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This paper presents the results of developing a model of RFID technology application in
disassembly systems as a solution for a problem of rapid arrival of numerous products at a waste dump.
During the process of disassembly and dismantling the basic components, they should be redirected to the
disassembly systems for renewal, reprocessing and recycling. An integral part of the WEEE (Waste
Electrical and Electronic Equipment) directive is the product take back strategy, which supports the
endeavor to recycling as efficient as possible. System processes, like disassembly, make it possible to
selectively separate the remewable, non-recycling and dangerous components from those which are
recyclable. Appropriately planned process of disassembly, together with recycling and waste disposal,
can help to efficiently manage the products during their life cycle. In order for something to be achieved,
proper strategies should be considered. The collection of data about all kinds of flows of products,
materials, parts/subassemblies and dangerous components/materials are necessary at the end of the life
cycle. By applying RFID (Radio Frequency Identification) technologies to the systems for refining the
outdated product, the management of all the above mentioned flows can be improved. Information
gathered in this way is reliable, precise and dynamic. They could provide optimum management with

products that have come to the end of their work lifetime.
© 2008 Journal of Mechanical Engineering. All rights reserved.
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0 INTRODUCTION

Contemporary  production  conditions
demand the application of distributed production
concept, because there is an enormous pressure
on the manufacturers to comply with market
changes and continuous shortening of the product
life cycle [9]. Virtual Manufacturing Systems
(VMS) are currently more and more
indispensable for obtaining the information about
future properties and the state of manufacturing in
any production company [8], and a help for
dealing with the problem of dynamic changes and
shortening of the product life cycle. RFID
technology could be appropriate solution for
problems regarding automatic identification and
data acquisition. Information gathered in this way
could be crucial for designing and functioning of
VMS and Virtual Disassembly System (VDS).

There is a need for finding a good solution
for a problem of production of certain types of
products and their disposal into the waste dumps,
in order to reduce and control the quantity of such
waste, because the waste is being made in ever-
increasing quantities. According to some

* Corr. Author's Address: Faculty of Technical Sciences, Trg D. Obradovica 6, 21000 Novi Sad, Republic of

Serbia, goca@uns.ns.ac.yu

researches, quantity of electrical appliances being
used in every household is about 3.3 tones for one
citizen per life time of which: large household
appliances 69%, small household appliances 8%,
information technology and telecommunications
equipment 7%, consumer equipment 13%,
lighting equipment < 1%, electrical and electronic
tools 2%, toys, leisure and sports equipment <
1%, monitoring and control instruments < 1% [7].
Having this in mind, production systems for the
processing of such waste are designed and put
into use.

Disassembly is just one of the processes in
the life cycle of a product [8] and lately it has
attracted a lot of attention, considering its key
role in reassembling and recycling of products.
This is due to ecological and economical reasons.
The echological side of the problem is seen in
ending numerous products at waste dumps and in
depletion of non-renewable natural riches. The
economical side of the problem of disassembly is
seen in the need for a design of the disassembly
system in a way that the value of the disassembly
process result is grater then the resources invested
for its proper functioning [4].
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The end result of the disassembly is
frequently changing, depending on the state of the
product, especially when we realize that we are
talking about technologically outdated products.

Strategies for managing products at the
end of their life cycles, the problem of shaping
the production system to refine the products at the
end of the life cycle and using of RFID
technology are presented in this paper work.
Other similar researches have been done in this
field [10] and [11]. This approach of using RFID
technology is rather new and it is a challenge for
a research.

1 STRATEGIES FOR PRODUCTS AT THE
END OF THE LIFE CYCLE

First step in designing disassembly system
process is to consider possible end of life
strategies for products. Strategies for products at
the end of a life cycle represent methodes, which
are used to conduct the general direction of
products, and only suggestions are given for the
management of a product at the end of a life
cycle. Studies related with the strategies of the
products end of a life cycle are numerous [4] and
[5]. The most accepted, and in its character, the
most comprehensive classification of the products
end of a life cycle is [1]:

1.re-use of used products,

2.reconstruction of used products,

3. usage of already used products for spare parts,
4.recycling with disassembly,

5.recycling without disassembly,

6. dumping of the used products.

Re-use of already used products is a
strategy that organizes the return of discarded
products which are still in function. If such an
interest exists, already used products are sold in
the market.

Reconstruction of used products is applied
due to modernize or to upgrade their
performances. The purpose of this strategy is to
attain a product, which is in quality less or very
similar to the quality of the new products. The
quality of the reconstructed products depends on
the determined depth of disassembly. If a product
is disassembled to the level of parts and a control
and a replacement of all parts is conducted, the
used products are brought to a high level of
quality, required for the new products.

