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ISAM reconstruction achieves this through a Fourier domain
resampling which provides 3-D defocus correction. ISAM is
a point-scanning method, which avoids the cross-talk artifacts
inherent in related full-field techniques [19], [22], [31]. It has
been shown to be robust with respect to motion through the use
of high scanning speeds or motion correction algorithms, and is
parallelizable for real-time processing on a graphics processing
unit (GPU) [7], [32]. Together, these features have contributed
to the successful in vivo application of the ISAM technique.

Computational adaptive optics (CAO) extends the ISAM
model to include optical aberrations which can be corrected
through manipulation of the complex interferometric data [26].
This is achieved by multiplication with a phase-only aberration
correction filter which negates the wavefront aberrations. In this
way, volumetric aberration-free imaging can be achieved. This
flexible processing method can be used to correct for arbitrary
aberrations of high order [8], [33], and can be optimized
for selected sample regions to overcome spatially varying
aberrations [34]. CAO has recently been applied to in vivo imag-
ing of the human retina for visualization of the photoreceptor
mosaic [8].

This paper will explain both the theory and practical imple-
mentation of the ISAM and CAO methods. In addition, the var-
ious technical challenges encountered will be addressed along
with proposed methods for overcoming these challenges. Key
results will be summarized throughout the review, ending with
discussion of current and future directions for these computa-
tional techniques.

II. INTERFEROMETRIC SYNTHETIC APERTURE MICROSCOPY

This section provides an overview of the ISAM model as
well as the necessary steps for implementing the reconstruction.
Stability requirements and methods for overcoming phase insta-
bility are also discussed. Lastly, the capability of in vivo ISAM
reconstruction is demonstrated.

A. Theoretical Model

ISAM is performed using low coherence interferometry. In
summary, broadband near-infrared light is focused into the sam-
ple of interest, and the reflected light is interferometrically de-
tected in the spectral domain. Point scanning in the transverse
dimension provides a 3-D complex dataset S(x, y; k) which is
a function of transverse position (x, y) and wavenumber k. Un-
der the first Born approximation, the measured signal is given
by the convolution of the sample scattering potential � (x, y, z)
with the system point-spread function (PSF) h(x, y, z; k) as

S (x, y; k) =
∫∫∫

h (x − x ′, y − y′, z′; k) � (x ′, y′, z′)

× dx′dy′dz′. (1)

The PSF of the system is defined as

h (x, y, z; k) = µr k2|P (k) |2g2 (x, y, z; k) , (2)

where µr is the interferometric power splitting ratio, |P(k)|2 is
the power spectral density, and g2(x, y, z; k) is the product of

the identical Gaussian illumination and detection beams. The
axial origin of the coordinate system is set as the focal plane
z = 0 without loss of generality. Using the convolution theorem,
Equation (1) can be rewritten in the spatial frequency domain as

�S (Qx , Qy ; k) =
∫

H (Qx , Qy , z′; k) �� (Qx , Qy , z′) dz′ (3)

where (∼) represents the 2-D Fourier transform and Q denotes
spatial frequency.

In general, the frequency domain response is depth-
dependent. However, using asymptotic approximations for both
the near-focus and far-from-focus cases, Equation (3) can be
simplified to the forward model

�S (Qx , Qy ; k) = H (Qx , Qy ; k) ˜̃� (Qx , Qy , Qz) , (4)

where (≈) represents the 3-D Fourier transform and

Qz = −
√

4k2 − Q2
x − Q2

y . (5)

The system response H (Qx , Qy ; k) takes slightly different
forms for the near- and far-from-focus cases, and in theory
it must be inverted to fully recover the scattering potential (a
detailed treatment of the system response function can be found
in Ref. [30]). However, the system response is generally slowly
varying within the pass-band and does not introduce significant
image distortions [7], [30], [32]. Therefore, Equation (4) can
be inverted through a Fourier domain resampling of the data
according to the relationship

k =
1
2

√
Q2

x + Q2
y + Q2

z . (6)

