
EPA Form 3030 10.93

BESCHWERDEKAMMERN BOARDS OF APPEAL OF CHAMBRES DE RECOURS
DES EUROPÄISCHEN THE EUROPEAN PATENT DE L'OFFICE EUROPEEN
PATENTAMTS OFFICE DES BREVETS

Internal distribution code:
(A) [ ] Publication in OJ
(B) [ ] To Chairmen and Members
(C) [X] To Chairmen

D E C I S I O N
of 2 August 1999

Case Number: T 0690/95 - 3.4.1

Application Number: 91100757.3

Publication Number: 0439119

IPC: G01R 33/54

Language of the proceedings: EN

Title of invention:
Magnetic resonance imaging system

Applicant:
Kabushiki Kaisha Toshiba

Opponent:
-

Headword:
-

Relevant legal provisions:
EPC Art. 56

Keyword:
"Inventive step (no)"

Decisions cited:
-

Catchword:
-



Europäisches
Patentamt

Beschwerdekammern

European 
Patent Office

Boards of Appeal

Office européen
des brevets

Chambres de recours

Case Number: T 0690/95 - 3.4.1

D E C I S I O N
of the Technical Board of Appeal 3.4.1

of 2 August 1999

Appellant: Kabushiki Kaisha Toshiba
72, Horikawa-cho
Saiwai-ku
Kawasaki-shi
Kanagawa-ken 210-8572   (JP)

Representative: Blumbach, Kramer & Partner GbR
Radeckestrasse 43
81245 München   (DE)

Decision under appeal: Decision of the Examining Division of the
European Patent Office posted 24 February 1995
refusing European patent application
No. 91 100 757.3 pursuant to Article 97(1) EPC.

Composition of the Board:

Chairman: G. Davies
Members: M. G. L. Rognoni

G. Assi



- 1 - T 0690/95

.../...2166.D

Summary of Facts and Submissions

I. The appellant (applicant) lodged an appeal, received on

20 April 1995, against the decision of the Examining

Division, dispatched on 24 February 1995, refusing the

application No. 91 100 757.3 (publication

No. 0 439 119). The fee for the appeal was paid on

20 April 1995 and the statement setting out the grounds

of appeal was received on 5 July 1995. 

In its decision, the Examining Division held, inter

alia, that the subject-matters of the independent

claims 1, 7 and 11 did not meet the requirements of

Article 56 EPC, having regard to the following

documents:

D1: EP-A-0 245 154

D2: DE-A-36 05 162 (& US-A-4 675 608).

II. The appellant requested that the decision under appeal

be set aside and that a patent be granted on the basis

of the following documents:

main request

claims 1 to 14 filed with a letter dated 12 April 1994;

pages 1 and 4 filed with the letter dated 12 April

1994; pages 2, 3 and 5-11 as originally filed;

drawings 1/4-4/4 as originally filed;

auxiliary request

claims 1 to 9 as filed with the grounds of appeal on

5 July 1995;
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description and drawings as for the main request.

III. Claims 1, 7 and 11 according to the main request

correspond to the claims referred to in the contested

decision and read as follows:

"1. A magnetic resonance imaging system comprising:

static magnetic field generating means (15, 32)

for generating a static magnetic

field in a predetermined imaging region in which an

object to be examined is placed; 

gradient magnetic field applying means (14, 33)

for applying a predetermined gradient magnetic field to

the imaging region;

radio frequency (RF) pulse applying means (16-18,

34) for applying a uniform RF pulse to the imaging

region, the field intensity of the RF pulse being

nonuniform outside the imaging region;

sequence control means (13) for controlling said

gradient magnetic field applying means (33) and RF

pulse applying means (34) in accordance with a

predetermined pulse sequence so as to cause said

grading [to be read: "gradient"] magnetic field

applying means (33) and said RF pulse applying means

(34) to respectively apply the predetermined gradient

magnetic field and the RF pulse to the imaging region,

thereby causing a magnetic resonance phenomenon in the

imaging region; 

receiving means (35, 19-21) for receiving a

magnetic resonance signal generated by the magnetic

resonance phenomenon within a given slice in the

imaging region; and 

imaging processing means (11) for obtaining a

magnetic resonance image of a slice portion of the
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object which is along a body axis of the object and

does not intersect the body axis, by performing

predetermined processing including image reconstruction

processing for the magnetic resonance signal received

by said receiving means, wherein said sequence control

means (13) comprises adjusting means (22) for adjusting

a power of an RF pulse for imaging prior to imaging

processing, characterised in that said adjusting means

comprising [to be read: "comprises"]: 

first means (13, 14, 16-18) for exciting magnetic

resonance at a slice portion of the object crossing the

body axis of the object without exciting regions having

nonuniform RF field intensities, regardless of a

direction of the magnetic resonance image to be

obtained by said imaging processing means (11), the

exciting power being variously set; 

second means (35, 19-21) for detecting magnetic

resonance signals without applying an encode gradient

magnetic field at various exciting power and for

obtaining a relationship between the power of the RF

pulse and peak values of the detected magnetic

resonance signals; and

means (11) for determining the power of the RF

pulse for imaging processing on the basis of the

relationship obtained by said second means (35, 19-21)

so as to set a desired flip angle."

