High Resolution DEM Building with SAR Interferometry and High
Resolution optical Image
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Abstract: There have been many published articles describing Interferometry algorithms for
DEM generation in different applications. The best uncertainty achieved in most of these
articlesis greater than £1m calculating the elevation. Enabling scientists to gain experience with
new techniques at low cost. Synthetic aperture radar interferometry (INSAR) is an imaging
technique for measuring the topography of a surface, its changes over time, and other changesin
the detailed characteristics of the surface[9].

To take a better resolution of the surfaces, we propose our approach; it’s to merge the results of
the interferometry and data from segmentation of an optical high resolution image.

In this report we describe a procedure for hybridization of interferometry Algorithm (InSAR)
and the use of geospatial data from the image segmentation, with Extraction of the building to
calculate the zonal statistic parameter and mapping all segments comprising the highest
elevations.

This report is written in a step by step format to simplify the complicated steps described in the
paper, with afocus on the Hybridization instead of the interferometry. The tests of this method

were carried out on several sites, and showed good resullts.
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I ntroduction:

With the continuous technological advancements in Interferometry applications, there will
always be a demand for smaller uncertainty in calculating the high resolution pixels. Many
methods to calculate the High resolution INSAR have been published in the Interferometry
literature, nevertheless, their uncertainties have been in planimetry and altimetry
calculations, and some are only valid for a specific images or images with the best
coherence.

Description of the process:

This article describes the process that alows the realization of a DEM by the INSAR
techniqgue and merges it with information extracted from the data of very high
resolution. The process description shows a variety of instructions by a series of steps;
on otherwise, the description of the mechanism focuses on the object of the buildings.
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Figure 1: Graph of the global approach for DEM computing
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SAR Interferometry for DEM Generation [9]:

Two SAR images are combined to produce a SAR Interferogram to reveal information about the
third dimension (elevation) of the object and to measure small displacements of objects between
the two image acquisitions. An interferogram is an image acquired by making the phases of two
SAR images of the same ground to interfere [9].

Figure 2 : InNSAR Geometry

Thus, after registration, the complex interferograms are formed by multiplying each complex
pixel of the first image by the complex conjugate of the same pixel in the second image. The
result interferogram thus generated is a complex image, its intensity is a measure of cross
correlation of the images (Magnitude), and its phase is a result of several parameters including
the topographical changes or height variations Represented by fringes[9].

The phase difference ¢ between two acquisitions signals related the same object. It’s calculated
by the following expression:
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Where (A S, B S;) are the two master and slave images and (pa,pg)(®a,ds) are respectively the
modules and the arguments of the images A and B. and developed by the expression With:
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. A :thewavelength,
. or : Range difference,
. Bh: Horizonta basdling,
. Bv : Vertica basdine,
. 8 :look angle.
Based on the look angle and range difference changes, the interferogram can be generated as:
Ah:ﬂ,rsmeA¢ @
47B
. r :Rangeof imageA,
. A @ : Phase between A and B,
. B :Baselineg(normal)
The description of Interferometry chainsis given by this algorithm [9]:
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Figure 3: InSAR processing organization

INSAR processing:
Step 1: Image Co-registration

The first step and the most essential in the INSAR process is the Co-registration. InNSAR
complex data processing combines SLCI images for SAR interferogram generation. The Precise
co-registration with great correlation of INSAR coherence is crucial and indispensable for this
step.

By modeling the two SAR images with random complex signals zM and zS centered and jointly
stationary in the broad sense (laws independent of the position in the image), In such ways the
phase difference and consistency are defined from the normalized correlation [6] [7] [8]:
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We interested to the fine co-registration after a global coregistration, to estimate the offset error.
With different equations [1] [2] [3]:
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Step 2: Interferogram generation

In order to be able to calculate the 3rd dimension, it is necessary to arrange the two phases of
SAR images on the same terrain and focus in the same view, by the application of the coarse
registration in the first step and refine it by interpolation (Fine-registration) in second step. After
the co-registration process, the interferometer is produced by the multiplication of each selected
pixel of the SLC first by the second conjugate of the same pixel. The interferogram intensity is
estimated by cross correlation of the SLCI images.

the coherence p is related to the normalized correlation of the intensities and It is given by the
following formulation [4] [5]:
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Figure 4: result of co-registration for Interferogram & coherence images

To continue with the unwrapping process, it’s necessary to remove the orbital fringes and the
fringes of the flat earth. And in second step to reduce the noise on the phase interferogram by an

adaptive filter application. (The same zoom of different figures).
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Figure 5: Elimination of orbital fringes applying the filter on the interferogram

Step 3: Phase unwrapping



The interferogram produced by the interferometry is given unfortunately by a phase
value for each pixel at the modulo 21t which means that the supplied phase value is

between @O[0,21t ], while the true value may exceed 21t
The measurement of the corresponding elevation is therefore ambiguous. This problem
must be solved by a phase unwrapping step, which for the interferometry technique is a

necessary for DEM generation. This step is considered the most delicate in rough terrain,
building and steep slopes or discontinuities surfaces.

