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ABSTRACT: 
 
The improved ground resolution of state-of-the-art synthetic aperture radar (SAR) sensors suggests utilizing SAR data for the 
analysis of urban areas. Building recognition however suffers from the consequences of the inherent side-looking viewing geometry 
of SAR, particularly occlusion and layover hinder the analysis. Usually extracted layover regions are not considered further in the 
recognition workflow. However, since layover regions contain information mixture of the building and its surrounding area, it is 
worthwhile to make efforts to understand such signal in order to tell different contributions of building façade and roof apart from 
those of other objects aiming at improvement of recognition. 
Considering InSAR data conspicuous phase distributions at building locations are observable. The concerned area begins always at 
the building parts facing the sensor, in extreme cases even the entire data of the building area is inferred by layover. The 
characteristics of the phase profile in range direction depend on sensor and illumination properties as well as on geometric attributes 
of buildings. The processed interferometric phase information of a single range cell may result from superposition of several signal 
contributions of backscatters with same range distance to the sensor. 
In this paper, a model is presented to calculate the expected interferometric phase values based on a given surface profile. The 
process takes into account that a mixture of several contributions defines the interferometric phase of a single range cell. Based on 
this model, simulations shall be included in an iterative analysis-by-synthesis approach for building recognition from multi-aspect 
InSAR data. The focus of the proposed model is to understand the impact of the building’s geometry on the phase profiles, material 
properties are not considered in the present state. The assessment process of the simulated phase profiles is performed by 
comparison with real InSAR data, based on phase values of single range lines. 
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1. INTRODUCTION 

The recognition of buildings from SAR data is often driven by 
analysis of magnitude images focussing on effects caused by 
the inherent oblique scene illumination, such as layover, radar 
shadow and multipath signal propagation (Simonetto et al., 
2005), (Thiele et al., 2007). If InSAR data are provided, they 
are basically used for orthorectification and height estimation of 
the building hypotheses (Bolter, 2001), (Gamba et al., 2003). 
Due to the signal mixture in layover areas, at first glance the 
related InSAR elevation data often seem to exhibit arbitrary 
height values between ground and rooftop levels. Because of 
this fact, layover areas are often excluded from further 
recognition steps. In former research work conspicuous InSAR 
phase profiles at building locations were observable, which 
permitted the question of including this data in the process of 
building recognition and reconstruction. A prerequisite for 
exploiting layover signal is an understanding how different 
scattering objects contribute to the given InSAR data, which 
can be achieved for example based on simulation. 
The analysis of InSAR phases in (Burkhart et al., 1996) was 
motivated by the task of building and tree extraction. The focus 
was on removal of noise and artefacts from the InSAR data. 
The appearance of the layover area in InSAR phase data at 
buildings was referred as “front porch”. (Bickel et al., 1997) as 
well investigated mapping of building structures into InSAR 

heights and coherence data, and presented ideas to identify and 
avoid the layover problem. A study of the joint statistic of SAR 
images concentrating on layover areas was published in 
(Wilkinson, 1998).  

 

 
Figure 1.  Appearance of gable-roofed building in orthophoto 
(u.l.), LIDAR DSM (u.r.), SAR magnitude image (l.l.), and 

InSAR phase image (l.r.); Red line marks range profile 
 

In (Petit et al., 2000) an interferogram simulator was presented 
to reproduce and study coherence losses for steep gradient 
relief. The studies of (Cellier et al., 2006) are focused on 
segmentation of the borderline of the layover area as seen from 
the sensor, in order to determine the building’s height. An 
interferometric mixture model using two contributors was 
developed and used to improve the estimation of the frontage 
height of an industrial building. 
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An analysis of the full layover area is necessary to clarify 
whether the InSAR phase profiles in range direction include 
useful information for the reconstruction of buildings. In 
Figure 1 an image example is given. The red line marks a 
profile, which is analyzed in the following. 
The first step of studying the potential of phase profiles for 
recognition is simulation of interferometic phases, which takes 
all contributors into account. In this paper an appropriate phase 
mixture model is proposed. Results for different building types 
are presented and compared with real InSAR data. The analysis 
is mainly focused on the layover area. 
 
