe how the sampling time 
influences CPU’s usage or how it may affect the closed-loop 
stability of the physical system. 

Figure 7.  Student’s interface.

B. Client-Layer 
This layer is implemented in Java [15] and provides the 

following services (Figure 7): 
1) Line charts: they plot real data of the physical system 

in real time. 
2) A small SCADA system: it monitors the status of the 

physical system and students are allowed to operate on 
specific elements, namely, they can change set-points, they 
can change the controller and observe, in real time, the 
impact of these changes. 

3) Online video: the physical system operation can be 
observed in real time. The users have control to focus the 
camera on specific sensors or actuators, and to zoom in/out 
on a target object. Note that only one user can act on the 
physical system at any given time. 

4) Information area: the information displayed in this area 
provides a text description of the status of sensors and 
actuators (e.g., when a user acts on any of them this is 
reported in this area), alarm messages, events, etc. Students 
can use this zone to download experimental data when the 
experiment has finalised. 

5) Active regions: there are several buttons (“balls”) at the 
top of the user interface. When a user clicks on one of these 
buttons, a set of online slides becomes available. The slides 
include a number of topics that may assist the students in 
completing their experiments (see Figure 8). 

Figure 8.  Online documentation.

C. Database-Layer 
This layer is really the heart of the multi-user access 

capabilities. The following services are implemented: 
1) Data warehouse for the experiments’ data. These data 

sets are sent by email once the experiments are finished. 
2) Backup management. 
3) Data initialization: sampling time of the A/D card, 

refresh time in the user interfaces, number of simultaneous 
clients, client using the physical system, etc. 

4) A set of ASP pages, only for authorised users, allows 
the remote management of the system and the graphical 
representation of data stored in the database. 

IV. CONCLUSION

The ISAPI structure is very simple and students with  
basic programming skills can build it. Laboratory 
experiments in which students build this sort of structure are 
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considered more challenging and stimulating than more 
traditional control laboratory setups. Web-based 
experiments are visual, didactic, and contribute to teacher-
student communication. They also encourage cooperative 
learning and motivate students because “seeing is believing” 
and “doing is understanding”.  

From an educational point of view it is very useful that 
the instructor can have full control of the laboratory 
conditions offered to students.  In particular, remote access 
to a physical resource adds a valuable dimension to the 
learning process. Instructors can easily enrich their 
classroom sessions with Web-based demonstrations which 
remotely access a real physical system. They can illustrate 
key control engineering aspects, e.g., the effect of the 
sampling period on the control loop or on data acquisition 
properties, how the controller gain affects the overshoot or 
the steady-state error, etc. These features are not simulation-
based, and this fact facilitates students’ learning. 

The proposed structure is open, modular and flexible in 
the sense that the same philosophy can be applied to any 
physical system, the only thing we would have to change is 
the way we connect to the physical system’s proprietary 
DLL. The operation is very stable and is not affected by the 
number of simultaneous users. This fact is mainly due to the 
simplicity of the structure and the seamless integration of the 
software tools and the operating system. 

A user friendly interface is available where students can 
watch real time video, plot line charts of the evolution of 
key variables, have access to the status of the system’s 
sensors, and act on actuators. Through the same interface 
they get simple textual information about what is happening 
in the system and they can access online teaching material to 
help them with their experiments. 

REFERENCES

[1] J.E.F. Baruch, and M.J. Cox, “Remote Control and Robots: An 
Internet Solution,” IEEE Computing & Control Engineering Journal,
vol. 7, nº 1, pp. 39-44, 1996. 

[2] R.C. Luo, and T.M. Chen, “Development of a multibehavior based 
mobile robot for remote supervisory control through the Internet,”
IEEE/ASME Transactions on Mechatronics, vol. 5, nº 4, pp. 376-385, 
2000. 

[3] B. Aktan, C.A. Bohus, L.A. Crowl, and M.H. Shor, “Distance learning 
applied to control engineering laboratories,” IEEE Transactions on 
Education, vol. 39, nº 3, pp. 320–326, 1996. 

[4] P. Antsaklis, T. Basar, R. DeCarlo, N. Harris, M. Spong, and S. 
Yurkovich, “Report on the NSF/CSS workshop on new directions in 
control engineering education,” IEEE Control Systems Magazine, vol. 
19, nº 5, pp. 53–58, 1999. 

