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Motivation

e Objects are inherently 3-dimensional
e 3D object representations provide:

4

Compact and accurate approximation of the
physical world

e Higher level vision tasks can benefit from
expressive object detectors:
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Angular accurate viewpoints
3D parts consistent across views

e State-of-the-art detectors are modeled in 2D
e 3D object detectors lack detection performance

3D Deformable Part Models

Contributions

e 3D’PM

A star CRF in 3D space

Parts arein 3D p; = (Z;, Y4, 2;) and linked
Continuous appearance model

e Deformable part model [2]

Mixture of star CRFs in 2D space

Parts are independent across components
Discrete appearance model

Optlmlzed for 2D boundmg box localization
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Experiments

Optlmlzed for obj ect detectlon and viewpoint estimation

=> 3D version of the Deformable Part Model [2]
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nable of:
Richer object hypotheses (beyond 2D BB)
Robust matching to image evidence

= Richer object hypotheses:

4
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Viewpoint estimation of arbitrary granularity

Consistent parts across views

= Favorable performance:

4
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State-of-the-art viewpoint estimation results

Competitive 2D object localization results

= Jointly optimize for object localization and
continuous viewpoint estimation

3D Parts

3D pose estimation results

*Note the color coded part correspondences

Three dimensional displacement model

N (pjlpi, 5)

e Compact part displacement distribution in 3D p(Pj|po) =
» 6 parameters per part compared to 4M in DPM [1,2]
e |n view projected part distribution p(ps|pe) = N(p

3D part inference
e Partinference in 3D per object instance
»  Across all views of a given object instance
in which the part is visible in
»  Projected parts are observed by viewpoint-
specific model instantiations

Discrete 3D part state space - el
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Continuous appearance model

Supporting view K - 1 Interpolated root and part appearances
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e Linear and exponential appearance interpolation scheme

e The model can synthesize infinitely many components without the need to learn them all
e Allows arbitrary fine viewpoint estimation

e Faster inference w.r.t. to brute-force

Supporting view K

Coarse-grained viewpoint estimation (viewpoint classification)
3D OBJECT CLASSES DATASET (8 discrete viewpoint classes)
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Fine-grained viewpoint estimation (angular viewpoint estimation)

EPFL MULTI-VIEW CARS DATASET (angular viewpoint annotations) = State-of-the-art multi-view models can
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Object bounding box localization results

B Glasner et al [5] B 3D72PM B Ziaetal[4] B Glasneretal [5] B Liebelt et al [3]

= Unlike the state-of-the-art 3D models,

M OPM-3D-Const[1] M DPM-vOCVP([1]  H 3D"2PM . DPM-VOCVP (1] 3D2PMs achieve detection performance
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= x5 faster inference at minimal loss

Pascal VOC 2007 3D object classes

Ultra-wide baseline matching (quality of part correspondences)

o [ ziaetal[4] I DPM-3D-Const [1] l 3D"2PM

£ 80 3D2PM due to the 3D model gives
< 10 T+12-2% accurate part correspondences

| £ III II III I II = 3D°PM state-of-the-art on ultra-wide
2 0 T w0 s 1 ave baseline matching experiment
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Model training

e Structured output SVM with margin rescaling Ay, y) = aAvoc(y,y) + (1 —a)Ayvp(y,y)

e Jointly address object localization and viewpoint estimation Avoco( 7) = £(y

ybmgb v —'U)
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