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Figure 1: Moving objects occlusions are handled correctly with our proposed solution in an AR application related to Safe Driving. Figure (a)
shows the original scene of a person crossing the street in front of a car and (b) the augmentation (GPS application with directions) that will be
projected onto the car’s windshield. Figure (c) shows the result obtained with the conventional AR leading to an unsafe visualization of the AR
scene for the driver and (d) is the corresponding augmented result using our new motion-aware ghosted view, which handles occlusions where
important real information interacts with the augmentation.

ABSTRACT

Functional realism focuses on helping users with tasks execution
through an enhanced perception of the augmented scene. This work
applies a common visualization technique, Ghosting, to improve
depth perception in Augmented Reality scenes. Computer Vision
and Image Processing techniques are used to extract natural fea-
tures from a real scene, which will guide the assignment of trans-
parency to each pixel of the virtual object, and provide the ghosting
effect while blending the virtual object into the real scene. A mov-
ing object in a real scene catches users’ attention. So, it is expected
that natural and important visual information of the scene does not
get occluded when the moving object passes over it. Because of
that, the main contribution of this work is the inclusion of a mo-
tion detection technique to the scene feature analysis step of the
Ghosting technique pipeline. A qualitative evaluation of the results
achieved shows that the case studies of this work, in indoor and
outdoor environments, using the proposed technique led to a bet-
ter depth perception of the augmented scene, preserving the most
relevant information for visual attention.

Keywords: Ghosting, motion detection, saliency map, occlusion,
visualization, augmented reality.

Index Terms: H.5.1 [Information Interfaces and Presentation Sys-
tems]: Multimedia Information Systems—Artificial, augmented,
and virtual realitiesProject and People ManagementLife Cycle;
I.4.8 [Image Processing and Computer Vision]: Scene Analysis—
Depth cues

1 INTRODUCTION

The visualization of an Augmented Reality (AR) scene may be
hampered by perceptual issues like occlusion, lacking of depth per-
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ception cues, relative size between objects, shadows, among others
[15] [17]. Therefore, this paper focuses on improving the visualiza-
tion of AR scenes by dealing with occlusion issues, such as depth
perception distortion, object ordering and visibility [17], generally
caused by real world static and moving objects interacting with aug-
mented objects. An improved visualization is achieved by applying
a Ghosting technique that can both, preserve the information of im-
portant objects in the scene (naturally salient for the viewer) and
decide the amount of transparency that should be applied to the
other (less important) parts of the augmentation. In our work, the
moving objects are always occluders since movement is considered
a highly attention catcher characteristic [29].

According to the model of attention discussed in [30], regions
of the scene that have high color opponency, luminosity and mo-
tion features can catch viewer’s attention. These features were also
addressed in [23] and [29].

The use of natural scene information avoids virtual objects oc-
cluding important details of real objects because it leaves the sil-
houette and the objects, that most capture the user’s attention, with
the proper opacity in the augmented scene. This will lead to im-
provements in the perception of depth between natural and virtual
objects [14].

The proposed Ghosting technique is designed with three steps:
image analysis, ghosting map creation and image rendering. Dur-
ing the image analysis step, features are extracted from the natural
scene in order to decide the amount of transparency that will be
given to the virtual object pixels. This information will provide the
relation between the virtual and real objects, i.e. which will be the
occluder and which will be the occluded object after composing
the AR scene. Different computer vision and image processing al-
gorithms like saliency map generation, edge detection and motion
detection can be used in order to identify the natural salient infor-
mation in the real scene. This analysis allows us to add depth cues
and consequently improve users’ depth perception in the augmented
scene.

The subsequent step, ghosting map creation, will gather all infor-
mation from the image analysis phase in one map. The generated
ghosting map will describe the amount of transparency for blending
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the virtual objects into the real scene. Finally, in the image render-
ing step, real scene and virtual object are combined to result in the
augmented scene with regards to the ghosting map.

In the case study presented in figure 1, the scene is composed
by person crossing the street in front of a car (figure 1-a), and an
arrow and a number are augmented in the car’s windshield (figure 1-
b) simulating a GPS application. According to [30] [23] [29], the
viewer should be able to see the salient objects (person) because
they carry important information that naturally catchers viewer’s
attention. Figure 1-c shows the result of a conventional AR and
figure 1-d the result of our work. Only our approach is able to
detect all salient objects, including the moving one and handle the
occlusion correctly.

