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Abstract: This study proposes the theoretical design of an

optical setup of a heterodyne interferometric fiber-optic

gyroscope (HIFOG). The polarized IFOG utilizes a coherent

light source and an electro-optic modulator to generate a

dual-frequency laser light source. The Sagnac interferomet-

ric signal can be measured from the amplitude term of

the temporal interference fringe as well as beat frequency

signal. The beat frequency signal can be processed using

filtering techniques or the lock-in technique to enhance

the signal-to-noise ratio. This approach effectively reduces

external environmental noise interference in the interfero-

metric fiber-optic gyroscope, aswell as the polarization state

changes caused by fiber birefringence.

Keywords: interferometric fiber-optic gyroscope; Sagnac

effect; single mode fiber; birefringence

Abbreviations

AC alternative current

CCW counterclockwise

CW clockwise

DC direct current

DIFOG depolarized interferometric fiber-optic gyroscope

EOM electro-optic modulator

FOG fiber-optic gyroscope

HIFOG heterodyne interferometric fiber-optic gyroscope

IFOG interferometric fiber-optic gyroscope

LPR linear polarization rotator

MEMS micro-electromechanical systems

NPBS non-polarizing beam splitter

PIFOG polarizing interferometric fiber-optic gyroscope

PMD polarization mode dispersion
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1 Introduction

A gyroscope is a sensing device used to measure the rota-

tional rate of an object and is an essential component

in aerospace applications. Currently, rotational rate mea-

surements can be performed using traditional mechanical

gyroscopes, micro-electromechanical systems (MEMS) gyro-

scopes [1, 2], ring laser gyroscopes [3–5], and interferomet-

ric fiber-optic gyroscopes (IFOGs) [6], where the sensitivity

of an IFOG can be enhanced by increasing the number of

fiber coil turns [7].

Conventional IFOGs face a significant challenge

posed by fiber birefringence, arising particularly from

the bending-induced stress of the coiled fiber. This effect

results in zero-bias error and degrades the signal through

polarization-related mechanisms [8, 9]. To mitigate

these effects, depolarized IFOGs (DIFOGs) are commonly

implemented, wherein a depolarizer converts polarized

light into unpolarized light, thereby reducing polariza-

tion noise at the cost of reduced interference visibility

[7, 9, 10].

In recent years, the polarizing interferometric fiber-

optic gyroscope (PIFOG) has evolved significantly, with

growing interest in architectures employing single-mode

fiber (SMF) and laser light sources due to their potential

for high-performance navigation and attitude control. By

leveraging high-coherence laser sources, this alternative

approach suppresses backscattering-induced phase noise

while improving scale factor stability, thereby address-

ing a critical requirement for high-precision aerospace

and defense applications [11, 12]. Compared to conven-

tional broadband sources, lasers offer narrow linewidth

and exceptional wavelength stability, enabling scale fac-

tor accuracies better than 1 part per million [11]. Fur-

thermore, the low attenuation (0.2 dB/km) [13] and inher-

ently low backscattering of SMF make it particularly suit-

able for laser-driven systems, contributing to significantly

improved signal-to-noise ratios (SNRs). In contrast, air-core

photonic bandgap fibers, despite their reduced Kerr effect,

exhibit high attenuation (∼13 dB/km) [14] and are prone
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to higher-order mode coupling, which can degrade overall

performance.

Emerging IFOG architectures have begun to leverage

fully polarized laser sources together with polarizing com-

ponents to actively suppress birefringence-induced phase

errors, thereby improving signal quality and system sen-

sitivity without the need for depolarizers. Building on this

trend, this study introduces a heterodyne interferometry

approach based on a dual-frequency laser source combined

with tailored polarization control elements. This method

effectively mitigates the birefringent effects inherent in

standard SMF, which are a major source of phase error in

conventional designs.

A key distinction of our approach from traditional

heterodyne FOGs [15–17] is the deliberate use of low-cost

SMF as the sensing coil. Whereas conventional hetero-

dyne FOGs often rely on polarization-maintaining fiber

(PMF) to passively avoid birefringence effects, our sys-

tem actively compensates for these effects through opti-

cal and signal processing means. This shift offers a sig-

nificant potential reduction in the cost and complexity of

the sensing coil, which is a critical component in practical

deployments. Furthermore, the Sagnac phase shift is pre-

cisely extracted from a time-domain beat signal, a process

enhanced by lock-in amplification technique for superior

SNR. This combination of active birefringence compensa-

tion in standard fiber and advanced electronic detection

provides a robust and cost-effective pathway toward high-

stability, high-precision fiber-optic gyroscopes for tactical

and inertial-grade applications.

