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Kernel descriptors for visual 
recognition (NIPS ‘10) 

• Kernel view of low-level image descriptors based 
on orientation histograms (HOG, SIFT) 

– plus cool tricks and approximations 

• Features validated on RGB image classification 

– Scene-15, Caltech-101, CIFAR10, CIFAR10-ImageNet 
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… KPCA fancy math (with code online!) 
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measures 



Efficiency (in 2010) 

On 300x300 image with MATLAB CPU implementation: 

 SIFT: 0.4s 

 Gradient kernel: 1.5s 

 Shape kernel: 4s 



Shamelessly stolen from 
their NIPS spotlight 
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Kernel descriptors for visual 
recognition (NIPS ‘10) 

• Kernel view of low-level image descriptors based 
on orientation histograms (HOG, SIFT) 

– plus cool tricks and approximations 

• Features validated on RGB image classification 

– Scene-15, Caltech-101, CIFAR10, CIFAR10-ImageNet 

• Psst: code is online 
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A new RGB-D dataset 

• RGB-D – RGB + depth values per frame 

• 300 distinct objects, video sequence of ~250 
frames for full revolutions at 30, 45, 60 degree 
elevation. 

 

 

 
• (Previous was 3D Object Category Dataset by Savarese et al: 8 categories x 10 

objects x 24 distinct views.) 

 

 



Object categories 



Category hierarchies 

51 leaf nodes, 3-14 object instances per leaf category 



RGB-D extras 

• Images segmented using depth and color 
information 

Segmented using RGB 
 
 
Using depth 
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Hierarchical Kernel Descriptors 
(HKDES) 

• Applies the concept of kernel descriptors 
recursively to create image-level features from 
pixel-level features. 



Related Work 

• Models with hierarchies or levels: deep belief 
nets, convolutional deep belief nets, 
convolutional neural networks 

• Also sparse coding, spatial pyramid 

• Parallel approach works on optimizing low-
level match kernels 
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• Gradient kernel 
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• Patch-level color + gradient kernel 

Add a second level kernel 

Kernel over patch-level 
gradient features 

Kernel over patch-level 
color features 



Results for CIFAR-10 

Comparison to non-hierarchical 

HKDES results for RGB data on CIFAR-10 dataset 

Comparison to state-of-the-art 



Results for RGB-D! 

Comparing RGB to depth for HKDES 

Comparing other approaches 
using a combination of color and 
depth information 
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