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See the Difference: Direct Pre-Image Reconstruction and Pose Estimation by Differentiating HOG Motivation descriptor [3] has led to many advances in computer vision and is still part of many state-of-the-art methods, e.g. [2, 4] • While HOG is only defined as a feed-forward computation and introduces an information bottleneck, approximation of HOG and sampling approach have been proposed to circumvent the problem of the non-invertible HOG [1, 8, 9]. • We realize that the associated feature computation of HOG is piecewise differentiable and therefore facilitate differentiable vision pipelines which includes HOG descriptors.



Proposed Method



• HOG



histogram binning as spatial filtering
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Contributions exploitation of piece-wise differentiability of HOG feature representation • Enable inverting vision pipelines which build on HOG by optimizing the input given a desired output • We exemplify the two use cases: – End-to-end optimization of pre-image reconstruction – End-to-end optimization of pose estimation
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[2] C. B. Choy, M. Stark, S. Corbett-Davies, and S. Savarese. Enriching object detection with 2d-3d registration and continuous viewpoint estimation. In CVPR, 2015.



[7] M. M. Loper and M. J. Black. Opendr: An approximate differentiable renderer. In ECCV, 2014. [8] A. Mahendran and A. Vedaldi. Understanding deep image representations by inverting them. In CVPR, 2015.
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[v1 , v2 , v3 , v4 , v5 , v6 , · · · ] HOG vector v
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color image I ∈ R



w×h×3
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given



rendered image



ˆ φ(I)



is given, transform into gray-level, (1)



gradient maps Gx and Gy on horizontal and vertical directions, we compute magnitude k∇k and direction Θ of gradients by: k∇k = G2x + G2y (2) Θ = arctan(Gy , Gx)
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• Original



histogramming and voting steps of HOG computation miss the positional information of pixels, we rewrite them as linear filtering operations.



the cell centers (X , Y), we concatenate v=



s {Fb (x, y|x



s Fb



(4) (5)



cross mutual structural correlation information similarity 0.287 1.182 0.252



BoVW [6]



Example images



HOG visualization
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align



HOGgles [9]
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CNN-HOG [8]
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our ∇HOG (single scale)



Results :
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our ∇HOG (single scale)



0.170



1.464



0.301



our ∇HOG (multi-scale)



0.147



1.478



0.293



We test on the chairs validation set of PASCAL VOC 2012 dataset and use the continuous 3D pose annotations from PASCAL3D+ benchmark [10]. We compare our method with the baseline from Aubry et al. [1].



BOVW [6] Bag-of-Words



HOGgles [9] UoCTTI-HOG



CNN-HOG [8] UoCTTI-HOG



Our ∇HOG (single-scale) UoCTTI-HOG



Our ∇HOG (single-scale) Dalal-HOG



4 views / 90◦ 8 views / 45◦ 16 views / 22.5◦ 24 views / 15◦



Our ∇HOG (multi-scale) Dalal-HOG



Aubry et al. [1]



use the L2-norm for global contrast normalization: v vnormalized = kvk +  v u u u u t



test images



Aubry et al. [1] (7)



[9] C. Vondrick, A. Khosla, T. Malisiewicz, and A. Torralba. HOGgles: Visualizing Object Detection Features. In CVPR, 2013.



⇒ All the operations are (piecewise-) differentiable (summation, multiplication, divi-



[10] Y. Xiang, R. Mottaghi, and S. Savarese. Beyond pascal: A benchmark for 3d object detection in the wild. In WACV, 2014.



sion, square, square root, arc-tangent, clip), with the use of the chain rule, our HOG implementation is differentiable on each pixel position.



47.33



35.39



20.16



15.23



our method 58.85 40.74 22.22 16.87 *The viewpoint estimation is correct if its distance to ground-truth is lower than a threshold.



Contrast Normalization : • We



observation



on an approximate differentiable renderer, OpenDR [7], and parameterize the pose of CAD models by: azimuth θ, elevation ψ, and distance to camera γ. • Use Examplar LDA to extract the visual discriminative patches on both rendered image and observation, the matching are addressed by the similarities between HOG vectors of patches, described by our ∇HOG. • The similarity can be traversed back to the pose parameters, thus an end-to-end optimization.



to get the HOG vector v:



∈ X , y ∈ Y)}b=1···B



HOG



• Build



We evaluate on the dataset from [6] and show outperformance w.r.t few state-of-the-art baselines: BoVW [6], HOGgles [9], and CNN-HOG [8].



Weighted Vote into Spatial and Orientation Cells :
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Method



Pf



initial guess



Results :



v u u u u u t



Orientational: B max=1 o fb (Θ) = clipmin=0 (1 − |Θ − µb| × ) 180 o o Fb = k∇k fb (Θ), ∀b ∈ 1 · · · B Spatial: s o s Fb = Fb ∗ f , ∀b ∈ 1 · · · B
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LDA  discriminative patches



differentiable renderer



Examples for optimization procedure:
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our  diff.HOG



CAD model



Igray = I(:, :, 0) ∗ 0.299 + I(:, :, 1) ∗ 0.587 + I(:, :, 2) ∗ 0.114



• With



similarity E
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Gradients Computation :



[4] J. Dong and S. Soatto. Domain-size pooling in local descriptors: Dsp-sift. In CVPR, 2015.



[6] H. Kato and T. Harada. Image reconstruction from bag-of-visual-words. In CVPR, 2014.



Model :
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contrast p v normalization kvk+✏



[3] N. Dalal and B. Triggs. Histograms of oriented gradients for human detection. In CVPR, 2005.



[5] P. F. Felzenszwalb, R. B. Girshick, D. McAllester, and D. Ramanan. Object detection with discriminatively trained part-based models. TPAMI, 2010.



We also apply our ∇HOG approach on a pose estimation task where 3D CAD models have to be aligned to objects in 2D images.



Dalal’s UoCTTI HOG HOG [5]



[1] M. Aubry, D. Maturana, A. Efros, B. Russell, and J. Sivic. Seeing 3d chairs: exemplar part-based 2d-3d alignment using a large dataset of cad models. In CVPR, 2014.



We first experiment the proposed ∇HOG on the image reconstruction task based on the feature descriptors.
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Application 2: Pose Estimation



Given an image I and its HOG vectors as φ(I), we optimize to reconstruct ˆ have image Iˆ whose HOG features φ(I) the minimum L2 distance E to φ(I): Iˆ = argmin E



fs



orientation filter o {fb }b=1···NB



Application 1: Pre-Image Reconstruction



our method
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