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Determination of the Point Position for Brachytherapy from the Shift-Projection
Method Using the Least squares Method and Geometrical Solutions
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We have derived formulas by the least squares method and six sets of geometrical solutions for
calculating the position for brachytherapy from shift-projection images on one or two films.
There are four types of expression for each coordinate in both methods, the shift-film technique
with double exposures on a film and the stereo-shift technique with two films. Some geometrical
solutions for the shift-film technique are equal to well-known conventional formulas, In the case
of the stereo-shift technique, each conventional forrula for the two coordinates is equal to the
mean of the two geometrical solutions of each coordinate, and the one for the other coordinate
is equal to one of the geometrical solutions. Formulas for the shift-film technique can be easily
reduced to those for the stereo-shift technique. The error of the position calculated by the least
squares method was the smallest among all the formulas for the shift-film technique in simulation.
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yitzy, =y f (1)
xf+zx,= x,f (2)
Xy1-yx,=0 (3)

INLZ1IBEL, 209 BIEED 2 AT
TEILDEFEZD2RENELNS,
2 2 L0 RIBEIC 401 B |-,

vi—z(Sy—y,) =y.f (4)
xf—z(Sx—xX,) =x,f (5)
X (Sy=ys) =y (Sx—x,) =x,8v—y.Sx  (6)

Table 1 Six sets of geometrical solutions for calculating the point coordinates using shift-film technique with double
exposures
geo(;‘:;ﬂ:itfit:a‘:]njafi;m Equations for each coordinate based on combinations
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(0,0, f)

""""""" 7 Pz (xz.¥2)
Py (x1,y1) "-\.________,./ and Pz (x2",y.")
and Py (x,".y,")

X

Fig.1 The shift-projection method for the shift-film technique with double exposures on a film or the stereo-shift
technique with two films
(X. Y, Z) is an orthogonal coordinate system. f represents the distances between the XY plane with film(s) and two
focal spots. F is the distance between the XY plane and marker. Point P(x, v. z) is projected on the XY plane as image
Pi(x;. vy} by focal spot I at position (0. 0, f) and as image P.(x,. v.) by focal spot II at position (2x,, 2y,. f). Marker
0(xa. yo. F) is also projected on the XY Plane by focal spots I and I1. Points (x, ¥) and (x,, v,) are the mapped points
on the XY plane for point P(x, v, z) and marker 0(x,. v,, F), respectively. x," and y,” are the X and the Y coordinates
of Pi(x,, y;) measured from the point of the marker projected on the XY plane by focal spot 1. respectively. x," and
v.' are delined similary to x," and v,". respectively.
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Table 2 Six sets of geometrical solutions for calculating the point coordinates using stereo-shift technique with two
films
{ AY =S+ (v, —y,) (f—F)
AxM=Sy{x," (f—F) +x,f}h Ay =Sy{y, (f—-F) +v,f}, Az =f[SyF+ (v,"=v,) (f—F)}
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Table 3
technique with double exposures in simulation
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Comparisons of errors propagated by least squares method and geometrical solutions using shift-film

Least Six sets of geometrical solutions
squares
method (1) (2) (3) {4) (5) (6)
x K* x K x K x K x K x K x K
Error
of (6R) 2.282 3.271 3.239 7.295 3.104 3.425 45.422
position
Error
of (6X) 0.551 1.100 0.597 5.232 0.377 0.597 5.232
X
Error
of (8Y) 00.596 0.624 1.016 4.916 0.624 1.508 4.916
Y
Error
of (67) 2.133 3.017 3.017 1.292 3.017 3.017 44.851
Z
AN =0 =4y, =dv.=K
IS 4 )f2510 (99)
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