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2D Object Detection
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2D detection is NOT enough!



Applications that need 3D Object Detection
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Autonomous Driving

Virtual Reality Gaming

Robotics

Any application that interacts with the 3D world!



Goal: Infer the 3D World
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The 3D world
A 2D image

ÅInteraction
ÅControl
ÅDecision making
ÅNavigation
Etc.



Our Work: 2D Object Detection
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Our Work: 2D Object Detection
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Our Work: 2D Object Segmentation
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Our Work: Occlusion Reasoning
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Our Work: Occlusion Reasoning
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Our Work: 3D Localization
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Contribution: 3D Object Representations
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A 2D image

3D Object Representation 

The 3D world



Related Work: 2D Object Representations
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Deformable part model
FelzenszwalbŜǘ ŀƭΦΣ ¢t!aLΩмл

Å ±ƛƻƭŀ ϧ WƻƴŜǎΣ LW/±Ωлм
Å Fergus et al. Σ /±twΩло
Å LeibeŜǘ ŀƭΦΣ 9//±²Ωлп
Å HoiemŜǘ ŀƭΦΣ /±twΩлс

V2D detection
U3D pose
UOcclusion
U3D location

Å VedaldiŜǘ ŀƭΦΣ L//±Ωлф
Å Majiϧ aŀƭƛƪΣ /±twΩлф
Å FelzenszwalbŜǘ ŀƭΦΣ ¢t!aLΩмл
Å Malisiewiczet al., L//±Ωмм

Å Divvalaet al., 9//±²Ωмн
Å Dollá r Ŝǘ ŀƭΦΣ ¢t!aLΩмп
Etc.



Related Work: 2.5D Object Representations
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Savarese& Fei-Fei L//±Ωлт

Å Thomas et al., /±twΩлс
Å Savarese& Fei-Fei L//±Ωлт
Å Kushalet al., /±twΩлт

V2D detection
V3D pose
UOcclusion
U3D location

Å Su et al., L//±Ωлф
Å {ǳƴ Ŝǘ ŀƭΦΣ /±twΩмл
Å Etc.



Related Work: 3D Object Representations
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3DDPM
PepikŜǘ ŀƭΦΣ /±twΩмн

V2D detection
V3D pose
UOcclusion
U3D location

Å ¸ŀƴ Ŝǘ ŀƭΦΣ L//±Ωлт
Å HoiemŜǘ ŀƭΦΣ /±twΩлт
Å LiebeltŜǘ ŀƭΦΣ /±twΩлуΣ 10
Å Glasneret al. L//±Ωмм

Å PepikŜǘ ŀƭΦΣ /±twΩмн
Å Xiang & SavareseΣ /±twΩмн
Å Hejrati& RamananΣ bLt{Ωмн
Å FidlerŜǘ ŀƭΦΣ bLt{Ωмн
Etc



Contribution: 3D Object Representations
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V2D detection
V3D pose
VOcclusion
V3D location



Outline

Å3D Aspect Part Representation

Å3D AspectletRepresentation

Å3D Voxel Pattern Representation

ÅConclusion and Future Work
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Outline

Å3D Aspect Part Representation

Å3D AspectletRepresentation

Å3D Voxel Pattern Representation

ÅConclusion and Future Work
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3D Aspect Part Representation
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Viewpoint Variation
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±ƛŜǿǇƻƛƴǘΥ !ȊƛƳǳǘƘ омрɕΣ 
9ƭŜǾŀǘƛƻƴ олɕΣ 5ƛǎǘŀƴŎŜ н

Y. Xiang and S. Savarese. Estimating the aspect layout of object categories. In CVPR, 2012.

3D Aspect Part Representation



3D Aspect Parts from 3D CAD Models
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3D Aspect Part Representation
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Aspect Layout Model
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An input image

