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Abstract— The paper presents a vision-based natural bare-
hand gesture recognition for remote operating LTSS, which 
offers simple, high resolution and robust against occlusion. 
The system is a kind of embedded systems that combines the 
hardware and software design. It allows users to interact 
with the information by pointing large screen directly with 
their fingertips approximately parallel to ground.  The key 
technology of the system is fingertip recognition, tracking, 
computer vision algorithms and operation judgment. 
Experiments show that our approach extremely suit to be 
embedded into real-time human-computer interaction 
systems.  
 
Index Terms—large touch screen; computer vision; human 
computer interaction; fingertip recognition; fingertip 
tracking; coordinates mapping; image differencing 
 

I.  INTRODUCTION 

As touch screen technology continues to improve, 
there has been an increasing diversity in the available 
display factors and scales. Empirical evaluation of how 
display attributes affect user perceptions and performance 
can help designers understanding the strengths and 
weaknesses of different display forms [20]. In the recent 
years, large touch screen systems (LTSS) have been 
widely used in scientific, industrial, educational, and 
artistic domains. The systems belong to a kind of 
embedded systems which are the combination of 
hardware and software design [1]. These wall-sized 
screens offer great opportunities for very detailed 
information visualization [30]. They have improved 
users' orientation and search performance significantly. 
The screens may exceed the capabilities of human visual 
systems in terms of resolution or field of view and all 
information of them could be visualized at a glance [12], 
so they are easy and natural for people to use. 

While using traditional touch screen with common 
human-computer interaction (HCI) in various domains, 
users have to move in front of the screen when they want 
to obtain an overview or other operations. So the input 
devices and interaction techniques are needed to allow 
more flexible interaction [9, 10]. The emergence of 
gesture-based interactions well meets this demand. They 
have been widely applied in various scenarios such as 
museums, entertainment, and government for information 
services [2, 19]. As large displays become more 
affordable, researchers are also investigating techniques 
for making users' experience of large-display more 
effective. The gesture-based large touch screens enable 
users to step away for creating and managing large 
number of different data. They can perceive overview 
information only with their hands, as well as to involve 
more people in same tasks such as visual manipulation 
[5]. 

The natural and intuitive interaction also leads to 
considerable attention in several application domains [28], 
particularly in the interest of elderly people [15]. The 
percentage of elderly among the population has increased 
significantly due to demographic, structural and social 
changes. A trend has been observed among elders who 
use computers and the Internet, both for personal and 
professional purposes. Elders now make up the fastest 
growing consumer segment of internet users with the 
normal aging process [11, 27]. While elders are typically 
accompanied with physical changes (namely visual, 
auditory and motor control impairments), cognitive 
changes (decline in working memory, selective attention), 
psychological changes and social changes [8, 15]. 
However, by using gesture-based touch screens, many 
possibilities are available for those elderly users to 
alleviate their restrictions, keep their minds active, bring 
more memory enhancement and mental stimulation, help 
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combating depression, increase economic affairs and live 
a self-determined life [23]. 

In this paper, we present a novel touch screen 
interaction with finger pointing and operating. Based on 
this type of HCI, no devices need to be mounted on the 
hand to interact with computer. It is called vision-based 
natural bare-hand gesture recognition [18]. To track the 
high freedom of fingertips with quick changes and self-
occlusion by using ordinary cameras is a complex and 
challenging task [14, 31]. One strategy to overcome these 
technical challenges using vision algorithms is more 
complicated to a specific application system [22]. We 
propose a series of computer vision (CV) algorithms to 
fix initial position, coordinates mapping, fingertip 
detection, fingertip tracking, fingertip pose recognition, 
and generate control instructions. 

