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ABSTRACT 

Intestinal parasite populates the gastro-intestinal tract in humans and 

constitutes a serious health problem in most tropical countries. A proper diagnosis is 

essential for the medication process to be successful in the life saving process. Intestinal 

parasites can be diagnosed on the visual analysis of microscopy images, with moderate 

to high error rates. Computational image analysis addresses the problems relating to 

diagnosis but only for a few species and images free of fecal impurities can be analyzed. 

During diagnosis, fecal impurities are the real challenge for automatic image analysis in 

the previous schemes. Our proposed scheme uses a technique called segmentation and 

classification of images with fecal impurities. For efficient segmentation we use 

morphology based random walker for high segmentation accuracy and low computation 

time. The problem of classification accuracy is addressed by decision tree classifier, 

which can be applied for small set of training samples. Performance indicates that our 

solution is effective and suitable for laboratory routine, for the automatic segmentation 

of intestinal parasites.  

KEYWORDS:  Image foresting transform (IFT), image segmentation, intestinal 

parasitosis, microscopy image analysis, optimum path forest (OPF) classifier, optimum 

decision tree (ODT) classifier pattern recognition. 
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INTRODUCTION 

Human intestinal parasitism constitutes 

a public healthproblem in most tropical 

countries, with an estimate of 4billion infected 

people in the world, causing death or physical 

and mental disorders in children and 

immunodeficient individuals. The diagnosis of 

intestinal parasitosis usually relies on thevisual 

analysis of microscopy slides, which can be 

seriously compromised by the presence of fecal 

impurities, wrong human Procedures, and lack 

of human knowledge. The examination of 

microscopy slides is an exhaustive work, which 

should require 40× objective magnification and 

several minutes of a specialist. However, the 

examination time is very often reduced to a few 

minutes using 10 × objective magnifications. 

Only when small suspicious objects are 

detected, they are reexamined in 40×objective 

magnification and several minutes of a 

specialist. However, the examination time is 

very often reduced to a few minutes using 10× 

objective magnification. Only when small 

suspicious objects are detected, they are 

reexamined in 40× objective magnification. 

Given that protozoan cysts can be 20× smaller 

than helminth eggs, and typical microscopy 

slides may contain too many impurities, this 

strategy is very much error prone.  

On the other hand, methods based on 

automatic image analysis have been proposed 

for the identification of intestinal parasites. 

Yang et al. [4] addressed the identification of 

human helminth eggs by artificial neural 

network (ANN) [5]. They achieved good 

results, but their experiments involved only 82 

images. More recently, Avci and Varol [6] and 

Dogantekin et al. [7] addressed the recognition 

of human helminth eggs by support vector 

machines (SVMs) [8] and a fuzzy inference 

system based on adaptive network, 

respectively. While these methods are limited 

to helminths, Casta˜n´on et al. [9] used 

Bayesian classification for the identification of 

seven species of Eimeria (a protozoan of the 

domestic fowl); Ginoris et al. [10], [11] used 

ANNto recognize protozoa and metazoa that 

are typically found in sludge; and Widmer et al. 

[12] addressed the identification of 

Cryptosporidium oocysts and Giardia cysts in 

water using ANN and immunofluorescence 

microscopy.  

These works, however, do not address 

the identification of human intestinal protozoa 

in feces, and the segmentation of the parasites 

is manual. In this paper, we propose a 

significant advance toward the fully automation 
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of the enteroparasitosis diagnosis via image 

analysis. Our approach is the first to address the 

15 most common species of protozoa and 

helminths in Brazil, being also able to eliminate 

a reasonable amount of impurities, which may 

appear connected to some parasites. Our 

approach relies on a good parasitological 

technique (TF-Test—Three Fecal Test) [13], 

together with a peristaltic pump system, and an 

image analysis method divided into three main 

steps: 1) image segmentation which locates and 

delineates candidate objects in a bright field 

microscopy image, acquired with 40× objective 

magnification, 2) object representation which 

extracts descriptors from the candidate objects 

and optimally combines them for classification, 

and 3) object recognition which classifies the 

candidate objects as impurity or some species 

of parasite.  

