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Abstract 

Transrectal ultrasound (TRUS)-guided brachytherapy is a treatment option for 

prostate cancer which involves the implantation of seeds into the prostate. Seed 

localization is important for the evaluation of implants‟ distribution, which will reveal any 

deviations from the prescribed dose .This report, describes a method of automatic seed 

detection using 3D ultrasound images, which could be performed by an image-guided 

brachytherapy robot during the intraoperative dosimetry procedure.  

One dimensional Hough transform is applied to detect the trace of a seed, a 

bright „tail‟ of pixels, in pre-scan converted ultrasound images. The purpose of the 

proposed method is to define seeds candidates of an ultrasound volume for further 

image processing. The experiments with P.V.C. phantom showed that the true positive 

rate for seed detection is 100%.  
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Résumé 

Curiethérapie échographie transrectale (TRUS)-guidée est une option de 

traitement pour le cancer de la prostate qui consiste à l'implantation de graines dans la 

prostate. La localisation des graines est importante pour l'évaluation de la distribution 

des implants, qui révélera les écarts par rapport à la dose prescrite. Le présent rapport, 

décrit une méthode de détection automatique des graines à partir d'images 

d'échographie 3D, ce qui pourrait être effectuée par un robot curiethérapie guidée par 

l'image au cours de la procédure de dosimétrie peropératoire.  

Le transform unidimensionnel  de Hough est appliquée pour détecter la trace 

d'une graine, une «brillante queue» de pixels, en images échographiques avant la 

conversion de scan. Le but de la méthode proposée consiste à définir les candidats 

graines d'un volume à ultrasons pour le traitement d'images supplémentaires. Les 

expériments avec P.V.C. fantôme ont montré que le taux de vrais correctes pour la 

détection de semences est de 100%.  

 

 

 

 

Mots clés: la détection de graines, la curiethérapie de la prostate, la dosimétrie 

peropératoire, échographie, transform Hough  

  



 

 

Πεξίιεςε 

Η βξαρπζεξαπεία ππό ηελ θαζνδήγεζε δηνξζηθώλ ππεξήρσλ απνηειεί κηα  

ειάρηζηα παξεκβαηηθή κέζνδν γηα ηε ζεξαπεία ηνπ θαξθίλνπ ηνπ πξνζηάηνπ. Η 

αθηηλνβνιία ελαπνηίζεηαη ζηνλ πξνζηάηε κε ηελ εκθύηεπζε ξαδηελεξγώλ θόθθσλ ζηνλ 

ηζηό ηνπ αδέλα. Ο εληνπηζκόο ησλ θόθθσλ δηαδξακαηίδεη θαζνξηζηηθό ξόιν γηα ηελ 

εθηίκεζε ηεο θαηαλνκήο ηνπο (δηεγρεηξεηηθή δνζηκεηξία) θαη ηελ απόθθιηζε απηήο από 

ηελ αξρηθά νξηζκέλε δνζνινγία ηεο αθηηλνβνιίαο. Η παξνύζα εξγαζία πεξηγξάθεη κηα 

ηερληθή απηόκαηεο αλίρλεπζεο ησλ ξαδηελεξγώλ θόθθσλ ζην ηξηζδηάζηαην 

ππεξερνγξάθεκα ηνπ πξνζηάηνπ θαη κπνξεί λα ελζσκαησζεί ζε ελα ξνκπνηηθό 

ζύζηεκα βξαρπζεξαπείαο απεηθνληζηηθά θαζνδεγνύκελν. 

Κάζε ξαδηελεξγόο θόθθνο θέξεη έλα ίρλνο, κηα «νπξά» θσηεηλώλ pixel. Η 

αλαγλώξηζε ηνπ ίρλνπο επηηπγράλεηαη εθαξκόδνληαο κνλνδηάζηαην κεηαζρεκαηηζκό 

Hough γηα ηελ εύξεζε γξακκώλ ζε εηθόλεο ππεξήρσλ, πνπ ιακβάλνληαη απν ζάξσζε 

θπθιηθνύ ηνκέα (pre-scan converted images). Σθνπόο ηεο πξνηεηλόκελεο κεζόδνπ είλαη 

