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A multi-screen environment provides a new opportunity 
for digital signage applications, where various irregularly 
shaped screens are employed as an effective means for 
advertisements and information. A formation method 
applicable to numerous irregularly shaped screens is 
proposed to provide a new perspective on digital signage 
applications. The crucial part of the proposed method 
comes from the geometric sensing of each screen and the 
formation of a virtual screen where geometrically aligned 
content extraction and encoding are employed for content 
transmission to each screen. In addition, a software-based 
synchronization method for the proposed system is 
proposed to address the frame-level synchronization 
between screens. The experimental results of the proposed 
method show an improved performance of the frame-level 
synchronization, where the inconsistency between frames 
is not identified. 
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I. Introduction 

The ever-growing display and software (S/W) technologies 
have provided a new screen environment for the digital  
signage industry [1]–[4], thereby broadening digital signage 
applications with the aid of such emerging technologies. User 
interaction is an important part of a signage application, and the 
viewing content is also crucial for inducing customer attention.  

Multi-screen environments are now becoming an important 
part of digital signage where various types of screens are 
employed [5]–[12]. However, to provide synchronized screens, 
a dedicated hardware (H/W) device is generally required for 
multi-screen environments. 

Synchronization schemes can be either content- [13] or 
frame-based methods [14], [15], which address the continuous 
or organized watching of content such as a VoD program 
where a packet-level time stamp [13] is adjusted, and multiple 
contents under different transmission environments are 
considered for facilitation of the bitrate control [14]. The frame-
skew of a multi-display system was handled with the pre-
storing of content files in a homogeneous PC layout [15]. 
However, their methods are limited to their own purposes, such 
as seamless watching, simultaneous watching of multiple 
contents, and a high-resolution system configuration. 

Irregularly shaped screens have recently gained much more 
attention from digital signage applications than conventional 
rectangular type screens. Because irregularly shaped screens 
and their employed contents are specifically designed, a 
general method for using such screens is becoming important.   

As a way to facilitate the grouping and formation of 
irregularly shaped screens, a new system and method are 
presented in this paper, in which multiple conventional screens 
are reused to form an irregular shape using a real-time sensing 
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of the geometrical relationship between the screens. It should 
be noted that the current implementation of the proposed 
method is limited to the sensing of the screen rotation. In 
addition, an S/W-based frame-level synchronization method is 
proposed to tackle the problem of synchronization between 
screens.    

First, in Section II, an irregular screen processing system is 
depicted for a general solution of an irregular screen formation. 
A sensor-based virtual space construction method and an S/W-
based synchronization method are presented in Section III, 
followed by experimental results in Section IV. Finally,  
Section V provides some concluding remarks.  

II. Proposed Irregular Screen Processing System 

The proposed system generally renders screens according to 
their geometric information, such as their relative position, 
screen size, and orientation. Figure 1 shows the concept of the 
proposed irregular screen processing system, where the screens 
are grouped in a virtual plane, which is constructed based on 
the relative positions between screens with the aid of sensors. It 
should also be noted that a virtual plane must lie on top of a 
two-dimensional space.  

The content extraction, encoding, and distribution through a 
network are conducted at the server; on the other hand, an 
irregular screen terminal acts as a decoding system of a 
compressed signal from the server. The irregular screen 
 

 

Fig. 1. Conceptual diagram of the proposed system. 
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processing system then forms a virtual screen where each 
screen plays a role in the geometry of the aligned content space. 

Actually, the proposed system is implemented using a 
sequential block diagram, as expressed in Fig. 2. The sensing 
of geometric information is limited to the screen rotation and 
screen size. 

The sensing of the rotation is employed using an H/W device 
such as an accelerometer, which is widely used in smart 
devices, and the sensing of the screen size uses an O/S 
application programming interface, where Windows or 
Android O/S provides an interface for obtaining the physical 
 

 

Fig. 2. Block diagram of irregular screen processing system. 
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screen size including the width and height. 
First, the proposed system senses the screen rotation and size, 

and the information of each screen is used to generate the virtual 
display space, where the physical information of each screen 
space and the logical information of the content space are 
combined to form a virtual space operating within a logical space. 
Second, the formation of a virtual rectified display region support 
is made in the virtual display space to easily extract the content of 
each screen. Finally, the extracted region is compressed using a 
well-known H.264 video codec [16], the decoding of which is 
supported by almost every smart and A/V device, and distributed 
through the network to which the system is connected. Frame-
level synchronization is used to comfortably play the content, 
and a well-adjusted frame-level display allows the synchronized 
screen to act like a single screen. 

