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To date the development of flight control
laws especially for a safety critical environ-
ment comprises a lengthy and cost-intensive
process.

Functional control law (C/L) design is
usually performed applying commercial of the
shelf packages (e.g. MATLAB, MATRIXXx)
and supporting proprietary tools. The specifi-
cation of the control laws is then passed to the
software (S/W) team, which performs hand
coding of the onboard software. Finally, speci-
fication and code are delivered to the testing
team for unit and integration tests.

There are several deficiencies inherent in
the process applied today. C/L design is per-
formed quite independently from S/W develop-
ment. Often the control law specification is de-
livered in a format (e.g. documents, files), that
does not support coding and test as good as pos-
sible. For this reason coding, test script devel-
opment and test execution often require extraor-
dinary effort and a lot of work has to be done
manually. Furthermore, communication and co-
operation between the disciplines control law de-
sign, coding and testing is hampered by a lack of
understanding each other.

The present paper addresses these short-
comings by introducing an integrated process
for control law design, coding and testing.

Description of the Current Process

Overview

The process commonly adopted for C/L
onboard S/W development can be described by
the well-known V-Model. An overview of this
process is given in Fig. 1.

Starting from top-level system require-
ments, the left-hand side of the V-Model
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Fig. 1. V-Model for C/L software development
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represents the derivation of detailed require-
ments, the software design and the coding.

The right-hand side subsequently deals
with the verification of the coded software
against the design process. It has to be proven,
that all requirements derived during design are
fulfilled.

In the context of the present paper three
main steps can be distinguished within the
overall process of C/L development:

1. C/L design
2. S/W design and coding
3. Testing

C/L Design

From the V-Model point of view C/L de-
sign can be looked upon as a part of the proc-
ess of deriving software requirements from the
system requirements (Fig. 1).

Result of the C/L design is the specifica-
tion of the control laws for the subsequent
steps S/W design, coding and test.

This specification contains a detailed de-
scription of all control law elements, their exe-
cution order, execution frequency, timing re-
quirements etc. and is usually delivered in the
format of written documents and data files.

Additional requirements may originate
from other sources e.g. from hardware (H/W)
implementation, splitting software execution
to different processors or allocation of data in
dedicated memory regions.

The C/L specification is passed to the S/'W
team together with the additional requirements
and is the basis for the software development.

S/W Design and Coding

During Top Level Design (TLD) the over-
all S/W architecture is derived based on the
software requirements (Fig. 1). The functional-
ity specified is split into separate modules, in-
terfaces are defined, and the scheduling is de-
rived.

During Detailed Design (DD) the algo-
rithms of the specific functions are developed
and specified for coding.

In the coding phase the Detailed Design is
coded into onboard software modules and the
entire S/W is then passed to the test team to-
gether with S/W development documentation
and C/L specification.

Testing

The test finally is performed bottom-up
from Unit Testing to System Integration Test-
ing (Fig. 1). At each level the test has to prove
fulfilment of the corresponding requirements
derived during C/L and S/W design.

In the Unit Testing the algorithms of iso-
lated S/W modules are verified against the De-
tailed Design. Primary goal at this step is to
guarantee failure free algorithms by detecting
e.g. programming bugs or potential division by
zero. To cope with unforeseen inputs also “off-
design”-conditions have to be examined.

After the test of the separated units their
interaction is verified during Software Integra-
tion Test and the cooperation with the system
is finally investigated by System Integration
Tests.

Test Environment

For the tests described above the separated
units have to be stimulated by clinical inputs
or by appropriate inputs generated from the
C/L model. The output of these test runs has to
be compared to the reference output generated
on the basis of analytical consideration or
simulation runs.

To enable this, a test environment has to
be established, which allows reading input
data, executing the units under test conditions
and comparing outputs with expected results.

This test environment and the test proce-
dures are nowadays derived mainly manually
from both the S/W development documenta-
tion and the C/L specification with support of
dedicated tools.
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Representation of Control Laws and Plant

Different types of control law representa-
tions and plant models are employed according
to the progress of the development process

(Fig. 2).
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Fig. 2. Representation of control laws and plant

Model in the Loop Simulation

During C/L design a modeling of the con-
trol laws is required for design tasks like closed-
loop simulation (Fig. 2). Closed loop simulation
at this stage is commonly referred to as Model in
the Loop Simulation (MILS), since a C/L model
instead of the final onboard code is used.

