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Abstract—Low-dose-rate brachytherapy could be a radiation treat ment method for localized adenocarcinoma. The 

quality of care for this treatment procedure is to amass trans rectal ultrasound images of the prostate so as to plot a  

thought to deliver adequate  radiation dose to the cancerous tissue. Brachytherapy designing involves delineation of 

contours in these pictures, that closely follow the prostate boundary, i.e., clinical target volume. This method is 

currently performed either manually or semi-automatically, which requires user interaction for landmark data 

format. during this paper, we propose a multi-atlas fusion framework to mechanically delineate the clinical target 

volume in ultrasound pictures. A dataset of a priori segmental ultrasound pictures, i.e., atlases, is registered to a 

target image. we have a tendency to introduce a pairwise atlas agreement issue that combines associate degree 

image-similarity metric and similarity between a priori segmental contours. This issue is employed in associate 

degree atlas choice algorithm to prune the dataset before combining the atlas contours to produce a agreement 

segmentation. we have a tendency to value the projected segmentation approach on a group of 280 transrectal 

prostate volume studies. The projected methodology produces segmentation results that are inside the vary of 

observer variability compared to a semi-automatic segmentation technique that's habitually employed in our cancer 

clinic.  

 

Introduction 

PROSTATE cancer could be a oft diagnosed form of 

cancer in North America. in step with yank and 

Canadian Cancer Societies, it's affected the lifetime 

of a minimum of one in six men in North America in 

2013 [1], [2]. Several treatment strategies are planned 

to eliminate or take away the cancerous tissue or the 

complete secreter, whereas minimizing the 

unnecessary morbidity and higher protective patients' 

quality of life. Amongst these, brachytherapy could 

be a minimally invasive procedure as another to a lot 

of invasive treatment approaches such as excision. 

Low-dose-rate brachytherapy is understood 

collectively of the effective treatment solutions for 

localized glandular carcinoma. It takes place by 

implantation of many hot seeds within and adjacent 

to the prostate via needles through the region. The 

number of the seeds and their distribution is decided 

for a target volume outlined on the premise of a 

picture dataset referred to because the volume study. 

The quality of care during this method is to use AN 

ultrasound machine and a transrectal (TRUS) probe 

to accumulate a set of cross 2-D pictures of the 

secreter from the bottom (bladder) to the apex (pelvic 

floor).  

 

These 2-D pictures area unit divided by AN 

professional radiation medical specialist to supply the 

anatomical target, called the clinical target volume 

(CTV) to that institution-specific margins area unit 

additional to form a coming up with target volume 

(PTV). each TRUS knowledge acquisition and CTV 

delineation tasks area unit dead in compliance with a 

treatment protocol [3], [4] that primarily instructs to 

stay the prostate within the middle of the TRUS 

pictures. correct determination of the CTV is 

fascinating so as to deliver comfortable radiation 

dose to the prostate whereas minimizing dose to the 

encircling tissue, urethra, bladder and body part. it's 

inferable that CTV segmentation error, together with 

alternative inherent sources of error (e.g., seed 

delivery error), will manufacture needless morbidity, 

such as body part wall toxicity, if the CTV is 

overestimated posteriorly, or result in under-

treatment, if the CTV is underestimated. CTV 

delineation could be a cumbersome task that needs 

drawing of a contour for every 2-D TRUS image that 

primarily however not necessarily follows the 

prostate boundaries. Typically, a volume study image 

set consists of 7–14 ultrasound pictures at five metric 

linear unit spaced axial planes. These pictures area 

unit usually affected by speckles, shadowing and 

reverberation artifacts, and the boundary of the 

prostate isn't faithfully visible, specially within the 

base and therefore the apex. These characteristics of 

the TRUS pictures, in conjunction with this CTV 

delineation method that is either manual or semi-

automatic, create delineation of the CTV a tedious 
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task and prone to subjective errors. Eliminating user 

interaction will offer the suggests that for period of 

time dosimetry, wherever coming up with the seed 

placement is corrected in the operating theater 

throughout the brachytherapy procedure to 

account for anatomical changes owing to patient 

positioning, internal organ fillings and puffiness.  

 

Several teams have planned semi-automatic and 

automatic techniques to alleviate the manual prostate 

segmentation 

process in TRUS pictures. it's been shown that pure 

texture features of the TRUS pictures will aid 

classification of the pixels and delineation of the 

prostate boundary [5], [6]. Active contours and 

snakes have conjointly been utilised by many teams 

to delineate the prostate boundary in 2-D and 3D 

TRUS images [7]–[13]. Model-based approaches 

mistreatment super-ellipses have conjointly been 

rumored to regularize the divided form and account 

for thin characteristics of the brachytherapy TRUS 

volumes [14]–[17]. Moreover, previous data of 

TRUS images, like texture options and prostate form 

variability in the kind of applied math models, has 

been accustomed improve the robustness of 

segmentation [18]–[22].  