Also, it is possible to conduct the
modernization of products, by replacing certain
modules with contemporary ones, after applying
the disassembly.

Appliance of already exploited products
for spare parts is being frequently used. In certain
companies, out of date products are being
collected in an organized manner. The purpose of
this strategy is to take a relatively small part of
sub modules from a used product and use them
for the above mentioned strategy, or for another
purpose, and the rest will be used for material
recycling.

Recycling with disassembly is a strategy
used for separating parts made of different
material, before its conversion in the process of
disassembly. The purpose of this strategy is to use
the materials from the used products and parts, by
separating them in the procedure of disassembly
into the component parts and with appropriate
selection, depending on the determined type of
material. These materials can then be used in the
production of original or some other products.

Recycling without disassembly is a
procedure, which is used to compact and
compress the product and then crush it and sort it
by type of material.

Disposal is, from the ecological point of
view, the most inconvenient strategy for
disposing products on the waste dumps. Having
the above mentioned strategies in mind, it is
necessary to design an appropriate production system.

2 STRATEGY SELECTION FOR PRODUCT
AT THE END OF THE LIFE CYCLE

The production system for product
processing at the end of life cycle has a quite
complex structure, since there is a need for more
then one technologicaly different subsystem like [4]:

1. disassembly,
2.reassembly,

3.recycling,

4.waste incineration,
5.hazardous waste storage,
6. waste storage.

The choice of strategies for reconstruction
of used products (2), usage of already used
products for spare parts (3) and recycling with
disassembly (4) are made according with the both
momentary product condition and suggestions
taken from the database for particular product. A
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production system for product processing,
according with chosen strategies for product
management at the end of the life cycle, is shown
in the Figure 1. [4].

In the most general case, if for the given
product (p;), all three potential strategies are
chosen as possible, which comprise the need for
disassembly (strategies 2, 3 and 4), then the
production system for processing of such
products contains in itself all the elements as in
the previous figure. In case we choose only the
strategy number 4, then a subsystem for repair
does not exist.

When choosing strategies 3 and 4, a
subsystem for repair possibly exists. Depending
on the type of product and the type of repair, the
repair subsystem does not have to be specially
separated. It is important to notice that in the
procedure of the product disassembly, during the
parts selection, a flow of materials must be planed
for the parts that are headed for reassembly. In
other words, it is often very possible to conduct,
in a same place, within one subsystem where the
disassembly is conducted, a second assembly of
the product. A subsystem is being shaped for
disassembly/reassembly, with a developed
procedure  for disassembly, selection of
parts/subsystems and then, the reassembly of the
required elements. In this case, a line for
disassembly and a line for reassembly (assembly)
are completely overlapping.

3 PRODUCT DISASSEMBLY PROCESS

Disassembly can be defined as a process
of separating a product into its basic parts or
subsystems, including the analysis on the
condition of products and the selection of
dismantled parts [4]. That is always an assembly
of operations, which are conducted on
technological systems for disassembly with the
help of certain tools and fixtures.

In the disassembly, the operation
procedure is accomplished according to an
adequate technological procedure, which is
designated for every work place in particular. The
procedure implies, in the most general case, the
following [4]:

e accomplishing operation with the help of
appropriate tools and fixtures,

e analysis of the state and the diagnosis of the
disassembled components (part/subsystem),

e selection of the disassembled components
(part/subsystem) according to previously
accomplished analysis of the condition and
the diagnosis.

Basic problems in designing and working
processes of disassembly systems are in a
component selection phase. It is a result of a
lack of information about products, and
different product condition arrived in
disassembly system. That is the reason for
expansion of product design documentation
with another document - scenario for
component selection (Table 1).

Managing EOL products according to strategies (S) 2, 3 and 4 bacis material flow
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system for
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Fig. 1. Production system for processing the products at the end of the life cycle
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In essence, we distinguish the next
possibilities for the selection of components
after the process of disassembly:

e dangerous components — materials (H
(hazard)),
material recycling (R),
reusable (P),
finishing (D),
incinerate (/ (incineration)),
waste disposal (W (waste)).