Generally there are linear and nonlinear
design tasks and accordingly linear and nonlin-
ear C/L models are involved.

Linear models are required for stability
analysis and calculation of linear handling
characteristics. They are typically used for
tasks like gain- and filter-design and can be
derived from non-linear models by automatic
or manual linearization. Since there is no di-
rect link to SW development and test, linear
models are not further considered here.

The typical proceeding with regard to
nonlinear models today is, to realize the control
laws as an executable S/W code, commonly re-
ferred to as an 'Executable Specification'.

It is important to note that this Executable
Specification nowadays during development of

complex aircraft usually is totally different
from the final onboard code. It may e.g. be
written in a different language or have a dif-
ferent S/W architecture.

The reason for these differences is that re-
quirements from target hardware implementa-
tion (e.g. certain language restrictions, commu-
nication between processors, real time require-
ments) would hamper C/L design. It should be
noted, however, that this hindrance is more and
more reduced with evolving technology.

As a second possibility, the non-linear
C/L model can be realized as a block diagram
in a MATLAB- or MATRIXx-like environ-
ment. The problem herewith is, that the model-
ling of the entire nonlinear behaviour of e.g. a
modern fighter aircraft flight control system is
extremely complex. Therefore this procedure
was not possible for projects in the past, how-
ever, gets feasible now, with evolving and im-
proving design tools [1].

Software in the Loop Simulation

During S/W design and coding the C/L
model is mapped to the C/L onboard code.
During the subsequent test phase the onboard
code is examined on both the host and the tar-
get computer (Fig. 2).

Simulation runs on the host computer using
the onboard software are commonly referred to
as Software in the Loop Simulation (SILS). It
should be emphasised that in the current context
SILS explicitly means usage of final onboard
software modules, not of the software described
as Executable Specification above.

For the SILS it may be difficult or even
impossible to use the complete onboard code
as it is loaded onto the aircraft. This is mainly
due to hardware specific features like e.g. as-
sembler routines, communication between
processors, data exchange via bus systems or
dedicated memory access. To achieve a fully
'realistic behavior' of the SILS, a modeling of
these hardware aspects is possible. If it is
worthwhile to spend this effort has to be de-
cided case by case.



SESSION 3.2: CONTROL I

Hardware in the Loop Simulation

The Hardware in the Loop Simulation
(HILS) is the most elaborate simulation. The
onboard S/W in its final form is loaded into
the flight control computer and connected to
the plant model.

Modeling of the Plant

The aircraft plant is typically modelled ei-
ther as a block diagram in a Simulink-like en-
vironment or as executable software (Fig. 2).

The later approach is preferable especially
with regard to computational performance of
the simulation at later stages of the develop-
ment. It is, however, also possible to create the
executable software via auto-coding from an
initial Simulink-type plant model.

Especially during HILS test often a part of
the plant is represented by dedicated computer
hardware boards or by real subsystems (e.g.
actuators, sensors).

Finally, the highest degree of modeling
(ahead of on-A/C tests) is an iron bird, where
real subsystems are used as far as possible.

Deficiencies of the Current Process and
Possible Improvements

The main deficiency of the current process
is the fact that C/L design usually is performed
quite independent from subsequent S/W de-
velopment and testing. This gap causes a num-
ber of problems.

Effort for S/W Design and Coding

As noted above, the control law model
used for design usually does not account for
target software requirements. An executable
specification may e.g. be written in a different
language or have a different S/W architecture.
In Simulink-type models most of the hardware
implementation aspects are usually neglected.

For this reason software top-level design,
detailed design and coding on the basis of the

C/L specification requires a high manual ef-
fort. In addition functional differences may
occur between C/L model and target code,
which then have to be investigated in depth.

Ideally, manual coding or recoding of the
onboard software should be avoided at all. In
case of a Simulink-type C/L specification, the
onboard code should be derived automatically
(by auto-code generation) from the block dia-
gram. In case of an executable specification,
the code used during C/L design should be
identical (or as close as possible) to the on-
board code. If (in the ideal case) the onboard
code is developed and used already during C/L
design, expensive S/W redesign and recoding
as well as implementation differences would
be avoided.

Effort for Test Execution

The differences between C/L model and
C/L code in the current process cause prob-
lems in test as well. Verification may be dif-
ficult due to even slightly different behav-
iour caused by the different architecture or
algorithms.

