
Identification and Pose under Severe Occlusion in Range Images 
 
 

P. Merchán1, A. Adán2, S. Salamanca1 
1Universidad de Extremadura. Escuela de Ingenierías Industriales. Badajoz. Spain. 

2Universidad de Castilla La Mancha. Escuela Superior de Informática. Ciudad Real. Spain. 
pmerchan@unex.es, Antonio.Adan@uclm.es, ssalaman@unex.es 

 
 

Abstract 
 

Object recognition may be a hard computer vision 
task under severe occlusion circumstances. This 
problem is efficiently solved in this paper through a 
new 3D recognition method for free-form objects. The 
technique uses the Depth Gradient Image Based on 
Silhouette representation (DGI-BS) and settles the 
problem of identification-pose under occlusion and 
noise requirements. DGI-BS synthesizes both surface 
and contour information of an object avoiding 
restrictions concerning the layout and visibility. Object 
recognition is carried out by means of a simple 
matching algorithm in the DGI-BS space which yields 
a point-to-point correspondence between scene and 
model. The method has been successfully tested in real 
scenes under occlusion and noise circumstances.  
 
 
1. Introduction 
 

Recognition and pose of occluded objects are 
current problems in computer vision. Examples of 
complex scenes which we are currently working in are 
shown in figure 1. Note that several severe occlusion 
cases occur in them. In those cases, where a little part 
of the object is sensed, recognition and pose appear 
closely related.  
In the last two decades the 3D recognition problem has 
been dealt from a wide range of environments and 
requirements. Several kinds of classifications about 3D 
recognition can be found in the literature. The 
classification founded on the object features to be 
matched distinguishes between extrinsic and intrinsic 
algorithms [1]. Intrinsic features concern to the surface 
itself whereas the extrinsic ones regards with the 
external space to the surface. 

The classification based on 3D representation [2] 
establishes object centered representations (curved and 
contour representations, axial representations, surface 
representations and volumetric representations) and 
observer centered representations (graph aspects, 
techniques based on silhouettes, principal components, 
etc). 
From another point of view, the techniques are 
classified regarding to the kind of algorithm they use. 
Thus, we can find: iterative methods [3]; 
correspondence search methods through points [4], 
curves [5, 6] and regions [7] and exhaustive search 
(pose clustering [8, 9] and geometric hashing methods 
[10, 11]). 

Objects with severe occlusion

 
 

Figure 1. Examples of objects with high 
degree of occlusion in complex scenes 

 
A lot of 3D recognition techniques developed in the 
last years are based on surface representation models. 
A major reference to this sort of strategies is made 
below due to the fact that they are close to the one 
presented in this work. Among them, only methods 
that cope with occlusion have been considered here. 
The referenced techniques are: Splash [6], Point 
Signature [12], Spin Image [13], Harmonic Shape 
Image [14], Surfaces Signature [15], and Cone-
Curvature Models [16]. 
Among these kinds of techniques, few of them can 
accomplish 3D recognition of objects placed in 
complex scenes including: disorder, contact, occlusion, 
noise and non textures. Most of the methods impose 
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3. Recognition and pose solution 
 
Let us assume that one of the scenes in Figure 1 is 
sensed with a range finder. The identification/pose 
problem for an object Θ is solved by means of a 
matching strategy in the DGI-BS space. Let ZΘ , HΘ 
and YΘ be the depth image, the real silhouette and the 
DGI-BS representation of Θ. Scene-model matching in 
the DGI-BS space is a single pattern recognition 
process in a 2D dimensional space. After it, the best 
view of the model (k) and the fitting point in the 
silhouette (p) are obtained for each object of the 
database. For every pair of indices (k, p) the mean 
square error is calculated. The pair corresponding to 
the minimum error is selected as the best DGI-BS 
correspondence (kA , pA). 
When the DGI-BS matching problem is solved, the 
point to point correspondence established in the depth 
images is maintained for the 3D points. Thus, a coarse 
transformation T can be calculated. After that, a 
refined transformation definitively aligns the two 
surfaces in a common coordinate system. Through the 
error yielded by the registration technique, the validity 
of the DGI-BS matching can be proved. Fig. 4 shows 
this matching for a segment of the scene. 

