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Abstract

Occlusion problem is one of the challenging issues in vision field for a long time, and the occlu-

sion phenomenon of visual object will be involved in many vision research fields. Once the occlusion

occurs in a visual system, it will affect the effects of object recognition, tracking, observation and

operation, so detecting occlusion autonomously should be one of the abilities for an intelligent vision

system. The research on occlusion detection method for visual object has increasingly attracted atten-

tions of scholars. First, the definition and classification of the occlusion problem are presented.

Then, the characteristics and deficiencies of the occlusion detection methods based on the intensity

image and the depth image are analyzed respectively, and the existing occlusion detection methods

are compared. Finally, the problems of existing occlusion detection methods and possible research

directions are pointed out.
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0 Introduction

Occlusion is not only a geometric phenomenon but
also an optical phenomenon. Occlusion can be seen
everywhere in the real world. Most vision research
fields such as object recognition, 3D reconstruction,
object tracking, visual observation, robot grasping, au-
tomatic assembly, spacecraft docking etc. involve oc-
clusion. Occlusion makes the visual objects which are
actually from different physical surfaces not distinguish-
able. If the visual system could not take proper meas-
ures to deal with occlusion, most computer vision tech-
nologies would be invalid even wrong, and the corre-
sponding visual system would lose its value. Thus, the
occlusion has become an obstacle factor in studying the
related fields further,and it increasingly attracts the at-
tention of scholars. Currently, CMUS% professor Martial
Hebert, the famous scholar in the field of computer vi-
sion and other scholars have already launched a study
for the occlusion problem. In addition, in recent
years, papers about occlusion problem have also a sig-
nificant place in the top conferences on computer vi-

sion, such as the CVPR, ICCV and ECCV.

The existing literatures on occlusion detection are

analyzed in this paper, the research status of the occlu-
sion detection method for visual object is introduced in
detail, and the future research direction in order to
provide some help for the researchers in this field is
discussed and three sections are included. The related
definition and classification for occlusion problem are
shown in Section 1. Research status of occlusion detec-
tion method is explained and analyzed in Section 2.
Section 3 concludes the paper.

1 Definition and classification of occlusion

1.1 Definition of occlusion

Occlusion mean that all or partial regions of an
observed object (visual object) are occluded by other
object or some parts of the observed object itself at a
certain view, which leads to some regions that can’t
be observed by the observer (camera), that is to say,
the observer can’t obtain the information of the occlu-
ded regions from current view. So far, there has been
no generally accepted definition of occlusion. Fig. 1
shows an illustration of occlusion.

As shown in Fig. 1, when the occlusion phenome-
non occurs, point 1 is visible, point 2 is invisible, and
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Fig.1 An illustration of occlusion

the dividing line between the visible part and the in-
visible part is called occlusion boundary. LetP = {p,,
--+,p, | denote the set of all points on an object, V =
{v,,-+,v,| denotes the set of visibility for all points in
P from current view, and letv, = 0,1 or 2. Take any p,
e P, then v, € V denotes the visibility of p,. Among
them, ifv; = 0, then p, is an invisible point; ifv, = 1,
then p, is a visible point and an occlusion boundary
point; if v, = 2, then p;, is a visible point but not an oc-
clusion boundary point. On this basis, occlusion
boundary can be expressed as a set E, = {p,| p, € P,
v, € Vand v, = 1}. Given an object in a scene, if its
corresponding set V has the element of the value of O,
then it shows that the occlusion occurs from current

view.

