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Hidden Surface Removal in Augmented Reality:

Hand Region Extraction using PCA

L)

Chack far
updatas

Takahiro I'shizu, Makoto Sakamoto, Kenji Sakoma

Abstract: Recently, augmented Reality (AR) is growing rapidly
and much attention has been focused on interaction techniques
between users and virtual objects, such as the user directly
manipulating virtual objects with his’her bare hands. Therefore,
the authors believe that more accurate overlay techniques will be
required to interact more seamlessly. On the other hand, in AR
technology, since the 3-dimensional (3D) model is superimposed
on theimage of thereal space afterwards, it isalways displayed on
thefront sidethan the hand. Thus, it becomes an unnatural scene
in some cases (occlusion problem). In this study, this system
considersthe object-context relations between the user'shand and
the virtual object by acquiring depth information of the user's
finger using a depth sensor. In addition, the system defines the
color range of theuser'shand by performing principal component
analysis (PCA) on the color information near the finger position
obtained from the depth sensor and setting a threshold. Then, this
system extracts an area of the hand by using the definition of the
color range of the user's hand. Furthermore, the fingers are
distinguished by using the Canny method. In thisway, this system
realizes hidden surfaceremoval along the area of the user's hand.
In the evaluation experiment, it is confirmed that the hidden
surface removal in this study make it possible to distinguish
between finger boundaries and to clarify and process finger
contours.

Keywords : Occlusion problem, Principal component analysis
(PCA), Canny edge detection, | mage processing.

. INTRODUCTION

Augmented reality (AR) has been used in many fields

including education, medicine and entertainment, and its
applications has become widespread [1]-[3] in recent years.
Further, interaction with the virtual objects is required in
those papers.
Therefore, it is expected that interaction technology using
AR technology will be more and more developed in the
future, but we think that it requires a more accurate
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technology.

On the other hand, since hands are our main means of
interaction with objects in rea life, it is necessary for AR
interfaces to be able to manipulate virtual objects with the
user's bare hand.

Furthermore, it is important to be able to adapt to more
detailed tasks by hand in order to handle awide range of fields
such as medical care and education.

Inthe conventional study [4], by putting amarker, a specia
glove, etc. on a user, the user's position information was
acquired and interaction with a virtual object was realized.
However, these methods may give the user a sense of
discomfort such as weight due to wearing. Therefore, bare
hand interaction is required.

However, sincethe 3-dimensional (3D) model displayed by
the AR is superimposed on the image of the real space
afterwards, the 3D model isawaysdisplayed on thefront side
and user's hand is hidden by virtual objects. Thus, the scene
may become an unnatural scene, and the user cannot see the
object-context relations of the virtual object and hig/her hand,
and feelsthat it is difficult to manipulate the virtual objects.

In the existing study [5], the system used a transparent 3D
model and the 3D model followed each fingers of the user. In
thisway, they performed hidden surface removal based on the
depth information of user and 3D model. However, since the
3D model to be followed is larger than the finger, a wider
range than the actual finger was displayed on the front (see
Fig. 1).

o
o g
Fig. 1. Hidden surface removal in existing study

In other related study [6], using the Kinect sensor in order
to obtain depth information of the user, hidden surface
removal was realized when an arm was inserted between
multiple virtual objects.

Also, it was the same even when it came to deformable
virtual object.

However, the Kinect sensor is a sensor that roughly
recognizes human motion and depth information, and the
study didn't focus on the interaction between hands and virtual
objects.
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In this study, we aim to handle more detailed virtual object
operations by performing hidden surface removal along the
outline of the user's hand.

At the end of this paper, we perform an operation of
grasping the virtual object of the primitive model by hand and
confirm that it works correctly.

Moreover, in this study, we will deal with a case that there
aremultiple virtual objectsthat have not been discussed inthe
existing study, and consider the execution results.

II. PROPOSAL

Author In order to conduct hidden surface removal along
the contour of the user's hand, this system detects hand area of
the user by extracting depth information, color information
and edge detection in the user's hand.

First, in order to extract hand area, this system uses the
RGB image based on color information.

Furthermore, in order to determine “skin color” in
real-time, this system performs principal component analysis
(PCA), and sets threshold.

Next, based on the depth information of the hand, a blue
point group is created on the thumb, and agreen point group is
created on the other fingers.

In this study, we use Leap Motion Controller to acquire
hand depth information. These point groups are displayed at
their positions only when the hand is in front of the virtual
object. Inthisway, when the user's hand is near from camera
than the virtual object, the user's hand is correctly displayed
on the front side of the virtual object, and the user can grasp
the anteroposterior relationship between the user's hand and
the virtual object.