The details of the system block diagram and the proposed 
approach are depicted in the following section. 

III. Proposed Method 

The proposed irregular screen processing system mainly 
comprises the sensing of the screen rotation, extraction of the 
geometrically aligned content, the processing of the extracted 
region, and synchronization. This section describes the 
proposed method for an irregular screen processing system.  

1. Screen Rotation Sensing Using an Accelerator 

First, the sensing of the screen rotation is conducted using an 
accelerator sensor, where three-axis (X, Y, Z) sensing is 
conventionally applied using an H/W sensor. The proposed 
irregular screen system assumes that the screen rotation is 
executed on a planar virtual screen where every screen is 
aligned along a particular plane, which means that the virtual 
screen is composed of various screens forming a virtual two-
dimensional space, as shown in Fig. 2.  

Therefore, the plane rotation of the screen in the virtual 
screen space shall be considered to form a virtual screen space. 
However, a conventional rotation sensing method such as in 
[17], which is widely used in Android devices, combines 
various sensing information (for example, accelerator, 
magnetometer, and gyroscope information) for the device 
orientation in a three-dimensional space. Because the proposed 
system only requires the angle of planar rotation in a two-
dimensional space, the tile and yaw components are only 
extracted from the accelerator sensor. Actually, the yaw angle is 
sufficient for the proposed system. However, a small tilt is 
unavoidable in a real environment, and the tilt component is 
used for extracting the yaw angle, which indicates the rotation 
along the plane of the screen.  

Figure 3 shows a sequential Euler rotation exerted on a 
screen device in the physical world. The accelerator senses 
gravity at a rest position, where the screen is laid on the ground 
surface. When the tilt rotation is applied to the screen, a new 
coordinate (X, Y, Z) is formed at the local coordinates of the 
screen, where Y and Y’ point toward the same direction owing 
to the tilt rotation, that is, they indicate the planar rotation along 
the XZ plane. The screen coordinate is changed from (X Y Z) 
to (X Y Z) through the yaw rotation, which makes the screen 
rotate along a planar space. Therefore, a yaw rotation is 
required for the rotation sensing of the proposed system.           

The yaw angle is simply obtained using an Euler-Angle 
computation, which sequentially rotates objects in a certain 
manner. The tilt and yaw rotations are expressed in a matrix 
form as follows.    
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Fig. 3. Tilt and yaw rotation of a screen (tilt and yaw are applied 
sequentially). 
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The rotation result based on the tilt followed by the yaw is 
simply a matrix multiplication of the yaw and tilt rotation 
matrix as follows: 

0
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where [0 0 g]T denotes the accelerator sensing result for three 
axes at the rest position of the screen. After a simplification, the 
tilt and yaw angles are obtained simply as follows: 

  1 1,  cos , tan yz

z
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.         (3) 

Finally, yaw rotation  is used for the sensed angle of the plane 
rotation of the screen. 

However, because real H/W always contains noise for 
various reasons, a simple one-dimensional Kalman filter [18], 
[19] update model is employed for a stable sensing of the yaw 
angle. An assumption was made for the Kalman filter, where 
state transition matrix F and measurement matrix H, simply 
identified as 1 owing to a one-dimensional consideration, are 
made. The process and measurement noise covariance value 
were empirically set to Q = 10–4, R = 10–2, and P0 = 1, 
respectively. The final measurement equation is as follows: 
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where Kt, Pt, and Xt denote the Kalman gain, covariance of the 
state prediction error, and the state of the yaw angle at sampling 
time t, respectively. In addition, time index t indicates the 
sensing time of the rotation. 

2. Aspect-Ratio Preserving Display Position Determination 
and Extraction of Rotated Image and Encoding 

The sensed angle from each screen is transmitted to the 
irregular screen system server, which extracts the geometry-
aligned image for video compression, such as H.264. However, 
the alignment between the sensed data and content in the 
virtual screen space is essential for the irregular screen system. 
The main assumption is that the screen position is already 
known by the server. The physical position of each screen side 
can be determined with the rotation angle from the sensed data. 
Therefore, conversion from a physical space to a content space, 

 

Fig. 4. Aspect-ratio preserving mapping. 
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which conventionally uses pixel coordinates, is necessary to 
align between the screens and content.  