This example demonstrates the purpose of studying motion-
aware Ghosting as a technique to improve visualization of AR
scenes with one layer of occlusion, because it inserts more depth
perception cues into the augmented scene. Every case study tested
in this work handles salient objects as an occluder, because objects
in motion and static salient objects are considered as very important
for the viewer depth perception of the scene.

This paper is organized as follows. Section 2 presents previous
work on dealing with occlusion in AR scenes. Section 3 explains
the details of our approach starting with the chosen motion detec-
tion technique and after with the Ghosting technique pipeline. Sec-
tion 4 presents our results for indoor and outdoor scenes and qual-
itative evaluation with users, and section 5 our major conclusions
and future work.

2 RELATED WORK

There are works in the literature using cameras with depth sensors
to deal with occlusion issues in AR scenes like [31] and [18]. The
Ghosting technique might be improved by adding depth informa-
tion obtained from RGB-D sensors. Our proposed technique uses
traditional RGB cameras.

Bane and Höllerer [3] created x-ray view tools to visualize el-
ements covered by walls and real structures, but their approach
requires selection of regions of interest by the user and adds the
augmented object with full opacity. Another similar approach, by
Avery et al. [2], focused on x-ray visualization in outdoor environ-
ments, adds edge detection and maintains natural objects borders in
final image. The authors, in Sandor et al. [27], also improved their
previous technique [2] by adding a classic saliency map approach,
proposed by Walther in [30], as another feature in x-ray vision syn-
thesis which focused on merging two scenes instead of a virtual
object augmented in a real scene as proposed by our work.

Livingston et al. [21] developed a study with multiple occluded
layers in AR and showed that opacity/transparency is a key discrim-
inator to express virtual occluded objects. This conclusion supports
our effort on detecting natural features in the scene to provide a
smart occlusion handling algorithm. Blum et al. [4] applied a
ghosting effect with simple feature extraction from the scene and
no motion detection for medical training purposes on how to ana-
lyze computed tomography x-rays.

Chen et al. [6] worked with single layer occlusions by using
different colors to express depth contrast between plans of a hid-
den underground virtual structure and also leaving borders in the
final augmented image. However their work doesn’t detect natural
salient objects, which helps to improve the visualization of an AR
scene according to [12], and the technique needs previous informa-
tion from the original scene.

Lu et al. [22] focused on solving complex luminosity issues
in AR outdoor environments where occlusion occurs. Foreground
structures are segmented, however for some user tasks where vir-
tual object information should not be excluded the technique fails.
A ghosting effect could be applied in these cases.

The Ghosting approach of Zollmann et al. [32] used a more

complex image analysis procedure gathering classic image process-
ing/computer vision techniques like Canny [5] for edge detection
and Achanta [1] for saliency map generation to obtain the ghosting
map. Padilha et al. [25] improved the results of [32] by changing
the saliency map approach, in the image analysis step of the ghost-
ing pipeline, to the Global Contrast [7]. Cheng et al. [7] proved to
generate better results than classic saliency map techniques, includ-
ing [1]. The main problem with these approaches is that the motion
detection may sometimes fail to detect important objects moving
on the scene and consequently may not be able to improve the vi-
sualization of the scene. These works are the basis of the modified
motion detection based Ghosting pipeline introduced in our work.

Figure 2: Examples of the motion patterns classification. Top right
image highlights a NP example, middle image an AP example and
bottom right image a HP example (adapted from [24]).

Another paper of Kalkofen et al. [16] calculates a saliency
map before and after augmentation. Subsequently, subtracts these
maps and obtains a contrast map which represents objects that were
salient before augmentation and had their saliency disturbed by the
virtual object. They used this contrast map to enhance the lightning,
so the contrast between real and virtual objects would be more vis-
ible. This technique focus on improving the contrast between ob-
jects and not on improving depth cues of the AR scene. Because of
that, it wasn’t addressed for comparison.

