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Abstract. Spontaneous intracerebral hemorrhage (ICH) is a common cause of 
stroke, due to this; the early evolution and quantitative analysis of the ICH is 
important for the treatment and the course of patient's recovery. Computer-
based diagnosis systems have played an important role in quantitative analysis 
of medical images aiding medical personnel in selecting the appropriated 
treatment of diseases. This paper outlines a set of three methods for ICH 
segmentation and tracking from computer tomography (CT) head images, based 
on a suitable combination of digital image processing and pattern recognition 
techniques. Two of these methods are carried out in a semiautomatic way and 
the other one is performed in a manual way. Methods developed were tested 
successfully by medical researchers in a representative dataset of CT head 
images (patient studies).  
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1    Introduction 

Spontaneous Intracerebral hemorrhage (ICH) is a common cause of stroke, accounting 
for between 5 and 10% of all strokes. In a consecutive series of 938 stroke patients 
enrolled into the NINCDS Stroke Data Bank, primary ICH accounted for 10.7% of the 
cases. The age-adjusted annual incidence rates for primary intracerebral hemorrhage 
range from 11 to 31 per 100,000 populations in predominantly Caucasian population 
based-studies with a high rate of computer tomography (CT) scanning [1]. The early 
evolution and quantitative analysis of the human cerebrovascular illness are significant 
for the treatment and the course of patient's recovery. Computer-based diagnosis 
systems have played an important role in quantitative analysis of medical images aiding 
medical personnel in selecting the appropriated treatment of diseases [2]. 

Many approaches for ICH segmentation and tracking have been reported in the 
literature. Cosic and Loncaric [2, 3] proposed a method based on unsupervised fuzzy 
clustering and expert system-based procedure region labeling techniques that includes 
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volume measurement of the ICH and the edema regions but not always the automatic 
method perform a correct segmentation. Majcenic and Loncaric [4] proposed a 
stochastic method for ICH segmentation based on simulated annealing techniques. 
However these methods are computationally complex. 

This paper outlines a set of three methods for ICH segmentation and tracking from 
CT head images, two of these methods are performed in a semiautomatic way and the 
other one in manual way. One of the semiautomatic methods is focused mainly in 3D 
mathematic morphology operations and the other combine live wire and graphical 
information retrieval techniques. The manual method use mainly deformable models, 
but need a major user intervention although it demonstrated a more precise and 
accurate ICH segmentation. This method was included with the intention to evaluate 
the semiautomatic methods performance. 
    The set of methods was used by medical researchers to evaluate the behavior and 
changes of spontaneous ICH (shape, size, etc.) during the disease course and validated 
successfully in a representative dataset of 36 ICH CT head images patient studies.  

The paper is organized as follows: section 2 outlines the implementation of the 
proposed set of methods. In section 3 we describe results obtained with the 
application of methods to a representative dataset of ICH CT head images patient 
studies. Conclusions and some ideas about the future work are showed in section 4.  

2   Proposed Methods 

Developed methods for segmentation and tracking of spontaneous ICH from CT head 
images patient studies are based on suitable combinations of digital image processing 
and pattern recognition techniques. Included methods were:  

1. 3D mathematical morphology based method. 
2. Similarity based method. 
3. Manual based method.  

2.1    3D Mathematical Morphology Based Method 

This method relies on the application of 3D mathematical morphology, histogram 
analysis, optimal thresholding, and prior geometric information techniques. Each 
patient image study is considered as an anisotropic volume restricted manually to the 
most outer neighbor ICH slices, with the intention to increase the automation level of 
the segmentation process and to reduce the computational cost. 
    The computed tomography images have common intensities frequencies histogram, 
in that way, we can perform some important correlations between image objects of 
interest and the characteristics intensities level values of skull, grey matter and white 
matter. In our work was observed heuristically the ICH intensities frequencies 
histogram values are related to higher intensities, which was consider as the start 
point for image segmentation. 

2.1.1   Preprocessing 
The preprocessing remove short duration impulses and smooth lightly the image edges, 
applying a median filter slice by slice, in axial form, with a windows of 3x3 pixels. 
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2.1.2   ICH Auto-detection 
Autodetection consists in compute the global maximum, which is used as the 
threshold value for the ICH segmentation (to produce a binary mask). Hereafter 3D 
mathematical morphology operations are applied to autodetect the ICH. 
 
 

Algorithm 1. Semiautomatic method based on 3D mathematical morphology. 
 

1: Define ICH neighbor slices interval. 
2: Create an anisotropic volume of interest (VOI) containing the ICH slices.   
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5: seICHmaskmer = : where represent the morphological erosion operation and 
se is an spherical structuring element ( se diameter is set to 5 voxels and it was 
determine heuristically). 