Effort for Test Setup

A further source for considerable effort
with regard to time and cost is the setup of test
environment, procedures and data, most of
which is usually done manually.

Ideally again, test environment, test re-
quirements and data should be derived auto-
matically to avoid manual effort.

Possible Improvements

Main driver enabling the improvements
described is the incorporation of requirements
from code generation and testing already dur-
ing control law development. In order to
achieve this, an integrated process incorporat-
ing a high degree of concurrent engineering is
mandatory.

One possible solution is the approach de-
scribed in the following.
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Description of the Integrated Process

Process Overview

A general overview of the Integrated
Process is given in Fig. 3.
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Fig. 3. Integrated C/L development process

The Integrated Process comprises the fol-
lowing steps (Fig. 3):
1. Control law design in the MATLAB /
Simulink / Stateflow environment

2. Automated onboard code generation from
the Simulink control law model

3. Functional verification of the C/L design
by (onboard) S/W in the loop simulation

4. Automated setup of the test environment
on the basis of architectural information
derived from the Simulink model

5. Automated unit and software integration
tests using test procedures and test data
derived from the Simulink model

6. Integration of the onboard code into the
flight dynamics clearance environment
(linear analysis tools, off-line simulation,
manned simulator)

7. Functional clearance of the onboard code

8. Integration of the C/L software into the
Flight Control Computer

9. Hardware integration tests

Key Features of the Integrated Process

One key issue of this integrated process is
the implementation of a single-sourced model
based approach. All information required for
code generation, test setup and test execution
is derived from the Simulink/Stateflow model
used during C/L design.

Another key issue is the use of the on-
board software modules already during func-
tional design and testing, see Fig. 3.

The C/L and S/W development process is
actually represented by steps 1, 2 and 3. They
are executed in an integrated design loop,
which has several advantages:

o The target code is inherently tested at a
very early stage of the development proc-
ess, resulting in high maturity when deliv-
ered to formal software testing

o The requirements from the C/L design and
from the H/W implementation point of
view are fulfilled inherently

o SILS shows considerable higher perform-
ance than MILS using the Simulink model

o For real-time piloted simulation during
C/L design an executable code of the con-
trol laws is required, which is available
with the present approach at no extra cost

Requirements on C/L Model and Code Gen-
erator

In order to enable the integrated process a
number of requirements have to be fulfilled by
both the C/L model and the code generator.
Overall target is, to get absolutely identical
behaviour (to machine accuracy) of the C/L
model and the onboard code.

To achieve this, the C/L model must, of
course, consider the capabilities of the code
generator. For example, only types of vari-
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ables supported by the coder may be used in
the model.

The coder on the other hand has to ensure
that e.g. execution order and algorithms of the
C/L elements or accuracy of variables are ex-
actly reproduced in the code. An important
feature in this context is the split of functional-
ity to different functions. This split is actually
defined during C/L design by grouping C/L
elements into 'Atomic Subsystems' and has to
be realized in the code accordingly.

A further important requirement is the
capability of incremental code generation,
which allows separate coding of changed
subsystems. In this way a limited impact of
local model modifications on the generated
code and the test procedures is achieved and
retesting of the entire software in case of
small C/L changes is avoided.

Key Features of the Test Environment

To enable unit and S/W integration testing
a test framework with capability to read input
test data, to execute the units under test and to
compare outputs with expected results is re-
quired. This framework is generated automati-
cally from architectural information extracted
from the Simulink C/L model. This informa-
tion contains for example the specification of
the separate functions (name, I/O parameters)
as defined by atomic units in the C/L model
and their calling tree.

Supporting Tools

A framework of tools ensuring safety and
traceability supports the entire process. Key
features are:

o A high degree of automation to reduce the
probability of human error

o A configuration management tool tracing
and documenting changes in S/W modules,
test procedures and test results

o Automated incremental build and test pro-
cedures invoking compilation and test only
for changed modules

Results

Several code generators have been tested
with regard to the integrated process, each of
them having particular advantages. In [2, 3] the
capabilities of the MATRIXx Ada-Coder have
been investigated. Experience is also available
for the MATLAB C-Coder and the Ada-Coder
(which was available in elder MATLAB ver-
sions). ACID4M, an in-house coder mainly for
Stateflow applications was developed and tested
in [4]. Currently the dSPACE TargetLink C-
Coder for MATLAB is under investigation.

