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Summary of Facts and Subm ssi ons

Eur opean patent application No. 91 302 528.4 was
refused by a decision of the exam ning division dated
19 Decenber 1994, on the grounds of |ack of inventive
step of the clainmed subject-nmatter, contrary to the
requirenents of Articles 52(1) and 56 EPC.

1. The applicant | odged an appeal against the decision on
17 February 1995 and paid the prescribed fee on
21 February 1995. A statenent of grounds of appeal was
filed on 18 April 1995. Together with this statenent,
the applicant submtted an affidavit by an expert in
magneti ¢ resonance (Prof. Haacke) as further evidence
In support of its view on inventive step.

The appel |l ant requested that the decision be cancelled
and a patent granted on the basis of clains 1 to 16
filed on 18 March 1994 before the exam ni ng division.
An auxiliary request for oral proceedi ngs was nade.

L1l In a comruni cation dated 16 June 1999, acconpanying a
sumons to oral proceedings, the applicant was inforned
that the Board was inclined to share the exam ni ng
division's view on inventive step (Articles 52(1) and
56 EPC). Reference was made inter alia to docunents:

D4: The Bell System Technical Journal, vol. 48, no. 5,
1969, pages 1249 to 1292, New York, USA;
L. R Rabiner et al. : "The Chirp z-Transform
Al gorithmand Its Application”

D5: EP-A-0 299 070; and
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D7: Proceedings of the Spie - The International
Society for Optical Engineering, vol. 1153, 1989,
USA, pages 400 to 411; A V. Forman et al.: "An
| npl enent ati on of the Two-Di nensional Discrete
Fourier Transformon the CGeonetric Arithnetic
Paral | el Processor";

of whi ch docunment D7 was cited fromthe Board' s own
know edge.

Oral proceedings were held on 6 Cctober 1999.

The appel |l ant requested that the decision under appea
be set aside and that a patent be granted on the basis
of

- claims 1 to 16 filed in the oral proceedings, with
an adapted description and the Figures filed on
15 April 1991 (mmin request); or

- claims 1 to 11 filed in the oral proceedings, with
an adapted description and Figures la, 1b and 2
filed on 15 April 1991 (auxiliary request).

| ndependent clainms 1 and 14 of the main request read as
fol | ows:

"1l. A nethod of magnetic resonance imagi ng conpri sing

the steps of:

a) automatically determning a first dinension of a
region of interest along a first phase encode

direction;
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b) dividing the first dinension by a sel ected
resolution in the first direction to determ ne a
nunber of steps of a first phase encode gradi ent

to be applied along the first direction;

C) coll ecting magnetic resonance data lines with each
of the first direction phase encode gradient

st eps;

d) digitizing the magnetic resonance data |lines; and,

e) Fourier transformng on the digitized data |lines
in at least two dinensions to generate a spati al
i mge representation, the Fourier transformng
step including using a discrete Fourier transform
with respect to one of the di nensions having a
nunber of digital data values which is not an
i nteger power of two and wherein the step of using
the discrete Fourier transformoperates on the
data with a CHI RP-Z-transform ™

"14. A magnetic resonance exam nation apparat us
conprising: a neans for generating a plurality of data
i nes which are phase encoded with each of N

i ncrenmental phase encode gradient steps, where Nis a
plural integer that is not an integer power of two; a
Fourier transform neans (90) for operating on each data
line with a first Fourier transformalgorithmto
generate Fourier transforned data |ines and for
operating on the Fourier transfornmed data lines with a
second Fourier transformalgorithmto distribute the
Fourier transfornmed data |lines over a transformed data
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array, one of the first and second Fourier transform
being a discrete Fourier transform and wherein the

di screte fourier transformis a CH RP-Z-transform"”

"I ndependent clains 1 and 9 of the auxiliary request
are identical to clains 1 and 14 of the nmain request,
respectively."”