The aspect-ratio preserving mapping between the content 
space and physical space of the screens is considered for a 
friendly and comfortable view, from which the original aspect 
ratio of the screen is preserved for content mapping. Figure 4 
shows the aspect-ratio preserving mapping method, where Hc, 
Wc, Hp, and Wp are the width and height of the content and 
physical spaces, respectively. The screen space is generated 
using the physical positions of each screen, the minimum 
bounded rectangle of which is calculated. The content space 
depends on the input content, which can be simply a video 
sequence or a combined scene. When the aspect-ratio of the 
physical space is smaller than that of the content space, the 
mapping is conducted using a height-aligned form, which 
means that the heights of the content and the physical space are 
matched, and the width of the physical space varies according 
to its aspect-ratio, which is expressed through the dotted line on 
the left side of Fig. 4. On the other hand, a contrary operation is 
executed as an aspect-ratio preserving view when the proposed 
irregular screen system forms an irregular screen space, with 
various screens having a different size and orientation. 

After the mapping process, the image extraction of each 
screen comprises two steps as follows: 
1) Find the maximum support region of rotation for each 

screen, as shown in Fig. 2 
2) Extract the rotated image from the rotation support. 

The support of the rotation region is easily computed based 
on the sensed diagonal screen size, where any rotation of the 
screen covers a circle with the same diameter as the screen 
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Fig. 5. Support of rotation region. 
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diagonal shown in Fig. 4. 

The final region of each screen is determined using the 
circumscribed rectangle shown in Fig. 5. The extraction 
process is simply conducted using the inverse pixel-mapping 
scheme, where the rotated coordinate is used for finding the 
pixel intensity from the support of the rotation for an efficient 
memory access pattern in a real implementation as follows: 

' cos( ) sin( )
,

' sin( ) cos( )

cos( ) sin( ) '
,

sin( ) cos( ) '

x x

y y

x x

y y

 
 

 
 

     
     

     
     

          

           (5) 

where [x y]T and [x y]T are the original and rotated coordinates, 
respectively. Because the original coordinate can be easily 
computed from arbitrarily rotated coordinates using (5), the 
rotation operation is conducted efficiently. However, when  
the computed [x y]T coordinates are floating, the bi-cubic 
interpolation method [20], [21] is used for choosing the correct 
pixel value. 

The final images of each screen after the extraction and 
rotation are connected to the input of the H.264 encoder,  
where the proprietary encoder is employed for GPU-assisted 
processing. 

3. Frame-Level Screen Synchronization Method 

A frame-level synchronization method is used to provide 
accurate frame synchronization among frames. The irregular 
screen processing system sends a geometrically aligned video 
signal compressed using a video codec, and consequently, the 
decoded frames of each terminal suffer an asynchronous 
fluctuation of the presented frames among the terminal. This 
leads to a non-synchronized playback of the content, which 
may cause discomfort for those watching the screen. 

A synchronization method is proposed to solve this problem.   

A. Proposed Synchronization Method 

Figure 6 shows the conceptual scheme for the 
synchronization of the proposed method, where the incoming 
bitstream for frame k is sequentially decoded, and the decoded 
image is inserted into the image buffer. The master-slave 
concept is used in the synchronization method, where the 
master collects a signal (packet) from the slave with various 

 

Fig. 6. Conceptual frame-level synchronization scheme. 
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Fig. 7. Two proposed synchronization schemes: (a) Direct-Sync 
and (b) Predictive-Sync. 
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types of information, and the slave follows the master’s 
command, such as displaying the j-th frame. In Fig. 6, the 
buffer information of each slave is sent to the master to 
determine the synchronization time. When the slave receives a 
sync signal from the master, each slave displays the k-th frame, 
as does the master, to synchronize the playback of the content. 
However, the conceptual scheme fails in a real implementation 
because the network, decoding, and processing delay are very 
different at each slave terminal. 

Figure 7(a) shows Direct-Sync, in which a commented 
situation concurrently transmitted through a sync signal to the 
slaves makes a slave terminal play asynchronously owing to 
the different processing time and unexpected network delay. 
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Fig. 8. Proposed prediction-based synchronization methods: block
diagrams of the (a) master and (b) slave processing. 
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Figure 7(b) shows the concept of the proposed method, 

where a sync signal is transmitted asynchronously according to 
the characteristics of each slave. The non-concurrent generation 
of sync signals to a slave and master is unavoidable in a 
synchronized play, as shown in Fig. 6. Therefore, a new 
problem arises from how to find the optimal timing of each 
sync signal transmission. 

