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Techniques for Determining Position from
more than Two Radiographs Intersecting at
Arbitrary Angles in Brachytherapy
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Singo Kato", Tomoko Kazumoto”, Yuzuru Nakamura”,
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Tatsuo Arai® and Toraji Irifune”

The least squares method and geometrical solution for
calculating position were used in the two-projection method.
Five coordinate systems were defined as a normal system,
image system on film intersecting the beam central axes at
an arbitrary angle and the projection, virtual coordinate and
virtual image coordinate systems with beam central axis as
one of the three coordinate axes to determine the geometrical
relationship between a point and image on the film. Normal
coordinates of the point were calculated by six geometrical
solution sets and two forms of the least squares method using
the rotation matrixes of the coordinate systems. One least
squares method solves simultaneous nonlinear equations,
and the other derives a strict solution from simultaneous
linear equations. The latter least squares method has little
physical meaning and is not as useful as the former.
Although the former has physical meaning, the iterative
approximation method should be used to determine position
since a strict solution cannot be obtained directly. By these
least squares methods, position is determined with less error
using the projections at more than two focal spots.

Research Code No. : 200

Key words : Multiprojection method, Least squares method,
Geometrical solution sets,
Coordinate system, Mapped point

Received Mar 22, 1994 ; revision accepted Sep. 21, 1994

1) Department of Radiotherapy, Saitama Cancer Center
2) National Institute of Radiological Sciences
3) Motojima General Hospital
4) Metropolitan College of Allied Medical Sciences
# Present address : Saitama Institute of Technology

NIPPON ACTA RADIOLOGICA 1995 ; 55 : 895-901

L &I

¥ { OMEORERITE L OFF THRE SN TVA,
ZD438F i Zbrachytherapy”'?, angiography'' '#, ZiLIS}
DHIEDIN b5, MRIRIGETIX, 1A 2 iRk
EAF LA SRS L {amshTwa, B, EE2H
R e 27 VAL IS L AMEORHERAZ, K—
Itk ZeaTES. BR, fiH, #KORZOT VT

25, CEFIRIC BT 2 AN EHRFOREOME £ 5HE

LTwaY,

EELY, SEPRE TR 2 BOBRRCHEERD 2 1%
Pl LTHR—l Z L E2WREL L, 6 MO
B L, 2 BEOR/NEFEKIC L ZHBEZFIZOT
W& 5. 2 HEREOSE, REFS 1 DL THRD BV
BAICOEHTE S, HREOET HREREERELET
B HE, b —2RHEOE FEAEMCFET, K
TSRO NED IEHETE 208, (BEEN4 DL TR
WEMATE RV, Z2TRIRNERER, 2#ELLED
BECTLNPNE BTSN BELRBII LI TES.

] ik

1. ®§H

Fig lWORL7:ZE K, BEIICED, RPIER74VAL
CHREENSL, 74 VAEE E - A fu LB EOMAEY
L Twh,
2. BEER

B P & ZDOEOBMERHERIE, S P OMEOREXE
HDIZRTRTH Y, ZORAFENBRIESIHEON
55 IEEIIRD 5§ DOEERERED HVIMRET
5.

(1) FEMEER(X, Y, Z2)

AT HEMICEE SN EBERT, KA~ —5T
REND,

(2) PREAZER (X0, Y1, Z27)

BREIOY - LARLEZZEC L2d 0T, FAIdfdE

59



896

FERER(X, Y, Z) AL, ~—7

DILEE 25,

(3) 18PEIER (X, YR, Zir)
T4 AEE—APLEOZE S R

B L L, 74V AEICTEE
Zir# & LSRR T, 740V AE
E— AT E O M 2T,

(4) RS R (X R, YR, Z'R)
ZHUE (X, Yir, Zir) 2% F O

HERJULIIOE S, ZrilAZz (e
— LG ICER, Thazowih s

T4, SOIIXiedlEX b, Yirdi
Yl & FEATICL, FRFRX wil
EYREE Lzb DT, ST {EREE
RERETE.
(5) EAEBEER (X R, Y ',
Z"'Rr)