WHOLE DGI-BS MODEL, YW

SCENE

kA

pA

MODEL from k

ZΘ

HΘ

YΘ

Fitting point, pA

 
 
Figure 4. Matching of DGI-BS and definition of 

the best view and the best matching point 
 
 
4. Results under occlusion and noise 
 

The algorithm has been tested on a wide variety of 
scenes captured with a gray range finder sensor which 
provides coordinates (x,y,z) of the points of the scene. 

The depth maps are obtained through the camera and 
sensor calibrations. Polyhedral and free-form objects 
are posed in the scenes with no restrictions and they all 
have the same texture. 60.5% of them are occluded by 
other objects in the scenes. The database of models is 
made up of 27 objects. 
The occlusion percentage of the objects in the scenes, 
O1 has been calculated after the one proposed by 
Johnson and Hebert [16]: 
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Where SS is the surface of the object in the scene and 
SM is the total surface of the object in the model. The 
occlusion percentages range measured in the real 
scenes used goes from less (20.89%) up to very high 
values (83.46%). It is important to point out that 
maximum occlusion percentages reported in the 
referenced works are up to 60-70%. In our 
experimentation objects with harder surface occlusion 
(>70%) were recognized and posed correctly. In figure 
5 the identification and place of objects with severe 
occlusion are depicted. The rendered models of the 
objects have been represented superimposed to the 3D 
points of the scene. 
The recognition-pose success rate was 97.4%. 
Consequently, it can be concluded that the approach is 
highly effective. 
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Figure 5. Example of recognition and pose of 

free-form occluded objects 



The performance of the recognition method when 
Gaussian noise is injected in the range image of the 
scene has also been analyzed. In practice, noise arises 
due to several reasons. For instance, spurious and 
erroneous 3D points may appear in shaded or 
highlighting regions. 

The random Gaussian noise ),0(N 2σ is introduced 
in x, y and z point coordinates of the scene and the 
signal-noise relationship is evaluated as 

db
N
Slog20SNR = , where S corresponds to the 3D 

sensor precision and N is the standard deviation of the 
injected noise. Table 1 presents the average results. 
SNR values, the corresponding standard deviation and 
the percentage of added noise are shown in the three 
first columns. A realistic noisy environment can be set 
above 16/19 db. The fourth column reports the 
recognition/pose success average percentage with 
respect to the total of objects in the scenes. Note that 
high success rates (>90%) are maintained for SNR 
values up to 16db (realistic cases). Even for excessive 
SNR ratios (7db) the success is next to 70%. This 
gives an idea of the DGI-BS robustness under noisy 
environments. 

 
Table 1. Recognition results under noise 

 

SNR 
(db) 

Standard 
deviation 

(mm) 

Noise 
(%) 

Recogn/pose 
(%) 

100 - - 97.4 
42 0.008 0.8 97.4 
37 0.014 1.4 97.4 
32 0.025 2.5 97.4 
27 0.045 4.5 94.7 
22 0.079 8 94.7 
19 0.112 11 94.7 
16 0.158 16 94.7 
13 0.224 22 81.6 
10 0.316 32 76.3 
7 0.447 45 68.4  

 
5. Conclusions 
 
A method for recognizing and positioning free-form 
objects under severe occlusion has been presented and 
analyzed in this paper. The method is based on the 
DGI-BS representation. It is a simple method that uses 
just one range image to solve both recognition and 
pose problems through an easy DGI-BS matching 
procedure. It is also rather general and applicable 
because most of the usual restrictions (no free shapes, 
no occlusions, no noise, initial points or zones have to 
be chosen) are avoided. Finally, DGI-BS is a complete 
and compact 3D representation that exhibits low 
sensitivity to noise and highly effectiveness to work 
with free-form highly occluded objects.  
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