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Business Use Case: Identification of cancerous tumors in the mammary gland in the earliest stages of development

According to the European Commission, one in every 8 women in Europe is
affected by breast cancer*, with cancer being diagnosed mechanically or with
ultrasound and x-ray.

Problem: The results obtained are often inaccurate or the cancer is found at an
advanced stage of development, which reduces the patient's chances of healing.

Solution: Bio-Phantom Explorer software technology that simulates 3D models of
the mammary gland and identifies cancer tumours in them.

Advantage: The cancer tumour is identified at a very early stage of development,
which greatly increases the patient's chances of healing.

*http://ec.europa.eu/research/infocentre/article_en.cfm?&artid=48358&caller=FP

http://ec.europa.eu/research/infocentre/article_en.cfm?&artid=48358&caller=FP
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Principle of operation in 2 phases: simulation and irradiation

1. Phase: Development of a 3D
computer model of a mammary gland
that consists of two semi-cylinders,
consecutively filled with 6 different
types of spheres. The spheres have
different sizes and colours, analogous to
the different tissues in individual
mammary glands.

2. Phase: Computer simulation of
irradiating the 3D model and thus
obtaining X-ray images using the ray-
tracing concept (slides 8 and 9).
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Identification: Finding a cancer tumour in the generated 3D model   

The main idea here is that the 3D model can be rotated and disassembled by the user, making it possible for the cancer tumour (black
sphere) to be identified between the spheres.

2 semi-cylindersClosing wall SpheresCancer tumour
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The filling of the semi-cylinder is done not on one, but on 3 hardware platforms, thus generating a very large number of
spheres in a very short time:

1. Core processor unit (CPU) with 8 cores 2. Graphic processor unit (GPU) with 640 cores 3. Graphic processor unit (GPU) with 1920 cores

Filling of the cylinder is done by the so-called random-fill algorithm using a matrix with a large number of processors. It get difficult to fill in
the last stages when the free space is reduced.

Processor unit: Cores@Clock rate: Time:
(16 000 spheres )

Time:
(32 000 spheres) 

Faster then 

single core:
(16 000 spheres )

Faster then 

single core:
(32 000 spheres )

Price**:

1. CPU – intel i7
6700K

8 cores@4.0GHz 5 min.

(300 sec.) 

3 days x 8 x 8 300 EUR

2. GPU – nVidia

GTX960M

5 blocks x 128

cores@1097MHz

1,33 min.

(80 sec.)

45 min. X 50 X 96 200 EUR

3. GPU - nVidia

GTX1070

15 blocks x 128

cores@1506MHz

0,33 min. (20 

sec.)

6 min. X 200 X 720 550 EUR

Advantages of using the GPU:
Filling the cylinder with spheres is done with 1920 processors in about 6 minutes, and with the classic single-processor
mode it takes 12+ hours.
The price of the GPU is relatively low.

Technical features: filling the model with spheres

**Prices in Amazon for a high class CPU and GPU for the 1. quarter of 2018

mailto:8%20cores@4.0GHz
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Coordinates of the spheres in the model

Black spheres
(cancer tumours)

Spheres properties database
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Desktop application: Web application:

Application: desktop and web in the system Risk Framework   
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Under construction. The idea is to obtain simulated X-ray images of a computer model using traditional and innovative
geometry to produce an image. To this end, it is planned to use Monte Carlo techniques that sample the type of X-ray
interaction in the model and the distance traveled. Physical anthropomorphic models are produced using 3D printers.*

Modelling and simulation of irradiation of the 3D model   

Core stages in the development of physical phantoms of mammary gland. Images of physical phantoms

*https://zenodo.org/record/1065989/.../Ivanov_FOCHOS_2016.pd. Development and analysis of physical phantoms of a human breast for the purposes of X-ray diagnostics

Computer 
model

3D CAD 
model

Model 
processing

3D prototyping
Additional 

model 
processing
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Models for x-ray images

Detector

Modeled planar images of a mammary gland model, composed of
acrylic spheres placed in air.

Modeled planar images of a mammary gland model,
composed of polyethylene spheres placed in air.

Source of x-rays

Model
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Modeled planar images of a mammary gland model, composed of
acrylic spheres placed in water.
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Thank you!

This project was also supported by the MaXIMA project: Three-dimensional Breast Cancer 

Models for X-ray Imaging, which received funding from the European Union's Horizon 2020 

Research and Innovation Program under Grant Agreement  Nr. 692097.


