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ABSTRACT 

The human stomach i s  difficult to recognize in  an X-ray 

because of its elasticity. Global information of the stomach or 

are- of similar density is required for easy recognition The 

authors have developed a method for r i d ing  the bo rda  line of a 

stomach by using computational geometry. The method i s  

composed of three steps. In the f i s t  step, the edge is enhanced. 

and then edge pieces are selected as candidates for the border. 

Because the resulting border is almost always incomplete, a 

method f a  connecting the pieces is required. In the second step, 

we use computational geometry to create the global structure from 

the seledcd edge pieces. A Delaunay graph is drawn from the end 

points of the pieces. This enables us to decide which pieces are 

most likely to connect. In the third step. we use the shape of a 

stomach to find the most appropiate sequence of the pieces. The 

knowledge is described us simple LISP functions. 

Because a Deraunay gmph is planer, we can suppress the number 

of candidate pieces while searching the most likely sequence. We 

applied this method to seven stomach pictures of double contrast 

method and found the grearcr curvatme in six cases. Enhancement 

of the shape knowledge will impmve the the recognition accumcy. 

1. DESCRIPTION OF GLOBAL STRUCTURE 

1.1 C b m c t a i a i a  of The Stommcb: 

Though the study of automatic recognition of the h u m a n  

stomach started in early 1970's [I], there is still no algorithm with 

sufficient accuracy. There are two major reasons for this. One is 

that since the stomach is an elastic object, the template matching 

is inadequate. The other is that the X-ray picture contains many 

obstacles such as the spine a ribs. These obstacles have edges 

with properties almost the same as that of the stomach. Thus. 

stomach edges are difficult to distinguish from spine edges when 

matched filtering is used. 

Because of these matched filtering limitations. the knowledge of 

global structure must be used under specir~ed control [2] to select 

appropriate edges from among those in the picture. Nakamun et 

al. [3] proposed an algorithm that considers the global shape of a 

stomach border line. In their algorithm, edge detection by filtering 

is applied first. The resultant picture is composed of many edges 

of both the stomach border line and the obstacles ( spine ). As 

usual with edge detection, the stomach border line is n o t  

continuous due to the noise. To find the true border line ( i.e.. 

edge pieces )of the stomach, they search the most likely sequence 

of edge pieces. Then, they used regional search to find the 

neighboring pieces, and connected these pieces to form curve 

candidates for the border line. The ahape of the curve was 

evaluated using the knowledge of the stomach shape. After several 

iterations of connection and evaluation, the most likely sequence 

was found. 

The algorithm proposed by Nplcamura et al. is important because 

i t  shows the effectiveness of the knowledge of global shape. 

~fowever. this algwithm her two areas that require improvement. 

The first is the enormous amount of computation required by the 

regionnl search. The second is the inflexibility of the knowledge. 

because it is implanted within a procedud computer Innguage. In 

other words, the global structure expressions are implicit. 

1.2 Urug Corprrstiolrl (;CPI~&~: 

The authors propose the use of computational geometry to 

overcome the problems mentioned in the lust section. We used a 

Delaunay graph to express the global structure of the piaure. This 

method has many excellent features. First, it giver an explicit 

expression of the structure of an object. This enables us to use the 

knowledge of the stomach shape to write a program having a n  

explicit expression. and thus, making the knowledge flexible. 

Second, many fast, effective algorithms have been developed by 

specialists i n  this field. Ohya's algorithm [4] for making a 

Voronoi diagram is especially advantageous. Because this 

algorithm runs with a linear order relative to the number of 

points. we can create a fast program for determining the struchlre 

of the picture. Third, the Delaunay graph reduces the amount of 

computation when seerthing the neighboring edge pieces. Because 

the Delaunay graph is a planer graph, we can limit the number of 

candidate edge pieces to 6 .  which is a constant independent of the 

input size. Use of the Gmputational Geometry is described in the 

next section. 





There are 2 remarks to improve the result in last section. 

(1) We restricted the recognition target to the greater curvature 

only, as mentioned in sec. 3. Though this is not enough to 

u t r a a  the whole stomach, the greater curvature represents the 

position of the stomach and gives intormations of other parts of 

the stomach. For example, the position of the lessor curvature can 

he found by using the relative position from the greater curvature. 

The authm think that it is best to present my part of the stomach 

with the relative position from the greater curvature. 

(2) In step 2 in sec.2, we draw the Delaunay graph from the end 

poinu of the line piecea only. This is insufficient when the edge 

piece is a long curve and the Delaunay edge is far away from that 

piece. (In this study the picture is noisy enough to avoid such 

cases.) To correct this insufficiency we had better use the 

intumedinte poinu of a edge piece to d m  the Delaunay graph. 

However, our result shows that global structure expressed with 

computational geometry is useful to find the border line. This 

technique also considered useful for o tha  objects that change its 

shape, such aa human faces. To widen the application of this 

algorithm, father more study on the description of the global 

structure is recommended. Chpnging the future extraction step 

(step 1 ) will also widen the application of this algorithm, for 

example, application to the stomach pictures taken by full- 

stomach method. Another improvement method is to feed back 

the results of step 3 to step 1 [2]. Researches on this 

improvements is the next w e t  of the authm. 
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