This recovers the unfiltered solution of the scattering potential
in the frequency domain

˜̃�
+

(Qx , Qy , Qz) = �S (Qx , Qy ; k)|
k = 1

2

√
Q 2

x + Q 2
y + Q 2

z

(7)

which can be returned to the spatial domain by the 3-D inverse
Fourier transform

� + (x, y, z) = F −1
{
˜̃�

+
(Qx , Qy , Qz)

}
. (8)

The coordinate resampling step in Equation (7) represents the
re-phasing of the 3-D spatial frequency content, and is compara-
ble to Stolt mapping in synthetic aperture radar [35]. In addition,
a helpful analogy can be drawn between ISAM and diffraction
tomography [30], [36]. The measured spatial frequency vector
Q is given by the difference of the output and input k-vectors
kout and kin ,

Q = kout − kin . (9)

In the far-from-focus approximation, kout = −kin and there-
fore Q = −2kin . Considering the entire range of illumination
angles within the imaging beam, the measured spatial frequen-
cies trace out a wedge of radius 2k on the Ewald sphere [37].
Calculation of the square magnitude of Q gives the relationship

Q2
x + Q2

y + Q2
z = 4k2, (10)

which simplifies immediately to the ISAM coordinate resam-
pling as in Equation (6).
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TABLE I
THREE-DIMENSIONAL ISAM PROCESSING STEPS

1. Begin with the dataset S(x, y ; k ) .
2. Calculate the 1-D inverse Fourier transform to retrieve the complex dataset

S(x, y , z ) , keeping only the positive depths z > 0.
3. If desired, zero-pad the signal along depth z to improve the subsequent

frequency-domain resampling.
4. Circularly shift along depth z to place the focal plane at z = 0 .
5. Calculate the 3-D Fourier transform to retrieve �S(Q x , Q y ; k ) .
6. Resample �S(Q x , Q y ; k ) along k according to Equation (6) to retrieve the

frequency-domain scattering potential ˜̃�
+

(Q x , Q y , Q z ) .

7. Calculate the 3-D inverse Fourier transform of ˜̃�
+

(Q x , Q y , Q z ) to retrieve
the reconstructed scattering potential � + (x, y , z ) .

Fig. 1. Simulation of in focus and far-from-focus scattering particles.
(a) Cross-section of the standard OCT reconstruction showing strong defocus.
(b) ISAM reconstruction showing high-resolution throughout depth.
(c) Frequency-domain representation of original dataset. Black line illus-
trates ISAM resampling curve. (d) Resampled frequency-domain data. Adapted
from [26].

B. Implementation

The ISAM imaging system is essentially identical to that used
in OCT imaging, achieving resolutions of 1–10 µm and imag-
ing depths of 1–3 mm in tissue. The key difference is that the
numerical aperture (NA) may be increased without sacrificing
depth-of-field, and further, a higher NA is often used to achieve
higher transverse resolution. The NA used in ISAM typically
ranges from 0.05 to 0.1 [7], [23]. Recently, ISAM was demon-
strated at 0.6 NA for optical coherence microscopy, removing
the need for z-stacking [38].

Detailed steps for the implementation of the ISAM recon-
struction are listed in Table I. The ISAM simulation for a
point-scattering sample shown in Fig. 1 illustrates the data
resampling process. The initial curvature of the data in the
spatial frequency domain is corrected through appropriate re-
sampling, resulting in a reconstruction with depth-independent
resolution. Note that ISAM processing is in addition to any
spectral-domain OCT processing steps such as k-linearization,
apodization, and dispersion correction.

