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where ! |+ is small when compared pixel neighborhoods contain approximately the same
number of pixels from the same land cover class and punishes large differences in land
cover provenance. ! |+ is a scalar weight parameter that allows controlling the trade-off
between color similarity and land cover similarity. For a first tentative test (Figure 5),
only a one-resolution pass was executed to create a panorama with the adapted algorithm,
which as expected has a negative impact on the quality and causes visible patches. The
result in Figure 5 appears darker than the Jungfraubahn panorama because it was blended
with a digital terrain shading of the output region to add three-dimensional appearance.
Fine-tuning of parameters e.g. neighborhood size and influence of land cover provenance
through ! |+ is also a work in progress. Yet, this first test illustrates well the challenges
that still need to bet met when one wants to use texture synthesis by example for digital
panorama creation. It indicates how the algorithm should be improved to provide
satisfactory results.

Figure 5: A tentative first result of the adapted algorithm showing a landscape texture for the target output
region rendered with the adapted algorithm. It was blended with a terrain shading to add additional three-
dimensional appearance.

Challenges encountered
Improving input acquisition

The output example in Figure 5 shows a lot of repetitiveness. The algorithm selected the
same input pixel groups (patches) many times when assembling the output image. This is
especially apparent in the settlement areas designated in red on the land cover input and
output maps (Figure 4, middle row). The few settlement texture areas in the input image
do not provide enough texture variation to satisfactorily fill large settlement areas in the
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output image. The repetitiveness is also apparent in other land cover classes, where part
of the input areas needed to be excluded from the algorithm because of shadow and
lighting issues. As the lighting of the output region differs from the lighting of the input
region, shadow regions in general were excluded for the first test run. Even if a digital
elevation model and camera parameters could be generated for the hand-painted
panorama (see section Altitude), automatic suggestion of where shadow areas are located
would be difficult as panorama painters sometimes use non-uniform lighting including
cast shadows and possibly locally rotated light sources (Patterson, 2000).

A possibility to increase the number of available input pixels would be to use several
hand-painted panoramas as input to the algorithm. If one land cover class, e.g. forest, is
not sufficiently represented in the input image, it could be completely replaced by forest
from a different input panorama. As transitions between the replacement texture and the
remaining textures are not present in a single image, these transitions would need to be
created by a different method e.g. texture knitting (Zalesny, 2005). Sometimes panorama
artists paint a series of panoramas in very similar stroke style. Possibly the neighborhood
search to find a fitting pixel could be extended to looking for the best fit in several
panoramas. The algorithm would need to be adapted to allow for considering candidate
pixel neighborhoods in several input panoramas. A color-harmonization of the two input
panoramas as preprocessing step may be necessary.

Introducing texture variation by terrain and viewing characteristics
Altitude

Panorama painters sometimes vary the depiction of land cover depending on terrain
characteristics. For example, in Figurel lower elevation forest is sprinkled with yellow
color spots that imply summer season. Similarly, grassland in lower and higher elevations
is shown in different color shades and snow is only present in the highest elevations. The
cost function for matching neighborhoods can be extended to include a term for altitude
similarity D,;; where wg;; is a scalar to control the influence of altitude similarity on the
matching process.

Cdiff = Dcolor + Wi ch+ Wait Dalt

To find pixels of approximately equal altitude, altitude information is needed for the
hand-painted panorama. For a first approximation, an elevation grid of the region was
encoded as orthogonal 2D gray scale image, segmented into pieces and overlaid on the
panorama scan in Adobe Photoshop. The individual 2D pieces were distorted to match
the oblique distorted 3D display of the panorama landscape (Figure 4., bottom row left).
This approach was inspired by a technique by panorama painter Arne Rohweder who
uses obliquely viewed digital terrain shadings, which he cuts, distorts and pastes into a
collage to serve as orientation for the painting to be created (Holzgang, 2005).