3D aspect part representation

Aspect 
Layout 
Model

±ƛŜǿǇƻƛƴǘΥ !ȊƛƳǳǘƘ омрɕΣ 
9ƭŜǾŀǘƛƻƴ олɕΣ 5ƛǎǘŀƴŎŜ н

Output



Aspect Layout Model

ÅPosterior distribution

object label
2D part center
coordinates

3D object viewpoint
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Aspect Layout Model

ÅEnergy function
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Aspect Layout Model

ÅUnary potential

1

( , , , ), if unoccluded
( , , , )

                    , if self-occluded

T

i i

i

i

O V I
V O V I

f

a

ëî
=ì
îí

w l
l

part template feature vector

self-occlusion weight

26



Aspect Layout Model

Front

Head

Left Right

Back

Tail

Root1 Root2
Root3 Root4

Root5 Root6 Root7 Root8
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Aspect Layout Model

ÅPairwise potential

3D world

2D projection

2D observation
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Aspect Layout Model

ÅTraining with Structural SVM [1]

ÅInference
ÅLoop over discretized viewpoints

ÅRun Belief Propagation [2] under each viewpoint to predict part locations

[1] I. Tsochantaridis, T. Hofmann, T. Joachimsand Y. Altun. Support vector machine learning for interdependent and 
structured output spaces. In ICML, 2004.

ÍÉÎ
ρ

ς
ᴁ—ᴁ ‗ ÍÁØ

ȟȟȟ
— ȟȟȟȟ ῳȟȟȟȟ — ȟ ȟȟ ȟ

ὣᶻȟὒᶻȟὕᶻȟὠᶻ ÁÒÇÍÁØ
ȟȟȟ
ὉὣȟὒȟὕȟὠȟὍȿ—)

29
[2] J. S. Yedidia, W. T. Freeman, and Y. Weiss. Understanding belief propagation and its generalizations. In Exploring 
artificial intelligence in the new millennium, 2003.



Aspect Layout Model
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Method Ours [1] [2] [3] [4] [5] [6]

Viewpoint (cars) 93.4% 85.4 85.3 81 70 67 48.5

Method Ours Ours - baseline DPM [7] [8]

Viewpoint (cars) 64.8% 58.1 56.6 41.6

Cars from 
3D Object dataset

[Savarese& Fei-FeiL//±Ωлтϐ

Cars from
EPFL dataset

[OzuysalŜǘ ŀƭΦ /±twΩлфϐ

Method Ours Ours - baseline DPM [7]

Viewpoint 63.4% 34.0 49.5

Chairs, tables, sofas and beds 
from IMAGE NET 

[Deng et al.  /±twΩлфϐ

[1] N. Payetand S. Todorovic. From contours to 3d object detection and pose estimation. In ICCV, 2011.
[2] D. Glasner, M. Galun, S. Alpert, R. Basri, and G. Shakhnarovich. Viewpoint-aware object detection and pose estimation. In ICCV, 2011.
[3] M. Stark, M. Goesele, and B. Schiele. Back to the future: Learning shape models from 3d cad data. In BMVC, 2010.
[4] J. Liebeltand C. Schmid. Multi-view object class detection with a 3D geometric model. In CVPR, 2010.
[5] H. Su, M. Sun, L. Fei-Fei, and S. Savarese. Learning a dense multiviewrepresentation for detection, viewpoint classification. In ICCV, 2009.
[6] M. Arie-Nachimsonand R. Basri. Constructing implicit 3d shape models for pose estimation. In ICCV, 2009.
[7] P. Felzenszwalb, R. Girshick, D. McAllester, and D. Ramanan. Object detection with discriminatively trained part-based models. TPAMI, 2010.
[8] M. Ozuysal, V. Lepetit, and P. Fua. Pose estimation for category specific multiviewobject localization. In CVPR, 2009.

ÅBest results upon publication in pose estimation and 3D part estimation



Aspect Layout Model
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Prediction: a=225, e=30, d=7 Prediction: a=330, e=15, d=7 Prediction: a=150, e=15 d=7

Prediction: a=300, e=45 d=23
Prediction: a=45, e=90, d=5

Prediction: a=240, e=45, d=11


