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Object pose tracking 
}  Tracking of the pose (Rotation and Translation) 
}  Many applications 

}  Robotic manipulation 
}  Task supervision 
}  Activity recognition 

}  Our dataset: 
}  RGB-D recordings 
}  Wet laboratory 
}  Natural movements 
}  Known objects 
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Object pose tracking with RGB 

Feature point-based Edge-based 

Region-based 
T. Grundmann et al. 
“Robust high precision 6D 
pose determination in 
complex environments for 
robotic manipulation” 
(2010) 

M. Imperioli and A. Pretto. “D²CO: Fast and robust registration of 
3D textureless objects using the directional chamfer 
distance” (2015) 

V. A. Prisacariu, I.D. Reid. 
“PWP3D: Real-time 
segmentation and 
tracking of 3D 
objects” (2012) 3 



Object pose tracking with depth 
}  Extremely popular in the last few years 
}  More robust to colors, textures and lightning conditions 
}  More sophisticated algorithms: 

T. Schmidt, R. Newcombe, D. Fox. “DART: Dense articulated real-time tracking with 
consumer depth cameras” (2015) 
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Problem of using depth: complex objects 
}  We call complex object those which don’t provide 

(useful) depth information 
}  Glass objects 
}  Reflective surfaces 
}  Thin and intrincate shapes 

* Pixels in black means no depth data 
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Our idea 

Track with RGB 

Use depth 
outside the object 

to enhance the 
tracking 
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Our approach 
1.  We chose one method from the literature: PWP3D [1] 

}  Region-based method 
}  Fast and able to handle motion blur 
}  Initial tests: Big problems handling occlusions 

2.  We use depth to improve behaviour under occlusions 
}  Detecting the occluding points 
}  Modifying the formulation of PWP3D  
}  Performance of PWP3D is not affected by occlusions 

[1] V. A. Prisacariu, I.D. Reid. “PWP3D: Real-time segmentation and 
tracking of 3D objects” (2012) 7 



PWP3D  
}  The contour C segments the 

image dominion in two regions:  
}  Foreground (Ωf):	The	object	
}  Background	(Ωb):	The	rest	

}  Contour	C	is	known	given	a	pose	
and	a	3D	model	
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PWP3D 
}  Contours are represented via the Level-set function Φ(x), 

which is a signed distance function 

 
 
}  The pose is parametrized with quaternions for the rotation 

and a 3D vector for the translation 
}  A non-linear optimization is performed to find the right pose 
}  During the optimization, a change in the pose affects Φ(x) 
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PWP3D 
}  The property that drives the optimization is color 
}  Given an initial set of pixels from the object and the 

background, a statistical appearance model is built: 
}  P(y|Mf) for the object and P(y|Mb) for the background 

}  The statistical appearance model is adapted per frame:
  

10 



PWP3D 
}  The energy minimization formulation is the following: 

}  where 

}  and  
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Sample sequence 1 with PWP3D 
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Sample sequence 2 with PWP3D 
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Detection of occlusions 
}  From a given pose it is possible to get the depth points 

of the object and fuse it with the initial depth map 
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Detection of occlusions 
}  Therefore we can get the pixels where the depth value 

of the depth image is smaller than the object depth 
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Occluding Region 
}  We define the occluding region Ωo	as	the	pixels	detected	
to	be	in	front	of	the	object	in	previous	iteraCon.	

}  This	region	can	be	thought	as	both	foreground	and	
background.	Thus,	

}  In	the	occluding	region,	the	Energy	is	constant:	

}  As	a	result,	the	op4miza4on	is	not	affected	by	occlusions 
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Sample sequence 2 with our enhancements 
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Sample sequence 3 

Without 
enhancements 

With our 
enhancements 
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Sample sequence 1: depth images 
}  We can create new depth images integrating the objects 

 
 

}  The resulting depth image can be used for tracking 
several objects 
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Conclusions 
}  We have tackled the problem of tracking complex objects 

with RGB-D  
}  We have enhanced a state-of-the-art RGB-based tracking 

method by improving its performance under occlusions 
}  We use the depth of the background to detect the occluding 

region and then modify the method to handle this properly 
}  We have tested our approach in several sequences with 

human manipulating an object with successful results 
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