Object location consists of a matching 

with ellipses, due to the fact that most parasites 

are elliptical and the ellipse model also fits well 

inside larvae structures. As the ellipses identify 

candidate objects in the image, they also create 

seed pixels inside and outside each object by 

erosion and dilation, which are used as prior for 

delineation (to define the boundary of the 

object more precisely). The delineation process 

is based on the image foresting transform (IFT) 

[14]. For given sets of internal and external 

seed pixels, the IFT algorithm computes two 

minimum-cost path forests rooted at the 

internal and external seeds in an eight 

neighborhood image graph. The union of the 

minimum-cost paths rooted at the internal seeds 

defines the object. Object representation is 

based on color, shape, and texture features of 

the objects. A feature vector extraction function 

and a distance function between objects (their 

feature vectors) constitute a simple object 

descriptor.We combine the distance values 

from multiple descriptors in order to better 

separate the object classes in some resulting 

distance space. The simple descriptors and their 

combination function then constitute a 

composite object descriptor.  

      Solve this optimization problem by genetic 

programming (GP), similar to the way 

proposed in [15] for content-based image 

retrieval. In our case, however, the combination 

aims to maximize the accuracy of 

classification. Object recognition is based on an 

optimum-decision tree (ODT) classifier [16], 

which can separate impurities and species of 

parasites. The design of ODT classifiers uses 

the same IFT methodology, now extended from 
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the image domain to some distance space. A set 

of training samples (segmented objects) is 

interpreted as a graph, whose arcs connect 

adjacent samples in the distance space. In this 

paper, we use a complete graph whose arcs are 

weighted by the combined distance value 

between their corresponding samples.  

The method identifies representative 

samples (prototypes) in each class and creates a 

classifier as an ODT rooted at those prototypes. 

For any test sample (candidate object), this 

classifier assigns it to the class of the most 

closely connected prototype in the distance 

space (i.e., the prototype which offers to it an 

optimum path). Thus, the same optimum-path 

forest algorithm is used for segmentation in the 

image domain (IFT-based delineation) and for 

recognition in the distance space (ODT-based 

classification). In order to justify our choice for 

the ODT classifier, we first compared it with 

collections of ANN-MLP and SVMs in a 

simpler task of separating impurities and 

parasites (without specifying their 

species).ANNcan address classification 

problemswith nonoverlapping classes. Since it 

is an unstable classifier, collections ofANNscan 

improve its performance up to some unknown 

limit of classifiers [17].  

     SVM has been proposed to overcome the 

class-overlapping problem, by assuming 

linearly separable classes in a higher 

dimensional feature space [8]. However, its 

computational cost rapidly increases with the 

training set size and the number of support 

vectors. As a binary classifier, multiple SVMs 

are required to solve a multiclass problem, 

increasing the complexity of the whole system. 

In fact, in all SVM-based approaches, the 

assumption of separability may also not be 

valid in any space of finite dimension. This 

comparison was based on a single descriptor, 

using the Euclidean distance function, due to 

the limitation of the ANN-MLP classifier for 

other distance spaces. The ODT classifier 

provided the best results and then we used it to 

evaluate the entire pipeline based on multiple 

object descriptors. 

Table I. Most common intestinal parasites in 

brazil 
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Fig. 1. Some examples of themost common 

protozoan species. (a) Entamoeba histolytica/E. 

dispar. (b) Giardia duodenalis. (c) Entamoeba 

coli. (d) Endolimax nana. (e) Iodamoeba 

b¨utschlii. (f) Blastocystis hominis 

PROBLEM OF INTEREST 

Human intestinal parasites can be 

separated in two groups: 1) protozoan cysts and 

2) helminths. The last one can still be divided 

into eggs and larvae. In this paper, we 

considered the most common parasites in 

Brazil. Table I shows 15 different classes of 

human intestinal parasites, as well as some of 

their characteristics (see examples in Figs. 1 

and 2). 

One can see that protozoan cysts and 

helminth eggs have different shapes, and the 

latter can be 20 times greater than the former. 

Given a fecal sample, which may contain 

multiple parasites and several impurities, the 

goal of image segmentation is to isolate the 

pixel components that represent parasites only. 

However, impurities may overlap the parasites 

and/or present similar sizes, shapes, colors, and 

textures. Figs. 1 and 2 show shape and size 

variations among some species. Larvae 

represent an additional problem, due to their 

elongated shape and self-occlusion [Fig. 3(a) 

and (b)]. Fig. 3(c) shows impurities of different 

sizes, and Fig. 3(d) illustrates one impurity 

similar to a G. duodenalis in shape and color. 

Finally, Fig. 3(e) and (f) shows impurities 

occluding the boundaries of some parasites. 

The parasites are single connected components 

and they can be better discriminated by their 

differences in size and shape. Color and texture 

are also important, especially to eliminate the 

background of the microscopy slide. 

IMAGE SEGMENTATION 

For better segmentation, intestinal 

parasites can be divided into three groups: 1) 

protozoan cysts, 2) helminth eggs, and 3) 

larvae. The segmentation framework consists 

of one pipeline for each group in any given 

image. 