λα θαζνξηζηνύλ  ηα ζεκεία ηεο ηξηζδηάζηαηεο εηθόλαο ηνπ πξνζηάηνπ, πνπ εηλαη πηζαλό 

λα αληηζηνηρνύλ ζε ξαδηελεξγνύο θόθθνπο. Απαηηείηαη πεξαηηέξσ επεμεξγαζία ηεο 

εηθόλαο γηα ηνλ ηειηθό εληνπηζκό ησλ θόθθσλ. Πξώηκα απνηειέζκαηα απν ηα πεηξάκαηα 

πνπ πξαγκαηνπνηήζεθαλ έδεημαλ νηη  ν ζπλδπαζκόο πνιιαπιώλ πξνβνιώλ ηνπ 

πξνζηάηνπ απνξξίπηεη  αξθεηά απν ηα ζεκεία πνπ ιαλζαζκέλα αλαγλώξηζε ν  Hough 

σο θόθθνπο. Γηα ηε δηελέξγεηα ησλ πεηξακάησλ ρξεζηκνπνηήζεθε νκνίσκα πξνζηάηε 

θαηαζθεπαζκέλν από P.V.C. Τν πνζνζηό ησλ αιεζώο ζεηηθώλ απνηειεζκάησλ (true 

positive rate) εηαλ 100%.  
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Summary 

Brachytherapy has emerged as a potential treatment technique for patients with 

early stage prostate cancer, which provides an alternative to radical surgery or external 

beam radiation therapy. In this procedure, automatic seed detection is significant for the 

evaluation of intraoperative dosimetry and an efficient re-planning. Previous work was 

concentrated on seed localization in CT, fluoroscopic and ultrasound images producing 

encouraging results but clinically robust tracking and localization of the implanted seeds 

in ultrasound images is unavailable. In this report is proposed an algorithm that uses 

ultrasound images and performs one dimensional Hough transform for each intensity 

local maximum. The purpose of this technique is to define candidate seeds in 

ultrasound images, which will reveal the real seeds with further image processing. To 

verify the efficacy of the method, a P.V.C phantom was built to simulate the prostate. 
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1 Introduction 

1.1 Image-guided therapy and medical robotics 

Hippocrates (460-377 B.C) and Galen (131-201 A.D) were the first physicians to 

document their patient‟s process of healing to improve patient care. This completely 

changed how we viewed diseases. They were no longer some mysterious fatal force. 

The medical practice in ancient times was about gathering information and processing 

information. Since that time, the scientific community needed 19 centuries to 

incorporate the technological achievements in medical applications. Nevertheless, the 

last two decades there is an astonishing evolution in the medical field with the creation 

of robotic devices and complex imaging. 

Image-guided therapy, a domain of computer-assisted surgery, allows us to see 

inside the body so that we can perform medical procedures with greater accuracy and 

using minimally invasive techniques. It can strongly benefit from using robotic devices in 

order to ameliorate the performance of the physicians. This technology is based on four 

principles: 

· Imaging 

· Planning  

· Registration 

· Tracking and Navigation 

The advantages derived from the use of computer equipment in the operating 

rooms are numerous and diverse. Surgical procedures are accomplished at a higher 

level of speed and quality. The surgeons‟ fatigue level is reduced and they experience 

less of the tremors effect. A number of postoperative complications may be avoided and 

the hospitalization time may shorten. In some cases the patient is safe to go home right 

after the operation. An example is the Da Vinci system (Figure 1), with which it is 

possible to operate on the heart by making three or four small incisions in the chest, 

each only about 1 centimeter in length. Because the surgeon would make these smaller 

incisions instead of a single large opening in the chest, the patient would experience 

less pain, trauma and bleeding, leading to a faster recovery. Another great achievement 

of medical technology is the contribution to the treatment of prostate and breast cancer 

through brachytherapy. The rest of the report is going to describe the usefulness of 

prostate brachytherapy and how it can be improved through image-guided devices.  

 

1.2 Brachytherapy 

Brachytherapy is an advanced cancer treatment. Derived from ancient Greek 

words for short distance (brachy, βξαρύο) and treatment (therapy, ζεξαπεία), it is 

sometimes called seed implantation and is used in the treatment of different kinds of 

cancer. Radioactive “seeds” are carefully placed in or close to the cancerous tissue, 
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giving a high radiation dose to the tumor while reducing the radiation exposure in the 

surrounding healthy area. Some of the diseases now treated with brachytherapy include 

prostate cancer, cervical cancer, endometrial cancer, and coronary artery disease. 