 

2. PHASE PROFILE MODELLING 

2.1 Definition and Implementation of Phase Mixture Model 

For across-track SAR Interferometry two SAR images are 
required, which were taken separated by a baseline 
perpendicular to sensor tracks. After SAR processing the 
incoming signals gathered by antennas A1 and A2 are mapped 
into the related range/azimuth resolution cells (pixel) S1 
respectively S2 of the complex SAR images. The signal phasor 
represented by a certain resolution cell is modelled to be the 
result of coherent superposition of contributions of every 
individual scattering object inside the related 3d volume. 
Equation 1 describes this superposition for a constellation 
depicted in Figure 2. 
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where: a1n , a2n = magnitude of contributor n 
 φr1n , φr2n = phase of contributor n 
In a simplified manner SAR can be described as distance 
measurement in horizontal cylinder coordinates with high 
resolution in radial (range) and azimuth coordinates, but poor 
resolution in off-nadir angle (elevation) direction. The latter is 
the reason for the layover phenomenon. 
An example for a building is given in Figure 2. The point A 
(ground level), point B (building wall) and point C (building 
roof) have the same distance (r1A = r1B = r1C) to antenna A1. 
But, related to antenna A2 the range distances differ 
(r2A ≠ r2B ≠ r2C): point C is closest to the sensor, followed by 
point B and point A. 
Since the layover effect is modelled to be independent from 
azimuth, but off-nadir angle θ rises over swath with increasing 
range, the simulation is carried out along range profiles. 

From the phase difference of the two complex images the 
InSAR phase data is calculated. In the simulation different 
signal contributions at elevation discontinuities especially 
related to building locations are considered: 
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The process of the phase profile modelling starts with the 
definition of the sensor parameters, e.g. wavelength, sensor 
altitude, antenna configuration, slant range resolution. From a 
given ground truth DSM range profiles are derived, in which 
linear patches are segmented (synthetic DSM). An example for 
a flat-roofed building is depicted in Figure 3. In the next step 
the synthetic DSM is split into DSM fragments in ground range 
of approximate constant gradient, with PS (xS,yS,zS) as start 
point and PE (xE,yE,zE) as end point. For each of these ground 
fragments the corresponding range cells are determined and the 
following quantities per range cell are calculated: local 
incidence angle αi between radar signal path and normal vector 
ni (equation 3), range distance difference Δri and phase 
difference Δφi (equations 4). 
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where:  Pi = point coordinate vector 
 A1, A2 = antenna vector 
 λ = wave length 
The simulation is carried out in the range grid of the final 
interferogram. In this manner no co-registration of the two SAR 
images is required. The simulated interferometric phases are 
calculated by summing up all contributions of one range cell. 
Equation 5 describes the interferogram calculation for m 
backscatter contributors with the assumption of equal 
magnitude a: 
 
 ∑
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m
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Considering additionally the local incidence angle αi leads to 
equation 6 for the interferogram calculation. 
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Figure 2.  Contribution distribution of InSAR measurements at

building location 
 Figure 3.  DSM profile of a flat-roofed building based on 

fragments; local incidence angle of radar signal 
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The process of phase profile modelling includes detection of 
shadow areas and flat earth correction. The shadow areas are 
modelled with a reflectivity of zero without implementing a 
noise contribution. 
 
2.2 Examples of Simulated Phase Profiles 

The influence of viewing geometry parameters is discussed for 
two simple building models: flat-roofed and gable-roofed. The 
first row in Figure 4 shows synthetic DSM profiles of a flat- 
(left) and a gable-roofed (right) building. The number of 
different contributors for a single range cell is given in the 
second row of Figure 4. The simulated phase profiles 
considering local incidence angle of radar signal are shown in 
the third row. In the fourth row additionally the component of 
flat earth correction is also considered at locations without 
backscatter contributors like shadow regions. In real InSAR 
data these regions are characterized by a random phase 
distribution, which is e.g. accounted in the model of 
(Wilkinson, 1998). 

 
Figure 4.  Simulation of phase profiles at flat- and gable-roofed 

buildings; Layover area marked red 
 

The impact of the local incidence angle α of the radar signal is 
essential for the mapping of certain buildings. To emphasize 
this in Figure 5 simulated phase profiles of a gable-roofed 
building are given assuming off-nadir angle θ of 35° (left) 
respectively 50° (right). The profiles display the highest 
differences in front of the building at the layover area. The 
steepest off-nadir angle (35°) shows the highest difference 
(equation 3, 6). 