The rest of the paper is organized as follows. In 
Section II, we overview the related work. Section Ⅲ 
outlines our novel approach. After that, in Section Ⅳ, we 
propose the detailed mechanisms of our bare-hand 
human-computer interaction method with virtual touch 
screen. In Section Ⅴ, we perform an evaluation of 
simulation to demonstrate the usability of the human-
computer interaction system. Finally, in Section Ⅵ, we 
conclude the paper and point out the future work. 

II.  RELATED WORK AND REQUIREMENT ANALYSIS 

As a vision-based human-computer interactive system, 
our overview is mainly concentrated on earlier work in 
remote human-computer interaction by manipulative 
gestures. Tosas [22] presented a vision-based interactive 
surface, referred as virtual touch screen (VTS). It could 
be displayed using a projector or on a head mounted 
display (HMD), and the VTS was made touch-sensitive 
through unadorned visual articulated hand tracking. The 
tracking system of Dorfmuller-Ulhaas also allowed three-
dimensional input for virtual environment applications 
with high precision and without annoying cables. 
Spontaneous and intuitive interaction was possible 
through gestures [6]. Ukita and Kidode [24] proposed 
wearable virtual tablet (WVT), where a user could draw a 
locus on common objects with a plane surface by 
fingertips. However, these models needed some form of 
wearable hardware which would be uncomfortable to 
users and limit the usefulness of systems thus does not 
provide a natural free-hand interaction.  

Lee and Hollerer [13] used the human hand as a 
distinctive pattern that almost all wearable computer 
users have readily available and presented a robust real-
time algorithm which could recognize fingertips through 
frame-by-frame reconstruction of camera pose relative to 
the hand. The virtual touch screen system [30] which 
could track articulated hand using monocular camera was 
proposed. It was a vision-based interactive surface 
without the need for physical touch screen and provided 
more information than fingertips to be in touch with the 
interactive surface. However, Lee used the users' hands 
for marker-free augmentation but not for interaction with 
virtual objects. Both methods used hand pose model to 
measure each fingertip position and length so the models 

would be more complicated. Also as a augmented reality 
(AR) application based on hand gesture interaction, 
Radkowski [18] analyzed a video stream with CV 
algorithms, detected the user's hands and determined a 
gesture. They applied new types of video cameras like 
Microsoft Kinect to facilitate the free-hand interaction 
and it would be much costy [3]. While Locken [14] 
described a process to derive gestures from intensive user 
involvements, the process was applied to the design of an 
interface to control music playback using free-hand 
gestures. However, there are so many gestures available 
that users are difficult to remember to use. 

 Von Hardenberg introduced the bare-hand interaction 
techniques [26] in 2001. He described that extra devices 
were needed and users controlled computer directly with 
hands movement. In his system, finger tracking and hand 
posture recognition were used to paint virtually onto the 
wall, to control a presentation with hand postures and 
move virtual items on the wall during a brainstorming 
session. However, the system is strongly dependent on 
some factors (i.e., measured position, light, etc). Another 
multi-user easy-to-use system could allow people to 
interact simultaneously with multimedia contents through 
their own bare-hand gestures [5]. But it just created a 
real-time system based on a single PC station. Konig [12] 
developed a direct and flexible interaction concept 
particularly for large, high-resolution displays. But he 
needed to use Laserpointer-Interaction as a flexible, 
direct and position-independent input technique. There is 
also another gesture based interaction with multiple large 
displays system [17]. The data of the system are 
presented from observations of Magical Mirrors. The 
displays show a mirror image of the environment in front 
of them and react with optical effects to the gestures of 
the audience. However, it is one type of our system and 
we have another kind of projection prototype which does 
not need mirrors to reflect the data shown in Figure 2. 

