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The invention relates to a method for displaying moveable bodies, in which an optical representation of the body and a data field
attributed to this body are displayed simultaneously or alternatively from the same perspective and on the same scale In real
time. The method includes the following steps: - providing an optical image-reproduction system comprising a camera and a

monitor; - allocating a 3D - data field to the body having a certa
body; - continuously calculating of a display of the data field eqg
alternatively representing the optical image and the data field or
provided.
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In position; - continuously recording of the 3D - position of the
Uivalent to the body's momentary position; - simultaneously or

the monitor. An apparatus for carrying out this method is also
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Abstract of the Disclosure

The invention relates to a method for displaving moveable bo-
dies, in which an optical representation of the body and a
data field attributed to this body are displayed simulta-
neously or alternatively from the same perspective and on the

same scale 1in real time. The method includes the following
steps: |

- providing an optical image-reproduction system comprising
& camera and a monitor;

- allocating a 3D - data field to the body having a certain
position;

- continuously recording of the 3D - position of the body:

- continuously calculating of a display of the data field
equivalent to the body's momentary position;

- simultaneously or alternatively representing the optical
image and the data field on the monitor.

An apparatus for carrving out this method is also provided.
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Field of Invention

The invention relates to a method for displaying moveable
bodies.

Prior Art

It is often required in the fields of engineering and medicine
to add information to the optical display of objects or to
combine various displays of an obiject.

It is common and necessary, for example, to compare preopera-
tive images with intraoperative images when carrying out cer-
tain operations on the human body. These images may concern
two-dimensional X-rayvs, tomographies,' ultrasonic images or
nuclear spin tomographies. |

In order to match two such images, it is now possible to —
identify a certain number ot anatomically_”characteriétic
points and to determine the coqrdinateS-of said'points in both
imagaes. Thereupon 1t ls possible to CaICﬁlate the six
'parameters of a solid-state body transformation, ‘i.e. the
three translatorvy and the three rotatory parametérs-and, op-
tionally, a scaling factor. This allows rotating and displa-
cing one of the two images in " such a manner that both images
can be displayed from the same perspectiﬁe and on the same
scale. This process is called "matching”.

The identification of the characteristic points by this methcd
requires considerable efforts ahd'is susceptible. to errors. In
addition it is only possible to comparefand display only two
‘single images subseguently. ' ' |

In order to simplify the matching it was proposed to -attach
certain markings on the object to be examined, whereby the
markings are visible and easily ‘identifiable in both images.
These may be probes of suitabie_ matérial whose'positions' on
the X~rays can easily be determined,'ln  the case ot .optical
displays these probes may also consist of colored markings on
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the surface of the skin. However, this also only allows the

subseqguent representation of two single i1mages.

.

In order to combine the optical display of an object with other

displays, which can concern the above-mentioned two-dimensional
X-rays, tomographies, tultrasonic 1mages or nuclear ,spin

tomographies or the like, 1t 1s principally possible to create

at first a three-dimensional model of the surface of the body

and then to save this model. This model can then be matched in

the manner mentioned above with the data of a nuclear spin
tomography. Thereupon it 1s possible to display the body from

any desirable perspective and to simultaneously 1insert data from

the tomography. The optical representation 1s calculated from

the model.

Such a method is very costly, because a large amount of memory
is required as well as considerable processing power.

Furthermore, a display in real time 1s not possible.

From Austrian Patent No. 384 544 published on May 15, 1987 a

method for determining the position of parts of the body 1is

known. According to this specification the respective position

is determined by means of wultrasonic sensors 1n order to
determine the mobility of joints. It concerns, however, a purely
mathematical method which  does not allow  graphical

representation.

The same disadvantage applies to apparatus described 1n German

Patent No. 34 06 179 published on September 5, 1985.

U.S. Patent No. 4,197,855 issued on April 15, 1980 describes an

g

apparatus for measuring the movement of the human lower jaw, 1in

which an angular permanent magnet 1s uSed to determine the 3D -
position. This specification, too, does not provide any

processing for graphical representation.

From German Patent Application No. 38 07 578 published on
September 28, 1989 it 1s known to measure 1individual points on
the human head by means of video cameras. Together with
reference points attached to the head the points to be measured

are recorded and electronically collected 1in a static picture.
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The optical representation is not even intended for static

single images. This provides even less the repregentation in

real time.

Summary of the Invention

It 1s an object of the present 1nvention to avoid the above
disadvantages and to provide a method which allows the
combination and the representation of optical displays 1in a

simple, clear and distinct manner.

