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Digital modeling method for establishing a radiation equivalent manikin

ZHAO Zhijian, FAN Qingwen, WANG Dehui, LI Haibo, PEI Hongliang
School of Manufacturing Science and Engineering, Sichuan University, Chengdu 610065, China

Abstract: As a result of manual mode, the manufacture of radiation equivalent manikin is time-consuming, precision-poor
and unable to meet the requirements of parametric design. Therefore, we establish a digital model of radiation equivalent
manikin to solve the above- mentioned problems. Firstly, the computed tomography sequence slice sets of Chengdu
Dosimetric Phantom were taken as the basic data to establish a scanning coordinate system (o\-xx, y‘\,z(\) of radiation
equivalent manikin, and Mimics software was adopted to reestablish the three-dimensional solid model of major organs and
tissues. And then, based on the characteristic points of organs, we took the geometric center of organs as the origin of
coordinate system to establish the local coordinate system (o, —x,,¥,,z,) of organs, and calculate the transition matrix
between scanning coordinate system and local coordinate system. Subsequently, according to human coordinate system
(0, —x,,7,,2,) of radiation equivalent manikin established by anatomical position, we calculated the transition matrix between
scanning coordinate system and human coordinate system, furthermore obtains the transition matrix between the local
coordinate system of organs and human coordinate system. So far we have obtained some geometrical parameters of organs,
including the coordinate value of geometric center point and the rotation angle between the local coordinate system of
organs and human coordinate system. Finally, the digital model of radiation equivalent manikin was established in pro/E
software according to the three-dimensional models of tissues and organs and their geometric parameters. In conclusion, the
digital modeling method of radiation equivalent manikin has important theoretical significance and practical value for it can
achieve the digital design and manufacture of radiation equivalent manikin, improving the processing accuracy, shortening
the production cycle and laying solid theoretical foundation for the parametric design of radiation equivalent manikin.
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Fig.1 Phantom computed tomography section containing liver
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Fig.2 Three—dimensional model of liver
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Fig.3 Local coordinate system of liver

TRABFR Z& H “HRAE 5O M UN AR FRS3514 (0, 0, 0) |
(114.382,0,0).(0,29.9,0)

W HE B AR & — A5 p 76 AR R &8 Ak bR &R
(0, =,,y,52) THYLERRN plac,yoz,) , FEF T AR R AR
(o_g—x_;,y_;,zx) FH AR A plx,y.z) » p RTEPI AR R
Z I A O R T A (1) Fos

x, x

¥ :[Rk OT}[E Tﬂ iz (1)
z, 0 1J0 1]z

1 1
H, 0" M 0%, 0'=[0 0 0] , E }3x3
FRANIRERE , R, N TR ARG -
[ [cosﬁk 0 —sinﬁj_]
0 1 0

0 —sina; cosa,||sinB;, 0 cospB,
[cosy, siny, O] [r, r, r;
—siny, cosvy, O:|=[r21 Iy r23] (2)
L O 0 1

TEFERERE R, F, ae By v, 2350 0 ALK 22 1]
35 T) WA F BE , 2 3 A ST 400 T A B mT L
IR —A™ 3 % 3 R IE SRR R

T, A # I i, 37s PIASAe AR 28 50 A AR AL
B 3x 1Ry, HEU(3)ER

T.=[t, 1, t] (3)

JHERE LA rhvts a5 Cmy P A A 2 i ) FE A 4 Ak b
Z o A8 B (E R (171713, 258.479, -979.888) , HP
T, =[-171.713 -258.479 979.888] .

A5 ARIE 4270 M N FEFHA AR R (0, ~x,7,02.)
SRR AR B (0, — x,, v, 2,) ISR FRIEACA S
(D) RSB R,

0.9326 0.3510 -0.0840
R,=1-0.3310 0.7370 -0.5894 (4)
-0.1446 0.5776 0.8034

s

1 0 0
R,=|0 cosa, sina,

Fyi Ty Ty

3 EURSEHBRAGTFHRER

3.1 B ANFEIRER

R T 7 (B AER M AR AR A G5 7 B G R
PR E RIS, DL B 2 B ot , N
HREAE 1R B LAY 3 AR, B L SRRl R K
R MRS AR 2= O, SR A A
TG IS LRI B IR 5 AR I L AR SE SR
BRI o, x, Bl Ly, BRI 2 b R R L R
PRA 3 A, S a0 4 T 7 R B A S SRR
NI NARARBR R (0, —x,,7,.2,) » TAEAMABFR Z& AO IR
AR ARG B RO E R RAIEE
32 BaAMARARS AMELRRNXR