In our research we use computer-vision techniques for 
bare-hand interaction with virtual touch screen. As a 
natural hand tracking approach, we accomplish our own 
hand recognition system with two ordinary cameras so 
that can also be called binocular stereoscopic vision 
system. It allows users to interact with the information by 
pointing large screen directly with their fingertips. The 
key technology of our system is fingertip recognition, 
tracking and operation judgment. The used fingertip 
recognition and location method is an image differencing 
algorithm which is not affected by different shapes of 
fingertips. The system has the features of high light and 
high resolution because we use a high-lumen projector to 
cast the display content on the screen. It is highly 
appropriate for large screen rather than LED displays. 
Once the system is mounted, it can provide virtual touch 
on the specified location and we have done various 
evaluations in Section Ⅴ which shows high stability of 
the system.  

 III  OVERALL DESIGN OF OUR LARGE TOUCH SCREEN 
SYSTEM 
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As stated in Section 1, LTSS is a vision-based 
interactive system mainly using a projector, a large 
screen, two mounted cameras and data processing 
equipment. The physical configuration of projection is 
shown in Figure 1 and Figure 2.  

 
Figure 1. Prototype of rear projection 

There are two kinds of prototypes: rear and front 
projection. The rear projection system needs a mirror to 
reflect the display content and some space to gather those 
devices while the front one only needs to install the 
projection on the ceiling. Although the rear projection 
prototype is more complex than its front projection 
counterpart, it can be installed on outside walls or 
exposed plot appropriately. The front projection can be 
primarily employed in an inner space. 

 
Figure 2. Prototype of front projection 

LTSS allows users to interact with the information by 
pointing to the large screen directly with their fingertips 
approximately parallel to the ground (Figures 3 and 4). 
Our system has the feature of high light and high 
resolution so it effectively solves the problem that finger 

was too thin to calculate the stereo disparity [13, 29]. The 
model is simple in structure and can be realized easily 
while costs less. It particularly suits for large touch screen 
systems as there is no longer the issue that fingertip may 
be blocked by human body. The screen size can range 
from 50 to 200 inches according to users' demands. 

 
Figure 3. Top view of LTSS 

To simulate human eyes, we mount two cameras by 
which hand gestures can be recognized for interaction in 
a certain distance from the virtual touch screen (Figure 4).  

 
Figure 4. Side view of LTSS 

The two-dimensional coordinates (2D) fixed by 
cameras should be in parallel to the screen and the 
intersection of cameras can be changed at the range of  
0℃- 180℃. Seen as the point A in Figure 4, the angle of 
90℃ is the optimal position for fingertip to point to the 
screen. We segment the fingertip and map it on the center 
of screen supposing that the fingertip is at optimal 
position based for cameras. In order to determine this 
mapping, we develop a vision-based technology of 
intelligent image recognition and geometric projection 
that can track the users' fingertips robustly. An overall 
flowchart for the system is illustrated in Figure 5. 
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Figure 5. Flowchart of remote touch screen operation using fingertip 

tracking 

Two-dimensional coordinates of the touching-objects 
on virtual touch screen can be obtained by combining 
both one-dimensional images. An image differencing 
method is used to search light spot of fingertips and track 
them. Real-time coordinates and cursor computed by the 
position of the fingertip are displayed on virtual touch 
screen and obtain the operation by recognizing the pose 
of the fingertip. Finally the message of screen coordinates 
and control instructions can be generated. The system 
would perfectly accomplish human-machine interaction 
and user interface so that users could immediately see the 
cursor movement and click on the large screen when they 
control it by gesture. 

IV. DETAILED MECHANISMS OF BARED-HAND HUMAN-
COMPUTER INTERACTION 

Our LTSS exploits the fact that the users should stand 
or sit in a particular area so that fingertips are clearly 
visible and it offers great benefit for tracking the position 
and pose of fingertips. Then we can transform the 
coordinate based on the view of cameras to the system 
and display the cursor on the screen. The view of two 
cameras can help to minimize the impact from occlusion 
errors caused by different heights of fingertips. 

For implementing the whole work cycle shown in 
Figure 5, five primary algorithms can be employed which 
are the most important procedures of remote operating 
touch screen. These are parameters initialization, 
coordinates mapping, location determination of fingertip, 
fingertip recognition and operation judgment. All the 
algorithms will be presented in these sections. 