The appel lant's subm ssions in support of its requests
may be sunmarized as foll ows:

The invention was to be seen in the recognition that
for a magnetic resonance inmaging (MRl) nethod an i nage
of an object of arbitrary di nensions could be obtained
in a fast and efficient manner with isotropic
resolution in all dinensions and free of artifacts by
abandoni ng the established concept of using a
conventional fast Fourier transformation (FFT)
algorithmfor the calculation of inage data and by
replacing it with a specific algorithm the CH RP-Z-
transform (CZT). The conventional FFT al gorithm
required that for an object to be inmaged a set of data
val ues had to be obtai ned which, in each di nension, was
equal to a power of two. For a human body, having
differing extensions in different directions, this
condition could only be nmet if either data val ues were
collected fromareas outside the body or if additiona
zeros were added in a dinmension the size of which
happened not to be an integer power of two. The
conventional nethod followed for the latter alternative
was expl ained in docunent US-A-4 748 411 (cited as D2
in the exam nation procedure). In the specific exanple
given in D2, a data matri x was obtai ned, one di nensi on
of which was not equal to a power of two. In order to
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accommodate a FFT, an interpolation by adding zeros was
perfornmed (although not explicitly nmentioned) to neet
the power of two requirenent. A "stretching"” of the

I mge representation in that dinension resulted. To
renove the distortion due to the stretching, an inverse
zoomwas finally perfornmed on the i mage representation

The prior art given by docunent D5, although silent as
regards the details of the Fourier transformto be
perfornmed, conprised the sane teaching as D2. Putting
the teaching of D5 into practice, the skilled person
had not had any incentive to use any al gorithm ot her
than the conventional FFT, in particular in view of the
fact that all specific exanples of D5 concerned data
matrices neeting the power of two requirenent.

Moreover, the skilled person in the field of MR, not
bei ng an expert in the signal processing art, would
have brought an MRl data matrix into a formneeting the
power of two requirenent and woul d not have expected
any solution fromthe field of nmathematical al gorithns.
In particular, he could not have foreseen that the CZT
al gorithm al though not matching the speed of the FFT,
resulted in tine savings, inproved inmage quality and
the elimnation of artifacts.

Docunents D4 and D7 concerned the processing of signals
cont ai ni ng spectroscopic information and did not rel ate

to MRI. D4, in particular, was published | ong before
the emergence of MR

Reasons for the Deci sion

1. The appeal conplies with the requirenments of

2709.D Y A
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Articles 106 to 108 and Rule 64 EPC and is, therefore,
admni ssi bl e.

Amendnent s

The anendnents made to the independent clains of both
requests define nore clearly the fact that the CZT is
applied to the processing of spatially encoded MR

data. They are based on information disclosed on
originally-filed page 14, second paragraph, in

conmbi nation with page 9, second paragraph. The Board is
thus satisfied that the anmendnents conply with the
requi renents of Article 123(2) EPC

Inventive step (Articles 52(1) and 56 EPC)

The closest prior art is represented by docunent D5
(cf. in particular claim1l; page 3, second paragraph,
to page 5, first line; and Figures 3 and 4 with the
correspondi ng description), which discloses a M

nmet hod designed to obtain a preselected isotropic pixel
resolution in inmages from an object having different
extensions in different directions. The data to be
Fourier transformed in two dinmensions is collected in
the formof a matrix, the dinensions N and M of which
match the horizontal and vertical extensions of the

obj ect under study and are only required to be positive
integers. Contrary to the appellant's subm ssion, the
Board is of the opinion that a skilled reader would
have gathered from D5 that by preselecting a desired

i sotropic resolution the resulting dinensions N and M
woul d norrmal Iy not becone equal to a power of two. The
power of two exanples to be found in D5 (cf. page 3,
second paragraph, to page 4, first paragraph)
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exclusively relate to prior art which is sought to be
i nproved by the teaching of D5.

Thus, in working with the nethod known from D5, a data
matrix is to be transfornmed which in practice does not
neet the power of two requirenent for FFT, as is the
case in the present application.

Hence, the subject-matter of claim 1l of both requests
differs fromthe teaching of D5 only in the choice of
the Fourier transformation al gorithm being a CH RP-Z-
transform

The Board sees the objective problem associated with
this difference in the task of finding a Fourier
transformation al gorithm capabl e of handling data
matri ces havi ng di nensi ons which are not an integer
power of two. In fact, no specific information is given
in D5 as to how the necessary two-di nensional Fourier
transformation for generating a spatial inage
representation is to be perforned. The recognition of
this probl em cannot be considered to possess inventive
merit because it is a normal task for the skilled

per son.

Fol |l owi ng the case | aw of the boards of appeal of the
EPO according to decisions T 164/92 QJ EPO 1995, 305,

T 222/86, T 460/87, T 99/89, T 424/90, and T 2/94 (cf.
Case Law of the Boards of Appeal of the European Patent
Ofice, third edition, 1998 page 119), the skilled
person in MRl is to be regarded as a team of experts
conprising a physicist responsible for devising the
experinmental conditions to collect the nmagnetic
resonance data and an expert in digital signa
processing to provide algorithns for cal cul ati ng i mage
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representations fromthis data. Thus, the physicist is
supposed to ask the signal processing practitioner for
the availability of algorithns suitable for the
treatnment of the collected data.