As a first application of the integrated
process a controller for an air turbine starter
motor (ATSM) was developed in Simulink /
Stateflow (Fig. 4) and the Stateflow part was

coded in C with ACID4M.
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Fig. 4. ATSM-Controller

Fig. 5 shows the comparison of results ob-
tained with the C/L-model and the C/L code.
Detailed analysis of the results shows that
agreement to machine accuracy is achieved.

Fig. 5. ATSM results: MILS (left) and SILS (right)
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Fig. 6. Flight path simulations

As a second example a part of the autopi-
lot software of a modern fighter aircraft was
modeled in Simulink/Stateflow, coded with
ACID4M and integrated into the original soft-
ware. Simulations within flight dynamic clear-
ance environment plotted on top of each other
(Fig. 6) again show perfect match of the re-
sults from the generated code and the original
software.

Conclusions

The experience gained so far with the inte-
grated process shows potential for considerable
improvements in terms of development time
and cost for flight control law development.

Main driver enabling the improvements is a
high degree of concurrent engineering of the dis-
ciplines C/L design, S/W development and test

References

[1] Sonnleitner, A. Implementierung und Verifizierung
eines Flugregelungssystems fiir ein modernes
Kampfflugzeug. Munich University of Applied Sci-
ences, Diploma Thesis, March 2002.

[2] Faleiro, L. Ada code generation with MATRIXx Sys-
tembuild and Autocode in the flight control system
design process. Deutsches Zentrum fiir Luft- und
Raumfahrt e.V., Oberpfaffenhofen, May 1998.

[3] Faleiro, L. Current issues in the automatic genera-
tion of software code in the flight control system
design process. Deutsches Zentrum fiir Luft- und
Raumfahrt e.V., Oberpfaffenhofen, February 1999.

