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ULR using
input views

ULR using instance
specific subviews
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reprojected subviews

Figure 18: IBR comparison on our full scene mesh, using resp. the
three input views, each instance original subviews, and the repro-
jected subviews for each instance.

6.3. Complete Facade

We now need to create a complete model of the facade, requir-
ing us to make the window-scale subviews compatible with the
facade-scale input images. The main challenge we face at this stage
is that the facade-scale images are not perfectly aligned with the
subviews and refined 3D mesh, which results in visible seams if
the two sets of images are combined naively during image-based
rendering (see Fig. 19(a)). For each subview, our solution is to
project the closest input views into it, and stitch the two images
such that the subview is kept over the window, while the input
image is used over the surrounding walls. We apply Digital Pho-
tomontage [ADA� 04] to achieve a seamless composite, using the
blurred bounding box of the subview as the foreground/background
unary term (see Fig. 19(b)).

This approach also helps with color differences between the sub-
views and the facade due to exposure variations in the scene. As a
result, subviews are seamlessly composited and we can place the
instances at different locations on the facade, creating a novel fa-
cade (see Fig. 20).

7. Implementation and results

The final augmented dataset contains the matrix of augmented
views, V k

i, j , the corresponding cameras C�
i, j and the augmented ge-

ometry. In addition, we have the selected environment map that will
be used for IBL.

7.1. Rendering

We render the scene using an extension of the Unstructured Lumi-
graph Rendering (ULR) method [BBM� 01], that computes blend-
ing weights between input images for each pixel of the desired out-
put. Our expanded set of cameras C� and images V k

i j augment the
image data available for the regions in the windows. In the remain-
ing areas of the facade plane, it is equivalent to a ULR render using
solely the three input images. In the regions of the platonic ele-
ments, only the platonic cameras are used, to avoid any ghosting
caused by the unprocessed input images.

To restore plausible view-dependent effects that are important to
the perceived accuracy and realism of the scene, we overlay a re-
flection layer over the output image, using the environment map

(a)

(d)(c)

(b)

Figure 19: (a) If the crop is blended naively, we observe visible
seams. (b) Unary terms weighting with distance from boundaries.
(c) After the graph cut, visible seams are eliminated. (d) Resulting
cut.

previously selected. For each pixel lying in one of the areas delim-
ited by the reflection masks (Sec. 6.1), we reflect the view-to-point
vector with respect to the facade plane normal and use the result-
ing direction to query the environment map. The resulting color is
additively blended with the underlying diffuse color.

7.2. Implementation

We implemented our method in our custom C++ framework and
render in an OpenGL pipeline. For the individual components we
used the implementation of [WFP11] to rectify input images, and
a Tensorflow implementation of the U-net for window segmenta-
tion. The entire preprocessing pipeline requires between 10 and 30
minutes for all our scenes; camera calibration and reconstruction
requires less than 5 minutes both for input and platonic scenes. All
timings are reported on an Intel Xeon 12 core 2.6GHz machine with
32Gb of memory. Rendering is real-time.

7.3. Results

We validate our results on five scenes, two with facades from Lon-
don (3 input images each, from Ceylan et al. [CMZP13]) and three
from Paris (3 input images for Paris1 and 4 for the others). Scenes
are processed as described in the previous sections. Scenes Paris2
and Paris3 required manual definition of the plane. In Fig. 21, for
each scene we show the input augmented geometry and compare
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Figure 20: Our method allows for instances of the platonic ele-
ment to be swapped and reinserted in the final scene in a coherent
manner. Top: original facade, bottom: novel facade.

our result to the baseline result rendered with ULR rendering on the
MVS reconstruction using the input images. The resulting improve-
ment in quality is more clearly visible in the supplemental video,
when changing the novel view and for the IBL rendering of re-
flections. Our contributions could also benefit rendering algorithms
based on a diffuse textured mesh. In particular, the refined mesh
yields better alignment of the re-projected images, which could
benefit multi-view texturing. We present a comparison between tex-
tured meshes generated from our data and our image-based render-
ing approach in Fig. 22. Additional comparisons, illustrating the
relative advantages of each part of our method can also be found
in the accompanying videos. As shown in Fig. 20, a novel facade
can be generated from an existing scene by swapping window in-
stances.

