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Abstract 
A computer-aided system for transformation of mathematical figures into tactile graphics is useful 
for the visually impaired when they learn mathematics and science. To develop such a system, a 
study of mathematical figure recognition techniques is needed. It is natural to assume that (1) a 
mathematical figure includes characters and mathematical formulas to explain lines or curves that 
are graphical expressions of functions or relations, and (2) graphs are sometimes drawn using 
broken lines. Under these assumptions, this paper discusses methods of (1) separating a mathe-
matical figure into the character components and the graph components, and (2) extracting each 
character string and mathematical formula. 
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1. INTRODUCTION 
We have been studying a computer-aided sys-
tem of transformation of mathematics and 
science. But, most of these graphs are in visual 
form, they cannot be utilized by visually im-
paired users. Through tactile graphics, pictures 
can be understood by the visually impaired. 
This is because tactile graphics are produced 
by raised patterns which can be felt with the 
fingertips. Although tactile graphics are useful 
for visually impaired students when they learn 
mathematics and science, in 80% of Japanese 
schools for the visually impaired, there is no 
department to produce tactile teaching  mate-
rial[10]. Usually, teachers produce most tactile 
graphics using less intelligent computer-aided 
systems. So, a better computer-aided system of 
making tactile graphics is needed. 

Graph recognition techniques are necessary to 
develop such a system. There is some research 
on graph recognition. Aso et al.[9] studied a 
graph recognition method, and in their method, 

graphs must satisfy many assumptions. For 
example, a graph has to be drawn inside a 
rectangular area that is specified by the x-axis 

and the y-axis. The graph recognition methods 
introduced by the authors[3][7][11] must also 
satisfy assumptions about graphs. But, many 
mathematical figures do not satisfy all of the 
assumptions. Therefore, to develop a com-
puter-aided system for transformation of 
mathematical figures into tactile graphics, it is 
necessary to study mathematical figure recog-
nition techniques. 

We are developing such a computer-aided 
system[13]. Our system first separates an im-
age of a mathematical figure into two images, 
the character components and the graph com-
ponents. This is because a mathematical figure 
often consists of these two kinds of compo-
nents. The graph image may then be trans-
formed into a tactile graphic. The character 
image usually includes character strings and 
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