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 Abstract - At present, many researches have been done on 
the handwriting using static or dynamic signals. And we have 
devised a force sensitive tablet named F-Tablet, which is capable 
of capturing both the dynamic handwriting information and the 
static trajectory of the writing pen. With the core part of the 
multi-dimension force/torque sensor, the tablet can capture the 
two torques and three forces directly. And with the specially 
designed structure, other dynamic and static information can be 
got indirectly. Improvement has been made to the original 
design to get better performance. Ordinary pens can be used to 
write on the tablet. The tablet can also be used as an input device 
for computers or as a development tool for children to improve 
handwriting skills. 
 
 Index Terms - F-Tablet, handwriting signal, multi- dimension 
force/torque sensor. 

I.  INTRODUCTION 

 Biometrics has become a hot subject in recent years 
because the need to prevent unauthorized access to all kinds 
of e-data during this information age. Data from physical 
biometrics such as fingerprints, hand geometry and iris scans, 
behavioral biometrics such as signature, voiceprint, gait and 
mannerisms, and chemical biometrics such as DNA and body 
odor have bas been acquired and analyzed for security 
applications.  

During writing, a writer writes not only the context, but 
also his identity, which is implied in the dynamic writing 
process and the static handwriting. And because of the long 
history of signature and the convenience of the pen and 
papers, we are all accustomed to having a signature signed on 
file to be used as a basis of comparison for verifying our 
signature [1]. Many researches have been done on signature 
and some applications have been found. Rejean Plamondon 
has studied the models and the dynamic characters of writing; 
Sargur N. Srihari has done much work on the static 
handwriting information. The work of Sung-Hyuk Cha.K 
deals with the establishing handwriting individuality. The 
Name and Address Block Reader (NABR) developed at 
CEDAR was installed at most United States IRS processing 
centers, beginning in 1995. Cyber-SIGN provides products 
for signature verification by analyzing the shape, speed, 
stroke, pressure and timing information during the act of 
signing. Communication Intelligence Corporation has 
developed transaction and communication enabling 
technologies for electronic signatures, handwritten biometric 
signature verification, data security, and data compression. 
Softpro SignPlus, Valyd, WonderNet, LCI SMARTpen and 

some other companies have all provide solutions for signature 
identification/verification. 

Generally, the signature can be studied using the dynamic 
handwriting signals, static handwriting signals or both the 
dynamic signals and the static signals at the same time. As the 
dynamic signals are apparently much harder to be imitated by 
others than the static signals, so a wide variety of devices 
have been devised for capturing the dynamic handwriting 
signals. An accelerometer pen is used to capture the two 
direction accelerations and pressure in the z-axis [2]. A dual 
axis accelerometer is used to get the signature’s dynamics [3]. 
The SmartPen is used to capture forces on the pen-tip in three 
directions and angles of the pen-shaft in two dimensions 
(relative to the writing surface) [4]. A “digital pen” is used for 
detecting z-axis pressure [5].  

As we can see that the devices designed for capture 
dynamic handwriting signals can only get the pressure or can 
only get the forces with no other handwriting signals. This 
paper introduces a novel multi-dimension force sensitive 
tablet for handwriting signal capture based on USB, which is 
named F-Tablet. This device is capable of capturing both the 
dynamic and static handwriting information. First, the three 
perpendicular forces between the writing pen and the writing 
tablet directly are captured with a multi-dimension 
force/torque sensor. Then, the other handwriting signals such 
as trajectory, velocities and accelerations of the writing pen 
can also be calculated indirectly.  

The work here is mainly based on the work of [6]. The 
problem of the F-Tablet is analyzed and improvements are 
made to the structure to get better performance. The software 
is also modified to show the forces and trajectories of the 
writing. An USB interface and some filtering circuit are 
added to the conditioning circuit. In the next chapter, the 
structure and working principles of the F-Tablet for 
handwriting signal capture are described at first. Then the 
signal conditioning circuit is given in the chapter followed. 
The experimental results are presented and discussed in 
chapter 4. The problem and improvements are analyzed in 
chapter 5. And conclusions are made in the last chapter. 