Brachytherapy has been proven to be very effective and safe, providing a good 

alternative to surgical removal of the prostate, breast, and cervix, while reducing the risk 

of certain long-term side effects. 

 

 

Figure 1: Da Vinci system 

 

1.2.1 Prostate brachytherapy 

Prostate brachytherapy is a method of treating cancer that has not spread 

beyond the prostate gland. Using ultrasound image guidance (Figure 2), radioactive 

seeds are placed into the prostate via needles inserted through the perineum (skin just 

behind the scrotum). 

 

 

Figure 2:The surgeon inserts the implants under ultrasound guidance  

 

In the treatment of prostate cancer, the radioactive seeds are about the size of a 

grain of rice (Figure 3), and give off radiation that travels only a few millimeters to kill 
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nearby cancer cells. The radioactivity of the seeds rapidly decays with time while the 

actual seeds permanently stay within the treatment area. 

 

 

Figure 3: Radioactive seeds 

 

During the Procedure: 

The actual procedure takes approximately 2 hours. An ultrasound probe is 

inserted into the rectum, which will show the prostate gland on a television monitor, to 

aid the doctor in placement of the seeds. The first step in the brachytherapy procedure 

is the use of ultrasound to determine the position and the shape of the prostate (Figure 

4) through the collection of a set of parallel 2D ultrasound images taken over the gland. 

Once the size of the patients prostate is figured out, the physician is able to proceed to 

dose pre-planning. By the help of specific software, he is able to calculate the 

distribution (Figure 5) of radioactive seeds that should be delivered into the prostate for 

the brachytherapy in order to give the planned dose whilst sparing organs at risks 

(urethra, rectum). This procedure is referred as dosimetry or dose planning. 

  

 

 

Figure 4: The yellow contour defines the prostate‟s shape 
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Figure 5: A special form that radiologists use to plan the dosimetry. 

 

The seeds are then implanted into the prostate through very thin needles. The 

needles are guided by a fixed template (Figure 6) that corresponds to the grid (Figure 3) 

shown in the ultrasound image of the prostate. Depending on different variables (such 

as the size of the gland), between 50 and 100 seeds are used. The type of seeds also 

varies and may include Iodine-125, Palladium-103, and echnogenic Iodine-125 seeds. 

The needles are inserted into the skin between the scrotum and rectum and are guided 

under ultrasound control to the right place to most effectively treat the cancer. 

 

 

(a)                                                                                   (b) 

Figure 6: (a) Needles are inserted through the perineal template at the periphery of the prostate, (b) An 

illustration of brachytherapy, showing needles that are used to implant the radioactive seeds into the 

prostate and the use of ultrasound to assess their location in real-time.  

 

Post implantation: 

One month after the implantation a fluoroscopic scan is performed (Figure 7) to 

enable physicians to estimate the position of each seed in the prostate. Fluoroscopy is a 

type of medical imaging that shows a continuous x-ray image on a monitor, much like 

an x-ray movie. This is necessary to determine that the prostate gland is receiving the 

proper amount of radiation throughout the entire gland. On rare occasions, it has been 
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necessary to give an additional amount of radiation with external radiation or another 

implant. 

 

Figure 7: Fluoroscopy X-ray image of the prostate area 
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2 Intraoperative Dosimetry and Seed Detection 

2.1  The importance of intraoperative dosimetry 

Dosimetry in general is defined as the calculation of absorbed dose and its 

optimization in radiation therapy. In brachytherapy the intraoperative dosimetry is a 

crucial factor of the treatment planning. It is possible for the implantation evaluation to 

reveal underdosed areas of the prostate and unnecessarily irradiated healthy tissues. 

