AlphaTablets: A Generic Plane Representation for
3D Planar Reconstruction from Monocular Videos
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Motivation

3D Planar Reconstruction

Credit: ArKit
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Motivation

3D Planar Reconstruction

PlanarRecon AlphaTablets (Ours)
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Motivation

3D Planar Reconstruction
PlanarRecon AlphaTablets (Ours)

- Detects only large planes - Detects planes of any size

- Limited in adaptability to
various shapes

- Supports arbitrary plane
shapes

- Falls short of achieving
complete reconstruction

- Achieves complete
reconstruction

- Requires pretraining and
may encounter
generalization issues

- Requires no pretraining
and generalizes effectively

across different cases
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AlphaTablets

2D vs 3D plane representations

2D Planes 3D Planes
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AlphaTablets

2D vs 3D plane representations

2D Planes 3D Planes

Precisely illustrate plane contours
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AlphaTablets

2D vs 3D plane representations
2D Planes

Precisely illustrate plane contours

X Faces inconsistencies across
different views

3D Planes
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AlphaTablets

2D vs 3D plane representations

2D Planes 3D Planes

Precisely illustrate plane contours

X Faces inconsistencies across
different views

X Necessitates complex matching
and fusion processes to reconstruct
3D surface
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AlphaTablets

2D vs 3D plane representations

2D Planes 3D Planes

Precisely illustrate plane contours Directly depict 3D planar surfaces

X Faces inconsistencies across
different views

X Necessitates complex matching
and fusion processes to reconstruct
3D surface
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AlphaTablets

2D vs 3D plane representations

2D Planes 3D Planes

Precisely illustrate plane contours Directly depict 3D planar surfaces

X Suffer from discontinuous geometry
and texture due to discretized sampling

X Faces inconsistencies across
different views

X Necessitates complex matching
and fusion processes to reconstruct
3D surface
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AlphaTablets

2D vs 3D plane representations
2D Planes

Precisely illustrate plane contours

X Faces inconsistencies across
different views

X Necessitates complex matching
and fusion processes to reconstruct
3D surface

3D Planes

Directly depict 3D planar surfaces

X Suffer from discontinuous geometry
and texture due to discretized sampling

X Struggle to accurately model complex
plane boundaries
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AlphaTablets

2D vs 3D plane representations
2D Planes

Precisely illustrate plane contours

X Faces inconsistencies across
different views

X Necessitates complex matching

and fusion processes to reconstruct
3D surface

Any solutions?

3D Planes

Directly depict 3D planar surfaces

X Suffer from discontinuous geometry
and texture due to discretized sampling

X Struggle to accurately model complex
plane boundaries
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AlphaTablets

2D vs 3D plane representations
2D Planes

Precisely illustrate plane contours

X Faces inconsistencies across
different views

X Necessitates complex matching
and fusion processes to reconstruct
3D surface

3D Planes

Directly depict 3D planar surfaces

X Suffer from discontinuous geometry
and texture due to discretized sampling

X Struggle to accurately model complex
plane boundaries

Any solutions? = AlphaTablets
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AlphaTablets

2D vs 3D plane representations

2D Plane Representation

Precisely illustrate plane contours

X Faces inconsistencies across
different views

X Necessitates complex matching
and fusion processes to reconstruct
3D surface

3D Plane Representation

Directly depict 3D planar surfaces

X Suffer from discontinuous geometry
and texture due to discretized sampling

X Struggle to accurately model complex
plane boundaries

Any solutions? = AlphaTablets

Combines the best of 2D and 3D plane representation

° .
S
NEURAL
- INFORMATION
'} » PROCESSING

AlphaTablets 0*SYSTEMS



AlphaTablets

2D vs 3D plane representations

Any solutions? = AlphaTablets

Combines the best of 2D and 3D plane representation
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AlphaTablets

2D vs 3D plane representations

Any solutions? = AlphaTablets

Combines the best of 2D and 3D plane representation

T Up Vector

RGB Texture
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Initialized from ~,’ =" g Position Distance,
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AlphaTablets

2D vs 3D plane representations

Any solutions? = AlphaTablets

Combines the best of 2D and 3D plane representation

T Up Vector
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Keyframe images /|-~ ‘ Ratios
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AlphaTablets

Framework Overview

c{f e,
NEURAL
_INFORMATION

PROCESSING

AlphaTablets *SYSTEMS



AlphaTablets

Framework Overview
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AlphaTablets

Framework Overview

e ™

Tablet Initialization

Video
Keyframes

Monocular
Depths

Monocular
Normals

SuperPixel
Division
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AlphaTablets

Framework Overview

s D
Tablet Initialization
Video
Keyframes
Monocular Back Proiecti
ac rojection
DERits To 3D Space
with estimated
Camera Pose
Monocular AlphaTablets
Normals
SuperPixel
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AlphaTablets

Framework Overview
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AlphaTablets

Framework Overview

'

Tablet Initialization

Video
Keyframes

Monocular
Depths

Monocular
Normals

SuperPixel
Division

Back Projection
To 3D Space

with estimated
Camera Pose

AlphaTablets

7~

Texture & Geometry Optimization
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Normal Position
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Photometric
Guidance Texture Transparency

Merging Scheme

Bottom-Up Merging with arbitrary shapes
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AlphaTablets

Framework Overview

'

Tablet Initialization

Video
Keyframes

Monocular
Depths

Monocular
Normals

SuperPixel
Division

Back Projection
To 3D Space

with estimated
Camera Pose

AlphaTablets
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Merging Scheme

Bottom-Up Merging with arbitrary shapes
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Table 1: 3D geometry reconstruction results on ScanNet. Table 2: 3D plane segmentation results on ScanNet.

Method Comp| Acc| Recallt Prect F-Scoret Method VoI | RI T SC1
NeuralRecon [46] + Seq-RANSAC  0.144  0.128 0.296 0.306 0.296 NeuralRecon [46] + Seq-RANSAC 8.087 0.828 0.066
a a e S Atlas [31] + Seq-RANSAC 0.102  0.190 0.316 0.348 0.331 Atlas [31] + Seq-RANSAC 8.485 0.838 0.057
ESTDepth [29] + PEAC [13] 0.174  0.135 0.289 0.335 0.304 ESTDepth [29] + PEAC [13] 4.470 0.877 0.163
PlanarRecon [50] 0.154  0.105 0.355 0.398 0.372 PlanarRecon [50] 3.622 0.897 0.248
E : t I R It Metric3D [19] + Seq-RANSAC 0.074  0.379 0.426 0.161 0.231 Metric3D [19] + Seq-RANSAC 4.648 0.862 0.209
Xp e rl I I le n a eS u S SuGaR [18] + Seq-RANSAC 0.121 0.324 0.385 0.296 0.327 SuGaR [18] + Seq-RANSAC 5.558 0.775 0.082
Ours 0.108 0.161 0.481 0.447 0.456 Ours 3.468 0.928 0.273
Metric3D + Seq-RANSAC  SuGaR + Seq-RANSAC PlanarRecon Ours Ground Truth
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AlphaTablets

Experimental Results

TUM Dataset

Replica Dataset
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AlphaTablets

Applications

Neurlr-?

2024 a‘

Original Scene | 3D Coherent Scene Editings
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Thanks for listening!

Contact: hyz22@mails.tsinghua.edu.cn
Project Page: https://hyzcluster.github.io/alphatablets
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