Furthermore, the fingers are distinguished by using the
Canny method.

Finally, in order to cope with multiple virtual objects and
distinguish the object-context relations of the blue point
group and the green point group, we use the Z-buffer method.
Thus, the outline of the hand is extracted, and hidden surface
removal along the outline of the hand is realized.

A. System Component

This system consists of a Web camera, the Leap Motion
Controller, PC and AR marker.

In this study, since this system needs accurate position
information of user's fingers, we use the Leap Motion
Controller that can acquire various data rel ating to user's hand
with high accuracy.

The purpose of use of each of the devices shown aboveisas
follows:

= Web camera: Acquisition of real image and recognition

of marker.

= Leap Motion Controller: Obtaining 3D coordinates of

the user'sfingers.

= Monitor: Video output.

= AR marker: Acquisition of position and tracking of

virtual objects.

The Leap Motion Controller and the webcam both use
camerafeatures, which causes the camera featuresto interfere
with each other. Therefore, this system addresses this problem
by using network programming.
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This system acquires data of 3D coordinates of the user's
fingers with the Leap Motion Controller on the server side.

In addition, this system sends the data to the client side.

On the other hand, this system acquires images with the
Web camera, and conducts image processing and video
output using the data which received from the server side on
the client side. This system controls the position and
orientation of the virtual objects is by recognizing the AR
marker. Therefore, the AR marker needs to be recognized by
the web camera.

However, when the user manipulates virtual objects, the
AR marker may be covered by his’her own hand.

Therefore, this system adopts a method of treating Marker
A to Marker F as one marker (see Fig. 2). Thus, even when a
part of the marker is covered, the virtual objects can be
displayed properly. We place the Leap Motion Controller on
the position of Marker B.

This system displays the virtual objects on the position of
Marker C and Marker G (see Fig. 2).

Leap Motion Controller

\.v’.lirtual Object
D

Fig. 2. AR marker

B. Development Environment

We use ARToolKit for AR marker recognition and camera
control.

In addition, we develop this system using OpenGL for
displaying virtual objects and OpenCV for various image
processing.

Here, the resolution of the camerais 320 x 240 pixels.

C. Processing of Camera Image
This system gets RGB image with the web camera (see Fig.

3).
——

Fig. 3. RGB Image

. Determination of “skin color
D. Det t f “sk lor”

This system extracts the area of skin color for detection of
the user's hand area. Therefore, it is necessary to define the
“skin color” color.

In this section, we will
describe how to definethis"skin
color".

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation'



OPEN aACCESS

Fig. 4. Blue point groups
First, in order to determine the range of “skin color”, This
system compresses RGB image data into 2-dimensional data
using PCA.
We define adata matrix Xp in which the pixel values xy,, of
the pixel xy having the coordinates (X, y) in the image space
are arranged vertically as shown in equation (1).

XD = {Xxylxxy = (Rxy, Gxy» Bxy), Rxy € (0,255),

Chana: Set of blue and green point cloud pixels.

Next, we determine equation (2) so that the variance of Zis
maximized.

Z=w1XR+ w2XG + w3XB (2)
where Y w2 = 1.

The eigenvectors obtained by this principal component
analysis are shown below.

Table- |: Eigenvector

R G B
PC1 -0.575 -0.583 -0.574
PC2 0.682 0.046 -0.73
PC3 0.452 -0.811 0.371

The formulafor calculating the principal component score
from equation (2) and the eigenvectors (Table-l) is shown
below.

ley = _0575ny + (—0583)ny + (—0574’)Bxy (3)

Z3xy = 0.452Ryy + (~0.811)Gyy + (0.371)Byy (5)

The principal component score is calculated using these
equations, and the distribution of the pixelsisshowninFig. 5.
Therefore, based on the distribution shown in Fig. 5, the
thresholds are set using the first and third principal

component scores, which are considered to be easy to set.
0.50

PC3

0.00
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Fig. 5. Distribution of 1st-3rd principal component
scores

We use a box-and-whisker plot to determine the threshold.
This system uses the first and third quartiles as thresholds,
respectively, and regards pixelswhose RGB valuesfall within
the interquartile range as skin color area.

E. Generation of Binary Image

This system generates binary image to detect the user's
hand area using “skin color”.

The binary image generated by this system contains salt
and pepper noise at first (see Fig. 6).

U

Fig. 6. Noise removing

Since this binary image is used in the subsequent
processing, the noise till remains in the final result image
(seeFig. 7).

Therefore, this system conducts erosion and dilation twice
in 8-neighbor in order to remove noise.