2 Basic theory

2.1 Polarization effect of the fiber coil

Consider a fiber coil subjected to fiber bending, temperature

effect and mechanical stress induced birefringence, which

alters the polarization state of the incident light wave. This

effect is referred to as the polarization effect of the fiber coil,

and its polarization transfer function can be represented

using the Jones matrix as [8]:
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where the subscript 12 and 21 respectively stand for the

clockwise (CW, from end 2 to end 1) and counterclockwise

(CCW, from end 2 to end 1) propagation directions, 𝜑 is the

average phase shift along the fiber, a and b are complex

function, 𝜉 is the change of the ellipticity, 𝜃 is the rotation

angle, and 𝜑 is the reciprocal phase of the SMF coil. The

birefringent parameters, 𝜉, 𝜃, and𝜑 are as a function of the

fiber length L.

2.2 Dual-frequency laser light source

The central innovation of this study is its light source,

namely a dual-frequency laser [18]. The unique character-

istics of this light source allow the interferometric signal of

the Sagnac loop interferometer to be carried within time-

domain interference fringes, which helps improve the SNR.

The dual-frequency laser generates two orthogonal lin-

early polarized components with a slight frequency differ-

ence. A ZeemanHe–Ne laser inherently exhibits these char-

acteristics [19].

An alternative method, as shown in Figure 1, utilizes

a single-wavelength laser and an electro-optic modulator

(EOM) driven by a high-voltage sawtooth signal [18]. The

polarization state is then described by the Jones vector:
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Here, A represents the amplitude of the dual-frequency

laser source, 𝜔0 is the central frequency of the single-

wavelength laser source, and 𝜔 is the driving signal fre-

quency of the EOM, typically ranging from kHz to MHz.

From Eq. (3), it can be observed that the frequency of the

x-component of the laser beam’s electric field is 𝜔0 + (𝜔/2),

while the frequency of the y-component is 𝜔0 − (𝜔/2). The

frequency difference between these two orthogonal electric

field components equals the driving frequency of the EOM.

When this dual-frequency laser passes through

a quarter-wave plate, it becomes a linearly polarized

modulated light source, also known as a linear polarization

rotator (LPR) [20, 21],
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Figure 1: Optical setup of a dual-frequency laser composed by a single frequency laser and an electro-optic modulator. EOM: electro-optic modulator.
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Equation (4) represents the normalized Jones vector of

the linearly polarizedmodulated light source with an inten-

sity value of 1.

3 Optical setup

Figure 2 shows the optical setup of a heterodyne interfer-

ometric fiber-optic gyroscope (HIFOG). The incident light

used here is the previously mentioned LPR light source. The

incident beam is split by the first non-polarizing beam split-

ter (NPBS1). The transmitted and reflected beams are desig-

nated as the signal beam and reference beam, respectively.

The signal beam is first transmitted through a polarizerwith

a horizontal transmission axis and is subsequently split by

NPBS2 into two components: the transmitted signal beam

and the reflected signal beam. These designations will be

used to describe the optical paths and electric fields in the

following analysis.

The transmitted signal beam travels CCW through an

EOM, the Sagnac loop formed by the fiber coil, then passes

again through the transmission side of the NPBS2, and

finally goes through an analyzer with its transmission axis

set horizontally.

The reflected signal beam, on the other hand, trav-

els CW through the Sagnac loop, an EOM then passes

again through the reflection side of the NPBS2, and finally

Figure 2: Optical setup of a heterodyne interferometric fiber-optic

gyroscope (HIFOG). DL: dual-frequency laser, Q: quarter wave plate, LPR:

linear polarization rotator, NPBS1 and NPBS2: non-polarizing beam

splitters, P: polarizer, AR and AS: analyzer, PDR and PDS: photodetectors,

LIA: lock-in amplifier.

goes through an analyzer with its transmission axis set

horizontally.