 

Except [15]–[18], the on top of mentioned TRUS 

segmentation methods aren't directly applicable to 

prostate brachyhtherapy without vital changes to the 

underlying strategies or clinical advancement, 

because: 1) The painted CTV in clinical images 

doesn't follow the anatomical prostate boundary 

everywhere; 2) TRUS volumes area unit sparsely 

noninheritable  with a slice distance of five metric 

linear unit. This thin nature of brachytherapy TRUS 

pictures additionally to the intrinsic artifacts of the 

ultrasound images, makes the segmentation method 

even a lot of 

challenging. Mahdavi et al. [17] combined data from 

another modality, i.e., elastography maps, to help the 

segmentation process, but it needs the introduction of 

further hardware to the clinical advancement for 

physical property imaging. Ghose et al. [18] proposes 

an answer for automatic prostate segmentation that 

seems to be applicable for prostate brachytherapy.   

 

However, the approach relies on 3 freelance 2-D 

active form and look models that area unit generated 

just for central, apex and base zones; therefore, 

segmentation is inherently 2-D and doesn't guarantee 

a swish CTV delineation that  considers the 3D form 

of the prostate. In this paper, we tend to introduce 

associate degree formula for 3-D segmentation of the 

prostate supported multiple atlases that embody pairs 

of pictures and their segmental labels. the overall 

approach of the multi-atlas segmentation (MAS) 

technique is to rework atlases in associate degree 

existing dataset to the coordinates of a target image. 

after, a accord segmentation of the target image is 

made by fusion of the atlas labels. This approach has 

been antecedently used for segmentation of brain Mr 

pictures [23]–[25], and a lot of recently for CT and 

Mr pictures of the prostate [26]–[29]. the appliance of 

MAS for TRUS segmentation  

is not simple, since it depends on sturdy registration 

of images, that may be a difficult task in TRUS 

knowledge. to enhance the hardiness to registration 

quality, many teams have planned solutions to spot 

best weights for fusion, mainly by applying the 

fusion in a very neighborhood around every target 

voxel, and by introducing intensity priors to the 

fusion algorithms, e.g., regionally weighted majority 

ballot [30], local maximum a posteriori STAPLE [31] 

and native exponent opinion pool STAPLE [32].  

 

Our observation from each intensity images and their 

corresponding label maps shows a weak correlation 

between intensity similarity metrics and label overlap 

measures within the context of distributed TRUS 

pictures. Hence, some recently introduced strategies 

that incorporate intensity based mostly priors in 

fusion of atlases might not perform yet within the 

context of our study. an alternate approach planned 

by Langerak et al. [33] uses a preregistration atlas 

choice for multi-atlas segmentation. The approach 

maintains/improves the standard of input atlases 

supported a heuristic choice of atlases before the 

registration method. The authors observe slightly 

however not statistically significantly less accuracy 

for the target segmentation;  however, the process 

time was considerably reduced. In this paper, we tend 

to propose an alternate approach, where we perform 

atlas choice before and once the registration: 1) we 

tend to use a target specific approach for atlas choice 

before the registration associate degreed fusion steps; 

2) we tend to introduce an atlas pruning technique to 

include form deformation agreement among atlases at 

the side of the registration performance.   

 

We tend to incorporate a pairwise atlas agreement 

issue to pick associate degree applicable set of atlases 

for fusion, and after turn out the accord segmentation. 

To satisfy CTV needs per the treatment protocol at 

our establishment, accord segmentation generated by 

the fusion method is smoothened and created 

isosceles by fitting tapered and crooked ellipses. the 

tactic is evaluated on a clinical dataset of 280 prostate 
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TRUS volumes. We compare our planned 

configuration for the framework against the manually 

segmental gold-standard, and show it performs 

among a variety of variability same as a progressive 

semi-automatic segmentation approach [14] that's a 

part of the 

standard of care at our establishment. The initial 

results of our approach was rumored in [34] and [35]; 

here, we offer any details of the approach, and 

validate it with a way larger dataset. Moreover, we 

tend to propose to enhance the hardiness of the 

approach by introducing the atlas agreement issue. 

We also compare our planned multi-atlas 

segmentation framework with native and intensity-

driven label fusion techniques. 

 
 

 

Methods  

a schematic diagram of the planned MAS framework. 

during this framework, the term atlas refers to 

associate degree intensity image and its 

corresponding morphometric properties, such as its 

binary segmentation, that we tend to hereafter discuss 

with because the label image. Generally, MAS 

approaches assume a robust presence of 

corresponding structures within the intensity and also 

the label image of associate degree atlas. They use a 

picture registration approach to align a gaggle of 

atlases with a target image, in order that the 

corresponding labels of the atlases area unit 

propagated to the coordinates of the target image. A 

probabilistic map of the agreement segmentation is 

achieved by fusing the reworked labels of the atlases. 