1.2 The classification of occlusion problem
According to the different occurring scope of oc-
clusion, the occlusion problem can be classified into
two categories. One is the mutual occlusion between
different objects, and the other is the self-occlusion be-
tween the multiple parts of a same object. Essentially,
they are the same: one object (part) occludes anoth-
er. Meanwhile, for either mutual occlusion or self-oc-
clusion, pixels in the occlusion region have the same
characteristics, so from the perspective of researching
occlusion processing method, mutual occlusion and
self-occlusion can be dealt together. In addition, ac-
cording to spatio-temporal attribute difference of occlu-
sion, occlusion problem can be classified into static oc-
clusion and dynamic occlusion. If the occlusion doesnt
change with time, it is called static occlusion, other-
wise it is called dynamic occlusion. No matter what oc-
clusion it is, mutual or self, and no matter what state it
is, static or dynamic, once the occlusion occurs in a
visual system, it will affect the operation effects of ob-
ject recognition, reconstruction, tracking and observa-

tion, etc.

1.3 The classification of occlusion problem pro-
cessing method

From the low-level image processing technique to
the high-level reasoning task, occlusion problem in-
volves a very wide range of fields. By now, there have
been two main solutions to the influence by occlusion.
One regards the occlusion as noise, which reduces the
interference of occlusion by studying the better robust-
ness method. The other takes the occlusion as process-
ing object, which deals with the occlusion directly by
studying the occlusion detection method. For the first
way, the robustness of the method can’t increase in-
definitely, the related method will fail when the occlu-
sion is more serious. But for the second way, the re-
searcher can adopt different strategies according to dif-
ferent occlusion detection results, so it is more general
and flexible.

Aiming at occlusion in tracking''?', recogni-

tion" , segmentation[s'ﬂ , 3D reconstruction' """’ ,

0] [11,12]

. 9,1 . .
matching' , real-time scene rendering ete.

)
scholars at home and abroad have proposed correspond-
ing solutions. These methods ensure the robustness and
accuracy of related visual task processing algorithm in
the condition that occlusion exists in visual object, but
they don’t provide the clear occlusion detection meth-
ods. Therefore, these methods can be considered as
the first way to solve the occlusion problem. With the
in-depth research of visual information processing tech-
nology, occlusion problem becomes an independent re-
search direction, and attracts attentions of scholars at
home and abroad. These independent occlusion detec-
tion methods can be considered as the second way to
solve the occlusion problem. Fig.2 shows the general
flow of occlusion detection by this way.

The image data in Fig.2 can be a video, multiple
images or a single image, and the image can be an in-
tensity image (including gray image and color image)
or a depth image. Preprocessing is an optional process,
and it may be motion analysis based on optical flow or
image segmentation technology. Through the former,
the optical flow field or the motion vector field of the
visual object can be got, then the motion clues can be
obtained, while through the latter, the boundary set
which consists of boundaries between various regions by
image segmentation can be obtained. Here, the bound-
ary set is generally required so that it can include all

I
Image data —P: Preprocessing —9
| |

Extract occlusion
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detection result
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Fig.2 General flow of occlusion detection
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the occlusion boundaries in the image, on this basis,
subsequent processing is processed to determine the oc-
clusion boundary further. Occlusion related clues (fea-
tures) can be motion clues, appearance clues, depth
clues, etc. According to the extracted occlusion related
clues, there are two main ideas about designing occlu-
sion detection method. One is determining the occlu-
sion detection results directly by designing clear occlu-
sion discrimination criterion ( or occlusion model) and
using the threshold, convex optimization and other
methods. In this kind of method, the extracted clues
are used directly. The other is regarding occlusion de-
tection problem as a classification problem, which de-
signs occlusion detection method based on learning ide-
a. In this kind of method, the implicit occlusion model
can be obtained by learning the training data, then de-
termine the final occlusion detection results by the im-
plicit occlusion model. Compared with the former, this
method is less sensitive to the actual image data, and
has better applicability.

If the image data, the preprocessing, the extrac-
ting occlusion related clues and the detecting occlusion
in Fig.2 are denoted as P = {p,,---,p,}, O, =

pre
m

.f;)re ( P) ’ Oclue Z-f_;ﬁextra(tt ( 0pre ) and Oresult

Jj=1

oo (O, ) Tespectively, then the formal description of
occlusion detection can be expressed as

Oresuh = fdelecl( ifjcxtram (fpr(: ( P) ) ) ( 1 >

where, O is the final result of the occlusion detec-

result
tion, f,... 18 the occlusion detection method, m is the
number of the kinds of methods for obtaining occlusion

related clues, f;

_extract

is the jth way for obtaining occlu-

sion related clues, f,

pre

is the preprocessing method.

