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Bio-Phantom Explorer

Software system for simulation of anthropomorphic
models of mammary gland and tumor formations

for
educational and research purposes and for industrial application
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Business Use Case: Identification of cancerous tumors in the mammary gland in the earliest stages of development SYSTEMS LTD.

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
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Principle of operation in 2 phases: simulation and irradiation
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SYSTEMS LTD.

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 Eg$£n§|§§

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.

Cancer tumour Closing wall Spheres 2 semi-cylinders

l

—
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Technical features: filling the model with spheres
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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.

Cores@Clock rate:

Processor unit:

Faster then Faster then

8 cores@4.0GHz 5 min. 3 days x 8 x 8
(300 sec.)

single core: single core:

‘ 300 EUR \

5 blocks x 128 1,33 min. 45 min.

cores@1097MHz (80 sec.)

X 50 X 96 200 EUR

15 blocks x 128 0,33 min. (20 6 min.
cores@1506MHz sec.)

X 200 X720 550 EUR

Advantages of using the GPU:

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

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.
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Spheres properties database SYSTEMS LTD.
i/ Itern: User 007, User 007 - > Model: Phantom Visualizer, [12.7.2017 r.]*
E{j Phantom Visualizer Phantom Data
Coordinates of the spheres in the model 58 Pharton Visuaoe Phantom Dt Table
= LE 30 Wizualizer _ _ _ _
i PE 3D Vicualizer for Dbiects Number gid gnid grid gid gid Calor Name
o] F‘E Phantom Data 136 0,0000 0,0000 0,0000 0.,0000 00000 16776 960,0000 none
- = . 137 0,0000 0,0000 0,0000 0,0000 0,0000 16776 960,0000 none

. Risk Framework 20305 07.07.2017 Models v. 4.4 B005 14.04.2015 - [ltern: User 007, User 007 -> Model: Phantom Visualizer, [12.07.2017.. — m} * 1% Uﬂmu 0.0000 0.0000 0,0000 Uﬂmu 16 776 960.0000 P

E’ “‘;3'; 't”;g“,_.”:e'w‘”e; Reports \tndow Fele . 129 00000 000D OOOOD  O0OOD 00000 167763600000 nore
om | b : ) £}

E.% phanj ieualizet Phantom Datd, = 140 0,0000 0,0000 0,0000 0,0000 00000 16776 960,0000 none
% Phantarn Yisualizer Phantom Data Tab | 141 U,UUJU U,UUJU D.UJ['J U.lIllIl U,UUJU 15 T?G 50.03[0 none
% 30 Vizualizer YN o v 5 — N v . 142 0,0000 0,0000 0,0000 0,0000 00000 16776 960,0000 nane

= 30 Vizualizer for Objects —

®-& PhantomData 1 | 1zoood 250000 00000 ooooof  OOOOD 420000 400000 0.0000 143 0,0000 0,0000 0,0000 0.0000 0,0000 16776 360,000 nane

B Admiristrtion 2 | 12o0m 25,0000 00000 OO000f 00000 EOO00D 46,0000 00000 144 0,0000 0.0000 0.0000 0,0000 0.0000 16776 960,0000 none
3 4,000 5 4860 134100 725610 0.0000 7.9400 7.9400 7.9400
4 4,000 -4,0850 30810 83511 00000 7.9400 7.9400 7.9400 145 00000 0,0000 0,0000 0.0000 0,0000 16776 360,000 rlr
5 4,000 7.2620 206770 13a74) 00000 7.9400 7.9400 7.9400 146 0,0000 0,0000 0,0000 0,0000 00000 16776 960,0000 none
3 4,000 134730 22,8590 51741 00000 7.9400 7.9400 7.9400
7 4,000 -11,9880 51790 54017 00000 7.8400 7.8400 7.5400 L 0.0000 0.0000 0.0000 0.0000 0.0000 16776 3600000 fiene
8 4,000 FM70 21,9050 114382 oo £,3500 £,3500 £, 3500 148 0,0000 0,0000 0,0000 0,0000 00000 16776 960,0000 nane
9 4,000 -11.7530 26,8880 12,6729 10,0000 56,3500 56,3500 6.3500 149 Uﬂmu 0,0000 0.0000 0,0000 Uﬂmu 16 776 960,0000 none
10 4000 1,7040 44330 12064 00000 £,3500 £,3500 53500 : - - -
11 4,000 48450 317010 66611 00000 £,3500 £,3500 £.3500 150 0,0000 00000 0,000 0.0000 0,0000 16776 3600000 none
12 4,000 1BES0  -1R.0920 35731 00000 £.3500 £.3500 £.3500 151 0,0000 0,0000 0,0000 0,0000 0,0000 16 776 90,0000 none
13 4,000 16750 95410 07508 0.0000 £,3500 £,3500 £.,3500
14 4,000 182720 215160 0g3s2)| 00000 £,3500 £,3500 £,3500 B I acC k S p h eres 132 0.0000 0.0000 0.0000 000 0000 S22 nene
15 4,000 91380 -4.A850 53787 00000 £,3500 £,3500 £,3500 ™ TRV 0,0000 0,0000 0,0000 0,0000 0,0000 nane
16 4,000 065340 18,7560 7334 00000 £,3500 £,3500 £.3500 (C ancer t umou rs) 154 0,0000 0.0000 00000 T 0,0000 0,000 none
17 4,000 17,0530 31,2790 qama1 00000 £,3500 £,3500 £.3500 - = = =
18 4,000 12,4600 -8,6870 11338z noooo 4.7600 4.7600 4,7600 155 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 nane
19 4,000 79390 -17.3830 15034 oo 4.7600 4.7600 47600 158 0,0000 0,0000 0,0000 10,0000 00000 16 776 960,0000 .
20 4,000 05350 26,5720 150594 00000 4.7600 4.7600 4,7600
21 4,000 16,9540 15,4160 145113 oo 47600 47600 47600 157 0.0000 0,0000 0.0000 0.0000 0.0000 16 776 360,0000 hane
2 4,000 -17.6630 -19,0590 14,5820 0,0000 47500 47600 47600 158 0,0000 00,0000 0,0000 0,0000 0,0000 16776 9600000 none
2 4,000 10,9730 16370 140873 00000 4.7600 4.7600 4,7600
24 40001 50770 16,3710 124574 10,0000 4 7600 4 7600 47600 159 0.0000 0.0000 0.0000 0.0000 00000 16776 30,0000 Ll
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Application: desktop and web in the system Risk Framework Eg$£n§|§§