Figure 5.  Simulation neglecting (top) and considering (middle) 
local incidence angle α, bottom: difference middle-top 

Beside the local incidence angle of the radar signal other 
quantities affect the appearance of the InSAR phase profiles. 
That includes sensor parameters (e.g. range resolution and 
antenna configuration), illumination parameters (e.g. range 
distance and off-nadir angle), and building model parameters 
(e.g. height, width and roof type). The here presented studies 
are focused on the impact of illumination and building model 
parameters. In Figure 6 simulated phase profiles are shown for a 
flat-roofed building (10 m height and 40 m width) as a function 
of the off-nadir angle in the range from 20° up to 50°. The 
distribution of the phase information of the layover area as well 
as the roof part includes salient phase jumps to values lower 
zero. That is caused by the ambiguity height Δhi defined by: 
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where: B ⊥  = perpendicular component of the baseline 
 ri = range distance to position i 
 θi = off-nadir angle on position i 
For the simulated configuration the ambiguity height is given 
from 8 m (20°) up to 24 m (50°). Accordingly, with a scaling 
from - π up to π and terrain definition at scale point zero, only 
the half of the elevation interval can be used for a positive 
display of building phases. Furthermore, the maximum phase 
value in the layover area is approximately building phase. 
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Figure 6.  Changes in simulated phase profile for flat-roofed 

building by varying off-nadir angle 
 

Analogue studies have been undertaken for a gable-roofed 
building (8 m eaves height, 12 m ridge height, 50 m width 
leading to 10 degree roof pitch). In addition building size 
respectively roof pitch are varied. The phase schemas are given 
in Figure 7. The influence of varying the off-nadir angle from 
20° up to 50° is shown in Figure 7a. As mentioned before, a 
steeper off-nadir angle leads to a smaller 2 π unambiguous 
elevation interval (equation 7), which results in phase profile 
values lower zero. 
The variation of the building size from 10 m up to 70 m yields 
to a change of the roof pitch from 40° down to 7°, the simulated 
profiles are depicted in Figure 7b. The first profile (at 10 m) 
reveals no exclusive phase signature of the roof at all, the entire 
roof signal is compound with other contributions in the layover 
area. With growing building width exclusive phase signature of 
the roof is observable, but after a certain building size the above 
mentioned phase wrapping takes effect. For small buildings this 
behaviour is not observed, because of the layover phenomenon. 
In comparison with Figure 7a is the 2 π unambiguous elevation 
interval for Figure 7b constant. 
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Figure 7.  Changes in simulated phase profile for gable-roofed 
buildings by varying off-nadir angle (a) and building size (b) 

 
This observation is confirmed by comparison with real InSAR 
data; especially in large urban areas with similar building 
inventory illuminated under different off-nadir angles. 
Even if the building’s height is smaller than the unambiguous 
elevation interval, this effect may occur due to suboptimal 
choice of the elevation interval borders in the InSAR 
processing. In such cases a phase shifting procedure is 
beneficial. This step contains phase shifting upwards by 2 π for 
all phase values significantly below a threshold. 
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Figure 8.  Changes in simulated phase profile for gable-roofed 
building by varying off-nadir angle (a) and building size (b) 

after phase shifting operation 

The new results, including such a phase shifting, for both 
parameter variations (off-nadir angle respectively building size) 
are given in Figure 8. The described phase shifting is obviously 
helpful for the example of building size variation (Figure 8b). 
However, considering Figure 8a this procedure is less helpful, 
because the 2 π unambiguous elevation interval connected to 
steep off-nadir angles is too small for an unambiguous 
visualisation of the phase values. 
 
 

3. PHASE PROFILES IN REAL INSAR DATA 

3.1 

3.2 

Calculation of Interferogram 

The calculation of the interferometric phase values based on the 
SLC data of both antennas is done in slant range geometry. Due 
to the baseline established by the geometric separation of the 
antennas, the two SAR images have different range/azimuth 
coordinate grids. Therefore, co-registration is required. Since 
InSAR relies on the phase difference of the two given complex 
SAR images, sub-pixel accuracy is a prerequisite. 
The subsequent interferogram generation includes multi-look 
filtering, followed by flat earth correction and phase centring. 
By phase centring a phase distribution with zero mean is 
achieved in the manner of the model results to make the 
comparison of both phase profiles possible. For some cases 
subsequent phase shifting is useful to reduce phase ambiguities 
at building locations. 
 

Examples of Real Phase Profiles 

The investigated SLC InSAR data set was produced by 
Intermap Technologies (Schwaebisch et al., 1999), and have a 
spatial resolution of about 38 cm in range and 16 cm in azimuth 
direction. The two X-Band sensors operated with effective 
baseline B ≈ 2.4 m. The 2 π unambiguous elevation span is 
about 16 m in close range and 20 m in far range. The mapped 
area is characterized by a mixture of residential and industrial 
building structures. 
A small subset of this InSAR data set as well as the 
corresponding ground truth data (orthophoto, LIDAR DSM) are 
shown in Figure 9. The red line in the images signalizes the 
range profile chosen for the subsequently tests. 