Alternatively, ISAM can be decomposed into two orthogo-
nal 2-D reconstructions for improved processing speed, which

Fig. 2. Comparison of OCT and ISAM reconstructions of TiO2 scattering
phantoms imaged with an 800 nm, 0.05 NA OCT system. Transverse dimensions
of the rendered volume are 360 µm by 360 µm. (a) 3-D OCT reconstruction.
(b) 3-D ISAM reconstruction. (c) Transverse resolution throughout depth for
OCT and ISAM experimentally demonstrating that ISAM achieves extended
depth-of-field. Adapted from [23] and [39].

enables real-time reconstruction using a GPU [7], [32]. In this
scenario, each cross-sectional frame along the fast scanning
axis is immediately reconstructed when acquired. Following
acquisition of the entire volume, the cross-sectional frames are
processed along the slow scanning axis for a complete 3-D re-
construction.

ISAM has been validated in both scattering phantoms and
biological tissue. OCT and ISAM reconstructions of a TiO2

scattering phantom are shown in Fig. 2(a) and (b). The lim-
ited depth-of-field is clear in the OCT rendering, while ISAM
shows high-resolution throughout the volume. A plot of mea-
sured transverse resolution over depth is shown in Fig. 2(c). An
en face plane approximately eight Rayleigh ranges (450 µm)
above the focus was selected for comparison. The beam fo-
cus was then moved to the plane of interest and an additional
OCT reconstruction was generated. The ISAM reconstruction
of the out-of-focus plane was shown to match the structure of
the in-focus OCT measurement [39].

ISAM also provides an accurate reconstruction of biological
tissue structure. This was demonstrated in ex vivo human breast
tissue where OCT and ISAM reconstructions were compared
to the corresponding histology. As a result of high transverse
resolution throughout the entire imaging depth, ISAM showed
a stronger correspondence to histology [23]. These results illus-
trate the improved capability of ISAM to perform volumetric
high-resolution imaging in biological tissue.

C. Phase Stability

ISAM is a phase-sensitive technique which re-phases opti-
cal wavefronts via a coordinate resampling. Like other phase
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Fig. 7. Demonstration of aberration correction in a scattering phantom using CAO. Images acquired on a 1300 nm, 0.1 NA OCT system. Select en face planes
have been rendered to highlight the strong astigmatism. CAO restores the focal plane while ISAM improves the depth-of-field. Transverse dimensions of the
rendered volume are 256 µm × 256 µm. Reproduced from [26].

Fig. 8. High-resolution imaging of in vivo human skin acquired using an 860 nm, 0.6 NA OCM system. Arrows indicate (a), (f) boundary of the stratum corneum
and epidermis, (b), (g) granular cell nuclei, (c), (h) dermal papillae, (d), (i) basal cells, and (e), (j) connective tissue. Scale bar indicates 40 µm and applies to all
images. Reproduced from [38].

cultures, and various ex vivo animal tissues. As with ISAM,
CAO can also be applied to in vivo imaging when stability con-
cerns are considered. Fig. 8 demonstrates this capability for
3-D in vivo imaging of human skin. Together, the ISAM and
CAO methods complement one another to provide 3-D high-
resolution images of biological tissue without the need for depth
scanning or additional imaging hardware [26], [33], [38].

C. Determining the Correction Filter

Because the optical aberrations of a particular imaging
system are generally unknown, it can be a significant challenge
to determine the appropriate correction filter. One solution
is similar to sensor-less HAO techniques [46]. In sensor-less

HAO, a sequence of aberration corrections beginning with an
initial guess is applied using a deformable mirror. Image metrics
are then used to assess the subsequent change of the signal
or image quality. Instead of physically altering the wavefront,
CAO applies a sequence of computational aberration correction
filters which are digitally applied to the complex image. The
correction filter HAC (Qx , Qy )|z can be expressed as a modal
term as in Zernike polynomial decomposition, or as a zonal-
based wavefront. Several image metrics such as peak intensity,
spatial frequency content, and image sharpness have been
proposed and demonstrated for use in coherent imaging [26],
[38], [47].