2 Research status analysis of occlusion de-
tection method

Occlusion detection method has got some achieve-
ments so far. On the whole, according to the different
processing objects of the algorithm, it can be classified
into the occlusion detection method based on intensity
image and the occlusion detection method based on
depth image. The occlusion detection method based on
intensity image can be further classified into occlusion
detection method based on video or image sequence
and occlusion detection method based on a single im-
age. According to the difference of the result, occlu-
sion detection method based on video or image se-
quence can be further classified into occlusion region
detection method and occlusion boundary detection

method. The specific research status analysis for each
kind of occlusion detection method is as follows.

2.1 Occlusion detection method based on intensi-
ty image

2.1.1 Occlusion detection method based on video or
image sequence

(1) Occlusion region detection method

Occlusion region in the video or image sequence is
the region consisting of pixels which are visible from
current frame while the corresponding pixels from the
next frame are invisible. Occlusion region detection
method principally uses mismatch of corresponding pix-
els from temporally adjacent images. Depommier "’ is
one of the earlier scholars who detected occlusion re-
gion based on motion clues between the video frame,
and Depommier detected occlusion based on photomet-
ric mismatch between consecutive frame in the video by
combining motion estimation method. Kolmogorov''"*'
proposed an occlusion detection method based on graph
cut. The method is specially designed to detect occlu-
sion In stereo image pairs, so it is not intended for gen-

15
eral scenes. Ince ™’

proposed an occlusion detection
method based on geometry estimation, and this method
determined occlusion region only by analyzing motion
field. Ayvaci''®’ regarded the occlusion detection prob-
lem as a variational optimization problem and used the
efficient numerical algorithm to solve global optimum
solution to determine the occlusion region. The above
mentioned methods are mainly based on motion analy-
sis, and detect occlusion regions by clear occlusion
discrimination criterion or occlusion model. With the
deepening of research, some scholars regarded the oc-
clusion detection problem as a classification problem,
and they had designed the occlusion detection method

) extracted a broad

based on learning idea. Humayun''
spectrum of features and trained a classifier to detect
occlusion region. Compared with the occlusion detec-
tion method based on motion analysis, the accuracy
and adaptability of this occlusion detection method
have been improved, but extracting a large number of
features requires long computation time. Zhang '™
combined learning idea and graph cut to detect occlu-
sion region. The features extracted in this method are
more efficient, so compared with existing methods, it
has higher accuracy and better real-time performance.
(2) Occlusion boundary detection method
Occlusion boundary is a subset of the boundary set
which consists of boundaries between various regions by
image segmentation. The main basis for detecting oc-
clusion boundary is the discontinuity of optical flow or
motion on both sides of the occlusion boundary, and
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the discontinuity mainly reflects two aspects: one is the
discontinuity of brightness information; the other is the
discontinuity of motion vector information. Stein''"”’
proposed an occlusion detection method using a spatio-
temporal edge detection operator, which determined
the occlusion boundary by analyzing and comparing the
motion of the extracted small region in both sides of the
edge. Overall, the occlusion boundary detection meth-
ods are mainly based on learning idea, and the clues
(features) extracted in these methods include motion
clues, local appearance clues, depth clues, T-junc-
tions features, etc. Apostoloff'™’ extracted T-junctions
features by using spatio-temporal characteristics in vid-
eo, and proposed an occlusion detection method based
on relevance vector machine (RVM). Sargin'*"' pro-
posed a probability detection framework based on spa-
tio-temporal lattices to detect occlusion boundary by
defining two complementary cost functions. By combi-
ning motion clues and local appearance clues, Stein'*
proposed an occlusion detection method based on learn-
ing. On this basis, He'”' introduced the depth clues.
He estimated the pseudo-depth information in video,
and used pseudo-depth information, motion clues and
local appearance clues to train a classifier for detecting
occlusion boundary. However, there are two main defi-
ciencies for the method based on learning. One is that
the effective sample data is needed to train classifier,
and the other is that the method easily leads to the phe-
nomenon of over-fitting. Aiming at the above deficien-
cies, Jacobson'**' proposed an online learning frame-
work for detecting occlusion boundary. Compared with
the previous methods, its applicability has been im-
proved in a way, but the accuracy of the detection re-
sult needs to be improved.