"7. A magnetic resonance imaging system comprising:

imaging means (16-18; 15, 14) for applying a radio

frequency (RF) pulse, a static magnetic field, and a

gradient magnetic field to an object to be examined so

as to excite magnetic resonance at a specific slice

portion of the object, and detecting a magnetic

resonance signal generated by the magnetic resonance
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excitation, thereby obtaining image data of the

specific slice portion; 

and

power setting means (13, 14, 16-18, 22) for

setting the power of the RF pulse to be applied to the

object by said imaging means, characterized in that

said power setting means comprising [to be read:

"comprises"]:

means (14, 17) for exciting a slice portion, which

includes a portion of the object in a plane crossing

the body axis and being located in an imaging region

having a uniform RF field intensity but does not

include a portion, of the object, outside the imaging

region, prior to imaging, regardless of a direction of

the magnetic resonance image to be obtained,

means (19-21) for detecting a magnetic

resonance signal and detecting a peak value thereof,

means (11) for detecting peak values of magnetic

resonance signals obtained when the slice portion is

excited with a transmission power of an excitation

pulse being set to be various values, thereby detecting

a maximum peak value, and 

means (11, 13, 22) for determining a transmission

power for imaging on the basis of a transmission power

at which the maximum peak value is obtained."

"11. A method of adjusting a transmission power of an

excitation radio frequency (RF) pulse in a magnetic

resonance imaging system, characterized by comprising:

a first step of exciting a slice portion which

includes a portion of an object to be examined in a

plane crossing the body axis and being located in an

imaging region having uniform RF field intensity but

does not include a portion, of the object, located
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outside the imaging region, regardless of a slice

portion to be imaged, prior to imaging, receiving a

magnetic resonance signal, and detecting a peak value

of the received signal; 

a second step of repeating the first step while

variously changing an excitation power; 

a third step of detecting an excitation power at

which a maximum peak value of a magnetic resonance

signal is obtained; and

a fourth step of determining a transmission power

of an RF pulse for imaging on the basis of the

excitation power detected in the third step." 

Claims 2 to 6, 8 to 10, and 12 to 14 are dependent on

claims 1, 7 and 11, respectively.

IV. Claim 1 according to the auxiliary request comprises

all the features of claim 1 according to the main

request and, additionally, the following features:

"means for sequentially applying 90° and 180°

pulses as RF pulses at predetermined time intervals,

means (13, 14, 17) for applying a slice gradient

magnetic field when the 90° pulse is applied, means

(13, 14, 17) for applying a dephase gradient magnetic

field in a read direction perpendicular to the body

axis during a time period between application of the

90° pulse and application of the 180° pulse, means (13,

14, 17) for applying a slice gradient magnetic field

when the 180° pulse is applied, and means (19, 20, 21)

for receiving a magnetic resonance signal while

applying a rephase gradient magnetic field in the read

direction after application of the 180° pulse."
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Claim 6 according to the auxiliary request differs from

claim 11 of the main request essentially in that it

further comprises the following feature:

"said first step including sequentially applying

90° and 180° pulses as RF pulses at predetermined time

intervals, applying a slice gradient magnetic field

when the 90° pulse is applied, applying a dephase

gradient magnetic field in a read direction

perpendicular to the body axis during a time period

between application of the 90° pulse and application of

the 180° pulse, applying a slice gradient magnetic

field when the 180° pulse is applied, and receiving a

magnetic resonance signal while applying a rephase

gradient magnetic field in the read direction after

application of the 180° pulse."

Claims 2 to 5 and 7 to 9 are dependent on claims 1 and

6, respectively.