The proposed technique goes in a different direction by adding a
motion detection technique to the approach introduced in [32] and
improved in [25]. Partial results from the motion-aware Ghosting
technique were published in [26]. To the best of the authors knowl-
edge, there are no works combining the analysis of important scene
features for human perception like saliency objects, edges and mo-
tion detection to handle occlusion issues and improve visualization
of AR scenes.

3 MOTION-AWARE GHOSTED VIEWS

The main contribution of this work is the addition of motion classi-
fication as an extension of the image analysis step of the Ghosting
technique. The entire pipeline of the Ghosting technique can be
found in Figure 5. All techniques previously used in the ghosting
map generation of [25] were also used in this work.

3.1 Motion Detection
This paper adds, to the Ghosting technique pipeline, a motion de-
tection technique introduced by Oh and Kim [24]. This technique
was chosen because it reflects all the effects of human visual per-
ception and detects objects in motion that are salient in the scene.
Other saliency models for motion, like [12] and [19] focus mainly
on visual stimuli.

The algorithm introduced in [24] aims to classify blocks of a
frame regarding to the motion pattern. Four patterns are defined:
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Normal Pattern (NP), Aliased Pattern (AP), Hysteresis Pattern (HP)
and Background. AP is assigned to blocks of the frame which
objects move fast and consequently have a blurred effect on the
frames, as the man on the bike in Figure 2. This approach also ad-
dresses a motion pattern that reflects the capacity of human visual
system to maintain attention in an object that barely moved for a
while and changed to a stationary state (HP). The authors called
it human visual sensory memory, and an example of this type of
motion pattern can be seen in the man using the phone in Figure
2. Motion patterns examples can be seen in Figure 2 adapted from
[24].

This motion classification of image blocks starts by calculating a
motion vector for each 16x16 block of each frame of the video se-
quence by comparing neighboring pixel value in consecutive frames
and determine where the analyzed pixel probably moved to based
on the procedure described by [30].

After finding every energy ratio for every block of a frame it’s
possible to classify the movement state as Normal State (NS),
assigned to non-blurred blocks, Aliased State (AS), assigned to
blurred blocks, and Stationary State (SS), assigned to non-moving
blocks.

The Hedge classifier, defined in [11], is used in this approach,
by [24], to find which motion pattern fits better for each block. Oh
and Kim’s adaptation of Hedge interprets the movement state as the
experts, i.e. learning factors.

The subsequent assignments of corresponding moving states to
a certain block imply in an exponential growth of classifying the
block with same movement state [24]. This ensures that the algo-
rithm considers the inertia of objects during the classification pro-
cess.

Finally it’s possible to define the motion pattern of one block in
one frame which considers the probability of each movement state,
as defined in [24].

After classifying the motion pattern for every block of the frame,
it is possible to find the motion pattern of the objects in the scene by
clustering similar blocks according to connectivity, motion pattern
and movement directions criteria, i.e. neighbors blocks that have
the same motion pattern and are moving in the same direction can
be clustered in one greater motion block.

3.2 Ghosting

The Ghosting technique decides how much transparency should be
applied to the augmented object in order to merge it with the envi-
ronment in a consistent way.

Figure 3: Saliency map perception effect. (left) Conventional AR
scene with a simple overlay of the green pipes in the original scene,
(right) final augmentation considering the saliency map where salient
black object, that carries important information, is preserved.

To insert perceptual depth cues in the augmented scene, it’s nec-
essary to obtain information about it. Knowing the most salient
objects of the scene, i.e. the objects that catch user’s attention, is an
important information, because when the virtual object is inserted,
it’s not interesting that it lay over the salient real object. Assign-
ing full opacity to salient objects will lead to more depth perception
cues than simple overlay, as can be seen in Figure 3.

Saliency map techniques, like [1], [7] and [13] can be used to
find the most attention catcher objects of a scene. This work is

Figure 4: Improving perception of depth in an augmented scene by
maintaining borders in final augmented scene. (left) Conventional AR
scene with a simple overlay of the green pipes in the original scene,
(right) final augmentation with edge detection.

based on [25] which improves [32] by using a Global Contrast tech-
nique [7] to determine the saliency map during the image analysis
step. The work of [7] compares its results to different saliency map
approaches including the ones used by [32] and [27].