In view of comprehensive analysis, since most
methods use information of optical flow field or motion
vector field, any error in the optical flow field or mo-
tion vector field may lead to inaccurate occlusion detec-
tion result, and the occlusion detection method based
on the motion discontinuity implicitly requires that the
movement in the video should be rigid transformation
(rotation, translation, or their combinations). Moreo-
ver, for the occlusion detection method using optical
flow estimation, the following two assumptions are re-
quired. One is that the brightness of any point in the
observed object is constant with time, and the other is
that proximal points in the image plane move in a simi-
In addition,
Refs[21-23 ] require the over-segmentation of the video

lar way. the proposed methods in

frame, so the accuracy of the detection result is largely
dependent on the segmentation effect.

2.1.2  Occlusion detection method based on a single
intensity image
Compared with occlusion detection study based on
video or image sequence, because the available infor-
mation in a single intensity image is relatively less, the
occlusion detection study based on a single intensity

[19]

image is more difficult- "', and the achievements are

%1 s one of the earlier scholars who

fewer. Ullmann
studied occlusion detection method based on a single
intensity image. Assuming the case is in no noise, Ull-
mann detected the occlusion by determining the mis-
matched pixels between the template and object image.
Gay-Bellile' ™' presented a specific framework which
solved occlusion problem during 2D image non-rigid
registration. The limitations of these methods based on
matching are that they require the priori knowledge of
the visual object, therefore these methods are not suit-
able for the unknown visual object. Hoiem'”’' used hi-
erarchical region segmentation method to estimate the
depth of the object in a scene and then determined the
occlusion boundary by the depth value. The deficiency
of this method is that the region segmentation is its
foundation, and the depth estimation result also direct-
ly affects the accuracy of the occlusion detection result.
Chen'*' utilized five proposed occlusion clues to un-
derstand the occlusion relationship in an image. The
main limitation of this method is that the semantic an-
notation image must be obtained in advance, and
therefore the semantic annotation result would affect the

! explored

occlusion detection result directly. Zhang'”
an occlusion boundary recovery method from the per-
spective of depth estimation. Although it is difficult,
the result is ideal. The deficiency of this method is that
the effect of occlusion detection is largely dependent on
the depth estimation accuracy.

Overall, the occlusion detection method based on
intensity image still needs to be improved further.
Meanwhile, the depth information has been prelimina-
rily applied in the occlusion detection method based on
the intensity image. For example, Ref. [23] improved
the accuracy of occlusion detection result by combining
the pseudo-depth information; Ref. [27] used esti-
mated depth information for determining the occlusion
relationship between regions in the image more accu-
rately. Although the Ref. [23] and Ref. [ 27 ] combine
the depth information to detect the occlusion, the depth
information is not from the depth image but by impre-
cise estimating, which makes these methods not having
used the depth information enough.
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2.2 Occlusion detection method based on depth
image

Depth image is a kind of image with special form,
and the difference between the depth image and the
common intensity image is the content which the pixels
represent. For the intensity image, the pixel value re-
presents the intensity or gray level of the point; while
for the depth image, the pixel value indicates the dis-
tance from the point to the reference plane. As the data
of depth image directly reflect the space geometry infor-
mation of the visual object surface, therefore, the visu-
al information processing technology based on depth
image is drawing more and more attention in academia
and industry.