[4] Tas, H. Definition und Erprobung von Komponenten
eines modellbasierten Regler-Entwicklungsprozesses.
Munich University of Applied Sciences, Diploma
Thesis, October 2003.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Emulate Acrobat 4 CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Emulate Acrobat 4)
  /AlwaysEmbed [ true
    /a_PresentumCps
    /Academy-01
    /Academy-1
    /Academy-3
    /AcademyC
    /AcademyC-Bold
    /AcademyC-Italic
    /AdverGothicC
    /AGAvalancheBoldItalic
    /AGAvalanchePlain
    /AGBengaly-Bold
    /AGBengaly-Roman
    /AGBenguiatCyr-Bold
    /AGBenguiatCyr-Book
    /AGCenturionBold
    /AGCenturionItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGForeignerBoldItalic
    /AGForeignerPlain
    /AGForeignerXPlain
    /AGFriquerBoldItalic
    /AGFriquerItalic
    /AGGalleonBold
    /AGGalleonPlain
    /AGHelveticaBoldItalic
    /AGHelveticaPlain
    /AGOpus-Roman
    /AGReverence-Oblique
    /AGReverence-Roman
    /AGZeppelin-Oblique
    /AGZeppelin-Roman
    /Aksent
    /AlaskaPlain
    /Albertus-Bold
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMedium-Italic
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /AmbassadoreCPlain
    /AmericanUncialCPlain
    /AnnaC
    /AnnaC-Bold
    /AnnaLightC
    /AntiqueOlive
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Apple-Chancery
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /ArialCyrMT
    /ArialCyrMT-Bold
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoldBoecklin
    /Astra
    /AstronC
    /Auriol
    /Auriol-Black
    /Auriol-Bold
    /Auriol-Italic
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeGothicC-Book
    /AvantGardeGothicC-BookOblique
    /AvantGardeGothicC-Demi
    /AvantGardeGothicC-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /BabyTeetPlain
    /Baltic-01
    /Baltic-3
    /Balzano
    /Banco
    /Banshee
    /BastionBoldItalic
    /BastionItalic
    /BastionXItalic
    /Batang
    /BauhausC-Bold
    /BauhausC-Demibold
    /BauhausC-Heavy
    /BauhausC-Light
    /BauhausC-Medium
    /Bebit
    /BeeskneesC
    /BenguiatGothicC-Bold
    /BenguiatGothicC-BoldItalic
    /BenguiatGothicC-Book
    /BenguiatGothicC-BookItalic
    /BenguiatGothicHeavyC
    /BenguiatGothicHeavyC-Bold
    /BenguiatGothicHeavyC-BoldItalic
    /BenguiatGothicHeavyC-Italic
    /BermudaLP-Dots
    /BermudaLP-Open
    /BermudaLP-Solid
    /BermudaLP-Squiggle
    /BernhardC
    /BetinaScriptC
    /BetinaScriptC-Bold
    /BetinaScriptXC
    /BinnerPlain
    /BirchC
    /BlackadderITC-Regular
    /BlackGroteskC
    /BlackGroteskC-Italic
    /Blackoak
    /BlagovestFiveDecor
    /BlagovestFiveRegular
    /BlagovestFiveRegularSerif
    /BlagovestFourNormal
    /BlagovestFourSerif
    /BlagovestOne
    /BlagovestThree
    /BlagovestTwo-Regular
    /BlueIsland
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BossaNovaMVB
    /BoyarskyPlain
    /BradleyHandITC
    /BreezeBold
    /BreezePlain
    /BroadwayCPlain
    /BrunoJB
    /BrunoJB-Bold
    /BrushType-SemiBold
    /BrushType-SemiBold-Italic
    /Bruskovaja-gazetnaja-03
    /Bruskovaja-gazetnaja-3
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /CalligraphPlain
    /Callygraph-01
    /Candid
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChancellorPlain
    /ChanceScript-Plain
    /CharlemagnePlain
    /Charme
    /Chicago
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Book
    /Clarendon-Condensed-Bold
    /ClarendonExtended-Bold
    /Clarendon-Light
    /ClassicBoldItalic
    /ClassicItalic
    /ComicSansMS
    /ComicSansMS-Bold
    /CompactC
    /CompactC-Bold
    /CompactC-BoldItalic
    /CompactC-Italic
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet
    /Coronet-Regular
    /CorridaC
    /Countdown
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierC
    /CourierC-Bold
    /CourierC-BoldOblique
    /CourierC-Oblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CrashC