Scenario for component selection is
important document not only in designing
disassembly system process, but later when
system is functioning. It enables dynamic
correction of variant component selection
(parts/ subassemblies). There are many possible
selection alternatives for some components
(Table 1.). The reason is that products arrive in
disassembly system in different conditions. It is
important to emphasize that not all parts are
necessary to pass through the phases of
condition analysis and diagnosis. This can be
applied in the case when in a selection scenario
(procedure) for the disassembled part it is not
foreseen to have more possible variants of
selection, but only one (e.g. recycling). In this
case, right after the process of disassembly, a
selection of the components is accomplished
according to the previously determined
scenario.

4 IMPLEMENTATION OF RFID
TECHNOLOGY IN A (SUB) SYSTEM FOR
DISASSEMBLY

In the (sub) systems of disassembly, we
often find obstacles for different reasons. One of

them is a problem of a lack of any kind of

Table 1. Component selection scenario

information regarding the newly arrived
products for processing (disassembly) and their
distribution, after the operation, from specific
work places [3]. Before and after conducting
certain disassembly operations, information are
crucial for efficient and effective decision
making and for general management of the
work processes.

Improvement of the quality of
transferring information for conducting certain
operations of disassembly, and then for the
analysis of the state, diagnosis and selection of
the disassembled components into appropriate
flows, is one of the steps for general
improvement of the processes for managing
products at the end of the life cycle.

With the aim of faster distribution of real
time information to according information flow
nodes, it is necessary to use RFID technologies.

4.1. RFID Technologies

Radio Frequency IDentification (RFID)
is a technology that enables automatic reading
of multiple objects at the same time, without the
need for individual scanning. The tag keeps in
itself an Electronic Product Code (EPC) of
every object that is read with the help of a
remote reader.

EPC is a 96-bit numerical code written
on a "smart tags" memory chip, which is fixed
to individual products and physical objects. In
this way, AUTO ID makes the dynamical
acquisition of data possible, and products
identification is located in every product with a
unique print [2].

Possible strategies for product:

Possible variants of selection after disassembly

e
O
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In every mentioned phase of the work
process it is possible to upgrade the process by
applying the RFID technologies, because of the
advantages compare to other identification
technologies.

Tasks that needs to be performed in
disassembly system are complex and they
involve not only disassembly proces but later
analysis and diagnosys of component condition
and their selection in adequate
material/component flows. Decision about
material/component variant selection is made
according to the established diagnosis and
suggested component/material variant selection
obtained form the disassembly documentation
database accordig with the RFID product
identification i.e. document named Component
selection scenario (Fig 2.)

DETAIL A

Problems are mostly noted in [4]:
e providing instructions for performing
technological processes of disassembly,
e selection  process of  disassembled
components (parts/ subsystems / materials),
e divergence — dissipation of the material
flows is obvious and especially
characteristic for the disassembly processes;
controling the flows and the quantity in the
material warehouse for disassembled
components (parts / subsystems / materials).
In these parts of information flows it is
possible to apply RFID technologies with the
goal of: gathering real time data, improving the
quality and the availability of certain types of
information needed for not only disassembly
process but also for the selection of
disassembled parts and reassembly process.
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Fig. 2. Material flows during the processing of an electric motor
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42. A Model of RFID Technology
Application in the Disassembly Subsystem

When designing a disassembly system
one of the problems arising is the way of
gathering information from products meant to
be disassembled. Various technologies for
automatic identification can be applied like
barcode and others but we have developed a
model of RFID technology application in the
disassembly subsystem.

The model presented in this paper is a
starting point of a research project conceived at
the Institute for Industrial Systems in Novi Sad
(Republic of Serbia). The concept of
implementation of RFID technology in a
disassembly process, applied in Laboratory for
Assembly and Disassembly Systems at the
Institute for Industrial Systems, is shown in Fig. 3.

In the control station (1) one of the
possible strategies (strategies for reconstruction
of used products (2), usage of already used
products for spare parts (3) and recycling with
disassembly 4) is being selected for the product

that has to be disassembled. After selection,
RFID transponder (tag) is being put on the base
part of the product (3) which corresponds to the
class and type of the product, for which the
strategy has been chosen, with its EPC. After
that, the product is being put on the assembly
line and then moves to the processing phase. In
the work station, the RFID tag reader (2) reads
an EPC and uploads set of instructions from the
database for the technological procedure of
disassembly, in the form of a visual presentation
on the monitor in front of the worker.
Instructions are in a step by step form. They are
activated by taking appropriate types of tools,
and after returning them to their station, the next
step is activated.

Another possibility is putting tags on
tools and checking usage of tools with the help
of RFID reader (6). If the worker takes by
mistake different tool the system alerts with the
adequate massage. If a task is being executed
without tools, initiation of the next instruction is
done manually.

