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Problem for mulation

What is the room geometry given 3d coordinat
of different reflections of a single poit

A yellow point on the checkerboard is observed The mirror room geometry.
by the camera through different reflections in a
mirror room Original checkerboard is not visible

bounces

2D Interpretatio

up to two zero bounces

one bounce two bounces

@ receiver

@ scene point

— (th order ray
— 1st order ray

> 2nd order ray
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unfolded representation
for up to two bounces

(b)

(a) A point is visible to an omni-directional
receiver via multiple specular reflections; polygon (yellow), a camera position
(b) To the receiver, the situation appears ag¢red) and an observed point positior]
If there are multiple points at different
distancedrom its ownpositior.

Unfolding example for a general

(green dot inside the yellow polygon)|)

AA — doublet,
R —receiver,

M, — Virtual mirrot

The doublet AA together
with other doublets in an
unfolding exampl

Reconstruction principle

quadruplet quintet

Assembling the geometry by
combining doublets into triplets

guadruplets, quintets €

Basic approac

Joining doublets into triplets
(represents room corners). Then
triplets with common doublets can
be joined together in an iterative
process. This way, a candidate
room geometry can be recovered
In some virtual location.
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Configuration verification
procedure by reflecting the
reconstructed geometry along a ling
of sight (black) until it contains the
receiver. Then unfolding of this
geometry enables to compare
predicted and recorded points.
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Search space pruning

. Potential doublets
D i filtering.
M./ AA - doublet =>
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empty.
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Potential triplets filtering.
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Triplet compatibility test.
Two triplets can be joined
If all pairs of doublets are
compatible. [;, D,, D; are

doublets, representing two

different triplets.
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In the case of unknown doublets (redpur geometric constraints are able|to
and triplets all possible pairs of pointsemove most of the false connectigns
have to beconsidered (blue segment

Results;
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A comparison sketch of tr

(green) ground plans.

The reconstructed mirrors are st-
original (black) and reconstructed Imposed on the original image.
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Our setup: mirrors are Observed by the camera multiple reflections of
iIndicated and the top mirror is the center of the checkerboard (red dot). Note:
removed to show the inside. the real checkerboard is not visible here.
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3D positions of the selected
Image points.
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Reconstructed base cham
(yellow), with camera frustrur{red
angle), and checkerboard center (S), found after randomized
and selected 2D points (blue dots).

Full graph of all
potential doublets.

Filtered doublet grapl
Red segments - valid double

forward search.

2. Benchmark of the approach on the polygonal ro@ig
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# successful reconstructions (of 1000)

# successful reconstructions (of 1000)
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2000, 360"receiver 1800, 90°receiver

1500] P — o :2%%“ The number of reconstructable
§1600/ — 7 on ——bgon systems versus the numlof
3 I = reflections considered for the
I reconstruction task. The
g w0 exhaustive search — solid lines,
8OV ) the randomized search — dashed

N lines.
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reflection levels used reflection levels used

graph.

recovery of the geometry using
—== dashed line - the exhaustive
clean doublet graph). The

randomized algorithm runs on
the imperfectly filtered doublet
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reflection levels

Failure due to missing doublets (top) and
triplets (bottom) for 2000 random n-gons
statistics. Solid lines — 360eceiver,
dashed — Y0receiver.
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