Z D FRIIAEPERE R (X, Y'm,
Zw) D2 will % TR L,

7 A INVLTHETOEOME X RY ®
HALBEHICLzboThHY, =
ﬂi‘{ﬁ%ﬁf&[ﬁ@% k LT, (X”lR,
Y, Z7rR)TET. FLFhOLED
74»&@ﬁ®@“&hﬂ%éﬂ

T hbb, ERICBTABELA
ﬂﬁt*ﬁ@@%W¥ﬁ&Eéﬂ%
Nal N r

— ARG RO E & R
N, BRHERERIIME—2ORESR,
PR HERR R R RERL R & ARAR MR R
g LRI ons,

T A I AN E — ALl ST L
B MM B, RABEERESR L IR
BREERIMEERREELRY, &
BRARL LTRSh, BESI M
BRAS o0 3 22T 5.

3. B{AUFRIRIR

HEHEEED  (x, y, z) DAEPE, #
DIRDONLEDHEMFERIBIRIE, (X7,
Y1, Z)ARTOEPOMME (x4, yi,
z1) E(X7wr, YR, Z7r) R TOED
P8 (xR, y®, z”"R) D HHEREE
DF AR E KL T, ROIEABF

XA 5N 5 (Fig. 2)'"}
X1+ 27X r= xRF) (1)
yifi+ 2y k= y 'rFi (2)
Xy R=y X rR=0 (3)

R385 2 B Lo & A ALEEE

\
\7

|/
//

RV
z,./

and (x 1,y 1,2°1)

/ 7Pdl(>y2)

/ Marker at origin

%

/// Zln
—

7 Y IR
o Mapy

Y~ m ped point

Ql‘
\ ‘ A X R
\ Qat
\ \(Xua YiR.ZR) and (X "IR.Y “IR.ZIR)

\ XIR —

Film I

=

/
?

Zm

\)‘I
N

X7IR

Fig.1 Five coordinate systems to determine the relationship between point P and image Q
on the film.

P is the point of interest and Q is its image on the film. Normal and projection coordinate
systems have a common origin at rarker position and are designated as(X, Y, Z)and (X 1,
Y, Z7), respectively. «,8 and y are the angles between these systems. The image coordi-
nate systems on film where beam central axis intersects at an arbitrary angle, is designated
as (X, Yin, Zin). The virtual coordinate system (X 'in, ¥ in, Z n)is obtained from rotation of
(Xim, Y, Zin)at the origin and is parallel to (X i, Y 1, Z 7). The virtual image coordinate system
(X “ir, Y “in, Z "n)is obtained by transformation of (X ir, Y s, Z r)as image Q on the film on
the X “inY "in plane. The focal spot, marker at origin of (X, Y, Z), point P and image Q are
shown as @. The point mapped on the X ‘sY ‘= plane is shown as C. f1 and F1 represent
distances between the focal spot and origin of (X, Yir, Zir)on the film, and focal spot and
origin of (X, Y, Z), respectively. f' is the distance between the focal spot and origin of (X “ir,
Y “is, Z"in). A1 is distance between the image Q on the film and mapped image Q on the
XrY in plane shown as O and is equal to the displacement between (X s, Y s, Z ta)and
(X "W, Y n, Z"R).
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Fig.2 Projection coordinate system (X1, Y i, Z 1)and virtual image coordinate system
(X", Y R, Z ")

The symbols are the same as in Fig.1. These coordinate systems are parallel to each
other. Z'i and Z s axes overlap, X 1and Y i axes are parallel to the X "ir and Y "is axes,
respectively. The geometrical relationship between point P and image Q is determined
from these coordinate systems.
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Fig.3 Shift-projection method in simulation

The normal coordinates (12, - 5,4) of point P
are calculated using the image coordinates, x,
YR, ZIr, XiR, ynr and zur, and parameters, fi, Fi1,
f2 and F2.(X, Y, Z)is a normal coordinate sys-
tem with origin at the marker position. (X, Yis,
Zir)and (Xim, Yir, Zur)are image coordinate sys-
tems. Positions of the focal spot, point P and
images are determined from the normal coor-
dinate system. Point P, focal spots | and I, and
images Q1 and Q2 are shown as @. The marker
at origin and its images on the film are shown
as Q.
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Fig.4 Two-radiograph projection whose beam
central axes intersect at an arbitrary angle

Beam central axis intersects at right angles
with the: film. The symbols are the same as in
Fig.3.
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