
  

  

Abstract—this paper presents a model-based work-piece 
localization method with salient feature selection. Model-based 
localization is suitable for work-piece which is one kind of the 
typical 3D rigid objects with less texture. However, localization 
based on 3D model will cause high failure rate in heavily 
cluttered scenes. We propose a new model-based localization 
method, which is integrated with salient feature selection. Two 
different models: 3D model and training images are used, and 
the salient feature selection procedure extracts the regions 
which may contain the objects potentially. Experiments 
demonstrate the effectiveness of the proposed method. 

I. INTRODUCTION 
ocalization of 3D rigid object based on monocular 
observation is a fundamental problem in computer vision, 

computer graphics, photogrammetry, robotics etc. In recent 
years, there has been a considerable amount of work on 3D 
rigid object. The most popular methods are based on the idea 
of feature descriptors such as Scale Invariant Feature 
Transform (SIFT) [1], Histogram of Gradients (HOG) [2], 
and SURF [3]. These methods that detect several key points 
to localize are simple to implement and cause low computing 
complexity. Another method exploits shape models of objects, 
and these methods can obtain efficient localization of objects 
in cluttered environments [4, 5, 6, 7, 8]. 

For the robot systems, localization is a very important 
procedure, especially in industry. The work-pieces are the 
most general operation objects in industry, which are a kind 
of typical 3D rigid objects with less texture. The texture-less 
property of the objects causes more failure in detection, 
especially in heavily cluttered scenes. In contrast, stability 
and less errors are the most important performance for 
industrial application. Thus, it is significant to develop a 
stable localization method for work-pieces. 

Edge (contour) is the most stable feature for the detection 
of texture-less objects. But in heavily cluttered scenes, 
adapting rare edge feature for matching causes high detection 
error rate. Combining multiple features to make objects more 
remarkable, would improve the accuracy and efficiency of 
detection.  

In this paper, we propose a localization method which 
especially suitable for work-piece localization in heavy 
clutter background. This method is based on the shape-based 
localization method, which is usually suitable for low 
textured objects. Our method used 3D (CAD) models to 
generate a 2D views library by rendering them from different 
viewpoints, which are used for coarse matching and pose 
refinement. In order to promote the accuracy and efficiency 
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of detection, salient features are trained and used to localize 
interest regions which contain the objects. Within the interest 
regions, fast directional chamfer matching algorithm is used 
for matching to obtain a coarse pose of the object. 
Furthermore, a pose refinement procedure is executed with 
iterative closest point algorithm [12]. Experiments on robotic 
alignment platform demonstrate the robustness of the 
proposed method. 

The remainder of this paper is organized as follows: in 
Section II, the details of our method are described; in Section 
III, the performance of our method is studied experimentally, 
and as will be shown; Section IV concludes the paper.   

II. ALGORITHM 

A. Overview 
In this section, we address the details of our method. Before 

entering into algorithm specifics, we first describe the outline 
of the processing flow of our method, as illustrated in Fig. 1. 
The whole processing flow divides into four major stages: 
training stage, preprocessing stage, coarse matching stage and 
pose refinement stage. The training stage receives the internal 
parameter of the camera we used, the CAD model of the 
object, and several colored 2D images as inputs. Then a 2D 
views library (3D shape model), which consists of 2D 
projections of the 3D object observed from different views, 
and a feature library, which contains the information such as 
color, texture, are generated. The preprocessing stage 
generates a confident map for the test images that are 
captured from the camera, and waiting for estimation. Then 
ROIs (regions of interest) which may contain the objects, are 
extracted from the confident map. The coarse matching stage 
searches not only in the whole areas of the images but also in 
the ROIs, and then it generates a coarse pose. The pose 
refinement stage refines the acquired pose from previous 
stage, and obtains an accurate pose for further operation. 

B. Training 
1) Generating partial 2D views library 

For CAD model based pose estimation method, a 2D views 
library (3D shape model), which consists of 2D projections of 
the 3D object seen from different views, needs to be 
generated from a CAD model. Similar to the method 
described in [9], a virtual view sphere is used to generate the 
2D views of the specified 3D object in this step. The views 
are obtained by placing virtual cameras around the object 
model and projecting the 3D object model into the image 
plane of each camera position. The parameters of the virtual 
cameras equal to the input camera internal parameters. The 
resulting 2D shape representations of all views are stored in 
the 3D shape model. 
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In real application, not all views of the object but partial 
views are possibly presented to camera. Meanwhile, for many 
work-pieces, their 2D projections are the same from different 
views. To restrain the memory and runtime needed for the 
CAD based 3D matching, we introduce a partial virtual view 
sphere, which restricts the allowed pose range of the shape 
model and thus minimize the number of 2D projections that 
have to be computed and stored in the 3D shape model. 
 