Phasejunwrapping

Figure 6: unwrapping phase & Interferogram filtered.

Step 4: Height map generation & Geocoding
In this step, we convert the value of unwrapped phase to elevation for each calculated pixel
value form the necessary DEM images generate. The L-look interferometric phase ® and the
corresponding coherence p are defined by [1] [4] [5] [6] [7] [8]:
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Relative height h and interferometric phase are linked by the following relation:
L= A TR >
i B (11)

With R is the mean distance between sensors and the target; p-L is the orthogonal projection of
the baseline (distance between the two sensors) on the perpendicular direction to the propagation
axis; the A iswavelength and the 8 is viewing angle.

The coordinate system of the synthetic gperture radar generate orthocorrected DEM by InSAR
Technique, with projection and cartographic orientation

Interferometric DEM

Figure 7: Interferometric DEM.

Orthorectification:



Before segmenting the image to proceed with the extraction of the building, it’s
necessary to keep the same geometric forms of objects (between Image and DEM) and
to be able to merge the building image with the generated DEM, it is necessary to apply

Figure 8: Process of Orthorectifation Image.
M ean shit Segmentation of the very high resolution image:

This process of Mean-Shift segmentation is performed on very high resolution panchromatic or
multispectral images, of which two different modes can be used as output (vector or raster). Not
only the robustness of this segmentation algorithm, then you can load, run the segmentation
algorithm with al required parameters, vectorize and store in the output file or database.

The very high resolution images are voluminous, so the Mean-Shift algorithm deflects the
image into several small mosaic images caled Tuille, in order to be able to process them
sequentially and quickly.

Among the strong points of this processis the Stitch option, which makes it possible to unite the
segments of the same nature and even for the segments of the adjacent tiles. This option allows
defining the minimum size of the smallest segments, to combine these small segments with their
significant segments.

The M ean-Shift Process:
eInitialize: Set X to the value of the point to classify

*Repeat:
— Move X by the corresponding mean shift vector:
S X0
Xe X+ MX)= B
) 12)

eUntil X converges
*Note: Convergence is guaranteed.

Mean Shift Segmentation Algorithm :

* For each i= 1...n run the mean shift procedure for x; and store the convergence point in z.

e ldentify clusters {Cp} ,-1.m Of convergence points by linking together al z which are
closer than 0,5 from each other in the joint domain.

* Foreachi=1..nassignLi= {p| z ¢Cy}.
» Optional: Eliminate spatia regions smaller than
e M pixels.
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Figure 9: Mean Shift process organization

For the same process in raster mode, the result obtained is a segmented image with a label
which alows the identification of the regions. In this raster mode, there is the Color Mapping
tool with look-up table calculated on support image to render regions with contrasted colors.
And we take the output with same Color of the support image.

We present an extract of zoom on the source image and of the segmented image, in the

e {
Sepm ented Image

Figure 10: Mean Shift Segmentation result.
Polygonize the segmented image and extraction of the building:

Converting between raster file and vector formats allows you to make use of both raster and
vector data when solving a GIS problem or modify the new vector file, as well as using the
various tools and analysis methods unique to these two forms of geographic data. This
increases the flexibility you have when considering data sources and processing methods for
solving a GIS problem.

The goal for this processis, to get the raster result into a vector that can be used to complete the
analysis of building Extraction.

Figure11: From Raster Image to Shape vector form for Building Extraction vector.

Zonal Statistics Process:

o

To compute the satistics of the maximum elevation of each building polygon from INSAR
DEM value, we used the Zonal Statistics tool. This tool produces a single value of the DEM

7



surface dataset for each polygon produced by Mean Shift Segmentation of High Resolution
optical Image.

This figure illustrate the extraction of the maximum elevation parameter of DEM areas by
Building polygons, in order to generate a new database specific to the new DEM elevations that
come back to update the INSAR DEM.
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Figure 12 Zonal statlstlc Result and Data Base reallzatlon

DEM Building Result:
With a crossing of the results obtained by the INSAR and the statistics of the zones, it obtains a
final result on the DEM with very high resolution beam.
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Figure 13: Final result in 2D and 3D view.

Conclusion:

The addition of geospatial capabilities to INSAR Interferometry through the Image High
resolution allows the user to process and visualize the spatia distribution of DEM with high
resolution building results. Because of the availability of digital terrain data and processing
capabilities, GIS iswell suited to assist in performing crossing layers analysis.

The union of the very high resolution imagery and the radar interferometry gives an acceptable
result in the building zones.
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