Figure 8 shows the proposed prediction-based 
synchronization method, where the TimeSyncModel and 
Predict Sync Time modules in Fig. 8(a) are inserted to model 
the display time of each slave and master and predict the 
optimal sync transmission time of the master and slave.  
Figure 8(b) shows the processing flow of each slave receiving 
a sync signal from the master, and displays the received 
synchronized k-th frame from the display buffer when sending 
the k-th display signal to indicate that the display task of one 
frame is completed. 

B. Expected Display Time of each Terminal Using Linear 
Regression 

Because the prediction model is essential for a non-
concurrent sync signal transmission to defer or start, various 
experiments were conducted to construct the prediction model.    

The relation between the input and output can be modeled  
as a linear equation, as shown in Fig. 8. The graph of Fig. 9 

 

Fig. 9. Linear relationship between the sync message transmission 
time as an input and the display time as an output (least-
squares estimation is used): (a) terminal 1 (master) and (b), 
(c), and (d) slaves 1 through 3. 
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appears to be linear, and R2 is the goodness-of-fit of the linear 
regression. The relationships among the slaves, shown in  
Figs. 9(b) through 9(d), look less linear than that of the master, 
shown in Fig. 9(a), because the network latency from slave to 
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Table 1. Average goodness of fit (R2) with a large number of
terminals. 

Terminal count Mean R2 

4 0.77 

6 0.77 

8 0.76 

10 0.76 

12 0.75 

 

 

master is nonlinear. However, the R2 values of each graph are 

sufficient for the proper operation of the linear prediction. 
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where Tk_S and Tk_Sync are the sending and display times of 

the sync signal and frame image of terminal k, respectively, and 

min(Tk_D) is the minimum arrival time of the decoding signal 

of each terminal. Because the arrival time of the decoding 

signal consumes some of the processing time and network 

latency, and varies in a frame by frame manner, the first 

arriving signal of the decoding at terminal k and frame       

t is used to provide the timing reference for modeling the 

synchronization prediction. 
The relationship shown in Fig. 9 is modeled through a linear 

equation, given by (1).        
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equation of each terminal k and frame t. 

A linear regression can be achieved using various methods 

including a conventional least-squares estimation [22], 

Bayesian regression [23], or Gaussian process regression [24]. 

However, the linearity between the display and sync signal 

times is high, and the least-squares estimation is sufficient to 

validate the accuracy of the display time when providing the 

linear estimation shown in Fig. 9 and Table 1. The terminal 

count indicates the total number of screens forming the 

irregular screen space. 

Because a linear regression is used for determining the  

slope and interception owing to a real-time transmission, the 

parameters are updated for each frame k. The least-squares 

estimation method is used for a linear regression as follows: 
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where cov and var denote the covariance and variance of each 
component, and E[x] is the expectation operation as the mean 
of the signal. The window size of the expectation operation is 
empirically determined to be 30. 

The discrepancy between the displayed frames of each 
terminal can be measured based on the frame-level display 
time variance (FDV) in (9). 
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where N is the total number of terminals of the proposed 
system. Because a high variance is shown between frames, the 
frame synchronization is difficult to achieve. 

Because a linear equation can be used for a prediction of the 
display time as the output, with the sync signal transmission 
time as the input, a minimization approach is employed for an 
accurate synchronization among the frames as follows: 
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arg min ( )e
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where FDVe(t) is the expected frame-level display time 

variance, and a minimization of this value leads to 
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Equation (11) can be simplified as follows: 
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where ( , )e
sT k t  is the predicted input time for the 

minimization of FDVe(t). The actual computation is conducted 

in a cyclic manner where the estimated parameters are updated 

for the next computation. 
The following is the full algorithm of the proposed 

synchronization method. 