 

Fig. 2. Some examples of the most common 

helminth species. (a) Enterobius 
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vermicularis. (b) Trichuris trichiura. (c) 

Hymenolepis nana. (d) Taeniaspp. (e) Ascaris 

lumbricoides. (f) Ancylostomatidae. (g) 

Hymenolepis diminuta.(h) Schistosoma 

mansoni. (i) Strongyloides stercoralis larvae. 

The image segmentation step aims to 

locate candidate objects by ellipse matching 

and to define their spatial extent by IFT [14]. 

The best fitted ellipses are used to estimate 

seed pixels (markers) for the IFT-based object 

delineation. In the pipelines of cysts and eggs, 

internal and external markers are computed by 

erosion and dilation of the ellipses, 

respectively. In the larvae pipeline, however, 

the ellipses can only derive the internal markers 

in elongated regions of the objects. The 

external markers follow a different procedure, 

described later. Besides that, due to their 

elongated shape, larvae may curve and present 

self-occlusion [Fig. 3(a) and (b)], interfering in 

the object description step. To avoid this 

problem, their pipeline has an additional 

module to merge the internal and external 

boundaries whenever they exist. The 

segmentation operations used in all pipelines 

are described as follows (see Fig. 4). 

1) Quantization: the original colored 

image is converted into a 64 gray level image 

in order to simplify the interior and exterior of 

the candidate objects and, at the same time, 

preserve good contrast on their boundaries (see 

original and quantized images in Figs. 3(e) and 

6(a), respectively). This simplification is used 

only to facilitate object location and 

delineation. Object description uses the 

resulting shape and the color and texture from 

the original image. 

  2) Border enhancement: the borders of 

the quantized image are enhanced by a Sobel 

gradient operator for an IFT-based object 

delineation [Fig. 6(a) and (b)]. 

 3) Ellipse matching: objects with a 

high-ellipse matching score are considered 

parasite candidates, since protozoan cysts and 

helminth eggs have circular or elliptical shapes, 

and larvae have elongated regions, in which the 

ellipses fit well. The ellipses essentially 

indicate the image locations with higher 

probabilities to contain parasites.  

First, all images have their scale 

reduced to speed up the ellipse matching 

process without affecting the accuracy of object 

location. Due to their differences in size, we 

found a distinct scale reduction factor for each 
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group: 1/4 for cysts, 1/8 for eggs, and 1/10 for 

larvae. 

 

Fig.3. (a, b) Larvae samples with self-

occlusion. (c) Taenia spp. egg and several 

impurities of different sizes. (d) Entamoeba 

coli and impurities with shape and color similar 

to a Giardia duodenalis. (e) Trichuris trichiura 

egg with its boundary partially covered by 

impurities. This image also presents an infertile 

egg of Ascaris lumbricoides at the bottom. (f) 

Schistosoma mansoni egg with its boundary 

partially covered by impurities. 

 

Fig. 4. Segmentation pipeline. The module for 

boundary merging is used only 

 

The ellipse searching process consists of 

placing ellipses in many different positions in 

order to detect high-gradient values along the 

elliptical boundaries. This process can be very 

efficient when the search is restricted to object 

pixels of a binary image [19]. Since we have 

control over the entire image acquisition 

process, from the fecal sample processing in 

laboratory to the image in the computer, it was 

possible to threshold the quantized image by a 

constant value. After several experiments, we 

found the best threshold value 30 for the cysts 

and larvae pipelines, and 25 for the eggs 

pipeline. Indeed, the method presented better 

results using these fixed values than using 

Otsu’s technique [18]. 

 

Fig. 6. (a) Image of Fig. 3(e) after quantization. 

(b) Image a after border enhancement. (c) 

Image a after binarization and superior 
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reconstruction. (d) Illustration of the ellipses 

found in the eggs pipeline. (e) Image of Fig. 

3(a) after IFT-based delineation performed in 

the larvae pipeline. (f) Image e after boundary 

merging. The arrow indicates the merging 

point. 

The binary images also required 

superior reconstruction, in the protozoan cysts 

and helminth eggs pipelines [see Fig. 5(a)], to 

close false holes in the candidate objects. Fig. 

6(c) shows Fig. 6(a) after binarization and 

superior reconstruction steps.  

The ellipse matching scores are the 

mean gradient values of their contour pixels. 

Greater the weight is, more elliptical is the 

object covered by the ellipse. In order to avoid 

a high concentration of ellipses in certain 

regions, we adopted a minimum distance 

criterion between their centers. Whenever 

multiple ellipses do not satisfy this criterion, 

we keep the one with highest score.  