 
Fig. 1. Flow diagram of algorithm 

To specify the pose range, imagine a sphere that surrounds 
the object. The position of the sphere is defined by placing its 
center at the center of the object’s bounding box. The 
xz-plane of the object-centered coordinate system defines the 
equatorial plane of the sphere. The north pole lies on the 
negative y-axis. On the surface of the sphere, a camera is 
placed to observe the object. To define a specific part of the 
sphere’s surface, the geographical coordinate’s longitude λ 
and latitude φ are used (see Fig. 2). Now, the pose range can 
be defined by restricting the position of the camera to a part of 
the sphere’s surface. Additionally, the minimum and 
maximum distance of the camera to the object, the radius of 
the sphere corresponding to the distance of the camera to the 
center of the object of different spheres, must be specified. 
Besides the definition of the pose range, the camera roll angle 
and the allowed range for the rotation of the virtual camera 
around its z-axis, must be set. Fig. 3 shows several projections 
contained in a 2D views library generating for a crankshaft. 

2) Generating H-bin color Histogram 
In this step, several images captured by the camera, of 

which the internal parameters are used for generating 
projection library, are necessary for the step. In order to 

obtain the surface feature information of the objects, the 
objects must be separated from the background in these 
training images.  We developed a tool with CADlib 4.0 to 
separate the objects manually.  

 

 

 
Fig. 3.  Projections generating from CAD model 

For the training images, the object and local background 
models are represented by H-bin color histograms: , , , ∑ ∑ 1 , and , , ,  ∑ ∑ 1, respectively. The feature distributions 
of the object and the background usually overlapped with 
each other, i. e., some features are shared by both of the object 
and the background. Different features have different 
distinguishing abilities between foreground and background, 
and the distinguishing ability of feature value h 1, L, H can 
be computed as ∑ ,∑ ,                       1  

where δ is a small positive value which is designed to get rid 
of very mall values of  and , and prevent dividing 
by zero. Fig. 4 shows the procedure of generating H-bin color 
histogram. 

C. Saliency Selection 
Before the operation of coarse matching, the color 

information of all pixels in the test image   is projected to 
H-bin color space to get a confidence map.  

Let 1, ,{ }i i NX =  denote pixels in one of the test image. A 
confidence map can be generated as 

 
Fig. 2. Partial views sphere 
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1                                      0                                                                              2  

where  denotes the probability that pixel  belongs to 
the object, and  is the quantization value of the pixel 
value at . Parameters  and  are threshold values and 

 (we set them to 10 and 0.1 respectively). 
 

 
Fig. 4.  Generate H-bin color histogram 

Based on the confidence map, ROI can be extracted. Fig. 5 
shows part of the results of the salient feature selection. Fig. 
5(a) is the column of the original images and Fig. 5(b) is the 
column of the corresponding confidence map with the 
extracted ROIs. The orange bounding boxes point out the 
ROIs for coarse matching in next stage. 

D. Coarse Matching 
In the ROIs, we use canny algorithm to extract edge. Then, 

an efficient shape-matching algorithm called fast directional 
chamfer matching (FDCM), which is introduced in [10], is 
used in our framework to generate coarse pose of the objects.  
FDCM is used to detect the objects and estimate their poses 
with reliability. FDCM improves the accuracy of chamfer 
matching by including edge orientation. It also achieves 
massive improvements in matching speed using line-segment 
approximations of edges, a 3D distance transformation, and 
directional integral images. 

E. Pose Refinement 
The precision of the estimated pose through coarse 

matching stage is limited by the discrete set of out-of-plane 
rotations included in the views library. In order to obtain 
accuracy pose, a continuous optimization method to refine the 
pose estimate is necessary. In this stage, we follow the 
method proposed in [11], which is a combination of the 
iterative closest point (ICP)[12] and Gauss-Newton[13].  

Starting with the initial pose , which is obtained from the 
coarse matching stage, we improve the estimation via the 
iterations ∆                                   3  

 
(a)                    (b) 
Fig. 5.  Seperate the objects and the background 

the update vector ∆p is given by the solution of the normal 
equation ∆p                                  4  
where ε is the residual vector, and  is the Jacobian matrix of ε  with respect to p , evaluated at . Similar to the ICP 
algorithm, the correspondence and minimization problems 
are solved iteratively until convergence.  

III. EXPERIMENT 

A. Experiment Environment 
1) Programming environment 

Our program is performed with C++, CADlib 4.0 and 
OpenCV 2.4 Computer Vision Library.  

