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ABSTRACT

We detail the process of  creating an efficient and innovative system for retrieving medical images based on their content, one 
that can extract and index crucial information like the morphology of  regions. We begin with a review of  the system’s architec-
ture and its primary parts. We have investigated a quick active contour method based on the geometric heat differential equation 
for grayscale segmentation to detect areas. A collection of  shape-based characteristics is used for region representation. We 
use a method for organizing features using -dimensional feature vectors. In order to get images, the procedure compares query 
vectors to indexed feature vectors for similarity. We arrange the feature index using a convex hull model that uses the heat dif-
ferential equation to decrease the search space. Certain parts of  our strategy have been tested and validated via the execution of  
experiments. Lastly, the computational complexity of  the system, along with its benefits and drawbacks, are examined.

INTRODUCTION 

Content-Based picture Retrieval (CBIR) approaches, which use 
automatically derived characteristics like color, texture, and 

form as search criteria [9], have garnered a lot of  attention in re-
sponse to issues with conventional picture indexing methods [5]. 
Interest in the CBIR issue is on the rise in medical applications like 
medical records systems, and it is a difficult area of  current study 
[6]. The capacity to search for photos with certain attributes using 
non-text information would provide a strong new dimension to 
medical photography. The most prevalent types of  images includ-
ed in medical image databases are X-ray, MRI, CT, and ultrasound, 
however many more modalities are also included. To be useful, 
CBIR approaches for big picture databases need lightning-fast que-
ry and retrieval times. Our study has shown that doing focuses on 
efficiently searching for relevant traits by extracting and indexing 
them.      

Among the various illnesses recognized by medical professionals, 
shape information is among the most crucial and effective criteria 
[8, 13, 14]. We are focusing on developing new and efficient meth-
ods for extracting and intelligently indexing important information 
regarding radius shape in order to construct a broad picture database 
capabilities. It is assumed in this article that the photos are first treat-
ed to maximize contrast and eliminate noise. Next, we need to extract 
the regions that are of  interest. We provide a quick active contour 

technique that relies on the geometric heat differential equation, but 
there are other ways to segment images [10, 14, 15]. Subsequently, a 
collection of  extracted features including boundary support, convex 
hull, number of  concavities and their geometric properties, bound-
ary extrema, and number of  boundary segments are used to charac-
terize the region’s borders. In order to retrieve images, the algorithm 
uses a similarity measure that is specific to the form characteristics 
that were extracted. Combining this shape data with others, such 
grayscale or texture, allows for more complex searches, which in turn 
makes the retrieval process more broadly useful. Lastly, we detail the 
computational complexity of  our strategy, along with its benefits and 
drawbacks. 

2	 General System

A content-based image retrieval system consists of  two main func-
tions: 1) extracting and indexing feature informa- tion from the im-
ages and 2) searching the index to retrieve images whose features 
are most similar to the query.   To be meaningful, an indexing sys-
tem should address the fol- lowing steps [1]: segmentation; feature 
extraction, repre- sentation and classification; and feature indexing. 
Figure 1 illustrates the major steps involved in such a system, both in 
preparing the index of  feature vectors and in querying this index to 
determine which images most closely match a given query. Features 
may be specified either directly or extracted from a provided query 
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image.
The retrieval system should be capable of  efficiently comparing the 
query features with the set of  indexed fea- tures contained in the 
image database [11]. For this purpose, an appropriate similarity met-
ric is needed. The choice of  data structure is key to searching the 
index very efficiently. In very large databases, it is important to avoid 
searching the entire index. Hence, techniques for reducing the search 
space are quite valuable.

3	 Segmentation and Convex Hull Models

To address the segmentation problem, we employ a novel active 
contour model based on the geometric heat differen- tial equation 
(GHDE):

In Eq. 1,	is a convex closed curve,	 is the curvature, and is a nor-
mal vector. This model leads to an algorithm used
to guide the evolution of  the curve	 to capture the image
region:
normal vectors,    , in the domain of 	 , with the origin assumed at 
the center of  the image.
To distinguish multiple regions, the segmentation pro- cess in Eq. 2 
is applied repeatedly. The first stage results in one or more “shells” as 
illustrated in Figs. 2-3. Each shell may contain one or more distinct 
regions. If  a shell repre- sents multiple regions, these will generally 
subdivide until each shell contains a single region. Finally, the algo-
rithm is run on each shell to determine the complete boundary of  its 
region. Figures 4-7 show an example of  this process.
In order to extract the convex hull of  a region, we have developed a 
model that employs Eq. 2 in the form
 
