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with closely spaced buildings of significantly different heights.
Furthermore, in order for such an error to have a negative influ-
ence on the accuracy of the joint visibility maps, the incorrectly
labelled point needs to occur with the same incorrect label in both
the SAR and optical cross-modal visibility maps.

In the case of the SAR simulation, the effects of not modelling the
building facades are not as apparent. This is due to the fact that
the rooftop and facade points layover onto the ground, and while
the facade pixels are not simulated these ground and rooftop pix-
els are, thus encapsulating the full extent of the layover.

6. CONCLUSION AND OUTLOOK

Through our experiments for the first time a strong intuition on
the bounds of joint visibility in multi-modal remote sensing was
gained — backed by quantitative results. To achieve this, we de-
veloped a framework which allows for pixel-wise correspondence
to be determined between multi-modal remote sensing images.
This framework can provide the basis for many other applica-
tions involving the investigation of joint-visibility as well as for
data acquisition in applications where high quality labelled data
and correspondence information is required, such as training deep
matching algorithms.

We further developed an intuition as to the appearance and ef-
fect of the various factors involved in the imaging of the scene.
We were able to show why a small baseline between the sen-
sors is favourable for stereogrammetry applications. We further
described the trade-off between non-visible regions and uncer-
tain regions and present an argument for why the selection of the
scene viewing angle is mainly dependent on factors influencing
the SAR image. Our results further describe the joint visibility
for our test scene is around 55%, even without any optimizing of
viewing angle or sensors baselines. This number can serve as an
approximate upper bound for matching and image fusion endeav-
ours. Since our test scene was fairly typical, it can be expected
that this upper bound approximately extends to scenes with a sim-
ilar structure and imaging geometry.

In future work the simulation of the building facades will be in-
cluded in order to gain a more accurate understanding of the na-
ture of uncertain areas in the image, and to what degree these
areas remain uncertain and difficult to match. An investigation
into the visibility of strong feature points, and their transferabil-
ity between the SAR and optical domain will be discussed, with
the aim of assisting in the selection of high quality feature points
and regions to aid matching in SAR-optical stereogrammetry. We
will further present a mathematical framework to allow for eas-
ier selection of an optimal viewing angle and baseline for use in
matching and SAR-optical stereogrammetry data acquisition.

ACKNOWLEDGEMENTS

This work is supported by the German Research Foundation
(DFG) under grant SCHM 3322/1-1.

REFERENCES

Aver, S., Hornig, I., Schmitt, M. and Reinartz, P., 2017.
Simulation-based interpretation and alignment of high-resolution
optical and SAR images. IEEE Journal of Selected Topics in Ap-
plied Earth Observations and Remote Sensing 10(11), pp. 4779—
4793.

Dalla Mura, M., Prasad, S., Pacifici, F., Gamba, P., Chanussot, J.
and Benediktsson, J. A., 2015. Challenges and opportunities of
multimodality and data fusion in remote sensing. Proceedings of
the IEEE 103(9), pp. 1585-1601.

Ilehag, R., 2016. Exploitation of digital surface models from op-
tical satellites for the identification of buildings in high resolution
SAR imagery. Master’s thesis, KTH, Sweden.

Qiu, C., Schmitt, M. and Zhu, X. X., 2018. Towards automatic
SAR-optical stereogrammety over urban areas using very high
resolution images. ISPRS Journal of Photogrammetry and Re-
mote Sensing 138, pp. 218-231.

Schmitt, M. and Zhu, X. X., 2016. On the challenges in stere-
ogrammetric fusion of SAR and optical imagery for urban areas.
International Archives of the Photogrammetry, Remote Sensing
and Spatial Information Sciences 41(B7), pp. 719-722.

Schmitt, M., Tupin, F. and Zhu, X. X., 2017. Fusion of SAR
and optical remote sensing data — challenges and recent trends.
In: Proceedings of IEEE International Geoscience and Remote
Sensing Symposium, Fort Worth, TX, USA, pp. 5458-5461.

Tao, J., Palubinskas, G., Reinartz, P. and Auer, S., 2011. Interpre-
tation of SAR images in urban areas using simulated optical and
radar images. In: Proceedings of Joint Urban Remote Sensing
Event, pp. 41-44.

Tupin, F.,, 2010. Fusion of optical and SAR images. In: Radar
Remote Sensing of Urban Areas, Springer, pp. 133—159.

Zhang, J., 2010. Multi-source remote sensing data fusion: status
and trends. International Journal of Image and Data Fusion 1(1),
pp. 5-24.

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper.
https://doi.org/10.5194/isprs-annals-1V-2-129-2018 | © Authors 2018. CC BY 4.0 License. 136