These inaccuracies have different reasons: the prostate moves and is deformed due to 

the ultrasound probe movements and to the insertion of needles; its volume is modified 

during the procedure because of bleeding; finally, the needles are deformed during 

insertion in the tissues. This postoperative impact could be prevented, if the physicians 

were provided with a real-time dosimetric feedback during prostate brachytherapy. The 

need for intraoperative dosimetry was intrigued by the advent of frameworks that could 

manage the optimization of both seed placement and dose distribution [1, 2, 3, 4, 5] in 

the treatment planning. In [6] the authors made a statistic observation that was derived 

from patients‟ data and emphasizes the importance of having the ability to re-adjust the 

distribution of implants. Figure 8 illustrates the magnitude of the problem by comparing 

for a random group of 17 patients, the percentage urethral volume covered by 150% of 

the prescription dose (planned or assessed at post-implant evaluation) and also 200% 

of the prescribed dose (post implant evaluation; the planned percentage volume was 

always zero). An efficient method of seed localization could be a reliable tool in the 

hands physicians, as they would be able to measure the distribution of the radioactive 

implants and schedule a real-time re-planning. 

 

 

Figure 8: Percentage urethral volume covered by the stated percentage of the prescription dose. 
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3 Background and Related Work 

3.1 Imaging modalities in seed detection 

The last decade, seed detection has been a challenging research issue. The 

reports that have been published perform seed localization on CT (computed 

tomography), fluoroscopic or ultrasound images. A CT scan is a 3D imaging method 

that uses x-rays to create cross-sectional pictures of the body. A fluoroscopic image is 

also produced from x-rays and it can be acquired in real-time but it is a projective 

image. An ultrasound image involves sending out high-frequency sound waves. These 

waves reflect off body structures and the strength of these reflections is depicted in the 

image. The advantage of CT and fluoroscopy is that they provide high contrast images 

which assure a clear view of the seeds, although the boundaries of soft tissue, like 

prostate and urethra, are shown poorly. Unfortunately, the use of these imaging modes 

carries some severe side effects due to the patient„s exposure to radiation. On the other 

hand the ultrasound modality (2D or 3D) is noisy and not so rich in contrast information, 

however, the prostate is much more visible on ultrasound than on X-ray modalities. MRI 

(magnetic resonance imaging) is based on the principles of nuclear magnetic resonance 

(NMR), a spectroscopy technique used by scientists to obtain microscopic chemical and 

physical information about molecules. MRI has several potential advantages over 

fluoroscopy as it does not expose the patient to ionizing radiation, it allows 2D and 3D 

imaging with arbitrary slice orientation and thickness and can obtain not only anatomical 

but also physiological information. Nevertheless it suffers from the slicing effect, unlike 

ultrasound images. 

 

3.2 Research on seed detection using CT or fluoroscopic  

During the past years, several approaches were developed for localization of the 

seeds in CT or fluoroscopic images. Teodor et al [6] performed studies on intra-

operative dynamic dosimetry. They determined the number of seeds within a cluster by 

measuring the characteristics of each cluster of seeds and processing the 

morphological differentiation using the fluoroscopic image of the prostate which was 

acquired in patient‟s visit before the brachytherapy operation .They also discussed the 

localization problem of hidden seeds (partial or total area of a seed is behind another 

seed). Methods similar to the previous cannot be reliable, considering the fact that the 

prostate is not in the same position as during the seed implantation. In addition, the 

incapability of these images to outline the prostate„s boundaries increases the possibility 

of errors [7, 8]. In some other reports [6, 9, 10] a reconstruction model of 3D coordinates 

from projections was presented. In the case of overlapped seeds which occurs very 

often in those projection images, correction algorithms had to be used, which proved out 

to be complicated [10]. The authors in [17] contributed to 3D localization of implanted 

radioactive seeds from the aspect of algorithmic information theory. They introduced an 
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algorithm which could find an optimal solution from multiple projection images with 

hidden seeds and be performed in polynomial time.  

 

3.3 Research on seed detection using MRI images 

MR modality is widely used in image-guided brachytherapy robots. It has been 

investigated profoundly in the area of image registration and prostate segmentation. 

This prior knowledge of MRI capabilities attracted the interest of researchers working on 

the problem of seed detection. An MR image is better in visualizing the prostate gland 

but poor in localizing the seeds. In [18] the authors used an optimized MR scanning 

sequence to identify prostate implants. Inspired by this effort Lee et al [19] proposed a 

semi automatic seed extraction algorithm. The algorithm determines x, y and z 

coordinates of the seed centers from MR images and registers their locations to the 

patient anatomy. 