Borders are also an important element to give perceptual depth
cues to an AR environment. By maintaining original borders of
the real scene opaque in the augmented scene it’s possible to see
the silhouette of objects after augmentation. This approach leads
to more pleasant visualization of the AR scene as shown in [2] and
[32], and exemplified in Figure 4.

For edge detection we used Canny [5] because it has an ”opti-
mal” approach and the parameters required by Canny are manually
set just once at the beginning of the application.

3.3 Ghosting with Motion Detection

The techniques described in the previous section compose the
ghosting map that will be applied to generate the augmented scene,
according to [25] and [32]. This work focuses on adding the motion
detection technique [24], described above, to the image analysis
step. The entire pipeline can be seen in Figure 5.

This motion detection approach classifies blocks of the image as
NP, AP, HP and Background. The resultant map from the motion
detection can be considered as a saliency map where every pixel
classified as NP, AP or HP is salient because it represents a pixel in
motion based on the attention theory of [23].

With this information it’s possible to detect pixels of real objects
in motion and preserve them over the augmented object which will
lead to more perceptual depth cues than a simple overlay. Figure 6
illustrates this effect.

Figure 6: Left image shows a conventional AR scene with a simple
overlay of the virtual object in a real scene and right image shows the
effect of hiding the green pipes where a natural salient object moves.

62



Figure 5: Motion detection based Ghosting pipeline. Our work focused on adding the motion detection technique to the image analysis step
(adapted from [32]).

In summary, in this approach, the ghosting map is created upon
the work presented in [25] using saliency mapping [7], edge detec-
tion [5] and adding a motion detection technique [24].

All features extracted from the real scene are combined into the
ghosting map according to equation 1:

α(x,y) =


E(x,y) i f E(x,y)> 0
S(x,y) else i f S(x,y)> 0
M(x,y) else i f M(x,y)> 0
T (x,y) otherwise

(1)

where E(x,y) is the result of the edge detection with pixel value in
position (x,y) equal to 1, if it is in an edge, or 0 otherwise, S(x,y)
is the result of saliency detection with values 0 (non-salient) or 1
(salient), M(x,y) is the result of motion saliency detection with val-
ues varying from 0 (stationary) to 255 (in motion) depending on the
motion pattern detected and T (x,y) is the artificial texture (TAM)
with alpha values varying from 0 to 1.

The priorities of each feature in equation 1 where chosen accord-
ing to [32] and the motion detection was added to the equation with
priority defined experimentally.

Finally, the augmented scene is rendered combining real scene
and virtual object using alpha-blending [28] as described in [32].

The AR scene resultant after considering motion detection is pre-
sented in Figure 6-b.

4 EXPERIMENTS

Our experiments were conducted in a computer with Intel(R)
Core(TM) i5-3210M 2.50GHz, graphic card Intel HD4000 and
8GB RAM. All videos have 640x480 resolution and were recorded
at a 25 frames per second rate. The case studies are related to civil
construction and safe driving. Partial results from this work were
published on [26].

4.1 Civil Construction
This case study was designed with indoor and outdoor scenes where
static and dynamic salient objects and non-salient objects are pre-
sented. The indoor AR scene exhibits green pipes being augmented
on a real room scene. These experiments were conducted to vi-
sually compare the results of our proposed technique, our previous
technique [25] and the reference work of Zollmann et al. [32] which
primarily introduced the Ghosting in the AR context. One scene

has high color contrast between the salient moving object and the
background and the other has low color contrast.

It is possible to see in the first scene, illustrated in Figure 7, that
the real object is detected as salient and the technique renders the
virtual object behind it. We consider that this is the appropriate
behaviour because the object in motion catches viewer’s attention
and if the virtual object was presented occluding the real salient
object the depth perception would be harmed.

This indoor experiment also shows the gain of depth perception
cues by using the Ghosting technique presented by this work (Fig-
ure 7-d) compared to conventional AR (Figure 7-a). All real salient
objects (static or in motion in figures 7-b,c and d) to human vision
are detected leading to the virtual object correct registration in the
AR scene.

Figure 7: Comparison between the result using conventional AR
(a and e), previous Ghosting approach [32] (b and f), our previous
Ghosting technique [25] (c and g) and the proposed motion-aware
ghosting (d and h). AR scenes (b, c and d) have close results be-
cause of high color opponency between moving object and back-
ground. AR scenes (f, g and h) have low color opponency between
moving object and background.