A technique termed subaperture correlation has also been
proposed to digitally correct the aberrations in OCT data [27].
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Fig. 9. Illustration of the subaperture method for estimation of the aberration
correction filter. Subapertures in the spatial-frequency domain are compared
to the central reference subaperture to determine the slope of the wavefront.
Reproduced from [27].

While CAO mimics the behavior of a deformable mirror, the
subaperture technique simulates the operation of the Shack-
Harman wavefront sensor by dividing the Fourier plane into
several subapertures. The wavefront slopes of each subaperture
are calculated from the cross-correlation of the reconstructed
subaperture images to the center subaperture reference image, as
illustrated in Fig. 9. This method has shown image improvement
for scattering samples that have a uniform Fourier spectrum,
although only low-order aberrations can be corrected.

If the sample contains point-like structures, the so-called
“guide-star” method can be used in CAO to correct not
only the high-order monochromatic but also the chromatic
aberrations [33]. A spatial window is used to capture the entire
aberrated PSF of the guide-star, and a sub-resolution window
is used to crop the guide-star to the desired target PSF. By
isolating the signal from a guide-star, the aberrations can be
sensed from the phase difference of the measured and desired
wavefront in the Fourier domain. The aberration correction
filter can then be digitally conjugated in the Fourier domain
and applied to the whole image or 3-D volume of stationarity
containing the guide-star. Finally, after the inverse Fourier
transform, the aberration-free data can be achieved.

IV. CURRENT RESEARCH

This section discusses current research directions in com-
puted optical interferometric imaging. Efforts are focused on in
vivo imaging of the human retina, which is currently the most
widespread application of OCT and adaptive optics. Imaging
of the photoreceptors aids the diagnosis and understanding of
diseases such as macular degeneration [48], [49]. Although it
is possible to image the photoreceptors without adaptive optics
provided the subject’s eye has very low aberrations [50], [51],
in general this is not the case [52]. As the NA of the imaging
beam is increased, aberrations play an increased role and distort
the PSF [53], [54]. Because of this, HAO solutions have been
used to achieve diffraction-limited imaging of the retina [16].
However, the cost and complexity of HAO has restricted its
clinical application. A computational alternative, therefore, is
highly desirable.

The eye exhibits frequent and unavoidable motion [55].
This motion poses a significant challenge for computational

Fig. 10. Example wavefront correction for the human eye calculated using
the subaperture and guide-star methods. Adapted from [8].

techniques and must be carefully considered. Unlike the skin,
direct physical contact of the imaging hardware with the eye
is not clinically feasible. Therefore, high scanning speeds and
motion correction techniques must be implemented. Transverse
motion correction can be avoided by imaging at cross-sectional
frame rates greater than 1.5 kHz [56].

The first CAO images of the living human retina were recently
reported using an en face OCT imaging system [8]. The use of en
face OCT allowed for a higher effective frame rate in comparison
to typical spectral-domain methods. The system operated at
4000 en face lines per second, which for stability purposes
is equivalent to a spectral-domain OCT system operating at a
frame rate of 4 kHz. Even at this high imaging speed, axial
motion correction was required due to phase instabilities from
the acoustic optic modulators and sample motion. The axial
motion correction algorithm outlined in Section II-C was used,
slightly modified to work with en face data.

The subaperture and guide-star methods discussed in Section
III-C were implemented sequentially to determine the appro-
priate aberration correction filter for imaging the photoreceptor
layer. The resulting aberration correction is shown in Fig. 10.
The subaperture method was used to determine a bulk correc-
tion. The individual photoreceptors served as natural guide-stars
to fine-tune the correction, modifying the Zernike polynomial
terms of the bulk correction by up to 40%. The resulting pho-
toreceptor mosaic is shown in Fig. 11. The CAO result clearly
resolves the individual photoreceptors, gleaning valuable bio-
logical information from previously unintelligible data.

