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Abstract -  H u m an  C o m p u te r  In tera ctio n  (IIC I) is on e o f  th e  
m a jo r  d isc ip lin es  in  th e  fie ld  o f  c o m p u tin g  w h ich  d e fin es  th e  w ay  
p eop le  in tera ct w ith  m a ch in es . H C I is a c o m b in a tio n  o f  c o m p u ter  
sc ien ce , b eh a v io ra l sc ien ce , d e s ig n  an d  sev era l o th er  areas  w h ich  
d eterm in es  th e  best and  o p t im iz e d  w a y s  to in tera ct w ith  
co m p u ters . T h e  w ay  p eo p le  in tera c t w ith  m a ch in es  ch a n g ed  
d ra m a tica lly  a fter  th e 2 1 ” cen tu ry  d u e  to  th e  a d v a n cem en ts  o f  
the co m p u tin g  d ev ice s . C o m p u te rs  b eca m e  m ore  p o rta b le  and  
em b ed d ed  to  th e e n v ir o n m e n t w ith  th e  im p ro v em en t o f 
p ro cess in g  p o w er  and  m in ia tu r iz a tio n  o f  d ev ice s . .New co n cep ts  
such as u b iq u ito u s c o m p u tin g  are a lso  em e rg e d  w ith  th ese  
a d v a n cem en ts  o f  te c h n o lo g y . T ra d it io n a l IIC I c o n cep ts  w ere  
fa iled  to m eet th e  r eq u ir e m e n ts  o f  th e  em e rg in g  tech n o lo g ies  
sin ce  m ost o f  th ese  new c o n cep ts  r eq u ire s  n a tu ra l in tera ctio n s  
ra th er  u sin g  ta n g ib le  d e v ice s . T h is  p a p er  p resen t a co m p u ter  
vision  b ased  in tera c tiv e  su r fa ce  a p p lica tio n  fo r  h u m an  com pu ter  
in tera c tio n  w h ich  en a b le  u sers  to  p e r fo r m  Q W E R T Y  k ey b o a rd  
and  m ou se  in tera c tio n s  on a flat su r fa ce . P r im a r ily . th is research  
a d d resses  th e  e x ist in g  issu es  re la ted  to g e stu r e  b ased  in tera c tiv e  
in ter fa ces  by p r e se n t in g  a n ovel a p p ro a c h  to p er fo rm  
in tera c tio n s  w ith o u t s te re o sco p ic  v is io n  and  w e a ra b le  m ark ers. 
T h e  p ro p o s in g  ap p ro a ch  p resen t a sy ste m  ( \ - T o u c h )  b a sed  on 
H a a r-lik e  fea tu res  w ith  s in g le  ca m e ra  and  a la ser  p ro jec tio n  
m o d u le  th at a llo w s  u sers  to  p e r fo r m  tr a d it io n a l k ey b o a rd  and  
m ou se  in tera c tio n s  n atu ra lly  u sin g  low cost h a r d w a re  setup .

Keywords - In tera ctiv e  su r fa ce . H a a r-lik e  fea tu res . 
A u g m en ted  R ea lity . IIC I. \  ir tu a l K ey b o a rd  an d  M ou se

I INTKOIM CTION

With the emergence of new technolo'gies such as ambient 
intelligence and ubiquitous computing, human computer 
interaction has dramatically changed during last decade. 
Modem computing devices are more compact and equipped 
with several embedded technologies. Considering the 
emerging interaction technologies, interactive virtual surfaces 
arc great potential in human computer interaction which 
provides natural interaction for augment reality and virtual 
reality applications [I]. Interactive surfaces are surfaces that 
enable users to interact with the device using their hands, 
special pen or other wearable devices. The advantage of 
interactive surface is that the surface can be any flat surface, 
for instance table, book, wall or even paper etc Interactive 
surfaces can be used to display information and to interact 
with devices using the surface. Hand tracking and gesture 
recognition is very flexible to use with interactive surfaces 
due to its natural interaction without any expensive hardware 
devices.