[5] M. Domínguez, D. Marcos, P. Reguera, J.J. González and L.F. 
Blázquez, “Connection Pilot Plant to the Internet,” in Proc. IBCE’01 
IFAC Wokshop, Madrid, Spain, 2001. 

[6] S. Dormido, “Control learning: present and future,” Annual Reviews 
in Control, vol. 28, nº 1, pp. 115-136, 2004. 

[7] A.W. Chickering, and Z.F. Gansom, “Seven Principles for Good 
Practice in Undergraduate Education,” American Association for 
Higher Education Bulletin, California, USA, 1987. 

[8] A.W. Chickering, and S.C. Ehrmann, “Implementing the Seven 
Principles of Good Practice in Undergraduate Education: Technology 

as Lever,” American Association for Higher Education Bulletin,
California, USA, 1996. 

[9] A.W. Chickering, and Z.F. Gansom, Applying the Seven Principles for 
Good Practice in Undergraduate Education: New directions for 
Teaching and Learning (Chickering, A. W. & Gamson, Z. F.), 47, 
Jossey-Bass, San Francisco, CA, USA, 1991. 

[10] R.M. Felder, G.N. Felder, and E.J. Dietz, “A Longitudinal Study of 
Engineering Student Performance and Retention Vs Comparisons with 
Traditionally Taught Students,” Journal of Engineering Education,
vol. 87, nº 4, pp. 469-480, 1998. 

[11] M. Domínguez, P. Reguera, and J.J. Fuertes, “Laboratorio remoto para 
la enseñanza de la Automática en la Universidad de León”, RIAI, 
Madrid, Spain, 2005 (In Spanish). 

[12] Three Layered Services Application, Microsoft Corporation 2005: 
http://msdn.microsoft.com/library/default.asp?url=library/en-
us/dnpatterns/html/ArcThreeLayeredSvcsApp.asp 

[13] P. Reguera, J.J. Fuertes, and M. Domínguez, “Operating systems 
resources fon web-based training in engineering education”, in Proc.
IBCE’04 IFAC Workshop, Grenoble, France, pp. 6, 2004. 

[14] Java Native Interface: http://java.sun.com/j2se/1.3/docs/guide/jni/ 
[15] Bologna Process: http://www.dfes.gov.uk/bologna  
[16] A. Valera, J.L. Díez, M. Vallés, and P. Albertos, “Virtual and Remote 

Control Laboratory Development”, IEEE Control Systems Magazine,
vol. 25, nº 4, pp. 35-39, 2005. 

[17] M. Casini, D. Prattichizzo, and A. Vicino, “A Student Control 
Competition Through a Remote Robotics Lab”, IEEE Control Systems 
Magazine, vol. 25, nº 4, pp. 56-59, 2005. 

[18] J. Henry, and H.M. Schaedel, “International Co-operation in Control 
Engineering Education Using Online Experiments”, European Journal 
of Engineering Education, vol. 30, nº 2, pp. 265-274, 2005.  

[19] L. Bot, P.-B. Gossiaux, C.-P. Rauch, and S. Tabiou, “Learning by 
Doing: A Teaching Method for Active Learning in Scientific Graduate 
Education”, European Journal of Engineering Education, vol. 30, nº 1, 
pp. 105-119, 2005. 

Perfecto Reguera was born in 1970 in León, Spain. He received a Ph.D. in 
industrial engineering from the University of León. He works as an Assist. 
Prof. of Automatic Control in the Faculty of Engineering, University of 
León. His research interests are in remote laboratories, engineering 
education, telesupervision and AI. 

Juan José Fuertes was born in 1975 in León, Spain. He received a M.Sc. 
degree in industrial engineering from the University of Oviedo. He works as 
an Assist. Prof. of Automatic Control in the Faculty of Engineering, 
University of León. His research interests are in process remote laboratories, 
engineering education, telesupervision, and data mining. 

Manuel Domínguez was born in 1956 in León, Spain. He received a Ph.D. 
in industrial engineering from the University of Oviedo, Spain. He works as 
a Professor of Automatic Control in the Faculty of Engineering, University 
of León. His main research interests are process remote laboratories, 
engineering education, telesupervision, and process control. 

Bernardo A. León de la Barra received a Ph.D. in Electrical Engineering 
from the University of Newcastle, Australia. His research interests are in 
control, signal processing and engineering education. 

2726


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts 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
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00333
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.00333
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