3.4 Research on seed detection using Ultrasound images 

In [11, 12, 13] the authors presented significant work in seed detection under 3D 

ultrasound guidance. Their goal was to build an efficient framework for transperineal 

prostate brachytherapy. A dynamic intraoperative procedure, in which all steps are 

performed in one session, including planning, monitoring of the prostate changes, 

dynamic re-planning, optimal needle insertion and automatic seed localization in US 

images, that would help solving some of the problems with current prostate 

brachytherapy [6]. Especially for seed detection, the algorithm that they developed 

involves five steps: 

 3D needle segmentation.

 Volume cropping along the detected needle trajectory.

 Non-seed structure removal based on tri-bar model projection.

 Seed candidate recognition using 3D line segment detection.

 Localization of the seed positions

This approach is based on the knowledge of needle „s position, which is located 

by performing 3D needle segmentation.The authors are making the logical assumption 

that a seed will be placed close to the needle and inside the boundaries of rectangular 

area along the needle trajectory. These regions may contain bright spots, which belong 

either to tissues or seeds. In order to distinguish the spots, they used a rigid, tri-bar 

model. Finally the seed candidate recognition was accomplished in 3D US frame 

difference image, where each frame is subtracted from the previous frame and each 

surface produces two parallel lines, the top and bottom part of the seed. A threshold on 

the number of 3D line segments was the criterion to decide about the existence of a 

seed. Finally they localize the seed„s center. For the experiments they used agar and 

turkey/chicken phantoms (Figure 9). 
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Wen and Salcudean [20] proposed a differed approach. They proposed a seed 

detection method using 3D ultrasound. Instead of using conventional B-mode images, 

reflected power images are computed from ultrasound radio-frequency signals and then 

used to reconstruct a 3D volume. Finally implanted seeds are segmented in local 3D 

search spaces. 

 

 

Figure 9: Segmented seeds in a chicken phantom. The white spots are the actual seeds while the black 

spots are the segmented seeds. There are four seeds in the first image but the fourth seed indicated by 

an arrow is a false segmentation as designated by „„A‟‟ on the second line; the two seeds in the second 

image were segmented correct. 

 

3.5 A strategy for automatic seed detection 

The purpose of the current research is to investigate different methods of image 

processing and eventually to determine an efficient framework of automatic seed 

detection. The strategy that is proposed in this report evolves in three stages: 

 Acquisition of 3D TRUS volume after implantation of a line of seeds: The 

acquisition of 3D TRUS volume (both pre-scan and scan converted) after each 

implantation assures that in vivo dosimetry is updated during the brachytherapy. 

 Detection of ‘candidate seeds’ in pre-scan converted images which are not 

biased by interpolation artifacts: The use of pre-scan images has the advantage of not 

being biased by interpolation artifacts. The scan-converted images are produced from 

interpolating pre-scan converted ones. At this step some seed candidates are going to 

be detected from their characteristic trace, a bright tail. One-dimensional Hough 

transform on local intensity maxima of TRUS images is the algorithm that is proposed to 

perform this task. 

 Final detection in registered scan-converted images: The pre-scan converted 

images are transformed to scan converted. Thus the seed candidates are identified also 
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in scan converted images. It is expected that the knowledge of candidates in 

combination with the foreground recognition will lead to final definition of the seeds. The 

foreground will include all the bright objects of the image and their recognition is 

proposed to be delivered by a background subtraction approach where an image 

without seeds is subtracted from the corresponding with seeds. 
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4 Proposed Algorithm: 1D Hough Transform on local intensity maxima of 

TRUS images 

4.1 Hough Transform in General 

The Hough transform is a feature extraction method for locating patterns in 

images. The purpose of this technique is to find curves that can be parameterized like 

straight lines, polynomials, circles etc. It can be used in 1D, 2D, 3D space or even in 

higher dimensions.  