6: Select the maskfa _  (biggest foreground connected object in mer ), which is a first 

approach of the ICH segmentation. 
7: semaskfamaskICH ⊕= __ : ICH_mask is the 3D ICH binary mask. 

6: Apply a flood fill operation to avoid holes inside the ICH_mask. 
7: Multiply the new ICH_mask by the original VOI and ICH segmentation is carried 

out. 

2.2   Similarity Based Method 

Similarity based method involved two main steps: pick a query object (ICH) and 
afterward made the automatic ICH retrieval on the remainder patient study. 

2.2.1    Select Query Object 
Query object selection consists in the extraction of the ICH contour. We used live 
wire techniques [5] to extract the object edges, and hereafter based on the selected 
contour are computed automatically the initials reference points with their associated 
similarity vectors. Reference points and their associated similarity vectors are the 
query basic elements. The selection of query object (In) is made by the following 
steps: 

 
1. Extract the ICH contour (CTn).  
2. Extract the reference points (set of points that belong to query object 

contour) 
3. Create similarity vectors, from reference points. 
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Query object elements are formed by the reference points and their associated 
similarity vectors. The quantity of reference points and their associated similarity 
vectors is variable and depend of the specific problem domain knowledge. 

2.2.1.1   ICH Contour Extraction. We used live wire techniques for object contour 
extraction (segmentation). Live wire is a recently proposed interactive boundary 
tracking technique [6] that share some similarities with snakes and it is generally 
considered in the literature as a competing snake technique. Like snakes, the idea 
behind the live wire technique is to allow image segmentation to occur with minimal 
user interaction, while at the same time allowing the user to exercise control over the 
segmentation process. This technique share two essential components: a local cost 
function that assigns lower cost to image features of interest, such as edges, and an 
expansion process that forms optimal boundaries for objects of interest based on the 
cost function and seed points provided interactively by the user [5]. The contour 
obtained after live wire application is a not continuous, product of this, we interpolate 
it with a spline function to obtain a continuous curve to produce a better object 
contour approximation. The extracted curve is use after to compute the reference 
points. 

2.2.1.2   Reference Points. Reference points are formed by a set of points that are 
located close or in the object contour with direction θi , where 1..0: −αi , 

( )θα /360int= , º1800 ≤< θ  and θ  is the displacement angle, taking the object mass 

center as the center of the coordinates system. The angle θ  will be selected by the 
user and it depend of the problem knowledge domain (Fig. 1). Initial reference points 
are determined by the following algorithm: 
 

 

Algorithm 2. Generate Initial Reference Points  
 
1:  Select initial slice I(n) 
2:  Select θ , º1800 ≤<θ  
3:  Select ε : admissible (small) distance between ),( yxPi

 and CTn  

4:  Compute ),( yxPi
: reference points  

             coordinates (X,Y) of 
iP  are obtained by the  expression: 

where 1inincreaserandR1 ≤≤Ζ∈ + r,r  on each iteration until r = R and R is  

the value in which  ≤)),,(( niPi CTYXPd ε ,  d is the Euclidian distance 

between ),( yxPi
and 

nCT  

              Cx and Cy are the (X,Y) centroid coordinates 
5: Store new founded reference points in the ),( yxPi

 array 
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Fig. 1. Reference points obtained with 5.0,º45 == εθ  

2.2.1.3   Similarity Vectors. Similarity vectors (
iS ) are the basic elements that allow 

to track the object on the rest of slices (images) belonging to a selected patient study. 
The reference points represent the centroid (Cx,y) of the similarity matrixes (

iQ ). 

Similarity matrixes are MxM windows, where 1*2 += δM , δ  is a positive integer 
scalar provided by the user   (Fig. 2). The similarity vectors are obtained from the 
similarity matrixes using the following mathematic formulation: 

  ...{ 1,1aSi = ,1,ma ...2,1a ,2,ma ...,1 ma ,,mma ...1,1 +ma }1, +mma  

where 
iS  represent the set of similarity vectors corresponding to

ii QP  and . 
 
 

 
 
 
 
 
 
 
 
 
 

Fig. 2. Similarity matrix 

2.2.2    Object Retrieval 
Object retrieval (which is carried out in an automatic way) has the aim to track the 
query object picked over (user selected) slices (images) of patient study. This 
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algorithm tries to find the points more similar to the current reference points on the 
slice under processing. The new founded points are used then as the reference points 
to detect the object in the next slice. This process is repeated over all the slices 
(selected by the user) that belong to the current patient study. 

Object retrieval is in general a process devoted to find a query object on a set of 
images or images databases [7].  