A.  Parameters Initialization 
To project the fingertip moving range into the whole 

screen, the algorithm of parameters initialization is 
employed to set some initial values. The first step is to 
stand at a certain area where the fingertip may be 
detected by cameras and naturally straight point to the 
screen. The initial position will be projected on the center 
and the fingertip moving range will be mapped onto the 
whole area of screen. In order to simulate a touch-
sensitive surface, we assume that the area of the book 

shown in Figure 6 will map to the whole boundary of the 
screen.  

 
Figure 6. Camera's view of a planar area 

In fact, we can adjust the height between cameras and 
the book to obtain a whole mapping on the screen. So as 
to determine this mapping, we use a homography [7] 
which defines a plane-projective mapping between two 
planes [16]. The operation plane in the camera's view is a 
straight line as shown in Figure 7. 

 
Figure 7. Partition of straight projection line 

We suppose that the camera is at the center below the 
screen for the sake of easy interpretation. So we divide 
the left and right edges into quartiles and the up edge of 
the screen into several parts as shown in Figure 7. Those 
points will be touched to compute projection on the 
straight line and we can find the partition of projection 
line as Figure 7 which is called edge detecting method. 
Actually, the two cameras are mounted symmetrically as 
depicted in Figure 3. The left edge will be shorter than 
the right edge on the projection line in the view of left 
camera but oppositely of right camera so we can obtain 
two one-dimensional coordinates. 
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Figure 8. Method for figuring out the equation based on projection point 

We magnify the lower right corner in Figure 7 to have 
a view when the fingertip touches anywhere along the 
edge as demonstrated in Figure 8 to work out the 
equation of the line established by the points of camera 
and touch spot.  A and B are a pair of presupposed points 
and O is the position of camera. We assume that the 
lengths of AC and BC are a and a'. The slope of OA can 
be easily figured out so that we can obtain the formula for 
the line as follows. 

 
When the fingertip touches a random spot like A', it 

has a projection B'. The length of B'C is b' and what we 
need to calculate is the length of A'C as in formula (2) so 
that the equation of OA' can be obtained. We assume the 
distance from the camera to the projection line like CO' is 
m and OO' is n 
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'
'

'

'

'

*
bn
bmCA
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CAm
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n

−
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+=   (2) 

The case in Figure 8 is a specific one for easy 
explanation and demonstration. However, any spot can be 
worked out in the same way. 

B.  Coordinates Mapping 
Once the two one-dimensional coordinates have been 

figured out as described in Section 4.1 above, we can 
combine both of them to set a two-dimensional 
coordinate which is called coordinates mapping. We also 
need to calibrate the position of cameras before we use 
them to track the fingertips. The calibration must be very 
easy to perform because users typically are not experts 
[32]. Our system can adaptively calibrate the height and 
distance from the screen by tracking moving points 
acquired from each of the two cameras. In order to 
compute a homography we require the positions of four 
points at least on touch plane and the corresponding four 
points on the display plane. The concrete method is 
illustrated in Figure 9, e.g., with touching point A1 on the 
up edge (see Figure 6) by fingertips, we can get a value 
B1 on the one-dimensional coordinate through the left 

camera. The line is be determined by connecting points 
A1 and B1. Similarly, points A2 and B2 determine 
another line by the left camera. Unquestionably the two 
lines intersect at a point which is the logic coordinate of 
the left camera. We can also find the logical coordinate of 
the right camera in the same way. 

 
Figure 9. Method for finding logical coordinates of cameras 

Once the positions of cameras were figured out, we 
consider them as sensible and steady points. These are 
useful data for the interaction robustly. 