 

 
Figure 9.  Appearance of flat-roofed building in orthophoto 
(u.l.), LIDAR DSM (u.r.), SAR magnitude image (l.l.), and 
measured InSAR phase image (l.r.); Red line marks range 

profile 
 

For the investigation of typical measured phase profiles the 
influence of the multi-look window size was studied. The 
effects of window size [1x1] (single look), [3x3], [5x5] and 
[9x9] are illustrated for the chosen range profile in Figure 10 
(the first image on top shows the corresponding LIDAR DSM 
profile). 
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Figure 10.  LIDAR DSM profile and corresponding measured 

InSAR phase profiles based on different multi-look parameters; 
Layover areas are marked red 

 
Obviously, smoothing of the phase values to some extent is 
advisable, which can be confirmed with respect to the building 
recognition task from real InSAR data. For the following 
comparison between simulated and measured phase profiles the 
[9x9] interferogram was chosen. 
In Figure 11 the measured InSAR phase profiles of a flat-roofed 
(left) and a gable-roofed (right) building are shown. The 
layover area (marked red) shows the previously discussed 
“front-porch” shape (Burkhart, 1996), because in this area the 
different heights of the contributors for the same range cell are 
mixed. After the initial maximum height value arising from 
dominate signal of the roof corner structure, usually a declining 
trend is observed towards the corner reflector spanned by the 
wall and the ground in front at the end of the layover region, 
which in theory should coincide with terrain level, but in reality 
sometimes larger elevation values are observed. 

 
Figure 11.  LIDAR DSM profiles and corresponding measured 

InSAR phase profiles; Layover area marked red 
 

The typical distribution of InSAR profiles is not restricted to the 
investigated data set or sensor set-up. Similar phase 
contributions at building locations especially in the layover 

areas are observable also for other SAR sensors, baseline 
configurations and range resolutions. 
 
 

4. COMPARISON OF PHASE PROFILES 

The assessment of the simulated phase and the real InSAR 
interferograms is based on comparison of phase profiles in 
range direction. Therefore, a suitable LIDAR DSM profile of 
the scenery was selected and generalized (synthetic DSM) for 
the modelling process preserving geometrical dimensions and 
other key features (e.g. roof type of building). The modelled 
physical parameters (e.g. wavelength, length of baseline and 
sensor altitude) are extracted from log files of the investigated 
InSAR data set. 

Figure 12.  Synthetic DSM profile and simulated phase profile 
(left column); LIDAR DSM profile and measured InSAR phase 

profile (right column); Layover area marked red 
 

The first comparison in Figure 12 shows the simple gable-
roofed building also visualized in Figure 1. The simulation 
yields sharper edges and crisper contours. This is due to the 
generalisation effect of the model and the neglect of material 
properties. 
The sensor-close part of the phase profiles match better then on 
the rear part. This difference is caused by phase noise from 
occlusion and interference from adjacent trees. The phase peaks 
below zero of both phase profiles could be compensated by the 
step of phase shifting. Focused on the layover area similarities 
are observable especially at the highest and lowest point of the 
area. The comparison of phase information in the shadow area 
is not reasonable, because the simulated phase profile only 
shows the flat earth component without apparent layover of the 
trees as observable in the measured phase profile. 

 

 
Figure 13.  Appearance of flat-roofed building row in 

orthophoto (u.l.), LIDAR DSM (u.r.), SAR magnitude image 
(l.l.), and InSAR phase image (l.r.);Red line marks range profile 

 
A more complex scenery is illustrated in Figure 13. The red line 
marks the location of the following investigated slant range 
profiles. The related synthetic and ground truth elevation data 
as well as simulated and measured phase profiles are depicted 
in Figure 14. The scene consists of a group of flat-roofed 
buildings of different height. Direct comparison of the phase 
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profiles is complicated by the interference between the 
neighbouring buildings and trees in-between. Furthermore, the 
interpretation is hampered by the 2 π steps in the measured 
phase profile. 
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Figure 14.  Synthetic DSM profile and simulated phase profile 
(left column); LIDAR DSM profile and measured InSAR phase 

profile (right column) 
 

A similar configuration of gable-roofed buildings is given in 
Figure 15. The group of five buildings is characterised by four 
buildings of same and one of opposite orientation. In the 
generalised synthetic DSM, this building is replaced as a flat-
roofed building (Figure 16). 