The electric fields of the transmitted and reflected sig-

nal beams are derived using Jones calculus as:
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As described by Eqs. (5) and (6), the fundamental

phase shifts 𝜑cw and 𝜑ccw are due to the unidirectional

propagation of light within the rotating Sagnac loop. The

additional phase components of±𝜑m/2 are imparted by the

EOM’s bias phase in conjunction with the temporal delay of

the fiber coil [22]. These additional phase components are

the crucial parameters employed to enhance the sensitivity,

as will be explained later.
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represent the Jones matrices of a polarizer and an analyzer

with their transmission axes set at 0◦, respectively.
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represent the Jones matrices of the transmission and reflec-

tion surfaces of the NPBS, respectively. The two superim-

posed electric fields of the CW, and CCW propagating light

waves, E
cw

and E
ccw

, after passing through the analyzers,

form the output electric field of the optical system. The

output electric field, E
sig
, can be expressed as a Jones vector:
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The optical intensity signal received by the photode-

tector PDS after the output light passes through it can be

expressed as:
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The Sagnac phase,𝜑sag, is the phase difference between

the CW and CCW beams,

𝜑sag = 𝜑cw − 𝜑ccw = 8N𝜋2R2Ω
𝜆c

, (11)

where N and R are the coil number and radius of the fiber

coil, respectively, Ω is the angular velocity, 𝜆 is the wave-

length, and c is the wave velocity in vacuum. From Eq. (10),

it can be observed that the light intensity signal exhibits

reciprocity. The coherence length of standard frequency-

stabilized lasers can extend to approximately 100 m, sig-

nificantly exceeding the optical path difference produced

in a Sagnac interferometer. As indicated in Eq. (10), the

high coherence of the laser source enables the generation

of a beat signal with ideal interference visibility. Figure 3

schematically illustrates the optical intensity signal mea-

sured at the photodetector as a function of the Sagnac phase

shift. This signal can be extracted from either the DC com-

ponent or the AC (beat-frequency) component in Eq. (10),

both of which exhibit the same interference pattern as

depicted. However, due to the higher susceptibility of the DC

signal to noise, this study emphasizes AC signal detection.

To further improve the SNR, a lock-in amplification tech-

nique is employed [23],whichutilizes correlationprocessing

between the detected signal and a reference signal. For a

detailed description of the lock-in amplification method,

please refer to reference [24].

As described earlier, the reference signal in Figure 2 is

generated by splitting a portion of the incident laser beam

at NPBS1 and is detected by the photodetector PDR. The

corresponding electric field can be expressed as:
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Figure 3: Normalized intensity versus Sagnac phase, showing the

enhanced sensitivity achieved by operating the interferometer with a

phase bias near zero phase shift.

Thus, the intensity of this reference signal can be

expressed as:

Iref = E
∗
ref

⋅ E
ref

= 1

4

(
1+ sin 𝜔t

)
. (13)

By performing correlation between this reference opti-

cal signal, Iref with the Sagnac interferometer output sig-

nal, Isig, the lock-in amplifier effectively extracts the beat-

frequency component while suppressing out-of-band noise

and rejecting the DC component. Signal conditioning is per-

formed by the lock-in amplifier, featuring an internal dif-

ferential preamplifier with a gain of 30. This stage reduces

common-mode noise, including fluctuations in laser inten-

sity, noise source from photodetector, and electromagnetic

interference, thereby enhancing measurement stability.

Theoretical simulations of noise suppression in interfero-

metric fiber-optic gyroscopes indicate that, under a 10 kHz

modulation signal and with a 1 kHz low-pass filter in the

lock-in amplifier, this configuration can achieve an SNR

improvement by a factor of 10 [24].

The primary goal of the gyroscope is to detect extremely

low rotational speeds, i.e., when the Sagnac phase shift

𝜑sag approaches zero. To enhance the detection sensitivity

of interferometric fiber optic gyroscopes at low rotation

rates, this goal can be achieved by the EOM, placing in the

Sagnac interferometer by employing a square wave as the

driving signal for this modulator effectively induces a bias

phase of 𝜑m = ±𝜋/2. Consequently, the detected signal can
be expressed as [22]:
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Figure 3 depicts the response of the normalized optical

intensity to the Sagnac phase under an applied phase bias.

This bias configures the interferometer at the quadrature

point, maximizing the sensitivity of the intensity output to

small phase changes near zero and thus allowing for the

precise measurement of low rotation rates.

4 Discussion on system scalability

The scalability of the proposed HIFOG setup, which refers

to its adaptability for different measurement ranges and

performance grades, is a crucial consideration for practical

deployment. As governed by the Sagnac effect, the scale

factor,

k = 2𝜋LD∕𝜆c (15)

is a deterministic function of the fiber coil’s physical param-

eters, length, L, diameter, D, and the wavelength of the light

source, 𝜆. This inherent scalability is well-supported by the

key design choices in our system. Firstly, the use of a high-

power, dual -frequency laser source provides a high SNR,

which is essential to compensate for the increased propaga-

tion loss when longer fiber lengths are employed to achieve

higher sensitivity. Secondly, the low attenuation of standard

SMF makes it a cost-effective and practical medium for

implementing extended coil lengths.