8. Limitations and future work

Limitations. We currently rely on user intervention for subview se-
lection. A clustering algorithm with a specific similarity metric that
allows for minor differences between instances of a group could be
used. Our algorithm is sensitive to the precision of the original cali-
bration and reconstruction of the input images. In some cases, even
though the MVS reconstruction fails completely we are able to pro-
duce a usable result, albeit with some artifacts (Fig. 23). Improved
resolution street-side captures (e.g., [Eth17]) should provide suffi-
cient quality that will allow our approach to be used. Eliminating
the manual steps of subview selection and plane extraction (when
needed) would allow the approach to be used at a much larger scale.

Future Work. In future work, it would be interesting to general-
ize our approach to sub-blocks of a given platonic element, e.g.,
a pediment shared by a door and a window. Such a generalization
would allow our method to treat elements that are not necessar-
ily repetitive, e.g., a door that shares sufficient sub-elements with
repetitive windows. This would also allow our approach to treat
elements other than windows. Another interesting avenue of future

work would be the usage of our approach as a component for proce-
dural modelling and generation. Our augmented subiews could be
used as part of a procedural modelling system, allowing the gen-
eration of different combinations of the different instances. Such
a method would need to include a way to generate the rest of the
facade in a procedural manner, while being consistent with the re-
quirements of IBR.
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Figure 21: Results on 2 scenes from London and 3 from Paris. Left to right: input images, augmented geometry, extracted reflection masks,
baseline rendering (ULR) and our result on a first viewpoint, baseline rendering (ULR) and our result on a second viewpoint.
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Figure 22: Multi-view texturing in this figure was performed using the texturing module of RealityCapture [Rea18]. From left to right:
textured mesh reconstructed using the 3 input views, our refined mesh textured using the 3 input views, our refined mesh textured with all our
generated subviews, and our IBR solution for the same view.

Figure 23: On this scene where standard MVS reconstruction fails (middle row), we obtain a usable result (right).
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Figure 24: We cast rays from the borders of the view associated
to C∗i, j, intersecting the platonic model (red points). These samples
can be used to estimate the facade plane (dotted grey line).
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Appendix A: Transformation from platonic scene to input scene

We need to estimate a transformation T from the platonic frame to
the input scene frame, in order to place the platonic model and cam-
eras back into the input scene frame. We evaluate a series of can-
didate transformations Ti, j using each platonic camera separately
(see Fig. 11).

For each platonic camera C∗i, j, we estimate an approximate cor-
responding camera Ci, j in the input scene frame. As in Sec. 4.2, we
compute it from the input camera Ci and the cropped image Vi, j lo-
cation in Vi. We compute a transformation from camera C∗i, j to Ci, j
by aligning their positions, and their direction, up and right vectors.
This transformation only characterizes a rotation and translation,
leaving an unknown scaling factor between the two frames.

To lift this ambiguity, we use the distances between the camera
and the facade, in the platonic and input frames (respectively d∗i, j
and di, j).

The optical center of Ci, j intersects the known facade plane (and

thus E j) at Pi, j. Similarly the optical center of C∗i, j intersects the
platonic facade plane at P∗i, j (Fig. 24). This point does not neces-
sarily belong to the platonic mesh, due to geometric details such as
window recess. We estimate the plane of the facade in the platonic
frame by sampling pixels near the borders of Vi, j, and casting rays
towards the mesh. The motivation is that such intersection points
will belong to the facade wall. From these points we can estimate
the facade plane. We intersect a central ray with it to obtain P∗i, j .

Then, d∗i, j is the distance between P∗i, j and C∗i, j, di, j the distance
between Pi, j and Ci, j. We estimate the scaling factor s from the
ratio of these distances, taking into account the field of view values
of C∗i, j and Ci, j .

s =
di, j

d∗i, j

tan(fovCi, j
/2)

tan(fovC∗
i, j
/2)

In practice, we express the transformation from platonic scene
space to C∗i, j image space, then estimate the scaling factor; we com-
pose this result with the transformation from Ci, j image space to in-
put scene space. The candidate (Ti, j) transformations are centered
(from E j to the origin) and averaged to obtain the final transforma-
tion T . This transformation is used to place the platonic mesh and
cameras back into the input scene frame, before duplicating and
translating them at each E j position using Pi, j.
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