At present, in terms of depth image information
processing, scholars focus on the study of registra-
[30,31] [32,33] [34,35]

) )

tion segmentation estimation edge

[36 [37]

detection' " and application etc. In recent years,
some scholars abroad have tried to study the approach
for specific visual task under occlusion'® ' based on
the depth image information of visual object, but they

have not provided the clear occlusion detection meth-

ods. Domestic researchers also have done a lot of work
for occlusion detection method based on the depth im-
age, and through research, exploration and accumula-
tion in recent years, they have achieved preliminary re-
9% In Ref. [40] and Ref. [41] in 2010, fea-

tures based on depth image such as mean curvature,

sults’

curvature threshold and depth threshold were adopted
to detect occlusion. In Ref. [42] in 2011, the authors
detected occlusion successfully by using the depth
difference and its threshold. The three methods men-
tioned above use threshold segmentation to detect oc-
clusion, but they can’t select threshold automatically,
which leads to worse generality, so the accuracy of oc-
clusion detection result in Refs[40-42] still needs to
be improved. To further explore other possible occlu-
sion detection method, in Ref. [43] in 2012, the au-
thors studied the occlusion detection problem based on
depth image from the perspective of classification by u-
tilizing the maximal depth difference feature and in-
cluded angle feature. In 2014, three new occlusion re-
lated features named eight neighborhood total depth
difference feature, maximal area feature and depth dis-
persion feature are proposed in Refs[44,45], and the

Table 1  Comparison of different occlusion detection methods
Image information Occlusion type
Method Year  Intensity Depth Single Multiple Mutual Self- Static Dynamic ~ Experimental image or dataset
info info image images occlusion  occlusion  occlusion  occlusion
Depommier' ™ 1992 % 4 % vV Vv Synthetic image and real scene
Ullmann'*) 1992 % \ vV vV Program generation
Kolmogorov!™ 2001 % % 4 vV v VvV Tsukuba dataset etec.
Ince!™’ 2005 Vv Vv Vv Vv Vv Flowergarden etc.
Apostoloff ™’ 2005 Vv vV VvV vV Vv Flowergarden etc.
Stein'"”! 2009 vV vV vV vV Vv Optional
Sargin'! 2009 v v v vV v CMU Motion Dataset
Stein"* 2009 Vv vV Vv vV vV CMU data set
He™ 2010 vV Vv vV vV Vv vV CMU data set
Gay-Bellile'™ 2010 4 \ vV \ Optional
Zhang™*"’ 2010 \ Y vV \ Stuttgart Range Image Database
Zhang™"! 2010 v \ vV \ Stuttgart Range Image Database
Humayun'"”’ 2011 Vv Vv Vv vV Vv Middlebury dataset etc.
Hoiem'”"! 2011 4 v v 4 Vv Geometric Context dataset
Zhang"*! 2011 vV Vv vV Vv Stuttgart Range Image Database
Ayvaci''® 2012 vV vV v vV v Middlebury dataset etc.
Jacobson'™ 2012 Vv Vv v vV v CMU data set
Zhangrm 2012 VvV Vv Vv v Vv Geometric Context dataset
Zhang™’ 2012 vV \ vV \ Stuttgart Range Image Database
Chen'® 2013 Vv Vv v Vv Geometric Context dataset etc.
Zhang™*"! 2014 vV \ % vV \ Stuttgart Range Image Database
Zhang' 2014 Vv Vv Vv vV Vv Stuttgart Range Image Database
Zhang' "’ 2015 Vv Vv Vv VvV Vv Middlebury dataset etc.
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AdaBoost classifier and the Random Forest classifier
are used to detect the occlusion boundary in depth im-
age respectively. Although these methods have some
generality, and in a way improve the detection accura-
cy, the adaptability and classification models are still
insufficient.

Overall, the current research at home and abroad
on the occlusion detection method based on depth im-
age 1s not deep enough, and it is conjectured that the
depth information may contain many valuable features
to be further explored.