Fig. 3. RFID technology implemented in the disassembly process and selection of disassembled parts of
the products
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After the operation (set of operations) designated
for that work station is completed, the set of
instructions ends. The product is afterwards
placed on the assembly line, and then on some of
the other work stations. After reading its signal
from the RFID tag, the identification of the object
for that work place is being performed. If the
object is supposed to be processed in that work
station, the signal light flashes and the worker
pick the object from the assembly line. After that
the process is continued as in the previous
operation with a set of instructions designed for
that work place and for that product. If all the
work stations are busy, the object is circling on
the assembly line until the moment some of them
are free. The tag has to be on the base part all the
time. The base part is the last that leaves the
disassembly process.

If some component (part or subassembly)
can be used again according to strategy for usage
of already used products for spare parts, after
disassembly, then an appropriate tag is put on that
component at momentary work station. The tag
carries in itself an EPC that corresponds to the
component on which it is being put. By placing
the component with a tag on the assembly line, it
is transported to the warehouse for later use.

Products, for which strategy for
reconstruction of used products is selected, are
moving all the time, from one phase to another,
together with all the disassembled parts in the
appropriate transport unit (e.g. a palette or a box —
so-called kit). After completing all of the
disassembly operations (required for executing

components is being redirected to the overall
subsystem, that is, toward the preparation
warehouse for the product reconstruction.

Secondary materials, meaning materials
that are going to be recycled, are being directed to
adequate containers for the secondary material
with the help of sensors which can recognize
different types of materials, and the help of
actuators (4), which push them into adequate
containers. On each of the containers (5 for
recycling, 7 for further disassembly processing)
there is a tag-transponder, which corresponds to
the type of material for which the container is
designated.

Analyzing previous system with manual
data acquisition and installed RFID system we
came to the conclusion that overall time that
product spends on disassembly line (from it’s
arrival to control station till putting it into
containers) has been decreased for more than
17% (Table 2., Fig. 4.). It is important to mention
that quantity of disassembled products is not big
enough to provide fully valid statistically model
of the impact of RFID technology on disassembly
processes, since research was conducted in
laboratory conditions.

This kind of concept enables a complete
control of all material flows in the disassembly
process. Also, it could be possible to track the
number of parts in a warehouse and types of
material and material quantity for recycling and
for waste dumps.

One of the basic problems in the
disassembly system is designing and organizing a

reconstruction of the appropriate degree), the disassembly system for different types of
whole palette with all its disassembled products.
Table 2. Experimental results
Average
timefor | —| —| 7| 7| 7| 7| 7| = 7| —| —| 4 — — 717171717171 _
disassem. | b | Ly 3| Ey| Es| Lo | Lo| Is| Lo | tig| 1| to| i3] 4] Gis| Tie| D7 Lus| Tio| Tad i,
(min/
piece)
Manual
disassembly 5.5(5.216.5|6.9]7.5/6.2|8.219.7/8.0| 7.8/ 5.1/ 5.3]1 9.5/ 9.0| 8.4| 8.2/ 5.0/ 5.3| 7.0/ 9.0| 143.3
Disassembl
y with RFID| 6.3| 6.2| 5.0 4.9| 5.0] 9.0| 5.2 5.9| 7.2| 6.2| 5.3| 5.4| 7.6| 6.8| 7.7| 4.9] 5.1| 5.0| 8.6| 4.8| 122.1
use
Model-type
ofmonitor‘_‘Nm?m\ol\woe:sa:ff:fag
disassembledzzz22222222222222222

¥ t; (manual disassembly) > X #; (disassembly using RFID) (laboratory conditions conclusion: 17%
shorter time - by using RFID)
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Fig. 4. Average time for manual disassembly comparing to disassembly with RFID technology

It is uncommon to organize a disassembly
system for only one type of product, unless this
way of the systems functioning is strategically
planed.A suggested system design has a higher
degree of flexibility in the sense of possibilities
to process different types of products including
different variants of the same product.

Savings in time and space required for
the selection of components (parts / subsystems
/ materials) are also noticeable.

5 CONCLUSION

The RFID technology has not been in
wider usage in production, assembly and
disassembly processes for various reasons.
Some of them are: the popularity of the barcode,
higher expenses due to RFID tags, privacy and
security measures, lack of consensus on
standards. However, some things are changing
(e.g. the limited possibilities of barcodes in
different conditions are being noticed, the tag
prices are falling...) and slowly, the advantages
of the RFID technology are being noticeable.