Number of research has been already carried out relevant to 
the particular discipline. Malik and Laszlo's Visual Touchpad
[2] demonstrated an interactive surface that uses stereoscopic- 
vision and enables users to interact using bare hands. Sixth 
sense [3] is another gesture based interactive application 
which uses a setup with projector and camera. This approach 
requires wearing color markers at fingers to detect gestures. 
Some early work of literature revealed on virtual keyboards

which use colored markers and head mounted displays [4] and 
3D optical ranging [5]. Haar-like features were also used for 
virtual keyboards and gesture recognition for HCI applications 
[6], [7]. These applications have some limitations since these 
approaches solely based on Haar-like features

Figure I Interactive surface systems (a) Visual touchpad, (b) sixth sense, 

(c.d) ARK Ft, (e.f) td  true optical ranging keyboard

Recognition of hand postures and gesture can be identified 
as one of the key challenges in the vision based interactive 
surfaces. There are number of different hand gesture 
recognition approaches available including skin color 
segmentation, deformable templates, Haar-Like features. 
Hidden Markov Model etc. Haar-like features identified as a 
robust way to detect the postures, gestures without wearable 
markers using set of trained classifiers. Viola and Jones [8] 
presented Haar-like features initially for the detection of faces. 
This approach was also promising in any object detection and 
therefore some researches were successful for detection of 
hand gestures using Haar-like features [9].

As mentioned above, interfaces introduced in recent 
approaches require either stereoscopic vision or markers to be 
wear by the user [2]-[5] or they are week in terms of 
performance and rather difficult to interact [6], [7], Thus these 
applications arc failed to provide natural markerless 
interaction with inexpensive hardware setups.
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This paper presents an interactive surface to stimulate 
traditional keyboard and mouse interactions by tracking and 
identifying hand postures and gestures using single camera 
and laser based setup with trained Haar cascade to detect hand 
postures. This study ts mainly investigates solutions for 
flexible, natural and optimized way to interact with 
computers.

11 H A A R -L IK E  FEATURES

Haar-like features are image features that used to object 
detection. This was originally proposed for the face detection 
by Viola and Jones [8], [10]. Haar-like features consist two or 
more adjacent white and black rectangles. The value of the 
feature is calculated as the different between the sums of the 
pixel intensity values within the white and black rectangles.

Practically it is difficult to detect an object with a high 
accuracy level when it uses single Haar cascade that defines a 
single Haar- like feature. Therefore AdaBoost machine 
learning algorithm is used to improve the accuracy based on 
series of weak classifiers.

III. DESIGN AND IMPLEM ENTATION

This section describes the system architecture of the 
interactive surface in terms of logical and physical 
arrangement of components. The presented system includes 
four stages: keyboard mapping, impact detection, posture 
recognition and interaction. Initially keyboard layout is 
mapped into the keys at the keyboard mapping stage. During 
the impact detection stage, any interaction performed by the 
user is identified. Posture recognition stage is used to identify 
the hand postures that are reserved for the mouse interaction 
and determine whether the action is an interaction of mouse or 
keyboard. Interaction stage is finally used to perform the 
identified interactions by sending the appropriate commands 
to the system.

Figure 2: Sel o f  Haur-Like features

Rectangular features of the Haar-like features can be 
computed using an intermediate representation of an image, 
which is defined as integral image by Viola and Jones [8], 
The integral image at location of (x, y) contains the sum of 
pixel values above and left of (x, y) inclusive:
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Figure 3 Integral image concept

Sum of the pixel values in the area D can be calculated as:

Camera
(acquisition}

_____ .He______ V

Background
S u b tra c t io n

I r rp a c t
D e te c t io n

G e s tu re
R ec o g n itio n

| G esture Recognition ^

Impact D etection |

IVAVSS

B ack g ro u n d
S u b tra c t io n

K ey b o ard
D e te c t io n

K ey b o ard
M ap p in g

KB mapping .