The minimum distance has an upper 

bound to avoid errors when two parasites are 

close to each other. This limit is the width of 

the smallest parasite for each group: 3.5 μm for 

protozoan cysts, 18.75 μm for helminth eggs 

and 14 μm for larvae. 

 

 

Fig.7. (a–f) Some markers for IFT-based 

delineation, obtained based on ellipse 

matching, as illustrated in Fig. 6(d). The blue 

ellipses denote the internal markers, and the red 

ellipses represent the external ones. In (b), the 

marker is located over a Trichuris trichiura 

egg, and in (f), the marker is over an Ascaris 

lumbricoides egg. 

4) IFT-based delineation: using all 

images in their original scale, the ellipses create 

markers for the IFT-watershed algorithm [20], 

which is executed over the gradient image. 

Each ellipse is eroded and used as an internal 

marker. For the cysts and eggs pipelines, the 

ellipse is also dilated and its boundary is used 

as an external marker (image background). In 

the larvae pipeline, the negative of the binary 

image is eroded and used as external marker. 

The competition between internal and external 

markers is important to eliminate impurities 

that overlap some parasites. 
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5) Boundary merging: due to a possible 

self-occlusion, this step is executed only in the 

larvae pipeline, just after object delineation. 

The merging is performed whenever larva 

candidates have holes. The minimum distance 

points between the external and internal 

contours are used to merge them into a single 

boundary. Fig. 6(e) shows two contours that 

result from object delineation of the object in 

Fig. 3(a). After contour merging, the candidate 

object is shown as in Fig. 6(f). 

OBJECT DESCRIPTION 

Object description aims to represent 

candidate objects by their relevant shape, 

texture, and/or color properties, such that the 

choice of the best descriptor maximizes the 

object recognition accuracy. A simple 

descriptor D is a pair (v, d), where v is a 

function which extracts an object representation 

(e.g., a feature vector) and d is a function that 

computes the distance between two object 

representations. 

DESCRIPTOR COMBINATION 

Individually, simple descriptors do not 

extract enough information to achieve high 

classification accuracy in parasite species 

recognition. Several of them use a specific 

distance function, which invalidates the 

concatenation of their feature vectors, or even 

more elaborated object representations. We 

then adopted the concept of a composite 

descriptor [15], as the best combination d(s, t) 

of the distance values d1 (s, t), d2 (s, t), . . . , dn 

(s, t) from multiple simple descriptors D1,D2, . 

. . , Dn , for any pair (s, t) of objects . 

               

Fig. 9. Computation of the distance d(s, t) 

between two objects s and t, through the 

combination of distances d1 (s, t), d2 (s, t), . . . , 

dn (s, t) computed by descriptors D1,D2 , . . . , 

Dn .      

OBJECT RECOGNITION 

For object recognition, we selected the 

ODT classifier [16]. In this case, the training 

objects were the nodes of a complete graph, 

whose arcs were weighted by the combined 

distance (see Fig. 10) between their 

corresponding nodes. Indeed, training involved 

not only the design of the ODT classifier but 

also the GP optimization using a same training 

set and a pseudo test set to measure accuracy. 
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Afterward, an unseen test set was used for 

validation and the validation process was 

repeated several times with random training 

and test samples, but the GP tree was fixed. 

CONCLUSION AND FUTURE WORK 

In this paper, we presented a new 

method for automatic segmentation and 

classification of human intestinal parasites from 

bright field microscopy images. The parasites 

were divided into three groups: 1) protozoan 

cysts, 2) helminth eggs, and 3) larvae. For each 

group, we developed one specialist system 

(pipeline), and each image was processed by 

each of them. Our method exploits ellipse 

matching to locate candidate objects and create 

seed pixels inside and outside them for 

delineation by the IFT algorithm. It uses simple 

descriptors and their best combination, as 

computed by genetic programming (GP), to 

represent the candidate objects and uses the 

ODT classifier to identify objects as one out of 

15 species of parasites or as an impurity 

component. The simple descriptor combination 

results into a composite descriptor, which can 

output a final distance value for any pair of 

candidate objects based on the distance values 

computed by the simple descriptors. The final 

distance values are then used as arc weights 

between the corresponding objects for ODT 

classification. 

The current research involves the 

extension of the methods for conventional 

microscopy slides rather than the tubular slide 

from the peristaltic pump equipment, 

simplifying the diagnosis system without loss 

of fecal material that occurs today because of 

the pump. The conventional slides considerably 

increase the number of impurities, but we 

expect to reduce them by applying suitable 

parasitological techniques. 
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