 

Curve Classical HT Generalized HT Dimensional 

Space 

Line y =αx  y= -x *atan(ζ) 1D 

 y =α*x+β ξ= x*cos(ζ) + y*sin(ζ) 2D 

Circle 

 

Ellipse 

 

Planar 

ξ2 =(x-α)2 +(x-β)2 

 

((x-h) / α)2 + ((y-k) / β)2= 1 

 

α*x + β*y  + γ*z +1= 0 

x= α + ξ*cos(ζ) 

y= β + ξ*sin(ζ) 

x= α0 + αx*sin(ζ) + βx*cos(ζ) 

y= β0 + αy*sin(ζ) + βy*cos(ζ) 

ξ= x*cos(ζ) + y*cos(θ) + γ*cos(σ) 

2D 

 

2D 

 

3D 

Table 1: Examples of Hough Transform 

 

In 1959 [14] classical Hough transform was introduced by P.V.C. Hough. It was based 

on using slope-intercept parameters (Table 1, classical HT). In 1972, Duda and Hart 

[15] mentioned an important progress in the algorithm. They proposed the use of polar 

coordinates (Table 1, generalized HT) for representing the curves. This suggestion 

implies the conversion of Cartesian coordinates (x, y) into polar coordinates (Figure 10). 

Their contribution was useful as it could overcome crucial limitations of the initial 

algorithm, such as the case of horizontal or vertical slope (x=0 or y=0). The Hough 

transform works by letting each feature point (x, y) vote in (ξ, ζ) space for each possible 

line passing through it. These votes are summed in an accumulator. Finally a threshold 

for the bins‟ values Η(ζ,ξ) is used. 
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Figure 10: The first image (Image Domain) shows a parametric line in Cartesian coordinates and its 

Hough transform is shown at the second image (Hough Domain) . 

 

 

One of the most useful properties of Hough transform is its tolerance of gaps in 

feature boundary descriptions and the fact that is relatively unaffected by image noise 

unlike edge detectors. An example is shown in Figure 11. 

 

 

 

(a)    (b) 

 

(c) 

Figure 11:  (a) A random image with noise and lines, (b) The lines are the Hough transform 

backprojection of image (a), (c) The Hough transform of (a).The three bins that that seem more black 

than the others correspond to the lines in (b). 

 

 

4.2 1D Hough Transform on local intensity maxima of TRUS images 
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As reviewed in section 3, several methods have been published for seed 

localization in prostate brachytherapy. Their goal was either to distinguish the shape of 

a seed or to reconstruct its coordinates. The proposed algorithm attempts to locate the 

trace of the seed instead of the implant‟s shape. It is easier to analyze this area, since it 

always lies in the scanline. For this purpose the pre-scan converted US images were 

studied. At this point, it would be helpful to mention that scan-converted images are 

produced as an interpolation result of the pre-scan ones, which implies some loss of 

information (Figure12a, 12b).  

 

            

(a)       (b) 

 

(c) 

Figure: (a) Scan converted image, (b) Pre- scan converted image, (c) Bright tail of a seed 

 

The implant is metallic, which according to acoustics principles means that the 

transducer will receive a strong reflected echo. This echo is interpreted as local intensity 

maximum of the pre-scan US image. The algorithm assumes that all intensity maxima 

are elements of interest. It was observed that the seed is followed by a bright tail (Figure 

12c). The next step is to check which elements correspond to a trace. More precisely it 

must be investigated if there are any collinear bright pixels at the right side of each 

element. The 1D Hough transform applied for detecting lines is a suitable technique to 

accomplish this task. For the purposes of executing 1D Hough transform, it needs to 

convert Cartesian coordinates (x, y) into polar coordinates (ζ, Ν) where N is the 

normalized intensity value of pixel (x, y) and ζ is the angle between the axis and the line 

connecting the pixel (x, y) to the origin . 
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          (a)          (b) 

Figure 13: (a) Cartesian system,  (b) Polar system 

 

In Figure 13, is shown the data in Cartesian space and in polar space. Using the 

formula y=-x *atan(ζ) the transform corresponds a line to a point. Another crucial aspect 

of the algorithm is the definition of the search space where Hough transform is going to 

be applied. The rectangular area (Figure 14b) at the right of the element is cropped in a 

way that is possible to maintain the majority of tail„s bright pixels. It is chosen a radius 

that outlines a hemisphere where the bright tail is enclosed (Figure 14b). The radius 

varies as it depends on the attenuation ratio how rapidly the echo of the seed fades out. 