In our case object retrieval has the aim to track (extract) the ICH on a set of slices 
selected by the user that belong to the patient under study. 

Similarity descriptors are critical for the performance of object retrieval process. 
Several descriptors were evaluated, but the best results were achieved with the 
distance equation (eq. 1) proposed by Fuertes [8], which we use to select the new 
reference points belonging to the slice under analysis. 

)(*)(),( )1()()1()()1()( +++ −−= nini
t

nininini SSSSPPd  (1) 

)(niS is a similarity vector associated to reference point 
)(niP  in the 

nI  image,
)1( +niS is a 

vector associated to the point 
)1( +niP  in the 

1+nI  slice, t  denote a transpose matrix.  

The new reference points will be those 
)1( +niP  where ( ) ( ) ),( 1+nini PPd is minimum. 

The method employ the created similarity vectors on query object to find the 
reference points related to ICH: the points that identify the ICH occurrence on the rest 
of slices set of patient under study. 

The object retrieval algorithm developed is outline below: 
_____________________________________________________________________ 

Algorithm 3. Retrieval  

1: Select new slice (
)1( +nI ) 

2: Compute
ikP  points 

     for each i angle 

where σ..Dk: +1 ,σ  is a value selected by the user, D is the euclidian distance 
between 

i(n)n PandC  

      Build vector 
ikS  from 

ikP (see 2.2.1.3) 

           Compute 
ikR  

                     ),Sd(SR inikik = :  d similarity function (eq. 1) 

3: Select m=k  where 
ikR  is minimum  

4: Created and store
)1( +niP and 

)1( +niS  

    
im)i(nim)(ni  S(X,Y), S P P == ++ 11

 

5: Build the contour 
)(nCT 1+
based on 

)1( +niP array 

6: Compute the centroid from of 
)(nCT 1+
 

7: if (slice set selected is empty) then end else goto 1  

)sin(*),cos(*),( ikCikCYXP ynxnik ++=
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2.3    Manual Method 

The manual method uses gradient vector flow (GVF) snake [9, 10] for ICH 
segmentation, slice by slice. It is divided in two main tasks: first created the initial 
snake using a spline function (to obtain an approximation of ICH contour), and 
second the initial snake is deformed to produce the final segmentation.  

The following algorithm described the method: 
 

 

Algorithm 4. Manual Method 
1:  Select slice I(n) 
2:  Select Query Object  

Extract the ICH contour (CTn). (Using spline) 
3:  GVF snake deformation (CTn). 

 
This method was designed (as control method) to produce perfect segmentation 
patterns which were used to validate semiautomatic methods. 

3    Results 

We have developed a set of three methods for object segmentation and tracking: 3D 
mathematical morphology based method (3DMM), similarity based method (SBM) 
and manual based method. These methods were applied successfully for segmentation 
and tracking of spontaneous ICH from CT head images. The algorithm prototypes 
were implemented in MATLAB. These prototypes were validated by medical 
researchers in a representative dataset of 36 CT head images patient studies. Manual 
method was used as the control method to produce perfect (correct) segmentation 
patterns (see Fig.3). The performance of the semiautomatic methods was 83.3%, 30 
CT patient studies were segmented and tracked correctly. Both methods do not work 
correctly in 6 CT patient studies (where the variation in the ICH shape among 
continuous slices was very high). Despite similar results were found concerning 
precision and robustness in 30 CT patient studies; some differences were revealed in 
relation with user intervention, processing time and precision. The 3DMM has the  
 

Fig. 3. Manual method results 
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Fig. 4. Semiautomatic 3D mathematical morphology method results  

 

Fig. 5. Similarity method results. From top to bottom and left to right: First ICH slice, ICH 
query, ICH segmentation and tracking.  

advantage to require the least user intervention and processing time, but it has the 
drawback to be the least precise (see Fig.4). SBM needed more user intervention and 
more processing time, but segmentation and tracking results achieved were more 
precise compared with 3DMM (see Fig.5). 

4    Conclusion 

In this paper we proposed a set of three methods for object segmentation and tracking. 
Two of these methods can be carryout in a semiautomatic way and one in a manual 
way (control method). These methods were applied successfully for segmentation and 
tracking of spontaneous ICH from CT head images. The efficiency of semiautomatic 
methods was confirmed on a representative dataset 36 patient studies, where these 
were capable to segment and track correctly the ICH in 30 patient studies (83.3%). 
Compared with other approaches devoted to ICH segmentation [2, 3, 4, 11] our 
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approach demonstrated similar or less computational complexity. The algorithms 
developed will be easily extended, with the corresponding adaptations, to solve others 
object recognition problems related or not with the medical image analysis area. 
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