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Occluded object detection with 3D projection
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ABSTRACT

Background/Objectives: Identification of object is a classic research problem in the area of Computer Vision. Many
smart world applications, like, video surveillance or autonomous navigation systems require a high accuracy in pose
detection of objects. One of the main challenges in Identification of object is the detection of occluded objects and
its respective 3D reconstruction. The focus of this paper is inter-object occlusion where two or more objects being
tracked occlude each other. A novel algorithm has been proposed for handling object occlusion by using the
technique of geometric matching and its 3D projection obtained. The developed algorithm has been tested using
sample data and the results are presented.
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1. INTRODUCTION

In Computer Vision, object recognition technology is employed to find and identify the objects in a captured
image or in a sequence of video frames. Object tracking involves following one or multiple objects in the scene of
interest to continuously note down the position of the identified object. The challenge, therefore, is to accurately
detect the objects in different backgrounds and environments. One of the problems associated with detection of object
is Occlusion. Where, the object to be identified is hidden partially or fully by other objects or by the view point of
the specific cameras being used for capturing the position of the object being reconstructed. In certain scenarios, for
instance, the camera angle can define the part of the object being occluded and the part of the object that is visible.
In general, occlusion in 3D vision can build a major impact in the correct detection of objects and therefore it’s
tracking as well.

2. RELATED WORKS

Computer Vision includes the core technology of automated image analysis, which includes methods for
acquiring, processing, analyzing and understanding images. Machine Vision (MV) usually refers to a process of
merging the different sort of methods like automated image analysis with robotics to provide automated industrial
applications like inspection and robot guidance. In Machine Vision Systems (MVS), cameras are used to capture the
images that are processed using vision software. The captured image data is compared with the data expected as per
previously developed standards and the output is the result in the form of a response. For example, when used in
quality control or inspection, the response could be as accept or decline trigger for the respective manufactured part.
The quality inspection is generally carried out as the objects move along on a fast conveyor. Identification of
occluded objects, when the objects are grouped together, still leftovers as a major challenge (Himanshu Chandel,
2015).

Occlusions are frequent in real time tracking and are a major obstacle to robust identification of object. While
high resolution and texture rich images can be detected under severe occlusions with distinctive local features (Lowe,
2004), many man-made objects have large uniform regions. These textures-less objects are characterized by their
contour structure, which are often unclear even without occlusions. Instance detection of texture-less objects mixes
this ambiguity by requiring recognition under random viewpoint with severe occlusions. While much research has
addressed each component separately (texture-less objects) (Toshev, 2010), arbitrary viewpoint (Hinterstoisser,
2010), occlusions (Gao, 2011), addressing them together is extremely challenging and remains a research problem.

Himanshu (2015), discussed the problem of occlusion in object tracking and have provided a concise review
for the problem of occlusion handling under different categories. Eshed Ohn-Bar (2015), explored the problem of
occlusion by learning an ensemble of detection models from visual and geometrical clusters of object instances. The
Ada Boost detection scheme proposed in (Eshed Ohn-Bar, 2015) employs pixel lookup features for fast detection.
Tao Yang (2014), have proposed a novel synthetic aperture imaging to solve the problem of automatically focusing
and seeing occluded moving object in cluttered and complex scene. In our previous work (Priya, 2015), the problem
of occlusion in 2D vision under different illumination techniques has been discussed. The proposed work addresses
3D view and projection using geometric mapping approach.

Proposed Algorithm: Previous work on occlusion has suggested different methodologies and techniques for treating
occlusion. However, real-time occlusion handling in identification of object still remains a challenge. In this paper,
a novel occlusion handling algorithm has been proposed to identify objects in a real time scenario. The algorithm
focuses on inter-object occlusion where the individual objects may occlude each other. The main contributions
include the computation of score values, Defining image mask and a unique curve extraction points.

The algorithm includes the following steps:
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Reading and cropping the object image: The image is read thorough the camera, cropped and fitted into the actual
boundary by the appropriate scaling and rotation of an object image coming in the production line.
Calculation of score value: The image is then converted into the matrix like structure for ease of computation. From
the 3D rotation of the found object instance, a match score is calculated based on the following categories.
Score based on surface points: Points that are lie on the surface of the found object and its weight count are
computed. In general it is more accurate and stable. It depends on the sampling distance of the scene set; the score is
toggled between zero and the number of points in the sampled scene.
Score based on model points: Score value s is calculated based on the number of pre sampled model points that
were detected in the scene. A sample model point is defined to be detected if there is a scene point close to it. The
returned score will be between zero and the number of points in the sampled model.
Score based on point fraction: Score can be computed under this category is the ratio of the score value obtained
through model points and the number of model points. The returned score value is in between zero and one. This
type of score calculation provides fine point detection. This algorithm sets this category as default category.
Setting up threshold value: The threshold value is set based on the score computation. The parameter Min-score
and Max-score can be used to filter the results. Only matches with a score exceeding the value of Min-score and
within or equal to the value of Max-score are returned. If Min-score is set to zero, all matches are returned. The value
of Min-score is set to 0.3 and Max-score is set to 1 in this algorithm.