V. Oral proceedings were held on 2 August 1999.

VI. The appellant's arguments may be summarised as follows:

The present invention as specified in claim 1 of the

main request was based on the finding that, in a

magnetic resonance imaging system used for obtaining an

image of a slice portion of an object which extended

along the longitudinal axis of the object, effective

calibration of the RF-pulse could be achieved by

selecting a calibrating slice plane crossing the body

axis, and that, for the purpose of calibration, it was

advantageous to detect the magnetic resonance signals

without applying an encode gradient magnetic field.
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Though D1 was concerned with the calibration of a

magnetic resonance imaging system, it did not relate to

the specific type of apparatus according to the present

invention which was expressly designed to image planes

along the body axis. Hence, this document was

completely silent about calibration problems occurring

when images of coronal or sagittal planes were

generated. Furthermore, the problem referred to in D1

regarded inhomogeneities of the spatial distribution of

the RF-excitation caused by improper positioning of the

patient, whereas the inhomogeneities considered in the

present application were due to the fact that an

imaging plane parallel to the body axis included

portions of the body lying outside the region of

uniform magnetic field.

The person skilled in the art starting from an MRI

device for imaging longitudinal slices would have no

incentive to consider the teaching of D1 because such

person would immediately realize that this document

related to a different system and addressed a different

problem.

Claim 1 according to the auxiliary request was based on

claims 1 and 6 of the main request and comprised

additional features concerning the specific sequence of

RF-pulses and the applied magnetic fields. The very

fine and precise response achieved by means of the

claimed sequence of dephase and rephase gradient

magnetic fields was such that the power adjustment

could be effected with high precision.

Since D1 merely showed that slice gradient magnetic

fields were applied in addition to the 90° and 180° RF-
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pulses, this document could not render obvious the

claimed subject-matter.

Reasons for the Decision

1. The appeal is admissible.

2. The Board is satisfied that the claims according to the

main and auxiliary requests are admissible under

Article 123(2) EPC.

Main request

3.1 D1, which represents the closest prior art, shows a

magnetic resonance imaging system comprising the

following features recited in the preamble of claim 1

of the present application:

- static magnetic field generating means (1) for

generating a static magnetic field in a

predetermined imaging region in which an object to

be examined is placed; 

- gradient magnetic field applying means (9) for

applying a predetermined gradient magnetic field

to the imaging region;

- radio frequency (RF) pulse applying means (5) for

applying a uniform RF pulse to the imaging region,

the field intensity of the RF pulse being non-

uniform outside the imaging region; 
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- sequence control means (4, 8) for controlling said

gradient magnetic field applying means (9) and RF

pulse applying means (5) in accordance with a

predetermined pulse sequence so as to cause said

gradient magnetic field applying means (9) and

said RF pulse applying means (5) to respectively

apply the predetermined gradient magnetic field

and the RF pulse to the imaging region, thereby

causing a magnetic resonance phenomenon in the

imaging region;

- receiving means (5, 7) for receiving a magnetic

resonance signal generated by the magnetic

resonance phenomenon within a given slice in the

imaging region; 

- imaging processing means (8) for obtaining a

magnetic resonance image of a slice portion of the

object by performing predetermined processing

including image reconstruction processing for the

magnetic resonance signal received by said

receiving means, 

wherein said sequence control means comprises:

- adjusting means for adjusting the power of the RF

pulse prior to imaging processing.

3.2 The Board agrees with the appellant that D1 does not

explicitly disclose a magnetic resonance imaging system

specifically designed to image planes parallel to the

body axis.

However, it is implicit to the skilled person that a



- 10 - T 0690/95

.../...2166.D

system comprising the features disclosed in D1 may, in

principle, be used to obtain images of longitudinal

sections of a body, since the plane of a section to be

imaged is essentially determined by the direction of

the applied slice selection gradient magnetic field.

Furthermore, in the opinion of the Board, D1 shows, or

necessarily implies, the following features recited in

the characterising part of claim 1:

(i) first means for exciting magnetic resonance at a

slice portion of the object crossing the body

axis of the object without exciting regions

having nonuniform RF field intensities, the

exciting power being variously set (see D1,

column 6, lines 30 to 34); 

(ii) second means for detecting magnetic resonance

signals at various exciting powers and for

obtaining a relationship between the power of the

RF pulse and values of the magnetic resonance

signals (cf. D1, column 3, line 63 to column 4,

line 7); 

(iii) means for determining the power of the RF pulse

for imaging processing on the basis of the

relationship obtained by said second means so as

to set a desired flip angle.

3.3 Though the particular embodiment (cf. D1, column 6,

lines 2 to 5) of a magnetic resonance imaging system

described in detail in D1 uses zeros of the magnetic

resonance signals generated by 180° pulses to determine

the appropriate strength of the RF excitation field, it
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is specified in D1 (column 2, lines 11 to 20) that it

is customary to calibrate the RF pulse with respect to

peak values of the resonance signal. 

D1 does not specify that magnetic resonance signals are

detected without applying an encode gradient magnetic

field. However, since such an encode magnetic field is

essentially used to generate a two-dimensional image of

a slice, it is implicit that it is not needed for

calibration, which is carried out on the basis of the

total response from the calibration slice to an RF

excitation field. 