ETRI Journal, Volume 38, Number 5, October 2016 IlHong Shin et al.   875 
http://dx.doi.org/10.4218/etrij.16.2616.0006 

---Algorithm for frame-level synchronization method--- 

  

N: Number of terminals  

I(k,t): decoded image at frame t of terminal k 

B(k,t): image buffer at frame t of terminal k 

D(k,t): decoding signal packet at frame t of terminal k 

S(k,t): Synchronization signal packet at frame t of terminal k  

F(k,t): Display signal packet at frame t of terminal k  

  

/////////////////////////  Master Side    ///////////////////////////////////// 

While(true){ 

  Decoding Incoming Bitstream & Generate I(t) 

  Insert I(t) to Buffer B(t) 

   Generate D(1,t) 

   Wait for D(2:N,t) packet of all slave 

   { 

     For all terminal 

      Predict display time   

     End 

     Obtain mean display time 

For all terminal  

Find optimal sync transmission time in eq. (5) 

      Send sync packet at predicted sync transmission time 

     End   

}  

Wait for S(1,t) 

{ 

  Find Image(t) at B(1,t) 

  Display I(1,t) & Send F(1,t) 

}    

} 

/////////////////////////  Slave Side    ///////////////////////////////////// 

For each slave k{ 

Decoding Incoming Bitstream & Generate I(t) 

Insert I(t) to Buffer B(t) 

  Generate D(k,t) & Send to master 

Wait for S(k,t) 

{ 

   Find Image(t) at B(k,t) 

   Display I(t) & Send F(1,t) 

}   

} 

  
The main algorithm comes from the non-concurrent 

transmission of a sync signal to every slave for display using a 
predictive scheme, and the optimal framework to be 
synchronized among the frames. On the master side, all signals 
from the slaves to the master, and the master itself, are updated 
for generation of the linear prediction model for the display 
time of each terminal including the master, and the optimal 

sending time for a sync signal to be used for a display is 
determined through (12).  

The sending of a packet for a sync signal is actually 
implemented as an asynchronous process so as to not intervene 
with the other flow of the algorithm. On the slave side, every 
decoding signal is sent to the master, and the slave waits for a 
sync signal containing the sync frame number. Each slave finds 
the sync frame, displays it, and sends the display signal with a 
current display frame number for the prediction model. The 
generation of a display event depends on the implemented O/S 
(Windows, iOS, or Android, for example) of the terminal S/W. 
For example, a WM_PAINT message of the win32 framework 
can be used for a generation of the display, and the present 
callback method in Direct-X works correctly [25]. 

IV. Experimental Results 

Experimental validations were conducted by implementing 
an irregular system server and terminal S/W in Windows O/S 
version 8.0. The terminal S/W is connected to each screen in a 
small PC set-top box. The various computing capabilities for i3, 
i5, and i7 grade CPUs were considered to provide realistic 
deployment environments. The network is comprised of a local 
network with a switching hub connected to server PC and IP 
shared router for support of numerous terminal devices. In 
addition, the rotation sensor employs accelerometer H/W in a 
smart-phone device. Basically, the rotation sensor implemented 
as a smart-phone device is attached to the plane surface of the 
rear part of each screen. It should be noted that an installment 
such as that previously mentioned is simply one example of the 

 

 

Fig. 10. Forming an irregular screen with a sensing screen rotation.  
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proposed system. When a specific device such as a USB 
dongle including an accelerator sensor is employed to form  
an irregular screen system, the sensing and decoding 
functionalities of the terminal S/W are combined into a single 
device. 

The video contents used have dimensions of 1,920 × 1,080. 
However, the proposed system can accept any content such as 
a Web-browser, or even a 3D game screen, if a proper capture 
system is constructed on the server side. 

Figure 10 shows the real experimental results using two 
screens, 21 and 20 inches in size, when a rotation of 30° is 
forced on each screen, as shown in the upper part of Fig. 10. 
The results of an arbitrary rotation exerted at each screen are 
shown below. The connectivity and conformity in a generated 
virtual irregular screen space are well addressed in the 
proposed system. However, because the position system has 
not been implemented yet, the relative position of each screen 
is predetermined using real measurements. 

Table 2 shows the performance of the S/W-based 
synchronization compared to that of a different method. The 
homogeneous and heterogeneous terminal environments were 
considered to be a more realistic experimental setup of the 
proposed system than a homogeneous terminal setup that has 
the same performance using an i3 CPU. For the heterogeneous 
setup, i3, i5, and i7 grade PC set-top boxes are arranged equally 
to meet the number of terminals. The left and right columns  
in Table 2 show the results of the homogeneous and 
heterogeneous setups. 

