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  Object Detection and Pose Estimation 

 What? Why?  

 Challenges  

 How? State-of-the-art 

 

Latent-Class Hough Forests for 3D Object Detection 
and Pose Estimation – ECCV 2014 

 

Concluding remarks - Questions 

 

Outline 
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Object Detection and Pose Estimation 

What? 

Detection 

2D localisation of objects in form of a bounding box 

Pose Estimation 
Full 6 Degrees of Freedom (DoF) estimation w.r.t. a known 

coordinate system (e.g. camera) 

 

Why? 

Robotics…  
Object manipulation, 3D reconstruction etc. 

Video surveillance 

Detect moving objects, abandoned objects 
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Challenges 

Background clutter 
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Challenges 

Foreground occlusions 
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Challenges 

Large scale & pose changes 
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Challenges 

Multi-instance objects  
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How? State-of-the-art 

      Template Matching            vs         Part-based Methods 

 
 Holistic representation of 

the 3D model 

 

 Datasets: 
 CAD, point clouds 

 

 Good performance 

 Invariant to clutter 

 

 Sensitive to occlusions 

 High computational burden 

 

 

 Patch-based multi-voting 
framework 

 

 Datasets: 
 Application-dependent 

 

 Low computational burden 

 Invariant to occlusions 

 

 Sensitive to outliers 

 Fuzzy vote maps 
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Latent-Class Hough Forests for 3D Object Detection and 
Pose Estimation 

Main idea: 

Integrate Template Matching into Part-based framework 

Combine state-of-the-art techniques 
LINEMOD 

Hough Forests 

 

Goals: 

Efficient integration 

Efficient data split at node levels 

More challenging scenarios  
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Holistic Template Matching – LINEMOD 

 Goal: 
 Build holistic 3D descriptors of the model 
 
 

 Modality extraction: 
 RGB cue 
 Depth cue 
 

 Testing: 
 Match extracted model with trained ones (several scales) 
 Similarity measure: 

 Dot product of quantised orientations at different locations 

 

 Indicative references: 
 Hinterstoisser, S. et al. “Gradient Response Maps for Real-Time Detection of 

Texture-Less Objects”, PAMI, 2012 
 Hinterstoisser, S. et al. “Model Based Training, Detection and Pose Estimation of 

Texture-Less 3D Objects in Heavily Cluttered Scenes”, ACCV 2012 
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Part-based Methods – Hough Forests 

 Goal: 
 Utilise object parts (spatial information) for classification purposes 

(foreground/background) 
 Combine spatial information and class information during learning 
 

 Patch = (appearance, fg/bg, vote) 
 

 Pi=(            , 1, 50 cm from car centroid) 
 
 

 Indicative references: 
 Gall, J. et al. “Hough Forests for Object Detection, Tracking, and 

Action Recognition”, PAMI, 2011 
 Gall, J and Lempitsky, V. “Class-Specific Hough Forests for Object 

Detection”, CVPR 2009 
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Hough Forests in detail… 

Training set 

 

 

 

Measures of uncertainty  

Class-label uncertainty 

Impurity of the class labels 

 

Offset uncertainty 
Impurity of the offset vectors 
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Hough Forests in detail… 

Class probability:  
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Hough Forests results… 
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Latent-Class Hough Forests for 3D Object Detection and 
Pose Estimation 

Main idea: 

Hough Forests as patch-based detector 

LINEMOD as a 3D descriptor for the patches 
 

Goals: 

Make LINEMOD scale-invariant (Depth check) 

Guarantee efficient data split at node levels (Novel split 
function) 

Class distributions – latent variables (One-class training)
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Training images – No background 
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Training 
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Split function properties 
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Testing… 
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Testing… 
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Testing… 
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Evaluation criteria 
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Results 
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Conclusions - Questions 

Novel object detection and 3D pose estimation 
technique 

 

Random Forest-based framework  
Novel split function 

 

Robust against occlusions 

 

Better than state-of-the-art 

 

Extended for robotic bin-picking 
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