When the person passes by, the pipes are hidden because of the
motion detection added to the Ghosting pipeline (Figure 7-d). The
comparison between our technique, previous Ghosting approaches
(which basically had the same result in this experiment) and a sim-
ple overlay is presented in Figure 7 (images a, b, c and d). In this
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first indoor experiment, our approach, shown in Figure 7-d, had the
same result than the previous techniques [25] and (Figure 7-c) [32]
(Figure 7-b). This happened because the saliency map technique
used in [25] and [32] searches for high color opponency which, in
Figure 7 (images a, b, c and d), occurs between the person and wall
colors intensities. So, even though previous techniques don’t de-
tect salient moving objects, the high color contrast facilitates the
detection of the moving salient object in this scene.

In the next scene, illustrated in Figure 7 (images e, f, g and h), the
contrast between the color of the object in motion and background’s
color is low because they both have color intensity close to white.

Even though previous approaches [32] (Figure 7-f) and [25]
(Figure 7-g) had great results applying the Ghosting in AR con-
texts they are not able to detect the object in motion as salient just
by analyzing its color opponency to the background. On the other
hand, our technique is capable of detecting the moving person as
salient and applies the proper opacity in this area leading to a better
visualization of the AR scene, as illustrated in Figure 7-h.

The next scene presented in Figure 8-a has non-salient, static and
dynamic salient objects. In this scene, the person and the black sofa
catch viewer’s attention because they have, respectivelly, motion
and high color opponency.

Figure 8: Indoor scene with low and high color contrast objects and
motion object. (a) Real scene frame, (b) augmented virtual green
pipes, (c) region of the scene that has non-moving pixels (black) and
moving pixels, (d) ghosting map and (e) the proposed motion-aware
Ghosting.

In Figure 8, it’s possible to see that the moving person and the
black sofa are correctly detected as salient by our technique. In
this scene, there’s also an object with low contrast color, the table.
This object doesn’t naturally catch viewer’s attention because it has
low color opponency with the background. In this region, it’s not
necessary to hide the virtual objects because users, preattentivelly,
don’t pay attention to this object.

The results for the scene presented in Figure 8-a using previous
Ghosting techniques and the proposed motion-aware Ghosting can
be seen in Figure 9.

It’s possible to see that previous approaches (Figure 9-a and Fig-
ure 9-b) weren’t able to detect the moving person and correct the vi-
sualization in this area. Both previous techniques don’t insert depth

Figure 9: Comparison between the result using (a) previous Ghost-
ing approach [32], (b) our previous Ghosting technique [25], (c) the
proposed motion-aware Ghosting and (d) conventional AR.

cues by hidding the pipes in the area covered by the salient mov-
ing object. Because of that, viewers rapidly identify that the pipes
aren’t behind the wall, once they are shown over the real salient
object.

An outdoor scene that has objects in motion with different size
and movement velocity was also experimented. The results are pre-
sented in Figure 10.

Figure 10: Comparison between the result using (a) previous Ghost-
ing approach [32], (b) our previous Ghosting technique [25], (c) the
proposed motion-aware Ghosting and (d) conventional AR.

It’s possible to see that in previous approaches the occlusion is
not correctly handled and the salient objects in motion are hidden
by the pipes. Without depth cues the scenes in Figure 10-a and Fig-
ure 10-b don’t provide the correct visualization regarding to depth
perception.

The next scene, presented in Figure 11, has two objects in motion
and high variance in luminosity on the street. Because of the high
variance in luminosity our saliency detection technique identifies
some areas of the street as salient (Figure 11-c). The visualization
of the scene isn’t pleasent because of the artifacts inserted (Figure
11-c). Previous approaches on the other hand can’t identify the
salient objects like the black car and the person in motion.

4.2 Safe Driving
Nowadays cars that we drive are providing different embedded sys-
tems to facilitate and improve driving experience. Because of that
we addressed an application for the proposed technique regarding
to the use of AR systems in autos. The case study presented sim-
ulates a GPS application being projected on the car’s windshield.
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Figure 11: Outdoor scene with high luminosity variance. (a) Origi-
nal scene, (b) virtual object of pipes simulating real pipes in under-
ground, (c) result using [32] and (d) AR scene with our proposed
method.

