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Todd Quinn and Thomas Kacpura
ZIN Technologies, Inc.
Brook Park, Ohio 44142

Abstract

The Space Telecommunication Radio System
(STRS) architecture is being developed to provide a
standard framework for future NASA space radios
with greater degrees of interoperability and flexibility
to meet new mission requirements. The space
environment imposes unique operational requirements
with restrictive size, weight, and power constraints that
are significantly smaller than terrestrial-based military
communication systems. With the harsh radiation
environment of space, the computing and processing
resources are typically one or two generations behind
current terrestrial technologies. Despite these
differences, there are elements of the Software
Communications Architecture (SCA) that can be
adapted to facilitate the design and implementation of
the STRS architecture.

1. Introduction

STRS is an open architecture specification based on
software defined reconfigurable technologies and is
being developed by NASA for its future space-radio
communications and navigation systems. Software
defined radios (SDRs) offer advanced operational
capabilities which will result in reduced mission life
cycle costs for space platforms. The objective of the
open architecture for NASA space SDRs is to provide
a consistent and extensible environment on which to
develop, manage and operate the increasingly complex
software radios used in NASA space missions. The
open STRS architecture provides a framework for
leveraging earlier efforts by reusing various
architecture compliant system components developed
previously in NASA programs.

The United States Department of Defense (DoD)
has developed an open architecture for their next
generation of military radio communication systems.
With the participation of a large number of companies,
the government has spent a considerable amount of
effort, time, and expense on the development of the
SCA. The STRS architecture and the SCA share many
of the same goals; however, the constraints of space-
based systems currently prevent full utilization of the
SCA by NASA.

To leverage the work accomplished by the DoD, this
paper examines aspects of the SCA that can be
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applied to facilitate the design and implementation of
the STRS architecture. STRS compatibility with the
SCA would allow NASA to utilize commercial
development and testing tools, share waveform
components which may reduce programmatic costs of
maintaining an  architecture. Highly effective
commercial software development tools are reducing
the time and cost of developing SCA compliant
waveforms and platforms. STRS adoption of these
commercial tools would provide a consistent set of
standards and practices possibly lowering the costs of
platform and waveform development.

2. Software Communications
Architecture

The DoD Joint Tactical Radio System (JTRS)
program created the SCA to provide a specific
framework on which to build their next generation of
military radios. Mandating compliance to the SCA,
JTRS is ensuring that components of military
communication systems developed by various
manufacturers will seamlessly operate together. This
interoperability also promotes hardware/software
component reuse, faster technology insertion, and
expands participation of companies with new and
innovative ideas. The SCA is the foundation for cost
effective and flexible communication systems that can
adapt and evolve over time as military operational
capabilities change and expand to meet future DoD
requirements.

The SCA stipulates how various hardware and
software components form the structure of a radio
communication system. The specification of the SCA
constrains software development at component
interfaces and does not limit the functional
implementation within the components. Innovative
intellectual property can still be protected while
achieving benefits of software re-use on other platform
implementations of the SCA.

The SCA was developed with an objected-oriented
approach and is graphically represented with the
Unified Modeling Language (UML). Details and
complete technical specification of the architecture can
be found in the Software Communications Architecture
Specification document (ref. 1).
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Figure 1.—SCA Application/Hardware Separation.

2.1 SCA Operating Environment

Figure 1 shows the SCA separation of application
software from the underlying hardware. The SCA
operating environment consists of a:

e Core Framework
e CORBA Middleware
e POSIX Real-Time Operating System

The core framework provides a set of interfaces
between the application layer (SCA compliant
waveform) and the operating system associated with
the underlying processing hardware. These interfaces
provide access to the various application building
blocks, application control mechanisms, and core
framework services. Core framework services are
common functionality used by a majority of waveform
application such as file management, logging, and
timing.

