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The use of 99mTc-DTPA aeroscls to preduce a post—perfusion ventilation
image involves the computer subtraction of the perfusion image from a
composité ‘image of the perfusion and aerasel ventilation. This requires
prior registration of the images in order to aveid ertifacts introduced by
patient movements between acquisition of the images. The application of
a non-linear spatial -warping technique to the registration of the lung
scans is described. This war;ping technique models the required geometric
mapping between the images using second order polynomial functicns of
image coofdinate. The resultant image grey-level intensity is estimated
by bi-linear interpolation. Results of this approach to registration are

also described.

introduction.

Nuclear medicine perfusion and ventilation lung scans are routinely used in
the Radiology Department to disgnose the presence of 8 pulmonary
embalism. To confirm the diagnosis a ventilation scan is ususily
performed.  Mismatches between the ventilation and perfusion images
confirm a high probability of pulmonary emd holism. There sre
considerable adventages to the use of Tc-99m DT.P.A. serosols over lhe

Krupten and ¥enon gases a3 the ventilotion sgent {Shart 1979).

However, a valid image of the isctope distribulion by ventilation glone cen

only be ohisined if the nerfusion end composite (ventiletion + perfusion)
berogel images oCup U the ssme speiis) coardinetes.  This cendition is
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rthogonal shifting routines {(Dowsett and Perry 1970, Appledorn et &l
1960) only partially alleviate the situstion. The eddition of an imsge
(Fleming 1984, Barber 19860) rotation facility adds greater flexibiiity to
the realignment process but requirés the use of marker sources attached
to the patient. Otherwise, correct choice of angle and centre of rotation
may be difficult.  Movements encountered in practice tend to be more

complex than just orthogonal, rotational or a combination of both.

In this spproach to registration a mathematicel model for the spatial
relatienship between the isotope distribution in the two images is
obtained, and its inverse mapping applied to one of these images.

Subtraction of the registered perfusion image from the aerosol image
yields @ better approximation to the ventilation distribution of

radionuclide.

Descripticn ef the Registration Algorithm.

Registration of the two imaoges reguires that one image; (A) in (Fig. 2)

receives 8 non-linear spatial mapping so that every point in that image
suparimposes, ie., maps to its corresponding point in (B).  Such @
plane-{o-plane non- linear mapping is normally referred to es a spatisl
woiping function which, for eny given point in the registerad image (B),
znercies the coordinates of ihe corresponding peint in the unregistered

: . 4
image (4).

This relaiionship is expressed by the following eguation:
{ar, o = {Wx (n, ny, Wy lr, medd o (1)
vhare (e, ry) 15 ¢ registercd pixed in the warped version of imooe

C{&) leorrespontiing positionsily to the imege (B) end {gzay) is ihe

Coiyesin ‘T‘x"‘ﬁ unr

f"z
S
o
L
(v»,h
()
]
[an)
o
=
-
NS
)
m—wd
-—
o
T
oy
8e]
i
N
~
-~
-
(€}
=
ot



3
Thus, given any registered image point {rx, ry) in image (B), the
unregistered coordinates gx ond g in the image (A} con be generated

using the wearping functions ¥Wx and Wy, respectivelg.

S{nce analytic expressions for ¥x and Wy will rarely be known, a common
approach is to model esch spatial warping function by an nh order
polynomial in rx and ry (Pratt 1978) or by polynomials of the form {Hall
1978):

nn

STaijnd rgo. {2)
i

The system described in this psper uses polynomials of the second order.

How, wx ahd wy can be written:

nn.
) z j Pxi rk_‘g ................ (3}

1]

Wx (rx, I'g}

nn
T 3 bijrad rgheee (4}

]

W {rx, ru)

and, in order to model the {geomelric) spaliel warping, it is necessary
“merely to estimate the ceefficients, &ij by of each pelynomisl.  1fn=2,

{here are nine coefficients for-each polunomisl; thess can be delerniined
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For each control point pair:
{{ax, qu), (rx, ryl}

one can form two equations:

nn

x = 2 2 &ij rd ryo.. {5)
i]
non

= ZZbijrd rylo... (6)
1]

Nine such cdntral} point rjairs fscilitstes the construction of nine equations
in &ij and nine equations in bij which can then be solved simultaneously to

determine the coefficients of the spatial warping polynomial functions.

The solution of an exsct system of equations such &s this is very sensitive
to the choice of contro! point, however, and inapproprieie choices can
yield & poor model of the required spatial warping.  To overcome this
problem, more than nine control peints cen be used.  This produces &n
overdetermined system of egquetions which cen be solved by obtaining &

Teast sguare error solution.  For egustion (2) in matrix notation,

0 is the chservation coordinate vector, A the coefficient vector and R is

the indzpandent variable matlrir,

Inits ovardelermined forn

0 = &R+ E ......£8)
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coordinates and those oblained by polynomial estimstion. This system is
solved for A subject to the condition that E2 squdred be o minimum
(Ballard and Brown 1982), i.e,, |
A=RTRY" RO (9).

Similarly for B, where RT represents the transpose of R.

it hé‘st‘iaeen found empiricanQ that sixteen control points yield an adequate
model. These poinis are normally taken from the periphery of each Iung
‘at similsr positions anatomically end, presently, these control points are
identified manually in each of the two i'mageé using & joystick-guided
cursor. To help ensure that the spatial trensformation is valid for the
entire image, these control points should, as far as possible, be uniformly

distributed around the edges of the lungs.

The final registered version of the perfusion image is generated by
“pizel-filling", i.e., by computing each pixel in the (new) registered image,
column by column, row by row. This is accomplished by applying the
warping function to the current coordinates in the {new) registered image,
determining the (ﬁaa-integer} coordinates of the corresponding points in
the unregistered image and estimatling the grey-level intensity by

interpolation.

The simplest approach, zero order inlerpolation, merely chooses the

grey-scale vealue of the neerest neighbouring pisel This tupe of
interpolation, however, g;ek** imsges which tend to be "biscky”. This
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results with a slight increase in programming' complexity and execution
time. In this manner, the new registered image is generated by filling in

each pixel in turn.

Results and Discussian-

The _qpp]ication of this warping technigue to post-perfusion serosol
vent;'lation has proved succgssfu] and the technigue is in cunjent clinical
use. Fig. 3 demonstrates the improvement obtained on the phantom lungs
after applying spestial warping. Fig. 5 shows the resulis oblained on

clinical data.

Low order polynomials have proved sufficient to cater for the types of
misregistration introduced by patient movements between images. The
validity of this techniqize rests, of course, on the selection of
representative control points. This dependency is alleviated somewhat by
over-determining the specification of the geomeiric transformation
through the use of more control points then is strictly necessary, sixtesn
per image in this case.  This is particulerly useful in situstions where
gross differences can exist between the imsges. In many situations
aross differences belween the perfusion end aerosol composite images
may be sufficient to confirm the diagnesis of pulmonary embclism .and
image subtraclion mey not be required.

The genzration of the vegisiered perfusion image, us;mg zero ahd first

eroer interpolation, i&%:rs end 31/2 minuies ro
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Current reseerch is directed towards outomstic selection of the
'registration control points, in the first inctance by analysis of critical

points (i.e., points of zero and maximum curvature)} on the lung edges.
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