VAT — a1 q TEFIR AR R (0, —x,.y.,2.) T AR
BN qx,y.,.z) s TEARABAR R (0, = x,,y,,2,) THY AR
Hqlx,,y,,2) . q STEP AR 2R 2Z 0] 1284 5C &R v H
K5 FxR, PR, T, HET 3T R A,

X, X,
v|_|R. 0 [E Tm} ¥, (5)
z, 0 1]0 1]z,
1 1

FENRARAR R o 3 A FE 57 6, (0,0,0) .
j, (65,0,0) . k, (0, 66.5,0) , J-7E pro/E K Hkric il
P A AR S S AR AR R R
XF N R Ak BRfH 43 A A i (120.633, 500.357,
- 927.018) . j. (180.700, 524.186,- 934.032) . k,
(128.928, 498.869, -861.054) .,

P i, ONRARRR R ) E T A bR ZR
(9 AR AR A A (120.633, 500.357, -927.018) , B 4514 42
LT S B NG 7 NI R 7~ =1 S VA A 4
T, =[-120.633 -500.357 927.018] . ¥ “#i il 5"
G AL bR 2R 5 AR AR R A i A AR AR A (5)
I TRAS R

0.9241 0.3666 —0.1079
R,=10.1247 -0.0224  0.9920 (6)
0.3612 —-0.930 -0.0664

FIAEC(S) AT DL A AR R 5 R AR R
SO FR o K FIE LA ot O Al Ak bR &R v
(9 AR FRAE (171.713, 258.479, -979.888) 1t A= (5)
SRARIFEIE LT H o0 O s AE AR AR AR 2R B AR AR
(-35.7617, -40.6590, 246.9365) .,

33 SFEEAGKTEME

FE IR A NI 23 (B B R AT AL R iR 2%
IR A TR R 5 NARARRR R IR, &5 E R AL bR
ENPN N TR i 9 e K LS WEDE AW
KD TTUHE N AEAEAR R (0, —x,.y,.2) GEFE R
BFRAEAR R (0, =2,y 2)) BIAEHRIE RN«



- 278 -

H ] R 2 B 2

5354

Xy

1

0 1

Y, = |:st OT:”:E T]{}(_Rrs OT:H:E Tr{|)_1 Y. =
z;| LO  1JL0  1JL

xY

0 1

z

,

EE)

= &

R, OTE T,
|:0 J[O 1]
LLRFAE S ], BB AT 2 (0, x,7.02)

SIRERTRAAR R (0, —x,.,.2,) [A] AL HAE 4 -

0.9996  0.0247  0.0160  32.7930
R=| 00281 -0.6424 -0.7658 164.0013 (8)
-0.0086 0.7660 —0.6428 189.5729
0 0 0 1

HFFE LA 0 O 3 OB A AR 28 I 7E A
AR FR A AR AR AEL A 2 P AR R 2R 2Z 8] AL RS 1]
BT, =[35.7617 40.6590 -246.9365] . ¥4 T, #F A
A7), LA BIBEREHERE R, -

0.9996  0.0247  0.0160
R,=]0.0281 -0.6424 -0.7658 (9)
-0.0086 0.7660 —0.6428

HETTES R R 3R A bR 2R 5 AR AR AR 2R 34
J7 18 0 e B M . «,=-130° | B,=-0.918° |
v, =1.415° o FIFHRAT 0 A LA rpcs f 78 iR A
i 22 T AR R LA B 25 Al A il %) T £ A 80 JHF A
A iy 2 i) o7 B i 4 s .

,

— N

El4 RFRESERAAR R AR PRI E

Fig.4 Local coordinate system of liver in the human body
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Fig.5 Local coordinate systems of other major organs
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Tab.1 Geometric central point coordinates and rotation angles of organs

Geometric central point coordinates/mm Rotation angles/®
Organs
X y z a, B Vi

Liver -35.7617 -40.659 0 246.936 5 -130.000 -0.918 1.415
Stomach 73.947 6 -37.944 0 2249200 115.700 -72.215 36.610
Pancreas 1.741 8 -25.273 1 189.088 0 153.400 19.600 -2.250
Left lung 68.416 0 0.973 4 362.2350 -97.380 -72.160 177.500
Right lung -65.590 0 1.590 0 360.3250 -78.840 -71.263 -6.680
Heart 1.882 4 -42.117 6 364.998 0 -151.320 -73.520 97.000
Left kidney 53.9517 -0.0179 180.710 0 -130.250 83.100 -157.780
Right kidney -53.679 7 -0.0353 168.320 0 -138.160 -75.500 66.770
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Fig.6 Digital model of radiation equivalent manikin
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Fig.7 Chengdu Dosimetric Phantom
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