 

The key assumption in MAS is that an ideal 

registration between AN atlas and therefore the target 

image ends up in an ideal labeling of the target image 

by propagating identical transformations from the 

intensity image to the label image. Where there is 

imperfect registration, fusion of the knowledge from 

multiple atlases reduces the sensitivity of the accord 

segmentation to the registration quality and therefore 

the error associated with every individual atlas label. 

within the context of TRUS pictures obtained for 

brachytherapy, registration could be a notably 

difficult problem, that could lead on to comparatively 

poor and spatially inconsistent results, as a result of 

the big selection of variability in form and size of the 

prostate. moreover, fusion of atlas labels supported 

intensity criteria is extremely tormented by these 

specific characteristics of TRUS pictures which ends 

up in AN inaccurate alignment of the atlases and thus 

poor fusion performance.  

 

This implies a demand to prune atlases before and 

when registration prior to the fusion step. Hereafter, 

we have a tendency to consult with the target volume 

with, and each atlas with try , that represents the 

intensity volume and therefore the corresponding 

segmentation binary.   

 

Materials 

A dataset of 280 TRUS volumes of brachytherapy 

patients is used for analysis of the projected 

segmentation algorithmic rule. All pictures were non 

heritable at the VCC, a couple of weeks before the 

treatment day. knowledge acquisition and designing 

procedures were carried out in accordance to the 

native treatment protocol [3]. Instructions within the 

protocol standardize all TRUS volumes to be cut 

from prostate base to apex, whereas the secretory 

organ is  visually located within the middle of every 

axial B-mode image. As mentioned earlier, every 

TRUS volume consists of 7–14 parallel equally 

spaced (5 millimeter apart) axial B-mode pictures of 

the prostate that are captured employing a side-firing 

transrectal probe. For each B-mode image, the 

prostate is diagrammatic exploitation a software. This 

code is an element of the quality of care, and works 

supported a progressive semi-automatic prostate 

segmentation method conferred by Mahdavi et al. 

[15]. These contours are manually corrected later on 

by Associate in Nursing professional practitioner, and 

afterward the CTV gold-standards square measure 

obtained. Images are all preprocessed to get rid of 

overlaid device labels and marks, and are down-

sampled by an element of 3 (136 165 pixels) to 
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accelerate the machine processes. The intensity range 

is normalized across all atlases with reference to the 

target image by bar chart matching before the atlas 

registration process. afterward, all atlases are 

geometrically aligned, and if necessary, resampled 

(with the nearest-neighbor technique) with reference 

to the target image extent. The extent of every 

individual volume is proscribed to the bottom and 

apex axially, and is 

standardized in 2 different axes (sagittal and coronal) 

among all atlases. Hyper-parameter , that refers to the 

best variety of clusters, is tuned by playacting 

validation on a set of the dataset. Statistics of the 

segmentation outcome on the validation dataset are 

obtained for various values of , and therefore the 

optimum number of clusters is decided. doubtless, 

this parameter exposes a characteristic of the 

coaching dataset, e.g., variation in anatomy coverage, 

that is intuitively expected to be the same between 

validation and take a look at datasets. we tend to 

adapt a scientific  sampling of the dataset to divide it 

into hour train, two hundredth validation, and two 

hundredth take a look at cases. The partitioning 

method is continual 10 times so as to judge hardiness 

of the projected segmentation algorithm. whereas 

none of the take a look at cases are enclosed in 

coaching and validation sets among a partitioning 

method, each test atlas may seem at the most doubly 

in take a look at datasets among partitioning attempts. 

In every trial, the target volume is registered to the 

mean atlas as explained in Section II-A so as to prune 

the coaching dataset into a final set of a hundred 

atlases, that are additional transformed into the 

coordinates of the target image. 

  
Discussion And Conclusion 

To reduce the process value and maintain the potency 

of the algorithmic rule, we tend to profit of a forward 

mean atlas generation method before the registration 

of atlases. we tend to filter a large dataset of atlases 

into a smaller set of comparable atlases victimization 

the generated mean atlas, therefore reducing the 

prospect of participation for those atlases with lower 

similarity between their intensity volumes and 

therefore the target volume. Our observation from the 

registration performance concludes that participation 

of all atlases within the fusion procedure decreases 

performance and accuracy of the segmentation; 

specifically, reduces the mean DSC and raises the 

quality deviation. One reason will be the actual fact 

that registration accuracy isn't equally cover different 

anatomical regions inside the region of interest. 

Moreover, there is no sturdy proof behind the belief 

of the lower SSD in intensity volumes, the upper 

DSC between binary volumes is predicted. For the 

ultrasound modality, deformation fields obtained 

from registration algorithms area unit extremely 

affected by the presence of speckles and different 

artifacts that seem as 

registration noise within the boundary region of the 

prostate. Therefore, propagation of the deformations 

from the intensity domain to the label's binary 

domain is subject to some distortions. Eventually, 

filtering the registered atlases rather than as well as 

all atlases reduces the registration error. 
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