3.4 Hence, the subject-matter of claim 1 differs from the

disclosure in D1 essentially in that:

- a slice portion of the object crossing the body

axis is used for calibration regardless of the

direction of the magnetic resonance image to be

obtained.

3.5 D1 addresses, inter alia, the problem of avoiding

calibration errors due to an inhomogeneous RF

excitation, and explicitly teaches to select for

calibration a particular cross section of the body

where it is known that no spatial inhomogeneities of

the RF excitation field occur (cf. D1, column 6,

lines 28 to 34).

3.6 The appellant has correctly observed that the

inhomogeneities referred to in D1 are due to improper

positioning of the patient. In the Board's opinion,

however, a person skilled in the art reading D1

realizes that its teaching, which does not seek to
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remove the cause of the inhomogeneities but consists

essentially in avoiding inhomogeneous regions, is not

restricted to any particular kind of inhomogeneous RF

field, but is generally applicable. 

3.7 It is known in the art that the RF field cannot be

confined exactly within the geometric boundaries of an

open-ended cylindrical imaging region and that the

stray field outside said region is not spatially

uniform. A person skilled in the art wishing to avoid

calibration errors due to inhomogeneous excitation of a

longitudinal portion of the body located outside the

imaging region knows from D1 that a body's calibration

section need not be the same as the section to be

imaged, and, in particular, that it is advantageous to

select for calibration a slice of the body subject to

uniform excitation. Since longitudinal sections extend

to the outer portions of the imaging region where the

excitation field cannot be homogeneous, it would be

obvious to the skilled person to select for calibration

a slice portion which crosses the body axis and is thus

confined within a region of homogeneous RF excitation.

In so doing, the skilled person would arrive at a

magnetic resonance imaging system falling within the

terms of claim 1 without the exercise of any inventive

activity.

4.1 Claim 7 is independent and generally worded in broader

terms than claim 1. The only features of claim 7 which

are defined more narrowly than the corresponding

features of claim 1 relate to means for determining the

power of the RF pulse as a function of the maximum peak

value of the resonance signal.
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4.2 As shown in D1, column 2, lines 14 to 19, it is

generally known in the art to set the RF power at a

level which maximises the peak value of the resonance

signal. Hence, it would be obvious to the skilled

person to arrive at a system falling within the terms

of claim 7.

5.1 Claim 11 relates to "a method of adjusting a

transmission power of an excitation radio frequency

pulse" which is essentially equivalent to the system

according to claim 1, although it is not specified in

claim 11 that magnetic resonance signals are detected

"without applying an encode gradient magnetic field". 

5.2 Hence, the same objections raised above apply, mutatis

mutandis, to the subject-matter of claim 11.

6. In the result, the subject-matters of claims 1, 7, and

11 according of the main request do not appear to

involve an inventive step within the meaning of

Article 56 EPC.

Auxiliary request

7.1 As specified in D2 (US patent, column 2, lines 52 to

columns 3, line 3, and column 6, lines 29 to 33),

magnetic resonance imaging can be based on the

detection of the Free Induction Decay (FID) signal or

the Spin Echo signal. Detection of the latter is

easier, more accurate and , therefore, preferable.

As shown in D2 (US patent, column 5, lines 12 to 42),

calibration of the RF power based on the spin echo

signal comprises the following fundamental steps: 
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- the excitation field (RF field) at a

predetermined power level is applied to the

object; 

- the spin echo signal is received by the receiver;

- a controller detects and holds the peak value of

the spin echo signal  and simultaneously changes

the transmitting pulse power;

- new spin echo signals are generated at different

RF power levels;

- the RF power level at which the spin echo signal

is maximum is determined.

It is generally known in the art to use slice gradient

pulses and frequency encode pulses to generate a spin

echo, and to time them as specified in claim 1. 

7.2 In the result, the system according to claim 1 of the

auxiliary request differs from the system according to

claim 1 of the main request only in that the former

relies explicitly on a standard spin echo detection

technique to calibrate the RF power. It would be

obvious to the person skilled in the art to add to the

system according to claim 1 of the main request all the

features necessary to perform such spin echo detection,

and thus arrive at the subject-matter of claim 1

according to the auxiliary request.

7.3 The same objections apply, mutatis mutandis, to the

method of claim 6.
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7.4 Hence, the subject-matters of claims 1 and 6 according

to the auxiliary request do not involve an inventive

step within the meaning of Article 56.

8. Since none of the appellant's requests is allowable,

the decision to refuse the application has to be

confirmed. 
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Order

For these reasons it is decided that: 

The appeal is dismissed.

The Registrar: The Chairman:

M. Beer G. Davies