Middleware is a data transport layer that provides
communications among  software  components.
CORBA  (Common  Object Request Broker
Architecture) (ref. 2) is a multi-platform distributed
communication system developed by the Object
Management Group. CORBA is independent of
programming languages, processing hardware, and
operating systems. This contributes to easier software
re-use, better software portability and increased
productivity. With the use of CORBA, data
transportation and remote procedure calls do not have
to be created from scratch and are standardized from
system to system. The software developer does not
have to know about the communication details of the
underlying hardware on all possible platforms and can
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concentrate on the higher level issues of platform and
application development.

Another aspect of the SCA is the requirement for a
real time operating system (RTOS). Radio systems
have real time requirements; frequently data has to be
moved from one point to another or converted from
one format to another in a certain fixed amount of time.
The SCA satisfies real time requirements by using an
RTOS that provides tight control over software
execution timing. The choice of an RTOS for an SCA
compliant platform is up to the hardware platform
provider.

However to support portability, the chosen RTOS is
required to be compliant with a POSIX (Portable
Operating System Interface) standard.

2.2 Software Components and Interfaces in the
SCA

A software component is an organized unit of
program instructions that provide a small set of related
functional capabilities normally called the component’s
behavior. The behavior of a component can only be
accessed through its open public interfaces. Each
instance of a software component maintains a set of
private internal variables commonly referred to as the
component’s properties. The SCA defines a variety of
components and their associated public interfaces. The
rest of this section briefly describes the major
components defined in the SCA that may be leveraged
by STRS. Detailed descriptions of all SCA components
can be found in the SCA specification.

At the application layer, an SCA compliant
waveform is comprised of one or more Resource
components which have specific interfaces. The
Resource interfaces provide common control and
configuration functions for waveform components;
these interfaces are used by the SCA core framework.
The waveform developer can extend Resource by
adding new behaviors and interfaces to create
specialized Resource components. As an example, the
Device component in the SCA core framework is an
extension of Resource and acts as a software proxy for
actual hardware.

System control is accomplished through the core
framework components defined as DomainManager,
ApplicationFactory,  Application, Device, and
DeviceManager. The DomainManager provides control
and configuration of the overall system domain. The
DomainManager interfaces are grouped into three
categories: human computer interaction, registration,
and core framework administration. The
ApplicationFactory, also part of domain management,
provides an interface to request the creation of a



specific type of application within the domain. For
each instantiated application, an Application
component is created by the ApplicationFactory. The
Application component controls, configures, and
returns status of the instantiated application. A Device
component is an extension of Resource and has
additional behaviors for abstracting the control and
functionality of physical hardware elements. A
DeviceManager manages a set of logical Devices.

2.3 SCA for Space

It is important to focus on minimizing the required
resources of the system (e.g., size, power, and mass)
for the constrained space environment. Processors and
other electronic devices used in space require radiation
hardening. These components lag at least a generation
or two behind the processing capabilities of their
terrestrial-based equivalents. Due to slower processors
and limited memory footprint, these reduced
capabilities constrain the operating environments of
space radios compared to radios using commercial
components.

Space waveform applications requiring digital signal
processing have historically been executed in
specialized Application Specific Integrated Circuits
(ASICs). ASICs have the lowest power requirements
and greatly satisfy radiation requirements for space,
however they are not reprogrammable. Reconfigurable
signal processing is slowly gaining in acceptance
within NASA with the availability and use of space
qualified DSPs and FPGAs. Critical applications
sometimes use DSPs, FPGAs, and other specialized
hardware during the design process, but for
deployment in space the circuit is implemented in an
anti-fuse FPGA or an ASIC. The use of DSPs and
FPGAs are treated as special cases in SCA 2.2. The
present focus of the SCA has not addressed specialized
hardware abstraction, but is on-going as JTRS
continues to develop radios for various military
applications.

There are other challenges that are factors for an
SCA that supports space radios. The SCA compliant
core framework must fit on the space qualified
platform in terms of resources, footprint, and features.
If the SCA is used to provide an environment where
radio capabilities can be reprogrammed, the necessary
core framework will take up resources that would
normally be dedicated directly to signal processing.
Smaller amounts of already limited resources will be
left for signal processing. The SCA in space also has to
address concerns with the added software complexity
and the affect on system reliability.