C.  Location Determination of Fingertip 
Based on the edge detecting and coordinates mapping 

algorithms, according to Figure 9, we can find a touch 
spot X on the screen. The corresponding points on 
projection line by two cameras are B2 and C1. 
Connecting the points between the left camera and B2 we 
will fix a line and the other one by the right camera and 
C1. The point where two lines meet or intersect is what 
we want and we can enlarge it to map on the virtual touch 
screen. So users will see a cursor shift on the screen when 
they stand at the designated place and move fingertips. 

D.  Fingertip Recognition 
The above-mentioned processing steps include hand 

tracking in order to recognize and analyze gestures of 
each individual user. We employ image differencing [21] 
algorithm to separate foreground from the background 
throughout the image sequence and detect the shape of 
fingertips. Image differencing is a most widely used 
technique for change detection [21] and has been used in 
a variety of computer-vision environments. The algorithm 
computes the difference of pixel values between several 
image frames. 

We compare every pixel of image sequence collected 
by cameras and find the difference between adjacent two 
or several frames in our method. If there are no lighting 
variations, the pixels whose difference is not equal to 0 
indicate that fingertips are shifting. If light changes 
slightly in adjacent several frames, a critical element of 
the method is deciding where to place the threshold 
boundaries between changed and unchanged pixels. We 
use the image differencing algorithm to find the absolute 
difference of grayscale between several frames and 
employ a threshold to estimate changing areas. Assume 
that the grayscales of kth and (k-1)th frames are Ik(i,j) and 
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Ik-1(i,j), the difference between two images (Dk(i,j)) is 
shown in the following formula. 

),(),(),( 1 jiIjiIjiD kkk −−=    (3) 
Another important design question is how to model 

and update background [4]. The main tracking area is 
where users stand to use our system so the floor remains 
about the same throughout of all images. In order to 
distinguish between the fingertip and the floor and not to 
be interfered by the shadow of the fingertip, we always 
decorate the floor by employing a removable and dark 
sticker in the designated area. When a user stands under 
the cameras and points to the touch screen by fingertips, 
the images obtained by cameras would have obvious 
changes. As the difference between two images, we apply 
a threshold T1 to judge changing pixels that are moving 
objects or lighting variations so that the image of 
movement region Mk (i,j) can be extracted by the 
following formula. 
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The result of differencing is binary image (which also 
named mask) for ease of handling. We also apply 
connectivity analysis and mathematical morphological 
operations to binary images. When a connection area is 
bigger than a certain threshold T2 we can detect the target 
and regard the connection area as the target area. The 
detection of fingertip's motion based on image 
differencing is easy to be developed and monitored 
because it is designed in low complexity. Another 
principal advantage is that the time interval of adjacent 
frames is relatively short so the method is not very 
sensitive to light changes. So our system can be better 
adaptable to the environment where slight change in light 
exists. 

E.  Operation Judgment 
There are mainly two kinds of operations in our system, 

i.e., movement and click. Double-click is a repetitive 
operation of click. 

Movement 
Based on Section 4.4, we detect movement of fingertip. 

The moving direction will be illustrated in this section. 
Suppose that a user is standing in the designated area and 
pointing to the screen by fingertip, the first position of 
fingertip is P1(x,y) and the next is P2(x,y). We also 
employ a small threshold T3 to judge the direction of 
fingertip and calculate the horizontal and vertical 
movement by coordinates x and y as follows. 

   (5) 

   (6) 
In these inequations, we assume that the coordinate of 

the top-left corner is  (0,0). 

Click 
Suppose that p1,p2...pn are a series of image sequence. 

For all i and j, where  1<i<j<n, if there is a fingertip in 

p1,p2...pi-1 and pj+1,pj+2...pn but not in pi,pi+1...pj, then we 
will consider that the fingertip has drawn back and return 
to the original place. It likes the action of click so we 
recognize the click at that position by these images. 