Desktop application:

B Risk Framework 21179 18.09.2018 Models v, 4.0/B005 14.04.2015 - [Item: User 007, User 007 -> Model: Phantom VYisualizer, [27.9.2018 r]*]

Web application:

L User ItemList Model View Reports Window Help fil] Risk Framework® X +
Fﬁ k. %ﬁ @R e ’D &« C 0 @ Notsecure | www.eurorisksystems.com: 8080/R skFramework/Session
) Phantom Visualizer Phantom Visualizer
E-E2 Phantom Visualizer System data : Shisitin - S3ngs
) F'E 3D Vizualizer Finance center |001005 {L\ 4 b 2?2 4 4 @ B @ = B skyble -
Bl F‘E 30 Vizualizer for Objects User ID |USB' no7 = [ Phantom Visualzer Phantom Visualizer 3D Wizualizer = 30 Yizualizer for Objects  Phantom Data | Administration

M- Phantom Dat - }
g Phantom Data Yaluation date 28 9.2018r. ~ System code |User 007 * [ Phartom Visalizer

3] F'E Administration System data

* [ 3D vizualizer -
Valuation curency B cUREU vI System name |Usel 007, User 007 B 0 Vousizer for Objects Finance center 001005
+ [ Phantom Data User (D User D07
Create Phantom + [ Administration Yaluation date 27/09/2018 System code User 007
Create Phantom Management ‘ @l Create Phantom | Ol'\«"isualize Phantorn | Waluation currency i EUREL v System name User 007, User 007
Container Parameters Create Phantom
e A [mm] ,—¢2_DUDU Containes Material |p|exig|es[lucile,PMMAl ﬂ Create Phantom Management '3 Create Phantom o | Visualize Phantom
Container Height [mm] | 40,0000 Container Filing Material |,,i[ ﬂ
Container Parameters
Container Closing [rm] | 3,0000 Filing coefficient | 0,3080
Container Radius [ram] 20.0000 Container Material plexiglas(lucite, PhhA)
Wall Thickness [mm| 8,0000 Container Color [RGB | 16711 680
4“' [ ) Container Height [mm)] 40,0000 Container Filling Material air
Container Clasing [ram] 3.0000
Sphere Parameters
Sphereﬂadiusl Sphere Color | Total Number | Total Valume I VO] VRIS i 8.0000 Canicluzr Callar (R o
Sphere Radius R1 [mm] | 7.9400 | 12615680 | 5 | 10484  Sphere Material |
= Sphere Parameters
Sphers Radius R2 [ | £.3500 | 65280 [ 10 | 10725 |water ~| Sphere Padius  Sphere Color

—ISDhe'e Radius A3 [mm 4.7600 | 16711 EEUI 5 I 11294 Iterations 100000 j' Sphere Radius R1 [mm] 7.9400 0 Sphere Material water
Sphere Radius R4 [mml I 31750 I 8388 863 I a4 | 11 262 Phantom Center at 0,0,0 I; Sphere Radius B2 [mm] g.3500 |B5280 lterations 100000 v

Sphere Radius Fl!i[mml [ 15300 | 16776960 | E75 | 11 365 Sphere Radius R3 [mm] 47800 |0 Phantom Center at 0,00 |
Sphere Radius 6 ] | 0.7300 | 65535 | 5509 | 11377 Sghere Radius R [inr] 21750 [0
Sphere Radius RS [mm] 15900 [0
CUDA Parameters Sphere Radius PE [mm] 0.7900 65535
CUDA BIocksr’Thleadsl I 128 [ 128 Elapsed Time [sec] m
| |
*t4EHRO0O

Loaded

02.09.2019 Bio-Phantom Explorer — Software system for simulation of anthropomorphic models of mammary gland and tumor formations 7



: : . . L £ EURO
Modelling and simulation of irradiation of the 3D model X/ SYSTEMS LTD.

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.*

Computer 3D CAD Model N Additional
model model processing prototyping mode'l
processing

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

>|<https://zenodo.org/record/l 065989/.../lvanov_FOCHOS_2016.pd. Development and analysis of physical phantoms of a human breast for the purposes of X-ray diagnostics
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Models for x-ray images SE\gﬁREIEDK

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

‘ Source of x-rays

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

Source - detector distance
Object - detector distance

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

oXimn
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