NASA/CR—2007-214688

3. Space Telecommunication Radio

The STRS architecture provides the foundation for a
new generation of NASA communication systems with
greater system interoperability, increased
hardware/software component reuse, faster technology
insertion and the ability to adapt and evolve to
changing to changing requirements. Figure 2 shows the
STRS architecture separation of waveform application
software from the underlying hardware. The basic
premise of STRS architecture is that the STRS
infrastructure and waveform application execute on a
combination of general purpose processing hardware
and specialized processing hardware.

The STRS application programming interfaces
(APIs) layer located between the waveform application
and the rest of the radio system is a key concept to the
STRS architecture. These APIs abstract the waveform
application from the rest of the radio’s operating
environment and provide a set of interfaces for high
portability and reuse of waveforms and their
application components. The STRS APIs provides
interfaces to manage the radio platform and
waveforms, control logical devices and use available
platform services.

The layers below the STRS APIs comprise the
STRS operating environment consisting of three
elements: 1) the infrastructure, 2) a real time operating
system, and 3) a Hardware Abstraction Layer (HAL).
The STRS infrastructure implements the STRS APIs
which supports system management, device control
and data transfer functions. The infrastructure interacts
through the APIs with both the waveform application

and the
Applications / Waveforms
POSIX APIs STRS APIs
] Infrastructure
Operating (reusable libraries)
System
HAL APIs
Board Support Package
General [~~~ TTTTTTTTTTTTTTTTTTT
Processing Specialized
Hardware Hardware

Figure 2.—STRS Application Software/Hardware
Separation.



computing hardware elements. The infrastructure
provides an abstracted path from the waveform
application to the hardware, independent of the
particular hardware elements.

STRS requires that the real time operating system
for the radio platform be commercially available and
also implement portions of POSIX (Portable Operating
System Interface). POSIX provides industry standard
functionality across a variety operating systems to help
increase the portability of applications.

The HAL is the third element of the operating
environment providing interfaces for board support
packages necessary to run waveform application
components on specialized hardware. The HAL
resources include device drivers, published APIs to
access specialized hardware board support packages
and documented interface definitions released by the
platform developer. A complete description of the
STRS architecture can be found in the STRS
Architecture  Description (ref. 3) and STRS
Architecture Standard document (ref. 4).

3.1 JTRS and NASA Space-Based Radio
Differences

There are several differences other than size, weight,
and power constraints, as well as reliance on
specialized signal processing for NASA space-based
radios compared to JTRS communication systems.
NASA radios generally operate at higher frequencies
and higher data rate transmissions than the current
SCA compliant radios. Also extensive testing is
conducted in order to assure proper operation and
characterization of operation. Access during NASA
missions is generally limited to remote uploads for
changing the behavior of the radios. Security concerns
are not as stringent, although authentication may be
required. High reliability requirements stem from
safety concerns, as well as from the need to have the
capability to contact and control the spacecraft through
the radio as the mission requires.

Design aspects that drive the STRS architecture also
come from an operational perspective. The SCA is
designed to support dynamic deployment and/or
reconfiguration of waveform applications for a variety
of hardware platforms. NASA mission operations are
pre-planned in advance and limited to a specific
hardware platform, and full SCA capabilities for
dynamic deployment and reconfiguration on different
platforms are not needed.
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3.2 SCA/STRS Commonality

Despite the environmental and operational
differences described above there are many aspects of
the SCA that can be leveraged for the STRS
architecture. There are several elements of the SCA
that have commonality with the STRS architecture
approach and are shared between the two architectures:

e Seeks to separate the software waveform
applications from the hardware.

e Requires operating environments consisting of
real time POSIX compliant operating systems.

e Describes an infrastructure within the operating
environment that provides system management
and communication services for waveform
application and platform components.

e Configuration files are used for platform
description and application deployment.

The middleware specification is one difference
between the two architectures at the architecture level,
but can be viewed as common at the implementation
level. The SCA operating environment requires
CORBA middleware for component communication
and STRS does not specify any particular
communication mechanism within its operating
environment. Since the mechanism for component
communication is non-specific for STRS, the use of
CORBA for implementation of STRS operating
environment communications is not precluded.