In Eq. 2,      is the step for time    in the   -th iteration and
. Curve evolution is stopped at the region boundary by the penalty 
function    , which is designed for grayscale images. The algorithm 
uses unit where is a vector designed to stop curve evolution in con-
cert with   when the convex hull is reached. Figures 8- 10 show an 
example of  this.
We have tested these algorithms using a tool based on tail to differ-
entiate between little variations in form. As a result, a huge collection 
of  medical pictures could be generated from anatomical forms that 
are quite similar. It is possible to use local form characteristics to 
reduce the collection of  retrieved photos. 
Among the many global picture properties that our system collects 
and uses for shape representation, region matching [7], and image 
indexing [1, 2], are the image’s re-gions and the distances between 
related regions in other images. The number of  boundary segments, 
boundary extrema, concave segment count, segment geometric 
properties, convex hull, and overall boundary support are all local 
shape attributes that may be used to filter the pictures that are re-
turned.
The consistency [12], a kind of  directional chain code, is another 
helpful characteristic for representing area boundaries. You can 
compare the four finite numerical sequences that each consistency 
creates throughout the query procedure quickly. 
Such a representation is invariant to scaling and translation but not 

to rotation and boundary origin point. To overcome these disadvan-
tages, we first determine the boundary sup- port representation. The 
consistency of  this support curve is invariant to rotation and choice 
of  origin since rotation of  the region corresponds to translation in 
support space. Polygon approximation or curve evolution is used to 
elimi- nate the insignificant boundary points.
Yet another promising feature is the control point set produced by 
closed B-spline approximation of  the region boundary [3, 4]. This 
tends to produce relatively compact representation of  a region’s ma-
jor shape features. To a great extent, region shapes can be effectively 
compared using the B-spline control point vectors. Our work is pro-
gressing to- ward a more generalized shape similarity metric based 
on control points combined with other attributes.

5	 Feature Index Organization for Retrieval

The feature organization strategy is strongly dependent upon the 
feature vector used, the query types supported, and the image seman-
tics. Thus we create a feature vector to the Medical Image Database 
(MID), where is the th feature of  the th area. An interval-defined 
vector feature space is represented by all the vectors for. By applying 
this idea to the description of  regions using features, we may express 
each area as a vector with dimensions in the -dimensional space. 
There is a point in -dimensional vector feature space that each area 
represents. Additionally, a -D ellipsoid has its center at this location. 
Therefore, we utilize the following concept as a similarity measure: 
two regions are considered comparable if  and only if  their respective 
ellipsoids are contained inside each other [11]. 
Our method for calculating the degree of  form similarity between 
picture areas taken from different sources[11,12] using the -D fea-
ture vector is based on the aforementioned theoretical ideas. As seen 
in Figure 1, MID queries may be created either by directly specifying 
the feature vector or by using an example medical query picture. In 
order to retrieve results for the query region(s), the retrieval system 
computes and extracts the features of  the -D feature vector. In order 
to get the response to a query, the weighted query feature vector is 
compared to the feature vectors of  the database regions using the 
Euclidean distance in -D feature space [11]. The system will return 
MID photos that are closest to the query feature vector in terms of  
weighted feature vector distance. 

Reliability in query response time is critical for large biological pic-
ture databases. To do this, it is recommended to eliminate unnec-
essary comparisons of  feature vectors in order to decrease the size 
of  the index search space that a certain query must traverse. Our 
approach achieves this by dividing the search space according to the 
local shape properties of  each region’s convex hull and concave bor-
der segments. In order to quickly get the convex hull of  any area, we 
use Equation 3. After that, all of  the collected areas are sorted into 
344 distinct convex hull types using consistencies [11, 12] and three 
axes of  observation. Depending on the perspective used, the convex 
hull of  a certain area might belong to one of  many classes. Addi-
tionally, the quantity of  concave border segments allows for further 
subdivision within each class of  convex hulls. The boundary sup-
port function is used to calculate the later number [11]. Hence, the 
query procedure restricts itself  to convex hull classes and concavity 
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subclasses that match. with the question. The total search speed is 
increased by a factor of  several hundred using this strategy. 

6	 Discussion and Conclusion
The segmentation and convex hull definition tools have been imple-
mented and tested using Mathematica, while the support definition 
and part of  shape representation and matching tools have been de-
veloped in C++.
The image segmentation approach of  Eqs. 2-3 requires approxi-
mately	 arithmetic operations, where	de- notes the maximum num-
ber of  regions in an image and		  is the number of  
normal vectors used. Assuming a very large image with a flow with 
1000 vectors and 100 distinct re- gions, the algorithm will require ap-
proximately operations. Consequently, only a very short time would 
be required to segment this image using a C++ tool running on a 
modern 2.4 GHz personal computer. While this segmen- tation ap-
proach is quite fast, it can be somewhat sensitive to both noise and 
poor contrast. Ongoing work aims toward improvement in these 
areas.
Our search space partitioning and indexing approach provides a 
clear advantage over those described by An- tani [1]. Partitioning by 
convex hull type and concavity count produces a major reduction 
in the number of  indexed regions needed to compare to the query 
region. We are con- tinuing to characterize and explore this potential.
Shape features used for content-based image retrieval present some 
interesting challenges and opportunities. A wide variety of  possible 
features can be applied in novel ways to provide improved query 
accuracy and speed. This paper has described the recent progress 
made by our team in the segmentation, feature extraction, and in-
dexing areas intended for medical image database applications. Fur-
ther progress targets several areas: improvements to our GHDE 
segmentation method, the development of  more general- ized and 
efficient shape similarity metrics, optimization of  our search space 
partitioning and indexing approach, refine- ment of  the set of  shape 
features useful in medical applica- tions, and advances in query speed 
and accuracy.
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