Rent3D: Floor-Plan Priors for Monocular Layout Estimation
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MOTIVATION LAYOUT ESTIMATION WITH FLOOR PLANS RESULTS

e 11.69% US citizens moved in 2012 Joint solution for two tasks: Scene classification:
e 10,000 ads featuring few images per day for any big city e Estimation of room layout given monocular image
e Oftentimes a floor-plan illustrates the apartment layout e Prediction of 3D pose (room & wall) relative to tloor plan
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Enable 3D virtual tour of an apartment given a1 Energy formulation:
e Small set of monocular images | e Variable representing room: r € {1,..., R}
e Floor plan gy 2> e Variable denoting wall within room: ¢, € {1,...,C,} Bathr
e Rental metadata (ceiling height) e Camera location/orientation (Manhattan world): y; o 3 Outdr.
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e Floor plans as a source of prior knowledge Q9L0i 27 Lo1g3 A : : ety : .

S . -y Pixelwise classification accuracy (window): Test set results
e [ocalization of monocular image within apartment ‘;{ e 51.8% window prediction accurac
Y1 7 h) . ’ . . p y
e 95.67% prediction accuracy for background

RENT3D APARTMENT DATASET Pixelwise classification error (layout prediction):
Crawling a website featuring London rental ads providing a floor T | /s Train [%] Test [%] | Test Eval Test Time [s]
plan and at least one photo VP (no floor plan), Transfer| 16.70  17.00 | 222662  0.0208
Statistics: Aspect ratio permits parametrization with three variables (no floor plan), Train 13.57 13.88 | 16012.4 0.0150

o 215 apartment§ with 1312. rooms, 6628 walls, 1268 windows E(r, ¢, y) = Elay(r, e, ¥) + Fuwin(r, e, ¥) + Escene(T) Ours (aspect only) 11.80 11.81 1 1269.5 0.0019

e 1259 photos with 2 to 30 images per apartment e Scoring fit of walls to orientation maps, geometric context and Ours (wm.dowGT) 11.78 11.79 | 12500 0.0026
Annotations: room interior: Ej,, Ours (window) 11.73 11.90 1258.7 0.0029

o Global scale from physical dimensions given in the plan e Window fit of layout y given r, ¢, and pixel classifier: E;, Localization accuracy:

e Room outline, not necessarily rectangular e Scene classifier score: F.pcne Accuracy, Test

e Room type (reception, bedroom, kitchen, bathroom, outdoor) Algorithm: combines exhaustive search and branch&bound Window+Aspect +Scene +Room

e Position of doors and windows for all 7, ¢, do Random 0.0328 0.1138 0.1954

¢ Wall and Ceiling annotations for photos put pair (f()),)) into queue and set ) = ) Ours (aspect only) 0.0686 0.1945 0.2654

o Mapping of photo walls to floor plan walls repeat Ours (Win.dowGT) 0.2128 0.4737 0.5995

— - split 3y — 571 y 3}2 with 3}1 " )>2 _ Ours (window) 0.1670 0.3982 0.5080

put pair (f(V1), V1) into queue lop5 Accuracy, Test

(f |
put pair (f (Vs), Ys) into queue T o Window+Aspect +Scene +Room
retrieve ) having highest score urs (aspect only 0.2769 0.6682 0.8970
. Y _y Vg s Ours (windowGT) 0.5858 0.8009  0.9519
until [J] = 1 Ours (window) 0.5492 0.7895 0.9474
end for

Visual results:

Window+Aspect Window+Aspect+Scene | Window+Aspect+Room Ground truth

IMAGE AND FLOOR PLAN GEOMETRY

Compute ps on ray (vpy, p1) to ensure aspect ratio constraint
P2 — P1
P3 — P1
Obtain )\ from P2 = pP1 + )\(pl — Vp()) : . :

) ] o ] 2 images out of 8 5 images out of 8 5 images out of 7
Obtain camera intrinsics K and rotation R fI'Om \40 5 walls out of 22 11 walls out of 22 11 walls out of 19

Parametrize ps = p1 + pu(p1 — vpy)
From projective geometry:
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Hvp,

= uw>0,a=a

Hvp,

a |14+ 5| -1

1 image out of 5 2 images out of 5 4 images out of 5

Wlth homography H=KRK~ 1 3 walls out of 13 6 walls out of 13 11 walls out of 13