This process of visually distorting pieces of an elevation raster turned out to be too time-
consuming and error prone. The major reason being that the geometry of hand-painted
panoramas can be very strongly deformed. This is illustrated by Figure 6, which shows a
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digital elevation model that was deformed using Terrain Bender software (Jenny at al.,
2011) to match an excerpt of H.C. Berann’s Yellowstone panorama. The Tetons were
rotated around the vertical axis by about 50° compared to the undeformed digital
elevation model.
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Figure 6: Deformation of a digital elevation model to match the geometry of a hand-painted panorama. Top
left: excerpt of H.C. Berann’s Greater Yellowstone National Park panorama; top right: digital rendering of
the same region undeformed; bottom left: digital rendering with progressive deformation; bottom right:
digital rendering with progressive and local deformation.

The Terrain Bender software does not allow making a connection between a terrain
model and other geometry. A work in progress is to develop an algorithm that deforms a
digital terrain model of the region shown in the painting. The algorithm is based on
oblique viewing parameters and painting-model control point pairs suggested by the user.
As a result, altitude information and viewing parameters could be used as information to
feed into the terrain-texturing algorithm to match equal altitude areas from the input and
output images.

Viewing distance and silhouettes

Viewing parameters, especially viewing distance and terrain silhouettes, would be
another information that could be extracted from a terrain model distorted to approximate
the geometry of a hand-painted panorama. Some panorama painters vary forest textures
based on the distance to the viewer. Figure 7 shows excerpts of forest textures from H.C.
Berann’s Greater Yellowstone National Park panorama taken from the panorama
foreground (left) progressively to the background (right). One can note that, in the
distance, tree strokes have approximately the same size as tree strokes in the foreground
but stand symbolically for a larger number of trees. In contrast, standard rendering
engines aim at photorealism instead of potentially more illustrative hyperrealism. Such
engines would let the trees become smaller with increasing viewing distance to mimic
perspective foreshortening (Bratkova, 2009).
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Figure 7: Excerpts from H.C. Berann’s Greater Yellowstone National Park panorama.

As Bratkova et al. (2009) observe, the trees as texture elements on observed hand-painted
panoramas are not shown tangential to the surface as one would expect from digital
texture draping. Instead, they stand upright, parallel to the up-axis of the image plane.
Bratkova et al. (2009) also note that the tree trunks are often positioned along the fall
lines of the terrain. While such placement is possible with a stroke-based algorithm, it
seems to be difficult to impossible with a raster-based texture-by-example approach.

Terrain silhouettes indicating edges where depth changes could also be extracted from a
digital elevation model of the painted region. Currently the terrain-texturing algorithm
may plant a patch of coherent pixels across landscape elements at different viewing depth
(e.g. in Figure 5 in the mountains on left to the lake), which disturbs depth perception.
The proposed algorithm could be extended to respect viewing depth by introducing
coherence breaks.

In the Jungfraubahn panorama (Figure 4), strong emphasis of small valleys with cast
shadows is a problem for the proposed algorithm when transferring image patches from
the input image to the output image. Such valleys and emphasized fall lines in forested
and rock areas cannot be detected in the hand-painted image and disturb the terrain relief
in Figure 5. In lack of a better method, pattern detection could be used to avoid these
small valleys and fall lines in the input image.

Conclusions

In this article, a raster-based texture-by-example method was extended to accommodate
transferring land cover texture from a scanned hand-painted panorama onto a digital
elevation model. To produce texture variation as observed in hand-painted panoramas, it
was suggested to include land cover, altitude, viewing distance and silhouettes into the
algorithm. Many challenges remain before an entirely satisfactory result can be expected.
Most of these challenges are connected to missing terrain, lighting and viewing
information for the hand-painted input panorama. Panorama artists sometimes use
lighting from multiple direction and distort terrain geometry, which makes it difficult to
adjust a digital elevation model to match the hand-painted panorama and may make parts
of the panorama unusable as a texture source. To work with an input image without
geometry distortion and inhomogeneous lighting, an option would be to let a panorama
artist texturize an undistorted, standardly lit digital elevation model.
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The suggested raster-based texture by example algorithm for panorama creation has the
potential advantage of transferring many different styles as well as seasonal elements,
e.g. snow, to render arbitrary regions.
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