The simple and flexible interferometric architecture

allows the system to be tailored for specific applications

by adjusting L and D. For example, to achieve tactical-

grade performance with moderate bias stability (e.g.,

0.1–10 ◦/h) [25], a compact coil with shorter fiber length

(e.g., 100–500 m) can be used, prioritizing small size and fast

response time. Conversely, for inertial-grade applications

requiring higher sensitivity and lower bias stability (e.g.,

<0.01 ◦/h) [25], the system can be scaled up using a longer

fiber (e.g., 1–2 km) wound into a larger diameter coil. In

such cases, the excellent coherence and power stability of

the laser source become even more critical for maintaining

measurement fidelity.

It is important to note that while the scale factor scales

linearly with LD, other performance metrics, particularly

bias stability, are also influenced by environmental factors

like the Shupe effect [26], which becomes more pronounced

in larger coils. Therefore, achieving optimal performance
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at a scaled configuration would necessitate advanced coil-

winding techniques (e.g., quadrupolar winding) [27] and

precise thermal management, which are beyond the scope

of this proof-of-concept study but constitute a vital direction

for future investigation. The primary contribution of this

work is to establish a robust and scalable core architec-

ture. The results presented here confirm the viability of this

architecture as a foundation, which can be subsequently

optimized for specific performance targets through param-

eter scaling as discussed.

5 Conclusion and future work

In this study, we propose a method using a specially

designed dual-frequency laser source that simultaneously

generates two orthogonal, linearly polarized beams with a

slight frequency difference. This laser source can be imple-

mented directly using a Zeeman He–Ne laser or by com-

bining a standard laser source with an EOM. Moreover,

the frequency stability is an important issue that affect the

detection performance of the proposed optical setup, a com-

mercial frequency-stabilized Zeeman He–Ne laser can be a

better choice to be a dual-frequency laser light source.

By placing a pair of parallel polarizers at both ends

of the Sagnac loop, the polarization effects caused by fiber

birefringence can be completely eliminated, ensuring the

reciprocity of the detected light intensity signal. As a

result, it is unnecessary to use polarization-maintaining

fibers or polarization controllers to mitigate the birefrin-

gence effects, while still achieving maximum interference

visibility.

The introduction of the dual-frequency laser source

enables the generation of a time-domain interference signal

through the beating phenomenon, ensuring the reciprocity

of the interference signal.

In this study, we present a theoretical framework with

the intention of guiding future experimental implementa-

tion. In subsequent work, we plan to transition the free-

space optical setup illustrated in Figure 2 into an all-fiber

configuration to construct a practical interferometric sys-

tem. The actual performance of the fiber-optic gyroscope

will then be systematically evaluated,with emphasis on crit-

icalmetrics such as bias stability, long-term reliability study,

involving continuous operation over weeks or months, tem-

perature robustness, and laser light source stability.

The primary objective of this paper is to address the

mitigation of non-ideal characteristics specific to SMF, par-

ticularly focusing on static birefringence effects. Therefore,

all other optical components have been assumed ideal in

the current analysis. In future experimental phases, we will

expand the investigation to include the non-ideal behav-

ior of other components, as well as dynamic birefringence

effects arising from polarization mode dispersion (PMD),

based on empirical measurements.

Funding information: This research was funded by the

National Science and Technology Council of Taiwan under

grant number NSTC 114-2221-E-182-008.

Author contribution:All authors have accepted responsibil-

ity for the entire content of thismanuscript and approved its

submission.

Conflict of interest: The authors state no conflict of interest.

Data availability statement:All data generated or analysed

during this study are included in this published article.

References

1. Eminoglu B, Kline MH, Izyumin I, Yeh YC, Boser BE. Background

calibrated MEMS gyroscope. Sensors 2014:922−5.
2. Cao H, Cai Q, Zhang Y, Shen C, Shi Y, Liu J. Design, fabrication, and

experiment of a decoupled multi-frame vibration MEMS

gyroscope. IEEE Sens J 2021;21:19815−24..
3. Ciminelli C, Dagostino D, Carnicella G, DellOlio F, Conteduca D,

Ambrosius HPMM, et al. A high-Q InP resonant angular velocity

sensor for a monolithically integrated optical gyroscope. IEEE

Photon J 2016;8:1−19..
4. Ciminelli C, Campanella CE, Armenise MN. Optimized design of

integrated optical angular velocity sensors based on a passive ring

resonator. J Lightwave Technol 2009;27:2658−66..
5. Faucheux M, Fayoux D, Roland J. The ring laser gyro. J Opt