This AR system might interact with important real objects in some
situations, like the one presented in Figure 1. In this scenario, the
occlusion must be handled to make sure that the driver will be able
to clearly see important objects (Figure 1-d) and the augmentation
will not disturb the scene visualization (Figure 1-c).

Using a conventional AR system (Figure 1-c) the driving ex-
perience might become less safe because the driver might not be
able to see the danger situation of the person suddenly crossing the
street. By using our proposed motion-aware ghosting the AR sys-
tem adapts the rendering of the virtual object according to the real
objects interaction with it. When the person passes in front of the
car our technique identifies it as salient information (in motion or
high color contrast) and corrects the visualization leading to a safer
use of the AR system.

Another scene regarding safe driving application is presented in
Figure 12. This time a car passes in front of the driver interacting
with the augmentation projected on the windshield. This car has
low color contrast with the background so previous techniques (Fig-
ure 12-b and Figure 12-c), that don’t detect movement, aren’t able
to correctly handle the occlusion and turn the AR experience safer.
The result obtained with our previous approach [25] (Figure 12-b)
detects parts of the car as salient, because of the improved saliency
detection technique of Cheng et al. [7], and hides the augmentation
in this area letting the driver see parts of the real important object.
This effect is not achieved using Zollmann et al. [32] (Figure 12-
c) or conventional AR (Figure 12-d) because they both present the
augmentation occluding the salient object in motion.

The motion-aware Ghosting (Figure 12-a) detects the entire car
and hides the augmentation when necessary. However the tech-
nique chosen to detect movement, Oh and Kim [24], analyzes
patches of the image setting the motion pattern detected to the entire
patch which implies in misalignment between motion detected re-
gion and object borders (Figure 12-a). This issue will be addressed
in future work.

Figure 13 presents the results for a safe driving application that
has objects in motion with different sizes and velocities. First, a
small car passes (Figure 13-a,b,c) and only our proposed technique
is able to correctly detect the salient object. Second, a small ball
(Figure 13-d,e,f) is thrown and again only our approach handles the
occlusion. Third, a medium sized car (Figure 13-g,h,i) passes and
the same behavior is seen. Finally a long and fast car passes (Figure

Figure 12: Comparison between the result using (a) the proposed
motion-aware Ghosting, (b) our previous Ghosting technique [25],
(c) previous Ghosting approach from Zollmann et al. [32] and (d)
conventional AR.

13-j,k,l) and our previous approach is able to detect some parts of
it as salient while our motion-aware Ghosting detects it entirely to
provide a safer driving.

Next section presents a user qualitative evaluation with some of
the scenes that were discussed.

4.3 Evaluation
A form was designed to evaluate qualitatively the results obtained
with the proposed motion-aware Ghosting. The form was answered
by people with different technical background, being 19 with com-
putational background (undergraduated and postgraduated in com-
puter science) and 7 without technical background, summing 26
male and female with ages between 19 and 35.

First users had to choose between two visualizations of the AR
video sequences illustrated in Figure 1-c and Figure 1-d. The goal
was to identify if users consider that the results obtained with occlu-
sion handling provide a safer driving than conventional AR (Figure
1-c). 88% of the participants chose the AR scene with our proposed
motion-aware Ghosting.

Using Likert scale [20] from 1 to 5, users had to evaluate 2 scenes
of each case study (civil construction and safe driving). Every scene
presented to the users is illustrated in figures 10, 11, 13 and 14 in
that order. Also, every video of a scene was presented to the user
in the same order that it appears in the images of sample figures 10,
11, 13 and 14.

For the first scene, presented in Figure 9, users had to evaluate
each of the 4 videos (same order that showed in Figure 9) with,
respectively, result generated with previous technique from Zoll-
mann et al. [32] (Figure 9-a), [25] (Figure 9-b), proposed motion-
aware Ghosting (Figure 9-c) and conventional AR (Figure 9-d)
techniques. The users were instructed to use the following crite-
ria: 1 for low depth perception coherence between real and virtual
objects and 5 for high depth perception coherence between real and
virtual objects. The average evaluation for each technique, in this
scene, is presented in first group of four bars (most left) in chart of
Figure 14.