4. STRS Infrastructure and the SCA

Domain management, application management and
device management within the STRS infrastructure
could leverage the SCA for greater compatibility
between the two architectures. The STRS infrastructure
is composed of multiple subsystems which include
Radio Control, System Management, Device Control,
and a Message Center. The SCA core framework
defines components that provide related functionality.
Some functionality in the STRS subsystems may be
differently distributed across components when
compared to the SCA components. An implementation
of the STRS architecture based on SCA components
would help evaluate differences between the two
architectures and help evolve greater compatibility.



A mapping between STRS infrastructure
components and corresponding SCA components can
be made. Radio Control in the STRS infrastructure
provides the interface exchange between the STRS
Radio and the Spacecraft Bus. All command and
telemetry processing is handled by the Radio Control
subsystem. Within the SCA core framework, the
DomainManager component is responsible for
interfacing to the various subsystems interacting with
the SCA software defined radio. The STRS
infrastructure System Management subsystem controls
the instantiation and teardown of applications and
services within the STRS Radio. This activity includes
keeping track of what resources in the radio are being
used and when new functionality can be installed. The
SCA core framework has ApplicationFactory and
Application components that provide similar
functionality. The Device component in the SCA core
framework is comparable to the Device Control
capabilities required in the STRS infrastructure.

The Message Center subsystem manages the inter-
process messaging and queue allocations for the STRS
Radio. It has the responsibility of processing requests
made by applications and also  controls
communications between subsystems in STRS
infrastructure. The SCA uses CORBA for its inter-
component communications. CORBA adds a layer of
complexity, however CORBA is well implemented and
tested, and the added complexity is out weighed by the
benefits derived by simplifying distributed application
development while at the same time providing a
standard for consistent and interoperable systems. If
the implementation of a STRS infrastructure included
CORBA, then compatibility with SCA would be
increased. Since the STRS architecture views CORBA
as an implementation detail, an implementation of the
STRS architecture could be built with current high
speed, small footprint CORBA products to investigate
resource, performance and reliability issues associated
with the middleware.

5. STRS Waveform Deployment and
the SCA

The SCA uses a set of files called the Domain
Profile to describe the components and the connections
between components. These files, in XML format,
describe the identity, capabilities, properties, and inter-
dependencies of the hardware devices and software
components that make up the system. Appendix D of
the SCA specification (ref. 1) has detail descriptions
and format specifications of the various XML files that
comprise a domain profile.
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It is the parsing of the XML data and its
interpretation by the SCA core framework that loads
software components and creates the connections
between them. The STRS infrastructure could use the
XML domain profile formats to describe its radio
platforms and waveforms. A waveform can be
described with SCA domain profile XML semantics
and syntax but deployed by a STRS infrastructure.

Under the SCA, an XML parser dynamically
retrieves information from the domain profile as the
waveform is loaded onto the software radio platform.
For STRS, since the platform and device resources are
known before the time of waveform deployment, the
XML files can be parsed ahead of time and pre-
processed to save resources by not having an XML
parser as part of the infrastructure. There are two
options for pre-processing the XML domain profile for
the STRS architecture:

1. The domain profile pre-processor could generate
actual code to deploy the waveform onto the
specific hardware.

2. Convert the XML domain profile into a static
binary format that would be input to a STRS
waveform deployment routine that loads the
waveform.

The first option has the benefit of deploying the
waveform as fast as possible, since the deployment
code is specific to the waveform on the specific
platform. The disadvantage of this approach would be
that the deployment code would have to be regenerated
for all waveforms that move to a different platform.
The second option provides a more flexible approach,
such that the XML files are translated into a standard
binary format used by all waveforms and platforms. If
the platform changes for a group of waveforms, only a
new deployment routine has to be created for each new
platform and nothing has to be generated for each
specific waveform.

