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ON CEREBROSPINAL FLUID SEGMENTATION FROM CT BRAIN S CANS
USING INTERACTIVE GRAPH CUTS
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Abgtract. Inaccuracy of the manual assessment of brain deséorces medicine to look for a new solutiong. Kéy factor in the diagnosis of many brain
lesions is an accumulation, volume and pressur¢hefcerebrospinal fluid (CSF) in ventricles and itag of the brain. In this paper, the problem
of segmentation of the CSF is regarded. Specifictiie min-cut/max-flow algorithm is investigatediapplied to several CT scans. The results revibals
this approach may provide a basis for further qutatize analysis of brain lesions.
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INTERAKTYWNA SEGMENTACJA PLYNU MOZGOWO-RDZENIOWEGO  Z OBRAZOW
TOMOGRAFICZNYCH MOZGU Z WYKORZYSTANIEM TECHNIK GRAF  OWYCH
Streszczenie. Niedoskonalé manualnych metod diagnostycznych w ocenie zmiamlbwych w obszarze mézgu sprawda,wspdtczesna medycyna

poszukuje nowych rozyziai. Jednym z kluczowych wskikow postpu choroby jest nagromadzenie, gibjé¢ i cisnienie ptynu mdzgowo-rdzeniowego
(PMR). Artykut rozwza problem segmentacji PMR z obrazéw tomograficznioebzentowane podeje bazuje na interaktywnym algorytmie segmentaciji

opartym na grafach, ktérego skutec#hdaje podstawy do gniejszej, wiarygodnej analizy doiowej danego schorzenia.
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Introduction

Medical imaging plays the decisive role in the diegjs and
clinical course of the patient. In today’s medicitiee assessment of
the brain lesions is always accompanied with tilsealicomparison
of a number of images from radiological examinatioHowever,
high impact of the human factor causes such assesswuery
tentative. Furthermore, current measurement methfods the
guantitative analysis of the lesions are too custree and too-
time consuming for everyday clinical routine. THere recently,
medicine is looking for new solutions [10].

An important factor for the diagnosis of many braiiseases
is the accumulation, volume and pressure of thekeespinal fluid
(CSF). CSF is a colorless fluid flowing inside thentricles and
cavities of the brain. The appearance or abnorroaliraulation
of the CSF in the ventricles and cavities of tharbraay indicate
various brain diseases [7]. Figure 1 presents th&i@ih scan with
CSF area marked with blue outline.

Fig. 1. Exemplary CT brain scan with marked CSFaare

Complexity and large variations of anatomical suites
of human brain makes a segmentation of the CSFlenbang task
for medical image processing. Although, there aamyrapproaches
to the CSF segmentation <@, there is still
no common solution to this problem.

Previous research [8, 9] performed by the authongerning the
problem of the segmentation of hydrocephalus and &8& reveals,
that the traditional segmentation methods, such ragion

growing and thresholding approaches are not safficiAs a result
outcomes of the CSF segmentation are often tentatind
unreliable. Therefore, current research performgdthe authors
focuses on the modern image segmentation methods.

Recent approaches to image segmentation indicatgrdveng
popularity of graph based techniques. These metlardsused
to extract the objects from background by partitignthe graph
into subgraphs. The graph-based image represemiatjmartitioned
according to a specific criterions designed to gifgsthe nodes
(pixels) to object or background areas.

In this paper, a semi-automatic, interactive sedat@m
algorithm based on min-cut/max-flow approach is sprged.
Specifically, the influence of incorporating varuegional and
boundary terms for the segmentation results issiiyated.

Presented approach was applied to several repatisenCT
scans of hydrocephalic brains. The obtained reseltealed that
this algorithm can be successfully applied to bbiph and low
contrast CT images and provide a basis for furthenttative
analysis of the hydrocephalus.

1. Interactive graph cuts

Graph G=(V,E) is an abstract data representatiamsisting
of a set V of ventricles (nodes) and a set of Eesdgpnnecting the
ventricles. Graph based approaches in image priagessnsider an
image as a weighted graph, where pixels are comsidas nodes
Vi€V and edges &E represent the links between neighbouring
pixels v and y. The weight of an edge describes the similarities
(or disimilarities) between pixels, calculated witbgard to their
selected features, e.g. intensities.

Graph based approaches to image segmentation are gr
of methods which divide a set V of nodes into twsjant sets
representing important regions in the image. Theisidin
is performed by removing edges connecting to cpoeding
subgraphs. Generally, it removes the edges betwebsets, thus
creates separate subgraphs of graph G.

The algorithm regarded in this paper is based oa th
min-cut/max-flow segmentation approach propose@dbykov and
Jolly in [1]. It is one of the interactive graphtcmethods, that
requires human interaction.