Setting up of the initial values like scaling, rotation, min and max score helps the algorithm to find the objects
with appropriate rotation and in a scaled format.
Defining the Region of Interest (ROI): Regions to process can be defined with image masks. The masks have been
used based on their need to make intensity measurements on particles in an image.
Applying scaling to the created shape model: Once the model is created, the range of possible rotations of the
respective image is determined based on the angle steps. The angle step should be chosen depends on the size of the
object. For smaller models, angle step should be a larger value.
Curve Extraction: The boundary of the object is typically represented with the help of curves. This step briefs how
curves have been segregated from an image. This segregation can be done in the following three steps: finding curve
seed points, tracing the curve, and refining the curves.
Finding Curve Seed Points: A seed point is a point on a curve from which tracing begins. To qualify as a seed
point, a pixel cannot be part of an already existing curve. It is also to be noted that, the edge contrast of a pixel should
be higher than the user defined threshold. The edge contrast at a pixel is computed as a function of the intensity value
at that pixel and the intensities of its neighboring pixels. If P, j represents the intensity of the pixel P with the
coordinates (i, j), the edge contrast at (i, j) is defined as

V(Pi-1)—Pa+1.9)* + (Pij- 1~ Pij+)?

For an 8-bit image, the edge contrast may vary from 0 to 360.
Tracing the Curve: The curve extraction algorithm traces the rest of the curve after identifying the seed points.
Tracing is the process of finding the more number of acceptable threshold points except seed points. This process is
repeated until no more pixels can be added to the curve in the current direction. The algorithm then reverts to the
seed point and tries to follow the curve in the opposite direction.
Refining the Curve: To refine the curve extraction at the final stage of extraction the following steps have been
performed.

e Combines curves into one large curve if their end points are close together.
o Closes a curve if the end points of the curve are within a user-defined distance of each other.

3D vision: The extracted data points are aligned in a three dimensional co-ordinate system from the vector space to
the representation space using geometric mapping.

To summarize, the algorithm steps include appropriate fixing of thresholding and image pyramids for model
selection and effective curve extraction for detecting the occluded objects.

3. IMPLEMENTATION AND RESULTS
This paper is focused on higher rate of objects detection in an occluded scenario. The hardware setup used
for the experimental analysis is shown in Figure.1.
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Figure.1l. Hardware setup
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mV BlueFox monochrome camera with CMOS sensor having the resolution of 2488 X 2050 was used to
capture the image of an object. NI LABVIEW 2015 version was used to process the image. The proposed algorithm
has been written in C++ Language and used with LABVIEW tool box. The sample image chosen for implementation

is a Clamp as shown in Figure 2.
I

Figure.2. Template image with Back Lighting
Table.1. Output for Dfferent Number of Test Objects

Number of objects | Object Detection | 3D Projection
| T .
| &) ﬁ ﬁ
ﬂ ****** = |
——— .'* e )

Front lighting has the disadvantage of multlple blobs creatlon due to environmental lighting, while back
lighting provides a better contrast level to avoid this problem. Hence, back lighting was chosen up for capturing the
image of the test object.

The algorithm has been implemented and tested using several test objects. Testing has been carried out with
single, double as well as multiple occluded objects. The output for different count of occluded objects is shown in
Table.1.

The red pointer shown in the images in Table.1, indicates the orientation of the template. The coordinate
location of the template is then converted into the respective 3D view representation.

Table.2, gives the details pertaining to the performance of the proposed algorithm.

Table.2. Performance of the Algorithm

_ X v Match score _ _
Object # Position | Position Angle | Segmentation Propoeed Comparison % | Occlusion %
based (MSSB) | Algorithm (PA)
2 320.66 | 220.6 167.01 | 800 969.52 21.1 17.18
3 34241 | 253.07 | 195.77 | 729.3 954.83 30.9 23.31
5 362.42 | 274.33 | 199.33 | 720.9 987.87 37.9 73.23

(X, Y) gives the co-ordinate position of the object detected. The Angle indicates the 3D orientation of the
object. The Match score specifies how closely the curves in the match region of the inspection, or target image
match the curves in the template. Score values can range from 0 to 1000. A score of 1000 indicates a perfect match,
and a score of 0 indicates no match. The actual score is the values obtained for the proposed algorithm. The scores
obtained have also been compared using Bar chart as shown in Figure.3.
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Figure.3. Match Score (Segmentation Based Vs Proposed Algorithm)

It can be seen from the graph in Figure 3, that the scores obtained for the proposed algorithm, the actual
score, is higher than the values obtained by the segmentation based approach. The performance comparison
percentage is calculated as:

Comparison % = (Proposed Algorithm-Match Score SB) / Match score SB * 100

It can be clearly seen that the performance of the proposed algorithm is superior by as much as 20% or more.

From Table 1, it can be further seen that occlusion is 17 % when there is one object. However, occlusion
increases to approximately 73% when there are multiple objects. Hence, it can be noted that the proposed algorithm
works well for multiple inter-object occlusions even when the occlusion % exceeds 70%.

4. CONCLUSION AND FUTURE WORK

This paper considers the problem of occluded identification of object, with special emphasis on partially
occluded curved objects. A novel algorithm has been proposed for handling inter-object occlusion in object
recognition and the results have been presented and discussed. As future work, it is proposed to improve the match
score and hence improve the percentage of object detection in different shapes of different sizes. It is also proposed to
work with stereo vision to improve the 3D view presented and hence the 3D projection.
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