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ABSTRACT 
Current surface technique typically only uses the x-y coor-
dinates. However, when fingers contact a touch-sensitive 
surface, they usually approach at an angle and cover a rela-
tively large 2D area. In this dissertation, we explore and 
identified several useful properties such as contact area, 
contact shape and contact orientation which can be ex-
ploited to improve the performance of natural interaction. 
In addition, we specifically explore the role of finger orien-
tation and present a simple algorithm that unambiguously 
detects the directed finger orientation vector in real-time 
from contact information only. Based on the experimental 
results, we present several concrete recommendations 
which are useful for the research community, and demon-
strate how finger orientation can be leveraged to enable 
novel interactions and to infer higher-level information 
such as hand occlusion or user position. Finally, we present 
a set of natural orientation-aware interaction techniques 
and widgets for direct-touch surfaces.  

ACM Classification: H5.2 [Information interfaces and 
presentation]: User Interfaces. I.3.6 [Methodology and 
Techniques]: Interaction techniques. 

General terms: Design, Human Factors 

Keywords: Multi‐touch technique, finger input property, 
shape, area, orientation, empirical evaluation, orienta-
tion aware interface. 
INTRODUCTION 
Interactive techniques on touch and multi-touch surfaces 
are novel human computer interaction techniques and are 
generating significant appeal in the general public due to 
their inherently natural affordances. One main reason for 
this naturalness is derived from the ability to let users em-
ploy their bare fingers and directly manipulate the system 
without intermediary devices [12]. Researchers have dem-
onstrated that direct-touch interactive displays offer a more 
compelling method to interact with a system than working 
indirectly with a mouse or with other types of pointing de-
vices [4, 5, 8, 11, 15].  

However, there are a few distinct drawbacks which limit 
the application of direct-touch technology. Albinsson and 
Zhai [1] reported that the occlusion of screen data caused 

by the fingers and the hand, very low selection preci-
sion and arm fatigue were significant limitations of touch 
devices.  These drawbacks need to be overcome by new 
sensitive surface techniques.  

To enhance the usefulness of interfaces incorporating sen-
sitive surface techniques and to overcome the drawbacks 
mentioned above, in this dissertation, we empirically ex-
plore a wide range of finger input properties that are capa-
ble of controlling targets, i.e., it is likely that we can con-
trol computers with more natural and more comfortable 
gestures.  Especially for the orientation, we investigate the 
usability of the finger’s orientation and present a series of 
implications and design inferences.  

RELATED WORK 
We refer to earlier literature and investigate the use of fin-
ger input properties in direct-touch surface techniques. We 
then analyze and sort all the input properties of fingers into 
four aspects and illustrate them in Table 1. The four aspects 
are position, motion, physical and event properties. 

Input Property 
Finger Prop-

erty 
Application state 

Position property
Coordinate 
value ( x, y) 

Widely Adopted, firstly stu-
died by Buxton [3] and Lee 

[7] 

Motion property
Velocity First adopted by Tuio proto-

col [6] 
Acceleration 

Physical proper-
ty 

Size of Con-
tact Area 

Partially Used. i.e. SimPress  
[2] in the study of Benko. 

Shape  of 
contact  area  

Rarely used [14]  

Orientation Never used 

Pressure Used, Pressure Widget [10] 

Event property 
Tap Commonly used 

Flick Used 

Table  1. Classification of human finger properties 

In summary, our review indicates that while there is a rich 
body of literature on finger input properties. For example, 
the coordinate values are typically used in current sensitive 
surface technique [3, 7]. And the motion properties, i.e., 
velocity and acceleration,  have been integrated into Tuio 
Protocol [6]. However, there has not been a systematic 
investigation into the full range of human finger input 
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properties, especially regarding contact shape and finger 
orientation. Even the currently adopted finger properties, 
such as coordinate values and contact area, still contain a 
lot of unexplored issues. Thus, this is an area that is ripe for 
further research. 

FINGER INPUT PROPERTIES 
The human hand is a complex mechanism. When one fin-
ger contacts the touch panel, the multi-touch device can 
only output the contact area coordinates (x, y) of the flat 
(2D) surface. Due to the limitations of fixed 2-D touch 
screen surfaces, the actual number of DOF is reduced to ten 
in the condition where five fingers are used simultaneously. 
This decrease in the DOF number seriously reduces the 
number of gestures available to interface designers. Based 
on a survey of earlier studies, we concluded that current 
multi-touch techniques do not fully exploit the characteris-
tics of the human hand or fingers. The finger’s function in 
currently available multi-touch interfaces is merely to posi-
tion the cursor and to click events. 

 

Figure 1 shows the properties of the fingers in multi-
touch techniques: contact area, shape, orientation.  