The method considers an image as a weighted anideatedi
graph G=(V,E), where the nodes P represent pixels,
V=PU{S,T} is a set of nodes and E is a set of edgedlithahally,
there are two special nodes: a source (object)ineir and a sink
(background) terminal T. Every pixel has up to fooHinks,
connecting neighboring pixels, and two t-links: §, and {p, T}
that connects these pixels with the terminals. Eptary graph
of a 3x3 image is presented in Figure 2.
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Fig. 2. Exemplary graph of a 3x3 image [8]

Weights assigned to edges define their capac@ipscifically,
weights By, assigned to n-links represents a boundary ter
by describing the similarity between neighbouririgefs. Weights

Ro(“obj”) and R,(“bkg”) assigned to t-links represent regional term

and define the individual penalties for assigningepp to object
and background respectively. The suggested edgeghtireg
is given Table 1.

where:

_ 1
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and O denotes object, B denotes background jaigl a scaling
factor indicating the importance of regional terersus boundary
term.

Table 1. Weights for n-links and t-links
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The idea behind the min-cut/max-flow segmentatmthat the
maximum flow passing from the source to the sinketual
to a minimum cost cut on the graph. Min-cut is thdsfined
by edges which gets saturated when max-flow is &etiveen
the source and the sink. This cut determines theddodbetween
the object and background in the image.

2. Algorithm implementation and tuning

For the purpose of this research, a Fiji's impletagon [11]
of the min-cut/max-flow algorithm proposed by Boykov
and Kolmogorov in [2] was used. The algorithm regsiiproviding
and adjust the “foreground bias” and “smoothnesafameters
in order to obtain the best possible segmentagsalts.

The “foreground bias” parameter representsithenstraint that
influences on the regional term&,(“obj”) and R, (“bkg”).
The considered algorithm defines this penaltieprapability, that
the pixels belong to the object or background, eetpely.
The regional penalties are set in accordance witluaBons
(2) and (3).

R,("obj") ==In[Pr(l , |O) - In(K) @
R, ("bkd') = =InfL-Pr(l , |B)) - In@L— K) ®)

The “smoothness” parameter is used to adjust timalfyefor
label changes in the segmentation. The highervhlise, the less
label changes is considered by the algorithm, thesimage gets
smoother.

The capacity (weights)Bgy of every n-link between
the neighboring nodes in the graph is describedhkyfollowing

equation:
_ (,-1) 1 4)
qpq}‘exr{_ e Jdist(p.0)

where |, is intensity of pixelp, ¢ denotes standard deviation
of intensity within the image andist(p,q) is an Euclidean distance
between the pixels in the image.

Additional parameters to adjust the segmentatiosulte
in Fiji's implementation considers the gradient magde
of the image. Specifically, the “edge image infloehand “edge
image decay” parameters can be adjusted. Both péeasnhave
an influence on the edge capacities. In this rebedhe gradient
magnitude was achieved by applying the Sobel operat

3. Results

In this section, the results of applying the miniciax-flow
segmentation algorithm to several CT images of dgelphalic
brains are presented and discussed.
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Fig. 3. The exemplary results of min-cut/max-flegraentations



Figure 3 presents the comparison of the segmentegiults for
several randomly selected CT images with the adieists
of regional and boundary terms. Specifically, thestfcolumn
presents the original scan of hydrocephalic br&econd column
presents the output binary image for default methpdrameters.
Third column presents the subjectively selected bafput image.

Figure 4 presents the comparison of the segmentegiults for
output binary images with the boundary and regioteims
adjustments and additional influence of the gradiémage
parameters. Specifically, the first column presehésoriginal scan
of hydrocephalic brain. The second column presémés output
binary image for subjectively besRy(“obj”) and R,(“bkg”)
conditions. The third column presents the segmeintede with the
influence of gradient magnitude information for bdary terms.
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Fig. 4.  The influence of gradient magnitude paramet

As can be seen from Fig. 3, the adjustment of dmrpeters
related to the boundary (“foreground bias”) and ttegional
(“smoothness”) terms in the image significantly luehces the
results of image segmentation. In case of hydroai@phrain scans,
it was observed that the optimal valuelafonstraint varies at 0.60
and is connected with the very small (or even eQul smoothness
value. The smoothness value of zero
to thresholding the input image.

Fig. 4 shows that the adjusting of the additionatameters
related with gradient information does not incredBe quality
of the segmentation in every considered image.
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4. Conclusions

In this paper Fiji's interactive graph cut methoaséd on the
min-cut/max-flow segmentation algorithm was invgated.
This implementation allows user to adjust severatameters
in order to obtain the best possible segmentagsalts.

Performed tests reveals that the adjustments off¢heground
bias” (related to regional term) and “smoothnessélated
to boundary term) parameters significantly influemdhe results
of image segmentation.

On the other hand, additional parameters concerning
the gradient magnitude of the image has almosnhfioeince on the
segmentation quality in case of the considereds@agmages.

The obtained segmentation results were positivedyified
by the specialists from the Department of Neuroswyrgf Polish
Mother's Memorial Hospital — Research Institute iadk. Visual

verification of the results confirms that this apach is promising

and can be successfully applied in quantitativeesssent
of hydrocephalus and other brain diseases.
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