Visualization of other retinal layers also benefits from
improved resolution. The health of the retinal nerve fiber
layer (RNFL) is an important marker for diseases such as
glaucoma [57], [58] and multiple sclerosis [59], [60]. These
fibers are densely packed and difficult to resolve without
aberration correction. CAO imaging of retinal fiber structure
is shown in Fig. 12, acquired using the same en face imaging
system. The aberration correction was manually adjusted to
maximize the anisotropy image metric [43]. The previously
hidden structure was clearly resolved.

Because HAO physically modifies the optical wavefront, the
signal collected from the retina is greatly increased. However,
CAO is a post-processing technique which can only redistribute
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Fig. 11. Aberration correction in the living human retina using CAO. (a) Scanning laser ophthalmoscope image of the retinal surface. N: nasal, S: superior.
OCT images taken in the boxed region. (b) Uncorrected en face OCT data shows no recognizable features. (c) Aberration corrected data showing individual
photoreceptors. (d) Simultaneously acquired cross-sectional OCT data showing the various retinal layers. The en face photoreceptor mosaic was acquired at the
IS/OS junction. RNFL: retinal nerve fiber layer, GCL/IPL: ganglion cell layer/inner plexiform layer, INL: inner nuclear layer, OPL: outer plexiform layer, ONL:
outer nuclear layer, IS/OS: inner segment/outer segment, RPE: retinal pigment epithelium. Colored boxes correspond to the matching zoomed regions. Scale bar
represents 1° in (a) and 0.25° in (b)–(d). Reproduced from [8].

Fig. 12. CAO of retinal fiber structure. (a) Scanning laser ophthalmoscope
image of the retinal surface. The boxed region indicates the approximate OCT
imaging location. (b) Uncorrected en face OCT data. (c) Data corrected using
CAO showing improved resolution of the fiber structure. Scale bar represents
approximately 2° in (a) and 0.2° in (b) and (c). Data previously unpublished.

the collected energy. Therefore, in subjects with severe eye dis-
ease where there is insufficient signal to generate an initial im-
age, a purely computational solution may not be sufficient. In
this case CAO could be supplemented with a low-order hard-
ware correction to provide the necessary signal strength.

V. CONCLUSION

Together, ISAM and CAO are complementary computa-
tional methods which achieve high-resolution volumetric op-
tical imaging in living tissue, overcoming both limited depth-
of-field and optical aberrations. Moving forward, a primary goal
as well as a key challenge will be the translation of these com-
puted imaging techniques to the clinical setting. Computational

techniques were previously restricted by phase stability require-
ments. Recently, however, the challenge of phase stabilization
has been largely overcome through motion correction tech-
niques. Implementation of these techniques, however, may vary
across clinical imaging scenarios and existing clinical systems
may or may not be suitable for phase-sensitive imaging. Aber-
ration correction encounters the additional challenge of deter-
mining the appropriate correction filter. Several methods have
been proposed, yet it remains to be determined which method
will prove most useful for real-time applications.

As with any medical tool, the capability of the technology to
improve the performance of clinical tasks must be determined.
Since many features in the eye cannot be seen using the cur-
rent standard-of-care optical imaging technologies, the impact
of computational correction is expected to be significant. Appli-
cation to other clinical areas such as dermatology and oncology
may also benefit from the improved image quality. Future stud-
ies will involve the imaging of disease in collaboration with
medical specialists to assess the true clinical impact of the com-
putational techniques.

In summary, recent research results have demonstrated that
computed optical interferometric imaging has matured to sup-
plement and, in some applications, potentially even replace tra-
ditional optical tomography in medicine and biology.

ACKNOWLEDGMENT

The authors would like to thank former members of the
Biophotonics Imaging Laboratory who have helped pioneer,
develop, and demonstrate these computed imaging techniques
including T. S. Ralston, D. L. Marks, B. J. Davis, A. Ahmad,



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


