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Abstract 

This paper presents a new deep learning architecture for robust object representation, aiming at 

efficiently combining the proposed synchronized multi-stage feature (SMF) and a boosting-like 

algorithm. The SMF structure can capture a variety of characteristics from the inputting object 

based on the fusion of the handcraft features and deep learned features. With the proposed 

boosting-like algorithm, we can obtain more convergence stability on training multi-layer network 

by using the boosted samples. We show the generalization of our object representation architecture 

by applying it to undertake various tasks, i.e. pedestrian detection and action recognition. Our 

approach achieves 15.89% and 3.85% reduction in the average miss rate compared with ACF and 

JointDeep on the largest Caltech dataset, and acquires competitive results on the MSRAction3D 

dataset. 
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1 Introduction 

Existing pattern recognition methods generally include two major steps: feature extraction and 

classifier design[1,2,40,39]. The quality of visual features is crucial for a wide range of computer 

vision topics, e.g., scene classification, object detection and human action recognition[44]. Handcrafted 

feature and learning based feature are two commonly used features feeding into a decision-making 

algorithm. Handcrafted features are usually inspired by the domain and the particular application, 

intending to capture certain morphological, statistical or texture attributes of objects. Therefore, the 

rules of handcrafted feature extraction are varied according to different application fields. Many 

famous handcrafted features, such as HOG [1], Haar-like [2], SIFT [3], covariance descriptors [4], 

integral channel features [5] and 3D geometric characteristic feature [6], have been successfully 

applied in pedestrian detection. Moreover, the spatio-temporal features [7, 8, 9, 10] and depth 
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