2) The vision and robot system 
The vision system is composed with a camera and a 

computer. The camera connects to the computer through the 
Gigabit Ethernet interface. The product model of the camera 
is Manta201c, of which the resolution is 1624 1234. We 
also choose a camera lens for the camera we used, with the 
focal length of 5mm. 

The camera is mounted to FANUC 6-DOF (DOF: degree of 
freedom) industrial robot.  

The product model of robot is R-J3iB. The repeat accuracy 
is 0.08mm. The maximum load is 6kg. The control system 
of the robot consists of a computer, servo system and the I/O 
system. The robot is used in assembling, welding, carrying, 
spraying and so on. Fig. 6 shows the vision and robot system 
used in experiment. 
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B. Arguments in Experiment 
There are some arguments in the experiment we need to 

consider about. 

 
Fig. 6 The robot and vision system 

1) The CAD model used for generating 2D projection 
library 
The work-pieces for industrial purpose are likely to be 
complex-shaped. Relevantly, the views generated from CAD 
model are complex, which cause the matching 
time-consuming. In order to simplify the matching procedure, 
we used a simplified CAD model to generate 2D views 
library. Fig. 7 shows the crankshaft and its simplified CAD 
model. 

 
Fig. 7. The crankshaft and its simplified CAD model 

2) The parameters for generating 2D views library 
In the experiments, the CAD model of the crankshaft and 

several natural images are collected for training. The speed 
performance of our method is proportional to the sampling 
viewpoints. Thus, generating less projection implies shorter 
time. In additional, how the sampling of the scale and the 
in-plane rotation influences the robustness and the runtime. A 
good trade-off is a scale of 2.5 cm and a rotation step of 15 
degrees. For crankshaft, when generating 2D projection 
library, we specify that the longitude λ is from 0 degree to 90 
degree, and latitude φ is from 45 to 135 degree, camera roll 
range r  is 0 to 360 degree, the minimum and maximum 
distance of the camera to the object is from 40cm to 50cm. 
See the value in TABLE 1.  

C. Result of Experiment 
In our experiment, we capture 5 images for training to 

generate H-bin color space. The color information of all 
pixels in the test images are projected to H-bin color space to 
get a confidence map.  

 
One of the advantages of our method is that the success rate 

of estimation is enhanced, especially in heavily cluttered 
scenes. Fig. 8(a) shows a failure of estimation. In the scene 
presented in Fig. 8(a), there is a wood block with obvious 
texture. The texture may generate several edges after the 
operation with canny algorithm, which caused the 
mismatching. Fig. 8(b) shows the result of our method. Our 
method firstly extracted the ROI, which doesn’t contain the 
wood block. Therefore, the following matching will only be 
performed in the ROI, and the mismatching will not occur. 
Fig. 8(c) also shows a mismatching result. The grid lines of 
the calibration board are mistaken for the edge of the 
crankshaft. With our method, the mismatching is eliminated, 
as shown in Fig. 8(d). 

The other advantage of our method is that the duration for 
matching is apparently reduced. Without saliency selection 
procedure, the CAD model based method in our framework 
searches the templates in the whole areas of the test images. 
In contrast, our method, with saliency selection procedure, 
only performs the searching in the extracted ROIs. 50 images 
are tested for the comparative experiment. The result of the 
experiment shows that our method, with saliency selection 
procedure, is much faster than the method without saliency 
selection procedure. The average detection time of our 
approach was 2.85 seconds, compared to 16.32 seconds from 
the other method. 

 
(a)                    (b) 

 
(c)                    (d) 

Fig. 8. The results with/without saliency selection procedure. Fig. 8(a) shows 
a failure of estimation. In the scene presented in Fig. 8(a), there is a wood 

TABLE 1 
VALUE OF ARGUMENTS 

Symbol Quantity Value Unit 

λ longitude 0~90 Degree 

φ latitude 45~135 Degree 
r Camera roll 0~360 Degree 
d Distance range 40~50 cm 
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block with obvious texture. The texture may generate several edges after the 
operation with canny algorithm, which caused the mismatching. Fig. 8(b) 
shows the result with our method. Our method firstly extracts the ROI, which 
doesn’t contain the wood block. Thus, the following matching will only be 
performed in the ROI, so the mismatching will not occur. Fig. 8(c) also 
shows a mismatching result. The grid lines of the calibration board are 
mistaken for the edge of the crankshaft. With our method, the mismatching is 
eliminated, as shown in Fig. 8(d) 

IV. CONCLUSION 
In this paper, we propose a pose estimation method with 

saliency selection procedure, which is suitable for metal 
work-pieces locating in heavy clutter background. The 
experiment shows that our method improves the success rate 
and reduces the duration. 
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