Actually, more useful finger’s properties can be considered 
in the interaction design. Figure 1 shows the properties of 
the fingers in multi-touch techniques: contact area, shape, 
orientation besides the coordinate values.  

 
Figure 2. Shape of the contact area of the finger. 
The area with the black color shows the finger im-

print. 

In order to obtain all the properties in real-time system, a 
image processing algorithm is used. Figure 2 shows the 
imprint of the finger contact area. This shape can then be 
fitted into a perfect ellipse using least-square fitting, as 
presented in[13] three parameters, i.e., width (minor axis), 
length (long axis), slant angle, can be calculated to describe 
one touch area of a finger. It should be pointed out that the 
algorithm cannot calculate the slant angle while fingers are 
vertical touch on the panel. Two constrain conditions such 
as contact area and width/length rate should be considered 
to ensure the orientation can be obtained. 

ORIENTATION AND DETERMINATION 
Obvious, the slant angle in Figure 2 is ambiguous. From 
the contact shape fitting step we have acquired the 
undirected finger orientation θ. However, the true direction 
of the finger could be either θ or 180° + θ. The key 
innovation of our algorithm is to resolve this ambiguity by 
considering the dynamics in the finger landing process. 
Considering the finger’s deformation, by tracking the 
variation of the contact center during the landing process, 
we can roughly infer which side the user’s palm lies in, and 
in turn which direction the finger is pointing to. The 
algorithm is presented in [12] in detail.  

EXPERIMENT DESIGN 
The three different kinds of experiment are implemented. 
The experiment design are presented in literature [12, 13]. 
The goal of the experiment is to empirically evaluate the 
direct touch precision in vertical touch gesture and oblique 
touch gesture (Figure 3), to evaluate the variation of touch 
area between vertical and oblique touch gestures (Figure 4), 
and to assess the performance of our finger orientation de-
tection algorithm, including the stability and precision in 
determining orientation of static and dynamic fingers (Fig-
ure 5).  

Tapping 

   

Figure 3. (a) shows the vertical touch gesture, the 
finger tip is vertical to the screen.  (b)  shows obli-
que touch. 

Tapping is a primary natural finger gesture used in most 
current multi-touch interfaces. We designed a simple tap-
ping task to investigate the precise tapping ability of the 
five fingers of the dominant hand. The difference from 
other studies is that the size of the target was fixed. We 
referred to the experiment design proposed by Sears and 
Shneiderman [21]. This task includes two sub-tasks: one is 
vertical touch and the other is oblique touch (see Figure 3(a) 
and Figure 3(b)). 

Rocking 

  

Figure 4. (a) is defined as finger rocking and (b) is 
defined as finger orientation rotation.  



 

 

A rocking task was used to investigate the variations in the 
finger contact area for both gestures and the rotatable range 
of finger orientation. At first, the subject used his or her 
finger to vertically touch the Figure 4 (a) is defined as 
“vertical touch”. (b) shows the gesture of “oblique touch”. 
widget’s panel and then he/she tilted the finger down. And 
second, when the finger was in an oblique state, the user 
horizontally rotated the finger clockwise and counter- 
clockwise to change the finger’s orientation to the maxi-
mum on the premise of maintaining user comfort (see Fig-
ure 5). 

Orientation Evaluation 

 

Figure 5. Evaluation tasks. (a) Static orientation 
precision task. (b) Dynamic orientation precision 

task. (c) Involuntary Position Variation task. 

This task is to examine the orientation detection precision 
for a static finger, examine the orientation detection preci-
sion when the finger is moving and rotating on the surface, 
and examine the involuntary variation of finger position 
coordinates (x, y) associated with a finger rotation. An in-
voluntary variation in position occurs when the user inci-
dentally moves the center coordinate of the finger during a 
rotation. 

Apparatus 
The apparatus we used in the study is a direct-touch table-
top surface based on Frustrated Total Internal Reflection 
(FTIR) technology [5]. The experimentation software is 
built upon the Touch-Lib open source API [9], augmented 
by our finger orientation detection algorithm. The software 
runs on a 2.4GHz Duo Core PC with Windows XP SP2 
operating system. 

RESULTS 
In order to deeply analyze the finger touch procedure and 
to obtain more precise position coordinates, we divided the 
tapping procedure into three states: Land On, Stable and 
Lift Up, in each of the touch gestures. Land On refers to 
the state in which the user first contacts the screen and the 
moment when the multi-touch device detects the finger’s 
initial contact. Stable refers to the state during which the 
finger is stably in contact with the screen surface. Lift Up 
is the final state where the finger lifts up from the touch 
screen. 

Touch Area Center Point Variation 
The values of Land On-Target are larger than the values of 
Stable-Target and Lift Up-Target. The values of Stable-
Target and Lift Up-Target are closer. There are significant 
differences between Land On and Stable (F1;8 = 9.56, p 

< .05), and between Land On and Lift Up (F1;8 = 5.75, p 
< .05). However, no significant difference was found be-
tween Stable and Lift Up. 