In the present case, when applying the nethod according
to D5, selecting an isotropic resolution in al

di mensi ons and determning the field of view according
to the size of the object to be imged so as to avoid
the collection of data from areas outside the object,
the MRl specialist would be aware of the fact that the
“normal " FFT could not be applied to the collected data
unl ess the nunbers N and M of data values in the
respective di nensions were equal to a power of two. In
the Board's opinion, this situation is distinguished
fromthat according to D2 where an i mage representation
in the shorter dinmension is stretched to that of the

| onger dinension (and |later inversely zooned) so as to
obtain a squared data matri x neeting the power of two
requi renent. The teaching of D5 does not include any
indication as to a stretching and i nverse zoom ng of

I mge representations al ong body di nensions, nor is
there any need for such operations.

Alternative algorithnms to the FFT were known before the
priority date of the present application in the field
of digital signal processing. Specifically, the CH RP-
Z-transform al gorithmwas known from docunent D4 (cf.
pages 1249, 1251 and 1252; and in particul ar equations
(4) to (7); as well as the end of Chapter |, top of
page 1254) to possess exactly the desired property of
handl i ng data matrices with arbitrary nunbers of data
val ues in each di nension. Mreover, it was known from
docunent D7 (cf. in particular pages 400, 401 and 410)
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that the CH RP-Z-transformwas an efficient inage
signal processing algorithmallowing for real-tine data
processi ng and being suitable for texture analysis,

i.e. for operation of spatially encoded infornmation.
According to D7, the CHIRP-Z-transformwas specifically
chosen over other algorithns because of its capacity to
operate on arbitrary data array sizes.

For these reasons, applying the CH RP-Z-transform

al gorithm (known fromeach of D4 and D7 to constitute a
digital signal processing algorithmbeing specifically
adapted to handle data matrices of arbitrary

di mensions) in order to performthe required Fourier
transformation in the MR nethod according to D5 where
such data matrices occur is to be considered as a non-

i nventive application of a known algorithmfor the

pur pose of making use of its known property.

In this context, the Board notes that the present
application introduces sone confusion as regards the
term nol ogy concerning Fourier transformation of M
data. Since all data to be Fourier transforned is
collected in the formof a matrix of discrete el enents,
any Fourier transformoperating on this data is a

di screte Fourier transform (DFT, which is basically
defi ned by equation (6) given in docunent D4), whereas
the fast Fourier transform (FFT) as well as the CHI RP-
Z-transform (CZT) are alternative algorithnms to conpute
t he DFT.

As regards the all eged advantage of the clai ned net hod
interns of tinme savings, the Board notes that this
advantage is not related to the choice of the CZT but
is rather a consequence of the restriction of the field
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of viewto the size of the object to be imaged, as is
for instance apparent fromthe application
specification on originally-filed page 7, second
par agr aph.

As regards inproved imge quality and elimnation of
artifacts (cf. original page 7, third paragraph)

obt ai nabl e by the cl ai ned net hod, these advantages are,
according to the appellant, the consequence of
abandoni ng the step of zero filling a data nmatrix to
neet the power of two requirenent for FFT. Since it has
been shown that the skilled person had no reason to
enpl oy such zero filling when foll ow ng the teaching of
D5, these advantages cannot support inventive step

ei t her.

For the foregoing reasons, the skilled person did not
have to exercise inventive skill in order to arrive at
the subject-matter of claiml1 of the main request as
well as claim1l of the auxiliary request.

The sane considerations apply nutatis nutandis to

I ndependent claim 14 of the main request and claim9 of
the auxiliary request because both clains define a
magneti c resonance exani nation apparatus excl usively by
nmeans suitable for carrying out the nethod steps as
defined in claim1 of the respective request.

In consequence, in the Board's judgenent, the subject-
matter of independent clains 1 and 14 of the nmain
request, as well as that of clainms 1 and 9 of the
auxi |l iary request does not involve an inventive step
within the nmeaning of Article 56 EPC. These clains are
therefore not allowabl e.
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The correspondi ng dependent clains are not allowable in
so far as they presuppose an all owabl e i ndependent
claim

O der

For these reasons it is decided that:

The appeal is dism ssed.

The Regi strar: The Chai r man:

M Beer G Davi es
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