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motivation - patient positioning in radiotherapy

patient position

• coarse alignment by skin marks

• exact position unknown

electronic portal imaging device

• mounted on retractable arm

• position not fixed
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imagery — electronic portal images
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imagery — overview of radiotherapy procedure

treatmentsimulatorCT + planning

reconstruction
digital

of radiographs

3D data

dose distribution
+

a. DRR b. diagnostic X-ray c. megavoltage X-ray
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method — least squared template matching

observation f [u]+e[u] = ḡ(x)

geometric transformation g̃[u] = ḡ(x = ψ(ξ,u))

linearized vector notation f +e = g̃◦+ A·∆ξ

least squares goal function eTP e → minimal

normal equation ATP A·∆ξ = −ATP (g̃◦− f )

cf. [Lucas and Kanade 1981], [Grün 1985], [Förstner 1987]
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results — field edge extraction and alignment
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results — field edge: cross correlation values

reference λ = 0.991 λ = 0.970

• high cross correlation value for correct shape (λ > 0.99)

• robust detection of shape differences
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conclusions — summary and discussion

summary

• reliable control of field edge shape

• error analysis for 2D estimates of 3D displacements

• promising results on multi-modal match

discussion

• choice of suitable templates is important

• out-of-plane rotation must be limited

• suitable for using DRR as reference image

• quality assurance for field edge shape and patient position
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method — area-based or feature-based?

area-based based on full information content

dependent on greyvalue characteristic

no feature extraction

high precision, robust against noise

feature-based reduction of information content to features

feature extraction necessary

problematic in low-contrast imagery

precision dependent on feature extraction

good separability of individual features
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method — alignment procedure

multi template LSM
(similarity transformation)

displacement
effective patient

(affine transformation)
multi template LSM

template regions
manual selection of

field edge displacement

field edge extraction

anatomy displacement
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method — diagnostic measures

error vector analysis
correlation test

restrict

parameter set

transformation ok?

choose reduced

iteration Y

transformation
extend

N
determinable?

set initial guess

done

N Y

M. Berger, Image Science Group, ETH Zürich October 1998



results — statistical tests
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 =

 0.4424 0.0922

0.0958 0.3731
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test image contribution values

(matched onto itself) δmi (scale) : high
δsi (shear) : low
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