II. THE F-TABLET 

 This F-Tablet is capable of capture three perpendicular 
forces of the pen-tip to the contacting plane and torques in 
two directions directly with a multi-dimension force/torque 
sensor. With the specially designed structure, the other 
dynamic signals and the static trajectory of the pen-tip can 
also be calculated indirectly.  
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1 2 3 4  
Fig.1 Frame Diagram of the F-Tablet 

 
Fig.2 Schematic Diagram of Force Action 

 Fig.1 shows the frame diagram of the F-Tablet. It 
consists of 4 parts. Part 1 is a cuboid box and wraps all other 
parts. The signal conditioning circuit (part 2) processes the 
signals from the 3rd part, the multi-dimension force/torque 
sensor. Part 4 is the input tablet of 60×60 mm2, on which pens 
write. It is assembled together with the top of the sensor and 
there is a small clearance to the wrap box. 
 The multi-dimension force/torque sensor, of which the 
bottom is assembled into the wrap box, is the core part of this 
F-Tablet. It measures the forces and torques of the pen-tip. 
The details of the sensor’s working principle can be found in 
[7].  
 The working principle can be learned from Fig.2. When a 
pen writes on the input tablet at point P, force F can be 
decomposed into forces in three perpendicular directions, 
Fx(ti), Fy(ti), Fz(ti). At the same time, Mx(ti) and My(ti) are 
exerted on the input tablet. These five force elements are all 
functions of time ti and can be measured directly by the multi-
dimension force/torque sensor. The coordinates of the point P 
can be calculated from the equilibrium of moments.They can 
be expressed as (1): 
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where h  denotes the distance between he input tablet and the 
origin of the coordinate, that is zp; i = 0, 1, 2, .... The 
velocities and accelerations are the derivative of the two 
coordinates, which can be expressed as (2) and (3). 
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where xv , yv  and xa , ya  are the velocities and accelerations 
in x and y direction respectively; i=1, 2, 3, ...; k = 2, 3, 4, .... 
When t∆ comes to zero, we can get the instantaneous 
velocities and accelerations. Generally speaking, t∆ can’t be 
too small. But when t∆  is small enough, the velocities and 
accelerations calculated can be viewed as the instantaneous 
ones. 
 The angle between the writing pen and the input tablet 
can be calculated from the three perpendicular forces. With 
the coordinates we can figure out the static image of the 
handwriting. Even the stroke order can be got by analysing 
the three perpendicular forces. 
 From the analysis above, we can see that both the 
dynamic and static handwriting information can be got with 
the force sensitive device. 

III. CONDITIONING CIRCUIT 

 The upper limit of the frequency of handwriting is about 
20Hz [2]. Results from our research shows that the maxim 
writing pressure is about 5N, the normal writing pressure is 
between 1~3N and that varies with different person. This F-
Tablet is designed to measure forces between 0~10N, and the 
system resonance frequency is 140Hz, so the tablet is capable 
of capture the dynamic handwriting signal without distortion. 
The conditioning circuit as Fig.3 shows is designed to get the 
5 channel output from the multi-dimension sensor. As the 5 
channel have the same structure, only the 5th channel is 
presented in details.  
 First the 5 output signals from the Wheatstone bridge are 
amplified to big enough to be sampled. As the 5 channel have 
different measurement range, we adjust the operational 
amplifier suitably so that the maxim force or torque doesn’t 
cause any saturation and the small signals can be observed at 
the same time. After that, a RC filtering circuit is used so that 
only signals with frequency between 0 and 20Hz can get 
across. A 12 bit AD is decided to do the conversion. And 
every channel will be sampled at the frequency of 100Hz.  
 Fz can be decomposed into three parts, the gravitation of 
the input tablet, the force exerted to the input tablet when 
writing and the fluctuation of the offset value with the time. 
The other forces and torques don’t have the gravitation of the 
input tablet. During calibration, the effect of the input tablet 
will be eliminated. And the offset value can be viewed as a 
constant during writing and can be subtracted from the 
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captured value at the beginning of writing with specially 
designed protocol. 

Fig.3 Diagram of the Conditioning Circuit
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 USB has many advantages such as self-identifying 
peripherals, automatic mapping of function to driver and 
configuration, dynamically attachable and reconfigurable 
peripherals. USB as a new interface standard with a long term 
perspective is preferred external connection to a host PC. And 
the calculation results show that the whole conditioning 
circuit can be driven by the power from the USB interface. 
USB interface is added to the conditioning circuit. MCU get 
power from USB and regulates it to power other devices. The 
USB is sure to give users more convenience. 