Following either option, the use of the SCA domain
profile for STRS allows the use of existing SCA
testing software to verify waveform and platform
configurations.  Commercial tools for SCA
development can also be used to automatically
generate accurate STRS configurations files increasing
productivity and reliability while reducing waveform
development time. Keeping the domain profile
common between the SCA and the STRS architecture
will help to continue the focus on closing the gaps
between SCA and STRS as each architecture evolves.

6. Conclusion



NASA is in the process of developing STRS as an
open architecture for software defined radios in space.
The STRS objective is to provide a consistent and
extensible environment on which to construct and
operate future NASA space communication systems.
STRS shares many of the goals and attributes of the
SCA already developed by the JTRS program.
However, requirements and constraints associated with
space-based systems prevent NASA from utilizing the
current SCA specification, primarily due to the large
footprint and resources, as well as the complexity due
to dynamic deployment capability of SCA waveform
applications. For a NASA SDR architecture to be
sustainable, it must carefully consider the unique
constraints and needs of the space environment.

There is commonality in a number of areas between
the two architectures that NASA could potentially
leverage from the considerable assets derived from the
military and commercial application of the SCA. STRS
compatibility with the SCA would allow NASA to
utilize tools, share waveform components and reduce
programmatic costs of maintaining a separate
architecture. Today distinct differences between the
STRS architecture and the SCA are related to the
differences in available technologies and operational
requirements. However, as technologies for the space
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environment evolve, they should allow the STRS
architecture to incorporate more features and
capabilities of the SCA.

7. References

1. Modular Software-programmable Radio
Consortium, Sofiware Communications
Architecture Specification, MSRC-5000SCA
V2.2, Joint Tactical Radio System (JTRS) Joint
Program Office, November 17, 2001.

2. Object Management Group, Common Object
Request Broker Architecture: Core Specification,
Version 3.0.3, March 12, 2004.

3. Space Operations Mission Directorate, Space
Telecommunications Radio System STRS Open.

4. Architecture Description, Phase 1 Architecture
(Revision 1.0), NASA Headquarter, Washington
DC 20546—0001, April 2006.

5. Space Operations Mission Directorate, Space
Telecommunications Radio System STRS Open
Architecture Standard, Phase 1 Architecture
(Revision 1.0), NASA Headquarter, Washington
DC 20546—0001, April 2006.



Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this
burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302.
Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB
control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
02-04-2007 Final Contractor Report

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Strategic Adaptation of SCA for STRS NAS3-99155

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Quinn, Todd; Kacpura, Thomas

5e. TASK NUMBER

5f. WORK UNIT NUMBER
WBS 439432.07.02.03.03

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
ZIN Technologies, Inc. REPORT NUMBER
Brook Park, Ohio 44142 E-15874
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORS
National Aeronautics and Space Administration ACRONYM(S)
Washington, DC 20546-0001 NASA

11. SPONSORING/MONITORING

REPORT NUMBER

NASA/CR-2007-214688

12. DISTRIBUTION/AVAILABILITY STATEMENT

Unclassified-Unlimited

Subject Category: 17

Available electronically at http://gltrs.grc.nasa.gov

This publication is available from the NASA Center for AeroSpace Information, 301-621-0390

13. SUPPLEMENTARY NOTES

14. ABSTRACT

The Space Telecommunication Radio System (STRS) architecture is being developed to provide a standard framework for future NASA
space radios with greater degrees of interoperability and flexibility to meet new mission requirements. The space environment imposes
unique operational requirements with restrictive size, weight, and power constraints that are significantly smaller than terrestrial-based
military communication systems. With the harsh radiation environment of space, the computing and processing resources are typically one
or two generations behind current terrestrial technologies. Despite these differences, there are elements of the SCA that can be adapted to
facilitate the design and implementation of the STRS architecture.

15. SUBJECT TERMS
Software defined radio; Space communications; Reconfigurable; Software communications architecture

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON
ABSTRACT OF Richard Reinhart

a. REPORT b. ABSTRACT c. THIS PAGES 19b. TELEPHONE NUMBER (include area code)

U U [PJAGE 12 216-433-6588

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39-18










<<
  /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