Target Selection Precision 
First, the precision for target selection of the index finger, 
the middle finger and the ring finger is relatively better 
than the precision of the thumb and the little finger.  

Second, the radius of circular targets needs to be greater 
than 14.38 pixels (5.76 mm) and square targets need to be 
at least 28.76 pixels (11.52 mm) per side to maintain direct 
touch precision. 

Area Variation 
Based on the data regarding the physical size of the finger, 
the width and length of the contact area in vertical touch is 
approximately 30% - 40% of the physical width and length 
of the full finger-pad (end-joint). In the oblique touch state, 
the average width is approximately 90% of the physical 
finger tip size, while the average length is approximately 
70% - 80% of the physical finger tip.  

In addition, the size of touch area has significant difference 
between two gestures. The area of oblique touch is at least 
5.5 times the area of vertical touch. 

Orientation And Relation Results 
Static Orientation Stability. The average variation range 
during each finger dwelling period is 0.59° (std. dev.= 
0.15°). 

Static Orientation Precision. Results of Task 2 show that the 
detected finger orientation matches closely with the finger 
orientation perceived by the user. The average detection 
error is +0.57° (std. dev. = 3.20°). ANOVA showed no 
significant difference between the detected finger 
orientation and the perceived orientation, indicating the 
detection error was not biased towards one specific 
direction. We obtained an upper bound of 5.84° and a 
lower bound of -4.70° at the 95% confidence interval. 

Dynamic Orientation Precision. The results of task-3 show 
that the continual orientation tracking algorithm is reasona-
bly accurate across the whole movement range. The aver-
age orientation errors is 1.44° (std. dev. = 17.18°). Again 
ANOVA showed no significant difference between the 
detected finger orientation and the perceived orientation, 
indicating the lack of systematic detection bias. The upper 
and lower bound at the 95% confidence interval was -
26.81° and 29.69° respectively. 

INFERENCES FROM FINGER ORIENTATION 

Estimating Occlusion Region 
For the design of direct-touch interactions, hand and finger 
occlusion is often a major concern that cannot be entirely 
avoided. However, based on the position and orientation of 
the finger touch, we could effectively estimate the hand 
occlusion region on the fly, and adapt interface layouts to 
minimize the impact of occlusion. 



 

 

Considering the anatomy of the human finger and palm, we 
estimate the occlusion region to be a circular sector 
opposite to the finger orientation Φ, with the vertex at the 
center of the finger tip (x, y), and the central angle at 
approximately δ = 60° (angular value selected from[5]; 
Figure 6).   

 

Figure 6.. Occlusion region estimation. 

With knowledge of the occlusion region, we can dynami-
cally place content and interface elements outside it. In 
addition, we can design special interface widgets that adapt 
to accommodate the finger orientation and avoid occlusion. 
For example, a pie-menu or torus-menu with a gap can 
dynamically reorient itself so that the gap is always aligned 
with the body of the finger (Figure 7). 

 

Figure 7. Menus adapting to finger orientation to 
avoid occlusion. (a) Pie menu. (b) Torus menu. 

Inferring User Position 
Based on this information, for a pair of finger touch points, 
we calculate the intersection point I of the two straight 
lines aligned with their positions and orientations. For each 
fingertip position P with orientation Φ, we calculate the 
orientation angle ΦIP of ray IP (i.e. pointing from I to P). If  
|ΦIP – Φ| < 90°  and distance |IP| < td (td is an empirically 
determined threshold, chosen to be 140 mm in our 
implementation) for both fingers, we determine that they 
belong to the same hand (Figure 8a). Otherwise the two 
fingers belong to different hands (Figure 8b). In the latter 
case we may also infer whether the two hands belong to 
different users in some simple cases (Figure 8c).  

 

Figure 8. Inferring relationship between fingers. (a) 
Same hand. (b) Two hands from same user. (c) 
Two hands from different users.  

CONCLUSION 
Our results indicate that the five fingers of one hand 
present different abilities and potentials for target selection. 
Based on the results of our experiment, the shape of the 

finger contact area, the size of the contact area and the 
orientation of the contact finger are effective finger 
properties that are useful for the design of natural multi-
touch gestures. We then explored user interface designs 
that leverage this finger orientation information, as well as 
further inferences that can be made from finger orientations. 
These designs and inferences can be useful for interaction 
with a variety of direct-touch devices that generate finger 
orientation information, either using our general algorithm 
or other more specialized sensing technologies. Our work 
shows that finger orientation is a feasible and valuable 
input dimension that can be utilized for novel interactions 
on interactive surfaces. 
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