IV. EXPERIMENTAL RESULTS 

 This experiment is designed to verify whether the novel 
writing tablet is capable of capture both the dynamic and the 
static handwriting information. Because the forces and 
torques are measured by the tablet, so there is no requirement 
on the writing pen. An ordinary pen is used to write a Chinese 
character on the input tablet. The conditioning circuit gets the 
5 channel signals and transmits them to the host PC through 
USB interface. Test software is developed to display the 
trajectory using (1) and draw the three forces at the same 
time. The width of the stroke is decided by the pressure 
between the pen-tip and the input tablet or Fz. And because 
the coordinates of the trajectory are calculated from Fx, Fy, 
Fz, Mx and My, so the shape of the displayed character 
implies all the forces and torques of the writing.  
 Fig.4 and Fig.5 show the shape of the Chinese character 
and the three forces during writing. From the shape of the 
character, we can see that not only the trajectory of the pen, 
but also the writing style of the writer can be recorded. And 
from the force curve and the static shape we can even get the 
stroke order. The earliest data captured is displayed on the 
right side in Fig.5. Fz is translated to be positive to give a 
good view. How the pen has gone can be figured out 
combining Fx with Fy. First, the pen wrote the top point. 
Then it went from left to right. Then it goes from top right to 
down left. And then wrote the last stroke. 
 The velocities and accelerations are calculated with (2) 
and (3) respectively. Other handwriting information such as 
the angle between the writing pen and the input tablet can 

also be calculated from the three perpendicular forces. Fig.6 
shows the velocity in X direction drawn with MATLAB.  

 
Fig.4 Handwriting of the Chinese Character 

 
Fig.5 Fx, Fy, Fz of the Character 

 
Fig.6 Velocity in X Direction 

V. PROBLEM ANALYSIS AND IMPROVEMENT 
METHODS 

 This F-Tablet can capture the three perpendicular forces 
between the writing pen and input tablet accurately. But the 
accuracy of trajectory calculated from the forces and torques 
has much space to be improved due to the constructive 
parameters such as stiffness of the input tablet. The error of 
the trajectory depends on the position of the pen-tip and 
increases as the pen-tip moves to the border of the input tablet 

Authorized licensed use limited to: University of Central Florida. Downloaded on December 9, 2009 at 02:21 from IEEE Xplore.  Restrictions apply. 



Proceedings of 2004 International Conference on Information Acquisition 

 247

[7]. And the angle of the force vector, that is the angle 
between the input tablet and the writing pen, also affect the 
resolution of the trajectory [8]. The resolution of the 
trajectory can be expressed as: 
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 We can see that dx and dy are very sensible to Fz. Both 
the pen-down and pen-up will give impacts to the system, 
which will affect the static handwriting shape. This can be 
found very clear in Fig.4.  
 As part 4 of this F-Tablet is just a stiff tablet on which 
pens write. We can substitute it with a pressure sensitive 
tablet, which can be used to capture the trajectory of the 
writing point with very high resolution. And the pressure 
sensitive tablet can also provide the signal that whether the 
pen is writing, with which we can filter the impact and get 
better results. 

VI. CONCLUSION AND FUTURE WORK 

 In this paper, a novel multi-dimension force sensitive 
tablet named F-Tablet for handwriting signal capture based on 
USB is introduced. With a special multi-dimension 
force/torque sensor, we can get the three perpendicular forces  
of the pen-tip to the contacting plane and torques in two 
directions directly. The trajectory, velocities, accelerations 
and angle of the pen-tip can be calculated from the directly 
measured results. And there is no special requirement on the  
writing pen. This device could also be used as a new writing 
input tool for computers. With well developed software, this 
F-Tablet can even be used as a development tool for children 
to improve their writing skills. 

 A number of experiments have been conducted using this 
F-Tablet. Experimental results show that the tablet is indeed 
capable of obtaining forces, trajectory, velocities and 
acceleration signals of the pen-tip. The further work is to do 
some research work on writer identification/verification using 
one kind or several kinds of the signals captured with the 
tablet. 
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