    /Critter
    /Crystal
    /CurlzMT
    /Cyrvetica
    /Cyrvetica-Bold
    /Cyrvetica-BoldOblique
    /CyrveticaExtra
    /CyrveticaExtra-Bold
    /CyrveticaExtra-BoldOblique
    /CyrveticaExtra-Oblique
    /CyrveticaExtraOutline
    /Cyrvetica-Narrow
    /Cyrvetica-Narrow-Bold
    /Cyrvetica-Narrow-BoldOblique
    /Cyrvetica-Narrow-Oblique
    /Cyrvetica-Oblique
    /CyrveticaOpen-Bold
    /DaggerC
    /Decor
    /DecorC
    /DidonaC
    /DoloresCyr-Black
    /DoloresCyr-Bold
    /DoloresCyr-ExtraBold
    /DoloresCyr-Light
    /DoloresCyr-Regular
    /DrunkC
    /DublonC
    /DublonC-Bold
    /DublonLightC
    /Ebonit-5
    /EdwardianScriptITC
    /Electron-Bold
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /EpsilonC
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /Europe
    /Europe-Bold
    /Europe-Bold-Italic
    /EuropeDemi
    /EuropeDemi-Italic
    /EuropeExt
    /EuropeExt-Bold
    /EuropeExt-Bold-Italic
    /EuropeExt-Italic
    /Europe-Italic
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /EverestUltra
    /ExcelsiorCyr-Bold
    /ExcelsiorCyr-Inclined
    /ExcelsiorCyr-Upright
    /ExPonto-Regular
    /ExposureCMixOne
    /ExposureCMixTwo
    /ExposureCOne
    /ExposureCOneRough
    /ExposureCOutline
    /ExposureCOutlineRough
    /ExposureCThree
    /ExposureCThreeRough
    /ExposureCTwo
    /ExposureCTwoRough
    /FatFaceC
    /FelixTitlingMT
    /Feofan
    /FetteFraktur
    /FetteFraktur-Dfr
    /Fiesta
    /Fiesta-Bold
    /FixSysC
    /Flash-Plain
    /FloraC
    /FloraC-Bold
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreeSetBlackC
    /FreeSetBlackC-Italic
    /FrenchScriptMT
    /Fretta
    /FrizQuadrataC
    /FrizQuadrataC-Bold
    /FrizQuadrataC-BoldItalic
    /FrizQuadrataC-Italic
    /FuturaBookC
    /FuturaBookC-Oblique
    /FuturaDemiC
    /FuturaDemiC-Oblique
    /FuturaEugenia
    /FuturaEugeniaC
    /FuturaLightC
    /FuturaLightC-Oblique
    /FuturaMediumC
    /FuturaMediumC-Oblique
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /GaramondBookC
    /GaramondBookC-Bold
    /GaramondBookC-BoldItalic
    /GaramondBookC-Italic
    /GaramondBookNarrowC
    /GaramondBookNarrowC-Italic
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /GaramondNarrowC-Bold
    /GaramondNarrowC-BoldItalic
    /GaramondNarrowC-Light
    /GaramondNarrowC-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondNo4CyrTCY-Medi
    /Gazett-Rubl-uzk-43
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GlasnostDemiboldFWF
    /GlasnostExtraboldFWF
    /GlasnostLightFWF
    /Glasten
    /GloucesterMT-ExtraCondensed
    /Gonez-01
    /Gonez-03
    /Gonez-1
    /Gonez-3
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Grad
    /Graffiti1C
    /Graffiti2C
    /Graffiti3C
    /Graffiti4C
    /Granit-Bold
    /Haettenschweiler
    /Half_Ustav
    /Half_Ustav-Bold
    /HelvCondBold
    /HelvCondBold-Italic
    /HelvCondNormal
    /HelvCondNormal-Italic
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HermesC
    /HeroldC
    /HeroldC-Bold
    /HeroldNormal
    /Hobo
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /HomePlanning2
    /Hover-Plain
    /Impact
    /ImprintMT-Shadow
    /Industria-SolidA
    /InformC
    /InformC-Bold
    /InformShadowC
    /Insignia-A
    /IrinaC
    /IzhitsaC
    /IzhitsaOS
    /JakobC
    /JakobC-Bold
    /JakobExtraC
    /Japanese-Generic1
    /Jashma-1
    /Jikharev-Italic
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Jotter
    /JotterBold
    /JotterItalic
    /Jotto
    /JournalC
    /JournalC-Bold
    /JournalC-Italic
    /JournalSansC
    /JournalSansC-Bold
    /JournalSansC-Italic
    /JournalSanSerif-01
    /JournalSanSerif-1
    /JournalSanSerif-5
    /Jurnalnaja-01
    /Jurnalnaja-1
    /Jurnalnaja-3
    /KabelC-Bold
    /KabelC-Book
    /KabelC-Demi
    /KabelC-Medium
    /KabelC-Ultra
    /Kaliakra-Plain
    /KarollaC
    /Korean-Generic1