2.3 Comparison of different occlusion detection
methods

Table 1 shows the comparison of different occlu-
sion detection methods.

To facilitate further research on occlusion prob-
lem, the quantitative comparison results among differ-
ent occlusion detection methods for all kinds of images
are provided in the following tables. When the experi-
ment results are analyzed, %xgl} denotes the set of oc-

clusion pixels in the Ground Truth and its size of n,.
{x,] denotes the set of occlusion pixels detected by oc-
clusion detection methods and its size of n,. {x,| N
{x,] denotes the set of correct occlusion pixels detec-
ted by occlusion detection methods and its size is n,,.
Then, precision R, =n,/n,, recall R, = n,/n,, and
F-score =2R R./(R, +R,). Average precision R, de-
notes the average of all the precisions for the test data,
average recall R, denotes the average of all the recalls
for the test data, and average F-score denotes the aver-
age of all the F-scores for the test data.
Table 2 shows the average precision R

recall R,

tion for three representative occlusion region detection

o AVETage

average F-score and average time-consump-

methods based on image sequence. Because Middle-
bury dataset is widely adopted in occlusion region de-
tection and AlgoSuit dataset includes more comprehen-
sive occlusion cases, the image sequences in Middle-
bury dataset and AlgoSuit dataset are used for testing
these methods in the experiment.

Table 2 R, , R, , average F-score and average time-consumption for different occlusion region detection methods
Method R, (%) R, (%) Average F-score Average time-consumption (s)
Ayvaci'® 74.30 64. 68 0.6724 1015.5
Humayun''" 73.63 85.29 0.7684 6066. 5
Zhang'"" 74.43 86.22 0.7795 48.9

In Table 2, Ayvaci''®' is based on motion analy-
sis, while Humayun'”' and Zhang'"®' are based on
learning idea. As shown in Table 2, the occlusion re-

gion detection results are better than the result by Ay-

L16]

vacl Because of requiring long computation time

for extracting a large number of features, the average

70 is much longer than

]

time-consumption in Humayun
the others. Overall, the method in Zhang[]8
forms the method in Humayun'"'. It should be noted

outper-

that the sample data is needed to train classifier in Hu-
mayun''"" and Zhang'"™® | while Ayvaci''®’ doesn’ t re-
quire any training. So the method in Zhang'"*'is better
than others when the sample data is provided, while

I is more suitable for the case

the method in Ayvaci'"®
without sample data.

Table 3 shows the average precision R, and
F-score for three representative occlusion boundary de-
tection methods based on video. The CMU dataset,
which is widely adopted in occlusion boundary detec-
tion field, is used for testing these methods in the ex-
periment.

In Table 3, Stein'”' and He'®! depend on differ-

ent clues and combine the classifier to detect occlusion
boundary. Jacobson"** detects occlusion boundary by

Table 3 R, and average F-score for different occlusion

boundary detection methods

Method R, (%) F-score
Stein'?’ 39. 60 0.4800
He ™' 34.50 0.4700
Jacobson"’ 39.90 0.4386

updating a set of weights for the online learning. As
shown in Table 3, the occlusion boundary detection re-
sults by Stein'”! and He'”! are better than the result
by Jacobson'*' according to the comprehensive index
F-score. But the sample data is needed to train classifi-

24 yises self-

er in Stein'*’ and He'®' , while Jacobson
learning idea and doesnt require training. So the meth-
ods in Stein'”' and He'®' are better than the method
in Jacobson'**! when the sample data can be obtained,
while the method in Jacobson'**' is more suitable for
the case of obtaining the sample data not easily.