The No-Sync method simply uses the transmission of each 
bitstream generated at the server to the terminal without a 
consideration of the frame-level synchronization. Because the 
improvement of the FDV value is superior to that of the other 
method, the proposed system works well in a real environment. 
When the terminal count is increased from 4 to 12, the FDV 
value is also generally increased. However, the proposed 
system suppresses the performance degradation owing to the 
predictive model where a linear regression is employed to 
follow the real operating environment of the terminal S/W. 

 

Table 2. FDV performance of the proposed system. 

Terminal 
count 

No-Sync 

FDV (ms) 

Direct-Sync 

FDV (ms) 

Predictive-Sync 

FDV (ms) 

4 42.9 12.8 30.2 9.3 6.4 4.9 

6 54.2 14.1 31.5 9.5 6.9 5.0 

8 71.0 14.5 42.6 10.2 7.3 5.3 

10 78.6 17.3 43.1 11.7 8.2 5.7 

12 91.8 19.3 49.3 12.1 8.9 6.5 

 

Fig. 11. Standard deviation graph between direct sync and 
proposed method when the number of terminals is 12 
(top (a), middle (b), bottom (c)): (a) No-Sync, (b) 
Direct-Sync, and (c) proposed method. 
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Although the No-Sync method of a heterogeneous setup shows 
the severe timing variation of the frame by frame display, the 
proposed method achieves a stable screen synchronization 
performance using the predictive model, which allows different 
computing environments such as the CPU performance and 
network delay of each terminal to be predictive. The sequential 
FDV value according to the frame number is notable.   
Figure 11 uses content with 300 frames. 

When a perfect match among the screens is generated in a 
frame basis, the FDV value approaches a low value; on the 
other hand, when the predictive model is unstable, the FDV 
value is high in the graph, as shown in Fig. 11. 

The proposed method adds computational complexity at the 
server and terminal S/W, where a hexa-core 3.0 GHz CPU and 
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GTX690 cuda-enabled GPU are employed at the server side; 
on the other hand, a low-performance Intel i3 CPU was used 
for the terminal S/W owing to the simple decoding job at the 
terminal side. The maximum supported terminal count of   
the current system is 12 for an HD resolution within the 
implemented system, where the original input video at up to a 
4-K resolution is played with 60 Hz. On the other hand, a 
schedule-based screen synchronization system [15] requires a 
homogeneous PC layout comprising a large-resolution display 
in each terminal where the pre-storing of content files is always 
required to provide synchronization of the screen under an 
FDV value of 17 ms. 

However, the proposed method does not impose any 
restrictions on a terminal PC in which a heterogeneous layout 
also works well with the aid of a predictive model, and a very 
precise control of less than 10 ms is possible. In addition, 
different terminal devices such as a smartphone or tablet PC 
can take part in the composition of the entire screen layout 
without any pre-storing of the content files owing to the 
simultaneous processing and distribution of the original content. 

The number of supported terminals is proportional to the 
performance of the server system. However, the computational 
burden of the terminal S/W is so slight that any device such as 
a set-top box and a smartphone or tablet PC can be used as a 
terminal of the proposed irregular screen system. 

V. Conclusion 

An irregular screen system for the grouping of multiple 
screens into a single virtual screen was proposed, the physical 
quantities of which, such as the screen size and screen 
orientation, are sensed automatically with the aid of sensors. 
The virtual screen generated provides a geometrically aligned 
display for each screen using inserted content. A simple 
rotation sensing method was presented to follow the screen 
orientation of the screen plane in real-time using one-
dimensional Kalman filtering. 

The S/W-based frame-level synchronization method 
performs well in the proposed system, where a predictive-
synchronization scheme is employed using a linear model 
between the display buffer information and display timing in 
a terminal S/W. 

An experimental validation showed that the predictive-
synch scheme outperforms other methods such as No-Sync 
and Direct-Sync. The FDV value is so small that playing 
content using the proposed irregular screen system feels like 
a single virtual screen. 

The proposed system can be essential for employing an 
irregular screen formation where the real-time sensing    
of the geometrical properties provides a new experience for 

displaying content to numerous viewers. 
Because the sensing of the screen group from an oblique 

position makes the construction of a single virtual screen 
impossible to achieve, further work will be conducted on an 
accurate sensing of the relative position among the screens. 
Data fusion using sensor information seems promising. 
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