1988;19:101−15..
6. Arditty HJ, Lefevre HC. Sagnac effect in fiber gyroscopes. Opt Lett

1981;6:401−3..
7. Szafraniec B, Sanders GA. Theory of polarization evolution in

interferometric fiber-optic depolarized gyros. J Lightwave Technol

1999;17:579−90..
8. Pavlath GA, Shaw HJ. Birefringence and polarization effects in fiber

gyroscopes. Appl Opt 1982;21:1752−7..
9. Burns WK, Kersey AD. Fiber-optic gyroscopes with depolarized

light. J Lightwave Technol 1992;10:992−9..
10. Pérez RJ, Álvarez I, Enguita JM. Theoretical design of a depolarized

interferometric fiber-optic gyroscope (IFOG) on SMF-28

single-mode standard optical fiber based on closed-loop

sinusoidal phase modulation with serrodyne feedback phase

modulation using simulation tools for tactical and industrial grade

applications. Sensors 2016;16:604..

11. Lloyd SW, Digonnet MJF, Fan S. Tactical-grade interferometric fiber

optic gyroscope driven with a narrow-linewidth laser. Adv

Photonics 2011:SMC3. https://doi.org/10.1364/sensors.2011.smc3.

12. Lloyd SW, Digonnet MJF, Shanhui F. Modeling coherent

backscattering errors in fiber optic gyroscopes for sources of

arbitrary line width. J Lightwave Technol 2013;31:2070−8..
13. Miya T, Terunuma Y, Hosaka T, Miyashita T. Ultimate low-loss

single-mode fibre at 1.55 μm. Electron Lett 1979;15:
106−8..

https://doi.org/10.1364/sensors.2011.smc3


C.-J. Yu et al.: Heterodyne interferometric fiber-optic gyroscope — 7

14. Poletti F, Petrovich M, van Brakel A, Richardson D. Hollow core

photonic bandgap fibre for truly single mode operation. In: 2008

IEEE/LEOS winter topical meeting series. IEEE; 2008:182−3 pp.
15. Zheng J. Birefringent fibre frequency-modulated continuous-wave

Sagnac gyroscope. Electron Lett 2004;40:1520−2..
16. Zheng J. All-birefringent-fiber frequency-modulated

continuous-wave Sagnac gyroscope. Opt Eng 2005;44:080501−2..
17. Zheng J. Differential all-birefringent-fiber frequency-modulated

continuous-wave Sagnac gyroscope. Opt Eng 2006;45:

050501−2..
18. Su D-C, Chiu M-H, Chen C-D. Simple two-frequency laser. Precis

Eng-J Int Soc Precis Eng Nanotechnol 1996;18:161−3..
19. Taksaki H. Stabilized transverse Zeeman laser as a new light source

for optical measurement. Appl Opt 1980;19:3.

20. Shamir J, Fainman Y. Rotating linearly polarized light source. Appl

Opt 1982;21:364−5..
21. Yu CJ, Lin CE, Yu LP, Chou C. Paired circularly polarized heterodyne

ellipsometer. Appl Opt 2009;48:758−64..

22. Martin J, Winkler J. Fiber optic laser gyro signal detection and

processing technique. In: Guided wave optical systems and

devices I. SPIE; 1978:98−103 pp.
23. Kishore K, Akbar S. Evolution of lock-in amplifier as portable

sensor interface platform: a review. IEEE Sens J 2020;20:10345−54..
24. Zhang X, Li T, Song X, Jiang C. Research on fiber-optic gyroscope

signal detection with lock-in amplifier. In: 5th international

symposium on advanced optical manufacturing and testing

technologies: optical test and measurement technology and

equipment. SPIE; 2010:426−31 pp.
25. Nayak J. Fiber-optic gyroscopes: from design to production

[Invited]. Appl Opt 2011;50:E152−61..
26. Cao Y, Zhu L, Shi F, Chen Y, Cao X, Wang W, et al. Dual-polarization

interferometric fiber optic gyroscope with shupe effect

compensation. Appl Phys Lett 2023;123:011104..

27. Wang Z, Wang G, Wang Y, Wang Z, Gao W. Research on the

birefringence distribution of the fiber coil with quadrupole

symmetrical winding method. IEEE Sens J 2021;22:3219−27..


	Abbreviations
	1 Introduction
	2 Basic theory
	2.1 Polarization effect of the fiber coil
	2.2 Dual-frequency laser light source

	3 Optical setup
	4 Discussion on system scalability
	5 Conclusion and future work


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /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 false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