Table 4 shows the quantitative comparison results
for representative occlusion detection methods based on
a single intensity image. Min depth estimation and max
depth estimation are two methods used in Hoiem'”'.
The Geometry Context dataset consisting of a wide vari-

ety of scenes is used for testing these methods in the
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experiment. Firstly, standing object region is classified
into two cases with visible ground-contact points and
without visible ground-contact points. Secondly, be-
cause there is no Ground Truth for occlusion detection
based on a single intensity image, a person is asked to
observe results for these methods to decide which meth-
od’ s performance is most accurate. Finally, these
methods are compared quantitatively though the per-
centage of the corresponding method performs best in
all the methods for each kind of region over all the tes-
ting images.

Table 4 The quantitative comparison results for occlusion

detection methods based on a single intensity image

Percentage for Percentage for

Method ground-contact  ground-uncontact
region( % ) region( % )
Min depth estimation'?" 7.7 22.5
Max depth estimation"®”’ 9.3 13.8
Zhang'®’ 83.0 63.7

In Table 4, both Hoiem'”' and Zhang'®' use hi-
erarchical region segmentation method to estimate the
depth of the object in a scene and then determine the
occlusion boundary by the depth value. Compared with
the method in Ref. [29], the methods in Ref. [27]
don’ t consider the depth change in the region, so they
are easy to go wrong while marking the occlusion rela-
tion between adjacent regions. Moreover, for the region
without visible ground-contact points, the methods in
Ref. [ 27 ] take the depth of a certain adjacent region
as its depth, so some occlusion boundaries will be lost.
As shown in Table 4, the methods in Ref. [ 27 ] are not
as good as the method in Ref. [29].

Table 5 shows the average precision R, average

ap b
recall R, and F-score for all the occlusion boundary de-
tection methods based on depth image. The Stuttgart
Range Image Database (SRID) is utilized for testing

these methods in the experiment.

Table 5 R,,, R, and average F-score for different occlusion
detection methods based on depth image

Method Ral,( % ) R, (%) F-score
Method in Ref. [40] 27.39 26.38 0.2688
Method in Ref. [41] 51.91 52.57 0.5224
Method in Ref. [42] 52.28 55.98 0.5407
Method in Ref. [43] 95.48 96.95 0.9621
Method in Ref. [44] 96. 64 97.41 0.9702
Method in Ref. [45] 97.40 97.26 0.9733

For the methods in Table 5, threshold segmenta-
tion is used to detect occlusion in Refs[40-42], and
the methods in Refs[ 4345 ] are based on learning. As
the threshold segmentation methods in Refs[ 40-42 ]
can’ t select threshold automatically, which leads to
worse generality, so the occlusion detection results of
Refs[ 4042 ] are obviously worse than the results of
Refs[43-45]. Ref. [43] uses the method by training
classifier to detect occlusion in depth image for the first
time, which makes the result better than the result of
threshold segmentation in essence. Ref. [44] adds the
process of feature selection and meanwhile optimizes
the above process, which improves the detection re-
sult. Ref. [45] uses AdaBoost to detect occlusion,
which improves the detection result further.

2.4 Research status summary of occlusion detec-
tion method

By the above analysis, Table 6 shows the research
status of current visual object occlusion detection field.

Specifically, there exists following problems to be
solved.

(1) Deficiencies still exist in the existing occlu-
sion detection methods

Existing occlusion detection methods based on in-
tensity image are mainly achieved by video or image se-
quences, so generally deficiencies exist like large spa-
tio-temporal cost, low detection accuracy, limited ap-
plicability and so on. A few occlusion detection meth-
ods based on single intensity image have the problems
with application scope and accuracy, because they take
the priori knowledge, region segmentation and semantic
annotation as the premise. Therefore, occlusion detec-
tion method based on intensity images is still worthy of
further study, and a feasible idea is to study the occlu-
sion detection method based on online learning. In ad-
dition, currently scholars have worked on specific visu-
al task in the condition of occlusion based on depth im-
age, but they don’t provide clear method on occlusion
detection. Compared with the method based on certain
number of intensity images, occlusion detection method
based on a single depth image has the advantages of
spatio-temporal cost and real-time. Although some re-
searchers have proposed several occlusion detection
methods based on a single depth image, the proposed
methods are still insufficient in adaptability and detec-
tion accuracy, etc. So it is necessary to study the oc-
clusion detection method based on the depth image fur-
ther.