    /KorinnaBlackC
    /KorinnaBlackC-Heavy
    /KorinnaBlackC-Kursiv
    /KorinnaBlackC-KursivHeavy
    /KremlinC
    /Kusanyan-Italic
    /LatinWideC-Plain
    /LazurAntiqDisplayC-Bold
    /LazurAntiqDisplayC-Regul
    /LazurAntiqTextC-Bold
    /LazurAntiqTextC-Regular
    /LazurskiC
    /LazurskiC-Bold
    /LazurskiC-BoldItalic
    /LazurskiC-Italic
    /LazurskiEngravedC
    /LegendeC-Bold
    /LegendeC-BoldItalic
    /LegendeC-Italic
    /LegendeC-Plain
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-BoldSlanted
    /LetterGothic-Italic
    /LetterGothic-Slanted
    /LetterGotLCY-Bold
    /LetterGotLCY-Medi
    /LiteraturnayaC
    /LiteraturnayaC-Bold
    /LiteraturnayaC-BoldItalic
    /LiteraturnayaC-Italic
    /Lithos-Bold
    /Lithos-Plain
    /Lizard
    /LizardBold
    /LizardItalic
    /LPM-Elizabet-01
    /LPM-Elizabet-1
    /LPM-Elizabet-3
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Luxor
    /MachineC
    /MachineC-Bold
    /MagistralBlackC
    /MagistralC
    /MagistralC-Bold
    /MaiandraGD-Regular
    /Malahit-5
    /Marigold
    /MartenCyr-Grotesque
    /MartenCyr-GrotesqueRough
    /MartenCyr-Regular
    /MartenCyr-Rough
    /MatterhornC
    /MaximaCyrTCY-LighComp
    /Megen
    /MicrosoftSansSerif
    /MingLiU
    /Miniature
    /Miniature-Bold
    /Miniature-BoldItalic
    /Miniature-Italic
    /MinionC-Italic
    /MinionC-Plain
    /MinionCyr-Italic
    /MinionCyr-Regular
    /Mistral-Plain
    /Mode-Plain
    /Molto
    /Monaco
    /MonaLisa-Recut
    /MonoCondensedC
    /MonoCondensedC-Bold
    /MonoCondensedC-BoldItalic
    /MonoCondensedC-Italic
    /MonotypeCorsiva
    /MontblancC
    /MontblancC-Italic
    /Motive
    /MotiveBold
    /MotiveItalic
    /MotterTekturaC-Plain
    /MSLineDrawPSMT
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MyslC
    /MyslC-Bold
    /MyslC-BoldItalic
    /MyslC-Italic
    /NewBaskervilleC-Bold
    /NewBaskervilleC-BoldItalic
    /NewBaskervilleC-Italic
    /NewBaskervilleC-Roman
    /NewBaskervilleExpOdC-Bold
    /NewBaskervilleExpOdC-BoldItalic
    /NewBaskervilleExpOdC-Italic
    /NewBaskervilleExpOdC-Roman
    /NewBaskervilleExpScC-Roman
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewStandardC
    /NewStandardC-Bold
    /NewStandardC-BoldItalic
    /NewStandardC-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /NewtonXC
    /NewYork
    /NewYorkC-Plain
    /NewZelek
    /NimbusRomDCY-Bold
    /NimbusRomDCY-BoldItal
    /NimbusRomDCY-Regu
    /NimbusRomDCY-ReguItal
    /NimbusSanLCY-Bold
    /NimbusSanLCY-BoldItal
    /NimbusSanLCY-Regu
    /NimbusSanLCY-ReguItal
    /NimbusSanNo5TCY-Medi
    /NimbusSanNo5TCY-Regu
    /NinaC
    /Nowaja-Gazetnaja-01
    /Nowaja-Gazetnaja-1
    /Nowaja-Gazetnaja-3
    /NSimSun
    /Obyknowennaja-nowaja-01
    /Obyknowennaja-nowaja-1
    /Obyknowennaja-nowaja-3
    /OCR_OneC
    /OCRAExtended
    /OdessaScriptFWF
    /OfficinaSansC-Bold
    /OfficinaSansC-BoldItalic
    /OfficinaSansC-Book
    /OfficinaSansC-BookItalic
    /OfficinaSerifC-Bold
    /OfficinaSerifC-BoldItalic
    /OfficinaSerifC-Book
    /OfficinaSerifC-BookItalic
    /OldScript-Plain
    /OldTownC-Plain
    /OlgaC
    /Oliver
    /Oliver-Bold
    /Oliver-Bold-Italic
    /Oliver-Italic
    /Ondine
    /Opium
    /Opium-Bold
    /Opium-Bold-Italic
    /Opium-Italic
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-Italic
    /Oxford
    /PalaceScriptMT
    /Paladin-Plain
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Papyrus-Regular
    /ParagonC-Plain
    /ParkAvenue-Plain
    /ParsekC
    /PentaBold
    /PentaDemi
    /PentaLight
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Perspective-Plain
    /PetersburgC
    /PetersburgC-Bold
    /PetersburgC-BoldItalic
    /PetersburgC-Italic
    /Plain
    /PlainScriptC
    /PMingLiU
    /Pollock1C
    /Pollock2C
    /Pollock3C
    /Pollock4C
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Oblique
    /PragmaticaCondC
