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Three-dimensional modeling of radiological anthropomorphic phantom

YUE Yu-liang, FAN Qing-wen, WANG De-hui, LI Huan
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Abstract: Radiological anthropomorphic phantom is a vital equipment for radiotherapy and space radiation research. One of the
most important and difficult points of the research on building digital model for anthropomorphic phantom is to , strengthen the
accuracy of manufacturing and improve the simulation degree. Taking the CT sequence slice sets of Chengdu dosimetric phantom
(CDP) as the basic data, MATLAB software was applied. The point cloud data of human organs were obtained by using the
digital image processing techniques, including image preprocessing and image extraction; the obtained point cloud data were
processed in the Digitized Shape Editor of CATIA software to establish the three-dimensional solid models of main organs and
tissues, such as liver, lungs, kidney and stomach. An assembly coordinate system of human organs based on human skeletons
was established in the paper. The local coordinate system origins, marker points and feature points of organs were relative to some
positions in human skeletons, which were used to determine the organs' coordinates in the assembly coordinate system. And the
Pro/E software was applied to finish the assembly of main human organs (out-of-shape components). The experiment proves
the three-dimensional digital model of radiological anthropomorphic phantom established in this way has high equivalent degree
with CDP, laying the theoretical foundation for the parametric design of human body and meeting the demand of the digital
production of radiological anthropomorphic phantom.
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Fig.2 CT image containing liver
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Fig.1 Chengdu dose phantom

2 A I RE B U R R IR B EIR . B 5
I MATALAB 4K {4+ “imadjust (), “stretchlim () ”
S5 PRVBIOGT R T A PRI i Aok 60 908 88 % b R 45 0 Ak
B, 0 I D880 K R B, A medfilt2()”

“rgb2gray ()" BRELEEBUFIERY B AR ER (ZEENR),
WE 3 s . FRAERY 73 m] LIAs 2 ir A D) A
1 BAREIER . R “cat() " BRECEE BITA I IE Y U] 72X
Pt — =M D, D=[xxyxm] . R
TR, AT LI = 4E A B D AT kb B, A
“isosurface ()" Fl“patch ()" BREL AT LAAH B HE 1) 55 =
B anE 4 R o BB SR = B A CA-
TIA 4k 1 “Digitized Shape Editor " #id | 173 415k
B BRASAS EET- N A A il LA A B 15
S E Y = LSRR il 5 s o IRV Jrid
AT RN E il (Z2) il CFD) BB VO NE g
B BB A AR E M2 = SRR A 6~
13 7R o A8 IR B B = 2 SCARASE AL f5 AT DL
B FLO A B (AR AR E ) BT AR A L An] 4 2

4 fFlER SRE
Fig.4 Point cloud data of liver
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Fig.3 Target image of liver
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Fig.7 Left lung Fig.8 Pancreas Fig.9 Left kidney
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Fig.10 Heart Fig.11 Intestines
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Fig.12 Sternum Fig.13 Symphsis
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Fig.14 Three-dimensional reconstructed

coordinate system of human body
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Fig.15 Envelope hexahedron of liver
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Tab.1 Geometrical parameters of organs and coordinates of their local coordinate system origins and feature points
Local coordinate - P —
: : eature point T; eature point T;
Organs Width Thickness  Length system origin O; p ! p 2
(mm) (mm) (mm) X y z X y z X y z
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
Stomach 92 51 135 75 -40 220 89 -41 219 65 -40 281
Liver 93 138 127 -45 -40 248 85 -40 248 -95 -31 220
Pancreas 51 22 263 0 25 190 55 -26 171 0 -13 190
Left lung 104 146 181 70 0 367 70 0 457 18 0 364
Right lung 101 151 182 -70 0 367 -70 0 457 -18 0 365
Heart 67 66 103 20 -40 357 54 -40 357 20 -40 306
Left kidney 62 42 109 55 0 180 55 0 130 86 0 180
Right kidney 61 41 109 -55 0 165 -55 0 116 -86 0 165
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Fig.16 Assembly results
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Fig.17 Exploded view
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