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Abstract 
 

This paper describes a system that traces handwriting 
on paper document under overlooking video camera. This 
work is motivated to capture annotations on paper 
documents written by ordinary pen as an input to computer. 
As the trajectory of the pen tip is extracted from the video, 
each part of the trajectory is classified as ‘pen-down’ or 
‘pen-up’, according to whether the part makes a dark line. 
Detecting written inks is not simple when handwriting is 
made over printed documents.  Because written inks may 
fall on dark regions of the document and often overlap 
previously written inks, simple background checking may 
not work on dark regions. So, we interpolated the 
decisions at the entering and the exiting of the dark region. 
The system makes two-level decisions to achieve both 
speed and accuracy. The classifier makes quick decisions 
based on local information in order not to lose pen trace. 
The local pen up-down decisions are corrected in the 
global point of view when the whole information of the 
writing process is available, such as when the hand is out 
of the view. Experimental result shows that the system 
detects handwritings accurately even on printed documents. 

Keywords: online handwriting trace, annotation detection, 
pen-based interface 

1. Introduction 
Handwriting is the most natural ways of input to 

computers. However, needed are special input devices 
such as tablets, styluses, and Anoto-like pen and papers [5]. 
Capturing handwriting by video camera is an attractive 
alternative because the system would allow the user to 
write on a normal paper with a normal pen.  

By such a technology, we envisioned that handwritten 
annotations and markers are recorded as a new layer 
associated with the document. It opens new interesting 
applications which are needed to transfer handwriting trace 
to others through internet. For example, a student’s 
solution on an exercise sheet can be transferred to a remote 
teacher through network. Then it may be overlaid on the 
same exercise sheet on the teacher’s monitor. We may also 
imagine that handwriting is transferred to a teller in a bank 
during a customer filling out a slip. Then the information 

of the customer is known to the teller before he or she 
shows up in front of the teller with the written slip.  So, the 
processing time would be reduced. 

A few studies have been reported for obtaining 
handwriting trace (i.e. the writing order of the handwriting) 
from a video image sequence [2,6,7,9,10]. The previous 
works have dealt with handwritings on blank paper. So, 
they may not be able to detect annotations or marks on 
preprinted papers. We challenge to online recover of 
handwriting traces not only on blank papers but also on 
papers of printed text and diagrams.  

There are two major challenges to meet our goal. The 
first is that written ink should be detected even when they 
are written on dark region. Tracing written inks should not 
be interrupted by printed ink.  

The second is to meet the real-time online processing 
constraint. Each frame should be processed before next 
frame comes (within 20ms). Otherwise, the next frame 
would be lost and the pen trace would be inaccurate. 

For the online processing requirement, the previous 
works utilized only locally available information and,   
therefore, inevitably showed a bit inaccurate tracing result 
[6,7,9]. We overcame such inaccuracy by using a two- 
level decision making. Quick local decisions by the online 
processing are confirmed or corrected in the global point 
of view. The global checking is performed with enough 
time when the hand is completely out of the camera view. 
By the two-level approach, we achieved both speed and 
accuracy.  

The rest of this paper is organized as follows. In section 
2, the overall architecture of our system is presented. The 
local online processing is described in section 3 and 4, 
where section 3 is for the pen tip tracing process and 
section 4 is for the pen up/down classification process. 
Section 5 describes the global confirmation step. Section 6 
presents experimental results in an evaluation set up. 
Finally, conclusion is followed in section 7. 

2. System Overview 
Our system is composed of a writing space and a video 

camera overlooking the space. The camera captures image 
sequences while the user writes by a normal pen on the 
paper in the writing space. Then the captured image 
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down. We found that a large portion of errors remaining 
after global correction falls in this case. 

7. Conclusion  
Motivated to capture annotations on paper documents 

written by ordinary pen as an input to computer, we 
designed and implemented a video-based handwriting 
tracing system which can extract in real-time handwritings 
written on printed document. From an overlooking video 
camera image sequences, pen trajectories are extracted as a 
sequence of trace segments in the local decision process. 
When the hand exits from the view, pen trajectories are 
confirmed or corrected by the global decision process, 
converting the trace segment sequence into a sequence of 
strokes with a pen-up/-down class label.  

In an evaluation set up, we confirmed our system 
works reasonably well. It correctly classifies trace segment 
in 85.16% accuracy in the local classification and in 98.68% 
in the global classification. The two-level decision is found 
very effective to achieve both speed and accuracy. 

To be more acceptable, the system should handle the 
movement of background paper during writing and be 
more robust for severe lighting variations. 
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