    /PragmaticaItalic
    /PragmaticaLightC
    /PragmaticaLightC-Bold
    /PragmaticaShadowC-Bold
    /PragmaticaShadowC-BoldItalic
    /Prague
    /PragueBold
    /PragueBoldItalic
    /PragueItalic
    /Present
    /Pristina-Regular
    /ProunBC
    /ProunBC-Bold
    /Proun-Bold
    /ProunC
    /ProunC-Bold
    /Proun-Plain
    /ProunX-Bold
    /ProunX-Plain
    /Pump-Plain
    /QuantAntiquaC
    /QuantAntiquaC-Bold
    /QuantAntiquaC-Italic
    /RageItalic
    /Regata
    /Repriza-Bold
    /Repriza-Plain
    /Respect
    /Respect-Bold
    /Respect-BoldItalic
    /Respect-Italic
    /RespectNarrow
    /RespectNarrow-Bold
    /RespectNarrow-BoldItalic
    /RespectNarrow-Italic
    /Ribbon-Plain
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RodchenkoC
    /RodchenkoInlineC
    /Rodeo
    /Rodeo-Bold
    /Rodeo-Bold-Italic
    /Rodeo-Italic
    /Romic-Plain
    /RonInset-Plain
    /RoslynGothic-Plain
    /Rubic
    /Ruk-Jiharev-03
    /SansBold
    /SansLightPlain
    /SansPlain
    /SansXPlain
    /Sapphir-Plain
    /SchoolBookC
    /SchoolBookC-Bold
    /SchoolBookC-BoldItalic
    /SchoolBookC-Italic
    /ScriptMTBold
    /Semaphore
    /Serpentin-Plain
    /SimHei
    /SimSun
    /Sinaloa-Plain
    /Skazka-Plain
    /Slipstream-Plain
    /StandardPosterC
    /StarC
    /Start
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /Stencil
    /Sten-Plain
    /Stop-Plain
    /Story
    /StoryBold
    /StoryItalic
    /StudioScriptC
    /SvetlanaC
    /SvetlanaC-Bold
    /SvetlanaC-BoldItalic
    /SvetlanaC-Italic
    /SvobodaFWF
    /SvobodaFWF-Bold
    /SvobodaFWF-BoldOblique
    /SvobodaFWF-Oblique
    /Sylfaen
    /Symbol
    /SymbolMT
    /Taffy
    /TagirC
    /Tahoma
    /Tahoma-Bold
    /TatianaC
    /Taurus-Bold
    /Taurus-Plain
    /TaurusX-Bold
    /TaurusX-Plain
    /Taxi
    /TaxiBold
    /TaxiItalic
    /Techno28
    /Techno-Plain
    /TextBookC
    /TextBookC-Bold
    /TextBookC-Italic
    /TextBook-Italic
    /Times
    /Times-Bold
    /Times-BoldItalic
    /TimesET
    /TimesET-Bold
    /TimesET-BoldItalic
    /TimesET-Italic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-PhoneticIPA
    /Times-Roman
    /Torhok-Italic
    /Trafaret
    /Traktir
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Treffi-Plain
    /TrixieCyr-Light
    /TrixieCyr-Plain
    /TrueGritC
    /Tutanhamon-shir-03-m
    /Tutanhamon-shir-63
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypeWriter-Bold
    /TypeWriter-Plain
    /UmbrellaC-Plain
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /VantaBlack
    /VantaBold
    /VantaLight
    /VantaPlain
    /VantaThin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /WarnockPro-Bold
    /WarnockPro-BoldCapt
    /WarnockPro-BoldDisp
    /WarnockPro-BoldIt
    /WarnockPro-BoldItCapt
    /WarnockPro-BoldItDisp
    /WarnockPro-BoldItSubh
    /WarnockPro-BoldSubh
    /WarnockPro-Capt
    /WarnockPro-Disp
    /WarnockPro-It
    /WarnockPro-ItCapt
    /WarnockPro-ItDisp
    /WarnockPro-ItSubh
    /WarnockPro-Light
    /WarnockPro-LightCapt
    /WarnockPro-LightDisp
    /WarnockPro-LightIt
    /WarnockPro-LightItCapt
    /WarnockPro-LightItDisp
    /WarnockPro-LightItSubh
    /WarnockPro-LightSubh
    /WarnockPro-Regular
    /WarnockPro-Semibold
    /WarnockPro-SemiboldCapt
    /WarnockPro-SemiboldDisp
    /WarnockPro-SemiboldIt
    /WarnockPro-SemiboldItCapt
    /WarnockPro-SemiboldItDisp
    /WarnockPro-SemiboldItSubh
    /WarnockPro-SemiboldSubh
    /WarnockPro-Subh
    /Webdings
    /WilhelmKlingsporGotisch
    /WindC
    /WindsorC-Plain
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XeniaC
    /XeniaCondensedC
    /XeniaExtendedC
    /XeniaExtendedC-Bold
    /XeniaWesternC
    /XeniaWesternC-Italic
    /ZapfChanceryC
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZhikharevC
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [800 800]
  /PageSize [612.000 792.000]
>> setpagedevice