Fig.?ResuIt image including noise

However, that alone cannot remove the noise sufficiently.
This is because, in this method, this system has to conduct
erosion and dilation multiple times in order to remove loud
noise. However, it needs complicated calculation.

Therefore, regarding to the loud noise, this system removes
the noise in the area of the hand by conducting the following

processing (see Fig. 8).
.
-

Fig. 8. Noise removing process
1) Setall thevaluesof theouter frame of the obtained binary
imageto 0.
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2) Determine white area including red point (which is put
on the finger which is closest to the camera) as hand area.

3) Fill theinside of the hand areawith black and the outside
of the hand area with white.

4) Invert white and black.

In thisway, al noisein the hand areais removed (see Fig.
9).

Fig. 9. Binary image

F. Generate Image Considering Depth I nformation

This system acquires 3D coordinates of the distal bone,
middle phalanx, basal bone and metacarpal bone of the user's
hand (see Fig. 10) with Leap Motion Controller.

Distal phalanges

Proximal phalanges

Metatarsals phalanges

Fig. 10. Hand joint

Based on the acquired position information of the fingers,
this system generates images plotting blue point group
(following the position of the thumb) and green point group
(following the position of afinger other than the thumb).

Blue point group displays at the positions of each joint of
the thumb when the user's thumb is front of the back object
(seeFig. 11).

Fig. 11. Blue point group following the thumb

In addition, green point group displays at the positions of
each joint of the fingers except thumb when the user's fingers
except thumb are front of the back object (see Fig. 12).

Fig. 12. Blue point group and green point group
following the whole hand
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Furthermore, this system makes it possible to handle multiple
virtual objects of different depths. The object-context
relations between the back virtual object and the hand of the
user is determined depending on whether or not blue point
group and green point group are displayed.

On the other hand, the object-context relations between the
virtual object on the near side and the user's hand is
determined by using the Z-buffer method.

Using the Z-buffer method, when a finger is positioned
behind the virtual object, blue point group and green point
group following the position of the finger are hidden by the
virtual object.

In this way, this system can determine the object-context
relations between the user's hand and the virtual objects even
if there are multiple virtual objects.

G. Generate Imageswhich Always Display TheHand in
Front of Virtual Objects

This system synthesizes the original RGB image (see Fig.
13-a) only inthewhite areain Fig. 9 to theimage in Fig. 13-b.
Thus, this system generates images that the user's hand is
aways displayed on the front of the virtual object (see Fig.
13-c).

o |a v
-
C
Fig. 13. Generation of images which hand is displayed
front

H. Generate Result Images

The area in Fig. 13-b corresponding the area of the blue
point group, the green point group and the red point group (in
the case where the position of the proximal phalanges of
thumb is in front of the virtua object) of Fig. 14-a are
replaced with the image shown in Fig. 14-b (Fig. 13-c).

Thus, based on the depth information, this system generates
images that the hand is displayed in front of the virtual object
(see Fig.14-c).
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Distinction between Fingers Using Canny Edge Detection
Thewhite areain Fig. 9 indicates the hand area. However, no
digtinction between fingers is made from this image.
Therefore, if hidden surface removal is conducted based on
this image, even if only the thumb should be subjected to
hidden surface removal like Fig. 15, other fingers are
involved and processing is conducted.

Fig. 15. Hand joint

Therefore, we need edge detection of the user's thumb in
order to solve this problem.

Edge detection is the name for a set of mathematical
methods which aim at identifying pointsin a digital image at
which the image brightness changes sharply or moreformally,
has discontinuities. The point a which image brightness
changes sharply are typically organized into a set of curved
line segments termed as edges.

We need to detect finger edge in order to distinguish
between thumb and other fingers.

Furthermore, at the time of the edge detection, the edge
must be one clear line, since the area of the thumb extracted
by edge detection isfilled in the area surrounded by the edges
in the later processing.

In this study, we use Canny edge detection algorithm[7] to
find an edge of the user's thumb. Because it provides better
results and efficiency than other available algorithm when we
want to detect clear edges [8].

Canny edge detector usestwo thresholdsand if the intensity
of that pixel is below that lower threshold than it is assigned

% 0”
pixel is above that the higher threshold than it is assigned *

value that can be none edge and if the intensity of any

1” vaue and can be edge.

In this study, we distinguish the thumb from the other
fingers.

In order to detect the thumb, the thumb is surrounded by an
ellipse, and the inner area surrounded by it and the boundary
displayed by edge detection is extracted. The areais regarded
as athumb area (see Fig. 16).

Fig. 16. Extraction of the thumb area
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The following process is conducted to detect the thumb
area.