_____________ .
K ey b o ard M o u se

In te r a c t io n I n te r a c t io n

I Interact>o*i stimulation ModcJe

Figure 4: System Architecture
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To detect an object of interest, the image is scanned for 
particular Haar-like features. Corresponding weak classifier is 
defined based on the Haar-like feature.

Considering a particular Haar-like feature /j, corresponding 
classifier hj{x) is determined using equation (2) where x is 
sub window, 0 is threshold and p; indicate the direction of 
inequality sign.

A Hardware Setup

Hardware setup include a typical low cost web camera, 
650nnt laser module (which can be found on typical barcode 
readers) which projects horizontal laser line over the surface 
and printed QWERTY keyboard layout (optional - because 
system can also use with augmented reality keyboard). 
Camera setup should be in a stable position over the display, 
which is mounted using cither a stand or fix into the top of the 
monitor as illustrated in figure 5. The field of view of the 
camera should cover complete keyboard layout. Laser beam is 
also projected parallel to the surface where the beam projects 
over the surface above 2-3 mm. USB port was used to provide 
tire power requirement for the laser module (3.0 - 4.5 V)

12th & 13th December 2013 2013 International Conference on Advances in 1CT for Emerging Regions (ICTer)



250 C.R. Dikovita#], D.P. Abeysooriya#2

After detecting the keyboard layout, all the keys arc created 
as objects and assigned the X and Y coordinates for each key.
X. Y coordinates are pixel values of a particular key according 
to the video resolution. Four coordinate values are used to 
store the position of each and every key.

VkeyN C*np ^np'ynp> ynp) (3)

C. Impact Detection

During this phase activities of the user on the surface were 
detected using the laser beam. This approach relies on the 
laser beam impact on fingertips. The colored fingertips are 
identified using background subtraction and by only selecting 
color values lay between the color ranges of laser beam.

_ (255 i f  (RGBmm < RG B plx <  RGBmax)
1e x t  ~  )  _  ,  I 'M

t 0 o th e rw ise

Figure 5 Hardware setup 

IS Keyboard Mapping

Thresholding effect is initially applied to the captured image 
to segment the keyboard layout from the background Then 
contour detection is used to identify the contours of the keys 
and the identified contours were analyzed and mapped to the 
each key of the keyboard. Users are allowed to switch to the 
augmented reality keyboard if printed keyboard layout is not 
detected In augmented reality keyboard, virtual keyboard 
layout is augmented to the captured image, enabling users to 
interact with virtual keyboard. Figure 1 Virtual Keyboard thleractions sample keystroke

Figure 6 Keyboard detection (a) Initializing, (b) delected keyboard, (e) 

augmented reality keyboard

Keyboard contour is assumed to be the biggest square 
shaped contour detectable in the printed keyboard layout. The 
positioning of camera is important to detect the keyboard 
accurately.

Positive color pixels between the given color range is 
identified as the laser impact on fingertip and output is given 
as a set of coordinates w hich defines the impacts for further 
processing. These interactions can either be mouse 
interactions or keystrokes and these are determined according 
to the postures using Haar cascade classifier

D Hand posture detection using Hoar-Like features

Set of trained Haar cascades were used for the detection of 
hand which is in different postures during the interaction. This 
approach determines whether the interaction is mouse or 
keyboard interaction. This process only executes when an 
impact on laser beam ensued and therefore docs not affect 
negatively for the application performance. Three separate 
Haar classifiers were used to identify three different hand 
postures. Depending on the number of impacts detected, 
application selects the appropriate trained cascade to identify 
the hand posture which is assigned to the particular mouse 
interaction events. The separations of classifiers for different 
events significantly reduce the processing time for object 
detection. This step improves the interaction significantly by 
avoiding the switching times between the devices. For the 
training process of each classifier, 500 positives and 1000 
negatives were used. Positive samples include positives 
which were taken under different lighting conditions and 
different backgrounds to improve the detection rate of the 
postures under different lighting conditions.
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1 Interaction