 

 
Figure 15.  Appearance of gable-roofed building row in 

orthophoto (u.l.), LIDAR DSM (u.r.), SAR magnitude image 
(l.l.), and InSAR phase image (l.r.); Red line marks range 

profile 
 

The simulated phase profiles in this case match even better the 
measured phase profile compared to the flat-roofed building 
row (Figure 14). The main reason is probably the absence of tall 
trees. Similarities are observable at significant points of the 
layover areas as well as in the phase distribution in the layover 
areas. 
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Figure 16.  Synthetic DSM profile and simulated phase profile 
(left column); LIDAR DSM profile and measured InSAR phase 

profile (right column) 
 

The sets of simulated and measured phase profiles reveal, how 
complex the analysis of the layover area is, especially if mutual 
interference caused by trees and closed neighbouring buildings 
have to be taken into account. 

5. CONCLUSION 

In this paper a model was proposed to simulate the 
interferometric phase values, based on a given surface profile. 
The simulation approach is tailored to the needs of an iterative 
analysis-by-synthesis approach for building recognition. The 
process takes into account that several scattering processes can 
contribute to the interferometric phase of a single range cell. 
Material properties are not considered, because such data is 
usually not available for the building recognition task. The 
influence of a number of different parameters was discussed. 
The model was verified by comparison with real InSAR data. 
The analysis focussed on the phase distributions in the layover 
area at building locations. The high correlation between 
simulated and real InSAR phase profiles fosters further 
investigations how such simulations can be best exploited in a 
frame work for building recognition and reconstruction. 
Furthermore an automatic phase unwrapping at building 
locations for disadvantageous 2 π unambiguous elevation 
intervals is a crucial step and will be investigated in future work 
to improve the building reconstruction frame work. 
 
 

6. REFERENCES 

Bickel, D.L., Hensley W.H., Yocky, D.A. 1997.  The Effect of 
Scattering from Buildings on Interferometric SAR 
Measurements.  In: Proceedings of IGARSS, Vol. 4, 3-8 August, 
Singapore, pp. 1545-1547. 

Bolter, R. 2001.  Buildings from SAR: Detection and 
Reconstruction of Buildings from Multiple View High 
Resolution Interferometric SAR Data. Ph.D. dissertation, 
University Graz. 

Burkhart, G.R., Bergen, Z., Carande, R. 1996.  Elevation 
Correction and Building Extraction from Interferometric SAR 
Imagery.  In: Proceedings of IGARSS, Vol. 1, 27-31 May, 
Lincoln, Nebraska, USA, pp. 659-661. 

Cellier, F., Oriot, H., Nicolas, J.-M. 2006.  Study of altimetric 
mixtures in layover areas on high-resolution InSAR images.  In: 
Proceedings of EUSAR, Dresden, Germany, CD ROM. 

Gamba, P., Dell’Acqua, F., Houshmand, B. 2003.  Comparison 
and fusion of LIDAR and InSAR digital elevation models over 
urban areas. In: International Journal Remote Sensing, Vol. 24, 
No. 22, 20 November, pp. 4289-4300. 

Petit, D., Adragna, F. 2000.  A new interferogram simulator: 
2SIR. Study of coherence losses for tortured reliefs.  In: 
Proceedings of SAR Workshop: CEOS - Working Group on 
Calibration and Validation, ESA-SP Vol. 450, 26-29 October 
1999, Toulouse, France, p.591. 

Schwaebisch, M., Moreira, J. 1999.  The high resolution 
airborne interferometric SAR AeS-1.  In: Proceedings of the 
Fourth International Air-borne Remote Sensing Conference and 
Exhibition, Ottawa, Canada, pp. 540-547. 

Thiele, A., Cadario, E., Schulz, K., Thoennessen, U., Soergel, 
U. 2007.  Building Recognition from Multi-Aspect High 
Resolution InSAR Data in Urban Area. In: IEEE Transactions 
on Geoscience and Remote Sensing, EUSAR Special Issue 
2006, in press. 

Wilkinson, A. J. 1998.  Synthetic Aperture Radar 
Interferometry: A Model for the Joint Statistics in Layover 
Areas.  In: Proceedings of COMSIG, 7-8 September, 
Rondebosch, South Africa, pp. 333-338. 

PIA07 - Photogrammetric Image Analysis  ---  Munich, Germany, September 19-21, 2007
¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

208


	1. INTRODUCTION 
	2. PHASE PROFILE MODELLING 
	2.1 Definition and Implementation of Phase Mixture Model 
	2.2 Examples of Simulated Phase Profiles 

	3. PHASE PROFILES IN REAL INSAR DATA 
	3.1 Calculation of Interferogram 
	3.2 Examples of Real Phase Profiles 

	4. COMPARISON OF PHASE PROFILES 
	5. CONCLUSION 
	6. REFERENCES 
	Back to Content


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