For the second scene, presented in Figure 10, users were in-
structed to use the same criteria as used for the first scene. The
average evaluation for each technique applied to the second scene
(Figure 10) is presented in second group of four bars (left to right)
in chart of Figure 14.
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Figure 13: AR scene containing objects with different size and move-
ment velocity such as cars (first, third and fourth line) and a ball (sec-
ond line). Comparison between the result using (a, d, g, j) Zollmann
et al. [32], (b, e, h, k) our previous Ghosting technique [25], (c, f, i, l)
the proposed motion-aware Ghosting.

It’s possible to see a relevant difference of more than 1 points
between the proposed and previous techniques in the civil construc-
tion scenes, both indoor (Figure 9) and outdoor (Figure 10), in the
chart presented in Figure 14. The users considered that motion-
aware Ghosting provides a more accurate visualization, with re-
spect to depth perception, than other approaches. Another impor-
tant observation is that the higher average evaluation was not close
to 5. This probably happened because of the flickering that appears
in some cases, like in Figure 10-c, which negatively affects the vi-
sualization with motion detected region not being close to object’s
silhouete.

Third and fourth scenes were related to safe driving applications
and some of the samples are also presented in this paper, figures
13 and 14, respectively. The participants were instructed to use
the following criteria: 1 for low safe driving experience and 5 for
high safe driving experience. For these safe driving scenes, the
users evaluated the proposed technique slightly better than other
approaches because in some cases the objects were far from the
car and the risc of collision was low. Other thing is that only the
transparency was sufficient to perceive both the augmentation and
salient objects for some participants and they considered that it was
enough from a safe driving perspective.

In order to verify the reliability of the form, the Cronbach Alpha
[9] was calculated. The result for the Cronbach Alpha was 0.7864,
pointing out a good reliability for the qualitative evaluation.

These experiments demonstrate the improvement that this work
gives to the visualization of occluded objects in AR scenes. Our
technique is based on other approaches [25] and [32] but addresses
a more robust feature analysis of the real scene. It aims to provide
a variety of depth cues to improve users’ depth perception of the
augmented scene with respect to human visual attention.

Figure 14: Average evaluations of participants for each technique
applied to each scene illustrated in figures 10, 11, 13 and 14 using
Likert scale. In blue, the average evaluations for AR scenes obtained
with the proposed motion-aware Ghosting, in red, the average eval-
uations for AR scenes obtained with [32] technique, in green, the
average evaluations for AR scenes obtained with [25] technique and
in purple, the average evaluations for AR scenes obtained with con-
ventional AR. The error bars represent the standard deviation.

5 CONCLUSION

We presented a modification to the Ghosting technique that im-
proves user perception of depth in AR scenes with moving naturally
salient objects. This study is based on saliency models that show
human visual sensitivity to movement in video sequences. This sen-
sibility indicates that users percept motion as salient information, so
our approach focused on adding a saliency model technique, which
reflects the effects of human visual perception of motion and natu-
ral salient objects, to the Ghosting technique pipeline. The motion
detection is combined with other computer vision and image pro-
cessing techniques like saliency map generation and edge detection
to obtain the ghosting map. This map will describe the proper trans-
parencies to be applied on the augmentation. The results, in indoor
scenes, are very consistent with human visual perception and prove
the improvement on depth perception cues in comparison to con-
ventional AR and previous Ghosting techniques results. Our tech-
nique analyzes a variety of features in the real scene in order to
provide depth cues to the visualization of occluded virtual objects
in AR scenes. Case studies in civil construction and in safe driv-
ing contexts allowed different analyzes of the proposed technique
either as easy or as difficult scenarios for the approach.

Future work will improve object motion detection by applying
a real time segmentation technique to approximate the silhouete of
salient objects in motion [8]. This will result in a better outcome
for the visualization of the AR scene. The technique described is
not running in real time yet, so the image processing and computer
vision techniques presented in this work that compose the Ghost-
ing pipeline, will be analyzed and properly parallelized using GPU.
Future work will also add a depth estimation technique [10] or a
RGB-D sensor to the Ghosting pipeline in order to have more in-
formation about the scene and vary the amount of transparency con-
sidering this extra feature. Issues with luminosity variance and the
impact of shadows in different context will be investigated.
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