1) Keyboard Interaction: If the interaction is not
lentified as a predefined hand posture by Haar classifier, it is 
Jentified as a keystroke. The coordinates of the impact is 
latched against the coordinates of each key object in order to 
Icntify which key is pressed. The corresponding key that lies 
rithin the coordinates of the touched location will identify 
ttd key press event will invoke. When user removes his/her 
hger, the key up event is fired by the system and release the
ey

2) Mouse interactions: If the trained Haar classifiers 
Icntify the interaction as one of the three hand postures 
'hich is reserved for mouse interaction, the application will 
ivitch to the mouse mode and perform the particular event 
ingle impact on laser stimulates the cursor while two impacts 
ifer to the mouse click events. Index finger is used for the 
irser while index with thumb is used for left click and index 
ith middle finger used for right click posture To perform 
rag operations, same gesture can move through the surface 
ithout lifting the fingertips abov e the surface. Any posture or 
:sture detected without a laser impact is not considered as a 
did mouse interaction. The interaction is valid only if the 
:sturc is valid mouse gesture and detected in the presence of 
ser impact with the surface

igurc 8 1 a 1 Left click gesture using index and thumb fingers (b | Pointing 

gesture using index finger

IV. Ex p e r im e n t a l  r e s u l t s

False
detections

M issed
strokes

Incorrect
detection

Typing
accuracy

Avcrag 
c typing 
speed 
(wpm)

User set 
1

3.6% 7.3% 5% 84.1% 55 2

User sol 
2

6.5% 13,2% 9.2% 71.1% 364

Average 5.05% 10.25% 7.1% 77.6% 45.8

Table 1 System usability test summary

Performances of the trained Haar classifiers were also 
evaluated. A sample of 100 positive images of each posture 
which were taken in different light conditions was used for 
this evaluation.

Posture Hits Missed False

Pointer 92 8 17

Right click 88 12 9

Left click 95 5 14

Table 2 Performance o f trained classifiers

Test results were at satisfactory level to prove that the 
application is able to provide accurate interaction by using 
low cost setup without wearing any color markers. 
Demonstration available at: http://youtu.be/41xqdi7.IgQ4

V. C o n c l u s io n

A laser based marker-less interactive surface using Haar- 
like features which enables mouse and keyboard interactions 
is presented The proposed system used single typical web 
camera and a horizontal laser projection module with printed 
keyboard layout to stimulate all the traditional keyboard and 
mouse interactions without the need of wearing any markers. 
Thus the research successfully presents a low cost interactive 
surface mechanism that provides markerless natural 
interaction, with the satisfactory results of its evaluation. Lew 
issues were identified in the posture recognition when 
interacting in poor light conditions. The remaining challenges 
are to improve the accuracy and to overcome the issues 
identified with the multiple key presses.

In order to evaluate the system, all the components were 
sted successfully after complete setup arranged according to 
e given guidelines. The designed application was executed 
:ing a workstation with Intel Pentium dual core 2.7 Uhz 
ocessor. The keyboard and mouse interactions were able to 
irform accurately. Few issues were arisen when users 
essing multiple keys by intersecting laser beam in same 
rtical line Also false impacts were detected when objects 
ith same color of the laser beam is detected on the surface. 
>r experiments, two sets of users were used to operate the 
^tem. Since this was a novel way to interact with the 
jinputer, most users were not feeling natural and familiar to 

the proposing system and that also caused some erroneous 
ractions during the testing process. Therefore to 
ctivcly evaluate the system, two sets of users with (user 
1) and without (user set 2) prior interaction experience 

le used.

VI. FUTURE WORK

The accuracy and the robustness of the posture recognition 
can be improved by training the Haar classifier with more 
positive and negative samples. Also Haar classifier can be 
trained to detect more postures to assign to other interactions 
such as zooming, closing, maximizing etc. Infrared laser diode 
can be also used for the laser projection to avoid the false 
detection occurred due to the objects of the same color range 
of the currently used laser module.
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