1) Get two coordinates of upper |eft end and lower right end
of blue point group if the value of y coordinate of the position
of the tip of the thumb is smaller than the value of the y
coordinate of the position of the base of the thumb. Otherwise,
get two coordinates of upper right end and lower left end of
blue point group.

Here, they-axisis positive in the downward direction of an
image.

2) Make an ellipse based on a line connecting the two
points (which are the coordinates acquired in step 1).

3) Overlap the dlipse surrounding the thumb on the image
generated based on the Canny edge detection (see Fig. 17-b).

4) Fill the area surrounded by the ellipse and the edge in
Fig. 17-b which corresponding to the position including the
red point group in Fig. 17-awith gray.

5) Regards this gray area as the thumb area.

In this way, this system generates result image (see Fig.
17-c).

Fig. 17. Distinction between the thumb and the other
fingers

1. EXPERIMENTAL RESULTS

We executed this system to confirmed whether hidden
surface removal along the fingersis possible or not.

First, we checked whether this system can cope with
multiple virtual objects.

In this system, the object-context relations between the
back virtual object and the hand of the user is determined
depending on whether or not blue point group and green point
group are displayed.

In order to confirm whether this is properly processed, we
placed the virtual object at position Cin Fig. 2 and performed
manipulation that a user grabs the virtual object.

On the other hand, the object-context relations between the
virtual object on the near side and the user’s hand is
determined by using the Z-buffer method.

In order to confirm whether this is properly processed, we
placed the virtual object at position G in Fig. 2 and performed
manipulation that a user grabs the virtual object.
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Furthermore, we performed grasping manipulations on
virtual objectsof 3D primitive figures from various directions
in order to confirm whether this systemis applicableto virtual
objects of various shapes.

In the case of an object behind

Since only the thumb comes to front side than Marker C,
the blue point group follows only the thumb (see Fig. 11) and
draw the thumb properly on the front of the virtual object (see
Fig. 18).

ém-@n
Yo B n

Fig. 18. Result at the position of C in the AR marker

In the case of an object in front

This system conducted the hidden surface removal
considering multiple virtual objects by the Z-buffer method.
The blue point group follows only the thumb and the green
point group follows the other fingers.

Besides, only the point group of the thumb was drawn on
the front of the virtual object by the Z-buffer method. As a
result, it was possible to draw only the thumb on the front (see
Fig. 19).

The blue point group and green point group in Fig. 12 are
based on the depth information of the user's fingers.

Also, the anteroposterior relationship between the blue
point group and the green point group is correctly displayed
by the Z-buffer method.

In this way, when the thumb is positioned behind the other
fingers, the green point group is displayed on the front side of
the blue point group.

Fig. 19. Result at the position of G in the AR marker

IV. CONSIDERATIONN

We confirmed that this system can perform correctly
hidden surface removal even when a user manipulates
multiple virtual objects by Z-buffer method from the
experiment result.

In addition, we also confirmed that this system is effective
for virtual objects of various shapes.

The digtinction between the virtual object and the user's
hand was not clear when using the Z-buffer method when
considering the depth between the virtual object and the user's
hand.

Therefore, if thereis only one virtual object or if the depth
coordinates of the virtual objects are al at the same position,
it is better to have blue point group follow the thumb of the
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user only than to have blue point group and green point group
follow the palm of the user's hand.

V. CONCLUSION

AR has been applied to a wide range of fields such as
education, medicine, entertainment and a guide for various
tasks.

In the future, we expect further development of interaction
manipulation in AR, and more detailed virtual object
manipulation will be required.

Thus, we proposed and implemented hidden surface
removal along the fingers, aiming at being able to apply to
more detailed works about interaction manipulationin AR.

In this study, we paid attention to detection the contour of
the hand to realize hidden surface removal along the user's
fingers. This system conducted based on hand depth
information, analysis of color information using PCA and
edge detection to detect hand contours.

On the other hand, in the existing studies, there had been no
precise surface treatment, handling of various hand
movements, and handling of multiple virtual objects.

Therefore, we proposed and implemented hidden surface
removal aong the finger in order to be applicable to more
detailed research on interaction operation in AR.

Furthermore, we also aimed to apply thissystemto multiple
virtua objects.

In this study, we focus on the color of the hand to redlize
hidden surface removal aong the user's finger, and use the
depth information of the hand, color information, and edge
detection using the Canny method to detect the contour of the
hand. We performed processing based on.

By these processes, appropriate hidden surface removal
was realized without involving other fingers.

In the evaluation experiment, it was shown that it can cope
with multiple virtual objects.
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