The next step is to build the Hough accumulator. The accumulator is an array of 181 

equally spaced bins. Each bin corresponds to angles in the range [θ-1, θ) where θZ 

and θ[-89,90]. The accumulator is initialized to zeros. For each pair (ζ, Ν) the bin that 

contains ζ is calculated and the value N is added to it. When all pairs (ζ, Ν) of the 

hemisphere have contributed to the accumulator a double criterion is applied. If the 91st 

bin, which contains angles in the range of [0, 1) degrees, is the maximum of the 

accumulator and above a threshold, then the algorithm decides that the element is a 

candidate seed. The threshold should assure that at least the 70% of the N values 

added to the specific bin correspond to bright pixels (pixels of high intensity value) 

(Table 2). 
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(a) 

 

(b) 

 

 

(c) 

 

 

(d) 

Figure 14: (a) Pre-scan converted image, (b) Results of performing 1D Hough transform on a local 

intensity maximum. The red point in the first two images is the local intensity maximum that is checked if it 

could be long to a seed. The last graph shows the 1D Hough transform. It is obvious that the bin [ 0,1) 

degrees is described by the maximum value of the accumulator. (c) The green points are the candidate 

seeds that have been detected after performing the 1D Hough on all local intensity maxima.  
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Table 2 

 

 

 

 

 

 

 

 

 

element:= element of interest 

 R: = radius of hemisphere,  I: = intensity image   

HoughTransform(element,R,I) 

{ (a, b): = coordinates of the element 

 #SA is the search area of Hough and is defined as a  hemisphere 

 SA: = {(x, y): R
2 
=(x - a)

2
 + (y - b)

2
 } 

 bin:= array of equally spaced 181 containers that partition angles   

 between -90 and 90 degrees 

 accumulator:= array of size 181  

 For each (x, y) in SA  

  Calculate angle ζ= atan(x, y) 

  Calculate angle N= I(x,y)/255 

  accumulator(bin(ζ)) += accumulator(bin(ζ)) 

 end 

   # bin(91) corresponds to the anpartition [0,1) 

 threshold= 0.7*R 

 if accumulator(bin(91)) is the maximum and bigger than threshold 

  the element is a seed candidate 

 else 

  the element is a not a seed candidate 

 end 

end } 
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4.3 Materials  

A 3D TRUS transducer has been used to acquire the US volume of prostate 

phantom. A PVC seed phantom was conceived for a preliminary study (Figure). The 

interior of the phantom is non echogenic but there is higher echogenicity in the exterior 

layer. Ten non radioactive seeds were placed inside manually and are distributed in 3 

levels, 30% of them at the top of the phantom, 40% at the middle and 30% at the 

bottom. They were oriented in random angles through manual insertion.  

 

 

 

Figure 10 : PVC seed phantom 

 

 

 

 

 

Figure 11: 3D TRUS transducer 
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5 Algorithm „s Results and Conclusions 

5.1 Algorithm „s Results and Conclusions 

The results of the algorithm were quite encouraging. The algorithm was verified 

in 200 frames acquired from a TRUS volume of the phantom described in section 4. 

From a set of 300.000 pixels, approximately 3500 pixels are considered to be seed 

candidates. The 70% of them are located on or outside the boundaries. All the seeds 

were identified amongst the candidates. A novelty method that could reduce more the 

candidates and exclude the outliers is the steering of transducer‟s beams. Some 

preliminary experiments demonstrate that it could be effective. The steering is the 

rotation of the beams to an angle α., according to the geometry of the transducer 

(Figure 15).  

 

 

 

 

Figure 15 : Ultrasound Geometry 

 

 

 

The purpose of changing the beams‟ angle is to acquire ultrasound volumes from 

different views and project the seed candidates at the same image. In Figure 16 is 

shown an example where 1D Hough Transform on local intensity maxima was used to 

find seed candidates in a volume acquired from angle α=0 and in another volume where 

the angle was α=5 degrees. In the second image are shown all the candidates from the 

two different views projected in the image acquired from an angle of 0 degrees and in 

the third are shown the final candidates. 
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Figure 16: Projection of seed candidates 

 

The process described before was implemented in 2 sets of 200 frames acquired 

from an angle 0 and 5 degrees respectively. It was impressive that taking into 

consideration only two projections was enough to reduce the candidates from 

approximately 3500 to 2200.  