V  EVALUATION 

A prototype realizing the algorithms described in the 
preceding section has been developed for our LTSS based 
on images segmentation. Applications with the large 
touch screen systems are conducted on an Intel 2.6 GHz 
processor, 2G memory computer and two ordinary 
cameras. The resolution of images collected by cameras 
is 640*480 pixels and fingertip tracking operates in real-
time with 25 frames per second. Table 1 lists the average 
processing time of the system by different operations. 

TABLE 1 
PROCESSING TIME OF DIFFERENT OPERATIONS 

 
As depicted in Figures 10 and 11, the screen can be 

made from 50 to 200 inches according the demand of 
users. However, as we can imagine that the larger the 
screen is, the mapping proportion is also amplified so it 
would be slightly more difficult to operate. We assume 
that the moving range of fingertips with different virtual 
touch screen is the same as 0.4m*0.4m and the 
comparison of different sizes is shown in Table 2.  

 
TABLE 2 

THE PROPORTION BETWEEN VIRTUAL PLANE AND TOUCH SCREEN 

 
The mapping proportion of height is shorter than 

length so we only present the proportion of length in 
Table 2. It means how many pixels the cursor will move 
on screen when fingertip moves a pixel in different sizes 
of touch screen. 

 
Figure 10. 100 inch touch screen 
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Figure 11. 200 inch wide touch screen 

For evaluation, there are 10 participants including two 
children under 18 and two elderly males over 50. The 
location where users stand and operate with fingertips can 
also be flexible. To ensure superior maneuverability and 
distance control of the system we mainly focus on screen 
location (displaying cursors) and gesture recognition for 
evaluation. We use a qualitative observation design with 
some different interface prototypes as illustrated in Figure 
10 and 11 by those ten participants of different ages and 
capture a large set of logging data [25] including cursor 
locations, shifts and clicks. The results are shown in 
Table 3, which indicate that our approach is robust and 
easy to use so that it can be deployed into the real-time 
HCI systems. Errors are mainly caused by hand occlusion, 
instability and cognitive difference between fingertip and 
traditional mouse usage. 

TABLE 3 
RESULTS OF EVALUATION 

 
We asked the participants to stand at a certain area 

conducting the evaluation and there was a virtual area 
mapping on the large screen. They often moved hands on 
a large scale and arbitrarily so there had been several 
mistakes in the operation of screen location because 
fingertips were out of the virtual area. But the participants 
also could see the cursor movement so the success rate of 
it could reach up to 99.6%. When starting fingertip 
operation, the frequency of failure is much higher. 

 
Figure 12. Operation results by different ages 

Figure 12 has shown us those different age groups who 
use the touch screen with the disparate performance. The 
elderly participant failures mainly originated from that 

they were not very familiar with touch screen products 
and used it in a sudden way. The child participants were 
not tall enough so the fingertips are not at the best angle 
based on Figure 4. After the evaluation, a stool was 
placed at the operating position and we asked the two 
children to test again by standing on the stool. The total 
errors of fingertip operation dropped to 10 so the success 
rate went up to 98%. 

VI CONCLUSION AND FUTURE WORKS 

We have developed an interactive environment using 
binocular stereoscopic vision in which users can interact 
simultaneously with a large screen. The fingertip 
recognition and location method of our system is 
implemented in a simple way so it is not affected very 
much by different shape of fingertips. In order to solve 
the distortion of ordinary cameras, we can divide the line 
of corner into more segments in Figure 7 so it can offset 
distortion problem with higher precision. 

The system has already been implemented in several 
cases like Figures 10 and 11. One of the biggest problems 
is time delay. The latency of the whole system is about 
100 to 300 ms according to size of touch screen. We can 
compensate this latency by using high performance 
processors. However, adding the other factors such as 
joggling of fingertips, inadaptation with the operation 
model, identification error and so forth, latency would be 
the problem which users cannot endure. We also want to 
build an integration of the system so it can be 
implemented easily. In the coming several years, elders 
may sit at their home by using gesture-based touch 
screens to go online or play games. 
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