By implementing of RFID technology in
the disassembly process it would be possible to
quickly gather necessary information for the
disassembly process, basically about the
structure and the composition of the materials in
the product. This information is necessary to
define the technological procedure of
disassembly completely and without any
difficulties. Also, there can be integrated
information about date of the production, so the
system can be able to decide about later usage

of the product in reassembling. All the products
of the older generation, which currently arrive
to the disassembly subsystems, carry with them
exactly this problem — the lack of information.

The benefits arriving with the use of the
RFID technologies are multiple. As stated
above, the possibilities of supervision, control
and data acquisition in real time for the whole
process is upgraded by using the RFID
technology.

The model of RFID technology in the
disassembly process presented in this paper is a
starting point of a research project conceived at
the Institute for Industrial Systems in Novi Sad.
It is important to mention that quantity of
disassembled products used in this research is
not big enough to provide fully wvalid
statistically model of the impact of RFID
technology on disassembly processes, since
research was conducted in laboratory
conditions. For a valid statistical model it would
be necessary to implement it in manufacturing
site. There is another challenge for overcoming
problems with high level of electrical noise
coming from many electrical devices in
manufacturing site which interfere with the
writing and reading of RFID tags that could be
tested when the model is implemented in
manufacturing site.

6 REFERENCES

[1] Rose, C.M. (1999) Product End-of-Life

Strategy Categorization Design Tool,
Accepted for publication in Journal of

766 Ostojic, G. - Lazarevic, M. - Stankovski, S. - Cosic, I. - Radosavijavic, Z.



Strojniski vestnik - Journal of Mechanical Engineering 54(2008)11, 759-767

Electronics Manufacturing (Special Issue
on electronic product reuse,
remanufacturing, disassembly and
recycling strategies.)

Fleisch, E., Tellkamp, C.H. (2003) The
Impact of Higher Inventory Accuracy on
Supply Chain Performance: A Simulation
of Auto-ID Technology in a Retail Supply
Chain,  Massachusetts  Institute  of
Technology, M-Lab Working Paper No. 16
Institute of Technology, University of St.
Gallen Publications, Switzerland.
McFarlane, D., Sarma, S., Chirna, J.L.,
Wonga J.Y., Ashtonb, K. (2003) Auto ID
systems and intelligent manufacturing
control, Engineering Applications of
Artificial Intelligence, vol. 16, no. 4, June
2003, p.365-376, Intelligent Manufacturing
Journal.

Lazarevic, M. (2006) Contribution to the
Product Disassembly System Design
According to Acknowledged product End
of Life Strategies, Master Thesys, Republic
of Serbia.

Mehl, C., Beiter, A., Ishii, K. (1994)
Design for Injection Molding: Using
Dimensional Analysis to Assess Fillability,
Proceedings of the 1994 ASME Design
Automation Conference, Minneapolis, MN,
(September 1994).

Ishii, K. (1994) Life-cycle Engineering
Design. In Waldron M. (ed.), Design
Theory, Methodology and Tools. Springer,
Berlin Heidelberg New York.

ICER (2004) Industry Council for
Electronic Equipment Recycling, WEEE
Green List Waste Study, Report Prepared

[11]

by ICER for the Environment Agency,
(April 2004).

Debevec, M., Perme, T., Noe, D. (2004)
Decision making process in virtual
manufacturing regarding human resources.
V: IFAC Multitrack Conference on
Advanced Control Strategies for Social and
Economic  Systems, Vienna, Austria,
September 2 to 4, 2004 : ACS'04
preprints volume. [Vienna: University of
Technology], p.6.

Ostoji¢, G., Jovanovi¢, V., Stevanov, B.,
Stankovski, S., Cosi¢, I. Collaborative
Design in the Assembly Systems, 3rd
International CIRP Sponsored Conference
on Digital Enterprise Technology, DET 06,
Setubal, Portugal: Escola Superior de
Technologia, 18-20 septemper, 2006, p.
185-193.

Parlikad, A. K. (2003) The Impact of
Product Identity Information on
Effectiveness of Product Disassembly
Processes, Hughes Hall, PhD First Year
Report,Center For Distributed Automation
And  Control, Manufacturing  And
Management Division, Department Of
Engineering, University Of Cambridge
September 2003.

Park, H.-S. (2003) Method For
Disassembly Sequence Planning Of An
End-Of-Life Car, The I4th International
DAAAM Symposium “Intelligent
Manufacturing & Automation Focus on
Reconstruction and Development”, 22-25th
October 2003, Sarajevo, Bosnia and
Herzegovina.

Radio Frequency Identification Technology Application in Disassembly Systems 767




<<
  /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