A major problem that was encountered during the research was the distortion of 

the bright tail due to the artifacts created by the outer layer of the phantom. It was hard 

to model it and remove as it could influence the attenuation of the bright tail in different 

positions and ways. This observation is obvious in the intensity profiles of the seeds‟ 

bright tails (Figure 17-23). Clinical data are required for the appropriate evaluation of the 

algorithm since the reflections from the outer layer and similar calcifications like bubbles 

in the phantom do not represent realistically the prostate. 
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Figure 17: Pre-scan converted image and the intensity profile of the scanline where the seed (red point) is 

located 
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Figure 18: Pre-scan converted image and the intensity profile of the scanline where the seed (red point) is 

located 
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3rd seed
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Figure 19: Pre-scan converted image and the intensity profile of the scanline where the seed (red point) is 

located 
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Figure 20: Pre-scan converted image and the intensity profile of the scanline where the seed (red point) is 

located 
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6th seed

SmoothedFrame349.bmp

0 50 100 150 200 250 300 350 400
50

100

150

200

250

 

Figure 21: Pre-scan converted  image and the intensity profile of the scanline where the seed (red point) 

is located 
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Figure 22: Pre-scan converted image and the intensity profile of the scanline where the seed (red point) is 

located 
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9th seed
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Figure 23: Pre-scan converted image and the intensity profile of the scanline where the seed (red point) is 

located 
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6 A Review on Other Methods 

6.1 Background modeling 

Another approach that was studied was the definition of a pattern that 

corresponds to a scanline with seed. The artifacts that are created from the boundaries 

of the phantom and from other seeds, are distorting the seed„s attenuation ratio. This 

fact was a severe obstacle for creating a pattern for the seed.  

The background model of a seed scanline was computed by using the 3D 

structure of the ultrasound volume. A square with an edge of 12 pixels was used to 

define which scan lines will contribute to the background. The centre of the square lies 

on the seed„s scanline and outlines in the z-y plane of the ultrasound volume which 

scanlines will build the background model. This model is defined as the average 

intensity profile of the scanlines that are traversing the margins of the square. The next 

step is to subtract the background model from the seed scanline (Figure 24-27). The 

purpose of performing the background modeling was to clarify the seed scanline by 

removing the artifacts mentioned previously. This approach fails in cases where the 

seed is hidden or close to phantom „s boundaries, as the part o the scanline that 

characterizes the seed resembles to the computed background model (Figure 26). 
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Figure 24: In the first image is shown the phantom „s image in x-z plane. The red point is the seed and the 

green point are the square„s margins  The first graph shows the seed‟s scaline. The second graph shows 

the background model and the extracted scaline after the subtraction. 
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Figure 35: In the first image is shown the phantom „s image in x-z plane. The red point is the seed and the 

green point are the square„s margins  The first graph shows the seed‟s scaline. The second graph shows 

the background model and the extracted scaline after the subtraction. 
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Figure 46: In the first image is shown the phantom „s image in x-z plane. The red point is the seed and the 

green point are the square„s margins  The first graph shows the seed‟s scaline. The second graph shows 

the background model and the extracted scaline after the subtraction. 
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Figure 57: In the first image is shown the phantom „s image in x-z plane. The red point is the seed and the 

green point are the square„s margins  The first graph shows the seed‟s scaline. The second graph shows 

the background model and the extracted scaline after the subtraction. 
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7 Future Work 

This work proposes an algorithm that is based on the implementation of 1D 

Hough and detects seeds candidates by searching for their trace. Is important to 

emphasize that this approach is tolerant in noise and manages to overcome the artifacts 

from hidden seeds and phantom„s boundaries that distort the seed„s trace. Future 

developments of this technique concern the optimization of the radius, that defines the 

search space where 1D Hough transform is performed, and the research on the 

steering potentials to reduce the candidates. The experiments encourage further work 

on clinical data to evaluate the efficacy of the proposed strategy on seed detection. 
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Acronyms 

TRUS: Transpectral Ultrasound 

US: Ultrasound 

1D: 1-Dimensional 

2D: 2-Dimensional 

3D: 3-Dimensional 

 