(2) The excavation of occlusion related feature in
depth information is still not deep enough
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Table 6 Research status of occlusion detection

Research status of occlusion detection

Major performance

Solution approach

The number

The accuracy of occlusion detection method

needs to be improved

Precision-Recall curve is not ideal.

The applicability of occlusion detection method

needs to be improved

The quantitative evaluation criteria of occlusion

detection method needs to be improved

point is small;
The number of incorrectly detected

occlusion point is big;

Most methods are non-adaptive

of detected occlusion

Starting from the method itself to im-
prove the accuracy;
Starting from detection result itself to

optimize the result.

Studying the occlusion detection

method based on online learning

The Ground Truth dataset for single

intensity image or single depth image

Make related Ground Truth dataset

doesn’ t exist yet

In addition to depth value jump feature, existing
available features which can be used to detect occlusion
in the depth information are rarely known by people.
Existing research results indicate that the occlusion de-
tection effect which simply uses depth value jump fea-
ture still needs to be improved, and many valuable fea-
tures hidden in the depth information should be further
explored. Once these features are found, the research
based on the depth information will contribute to obtain
occlusion detection method with higher accuracy,
stronger applicability and better real-time performance,
in order to meet the performance requirement of the ac-
tive vision system better.

(3) The quantitative evaluation criteria of occlu-
sion detection method needs to be established

This is mainly in the lack of evaluation criteria to
assess the occlusion detection method. Currently, only
CMU, Middlebury and AlgoSuit have the hand-labeled
Ground Truth based on intensity image video. But
there is no related Ground Truth in terms of occlusion
detection method based on a single intensity image or a
single depth image, and researchers primarily evaluate
the occlusion detection method by visual observation
(qualitative evaluation). Therefore, in order to evalu-
ate related method more objectively, evaluation criteria
of occlusion detection method needs to be established
or formulated, so that relevant method can be easily
evaluated in the quantitative way. It is considered that
the quantitative evaluation of occlusion detection meth-
od at least contains two aspects; real-time and accura-
cy. The real-time evaluation criteria mainly denote the
run-time of the method. Combining with the general
flow of occlusion detection method presented in this pa-
per, time consumption of preprocessing, occlusion
clues extraction, occlusion detection and the whole
process can be calculated respectively, and then the

real-time of method can be evaluated based on the
above information. The accuracy evaluation criteria
mainly denote precision R, recall R, and F-score of the
occlusion detection method. Comprehensive and credi-
ble evaluation results can provide important reference
for the improvement of occlusion detection method, so
establishing quantitative evaluation criteria of occlusion
detection method is significant.

3 Conclusions

Occlusion problem is one of the challenging issues
in vision field for a long time. Perceiving and detecting
occlusion should be one of the abilities for an intelli-
gent vision system. For a visual object with occlusion
phenomenon occuring, if visual system doesn’t have
the ability to detect occlusion, it will lead to the fact
that the visual system can’t accomplish the tasks such
as recognition, reconstruction, tracking and other oper-
ations. Therefore, it’ s crucial to study the visual ob-
ject detection method and technology. This paper intro-
duces the research status of current occlusion detection
technology, describes the characteristics and deficien-
cies of existing methods, and discusses the issues that
researchers should focus on. It is hoped it will be help-
ful for researchers in related fields. With the develop-
ment of machine learning theory and the in-depth re-
search of occlusion related feature in the depth infor-
mation, the advantage of occlusion detection method
combined with the depth information based on online
machine learning idea will be prominent gradually in
terms of real-time, accuracy and applicability. It is be-
lieved that, in the near future, researchers will be able
to achieve outstanding achievement in this promising
research direction, in order to meet the technology re-
quirement in the field of computer vision better.
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