According to one aspect of the invention, there is provided a

method for displaying a moveable body, which comprises the stéps
of:

a) marking a plurality of registration points on the

body for tracking movements of a first i1mage;

b) "recording a video 1mage of the body as the first
image; '

C) recording data corresponding to spatial coordinates

of a plurality of points on the body, distributed in three
spatial dimensions; and

d) presenting 1in real time a second 1mage 1in three
dimensions, the second image correspondlng to a three-dimensional
image of a portion of the body including the plurality of points,
the second image belng displaved from the same perspective as the
flirst i1mage and scaled to the same scale as the first image to be

superimposable_on the first image.

According to another aspect of the invention, there is provided
a method for displaying a moveable body, which comprises' the
steps of:

a) providing an optical image-reproduction system
comprising a video camera for recording a first i1mage comprising

a three-dimensional, movable, video 1mage of the body, and a

-monitor for displaying the first image;

b) marking a plurality of registration points on the

body for tracking movements of the first image;
- C) representing a plurality of points on the body,
 positioned in a first position, by data corresponding to the

_spatial coordinates of each point of the plurality of points;
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3a
d) continuously recording the position of the body;
e) continuously calculating a display of the plurality

of points corresponding to the moveable body's momentary

position; and

f) selectively representing the first image, the first
image superimposed on a second image comprising the plurality of

points, and the second image on the monitor.

According to vyvet another aspect of the 1invention, there 1s

provided a method for displaying a body, which comprises the

P
p—

steps OI:

a) recording_ a first d1image of the Dbody 1n three

dimensions, the image selected from a three-dimensional video
image and the body 1itself;

b) marking a plurality of fegistration points on the body
for tracking movements of the first image;

C) recording data corresponding to spatial coordinates of

a plurality of points on the body;

d) = presenting on a display in real time the first 1image;

and

e) presenting on the display in real time a second 1mage
corresponding to the plurality of points, the second image being
presented from the same perspective as the first 1mage and scaled

to the same scale as the first image, to be superimposable on the

first image.

According to a further aspect' of the invention, there 1s
provided a method for displaying a body, which comprises the
steps of:

a) providing an image-reproduction system comprising a

video camera for recording a three-dimensional image of the body

displaying simultaneously actual points on the body, the points

being viewed from a perspective of the image-reproduction

system, and a monitor for displaying a first image correspondilng

to the three-dimensional image of the body;

b) placing on the body a plurality of marks associated

with a plurality of registration points;
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C) representing a plurality of points on the body,
positioned in a first position, by data corresponding to spatial
coordinates of each point of the plurality of points;

d) continuously recording and presenting the first image
corresponding to the body while the body moves;

e) continuously calculating and presenting a second
image correspdnding to the plurality of points on the body while
the body moves; and

£) selectively representing on the monitor the first
image, the second 1image, and a combination image superimposing

the first and second images.

According to a still further aspect of the invention, there is

provided a method for displaying a body, which comprises the

steps of:

a) providing an optical image-reproduction  system

comprising a video camera and a corresponding monitor;

b) placing on the body a plurality of marks associated

with a plurality of registration poihts;

C) allocating a three-dimensional data field to the body

in a first position;

d) continuously recording with the camera in three

spatial dimensions a first image of the body showing the
positions of points, including at least one registration point,

on the body;

e) repeatedly calculating the positions of a plurality
of points 1n the three-dimensional data field, corresponding no

the positions of the points on the body; and

£) presenting on the monitor, selectively, the first
image and a second 1image corresponding to the plurali'ty of

polnts, and a third image corresponding to the plurality of

points superimposed on the first image.

Generally the invention may be used for the representation of
any body. However 1f the body is a human or animal body there

are some further preferred embodiments of the method.
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t 1s possible that the position of anatomically characteristic

points, an X-ray tomography, a nuclear spin tomography,

an ultrasonic 1mage or the 1like are used as data

4

field.
The positions of anatomically characteristic points can, for

example, be recorded by means of a 3-D digitizer stylus, 1i.e.

a magnetic stylus. Thus the respective point is marked by the

A AR ot N I S A T X T . B T W O T T T Y L S T A O R L. TS TV TV TR

TFHAT TR TV, VNN A Y vmammmwwmmm&mwm .ot ° o e v - e e mib e




2056105

t.o of the stylus and, simultaneously, the determination of
the precise position is initiated by pressing the enter key.
It is clear that this only allows marking points on the sur-

face of the body.

If points in the inside of the body, for example characteri-
stic points of Dbones, are to Dbe used aé data points; the
points can be determined by means of stereophotometric measu-
rement on X-ravs. A typical case 1s the measurement of the
movement of Jjoints. At first two or more X-rays of the
respective limbs are made with the sensors applied to the
surface of the skin. Preferably the image planes of these
images are rectangular to one another. This allows determining
the coordinates of characteristic points.

In a preferred embodiment of the method it is provided that,
for determining the position of the body, a 3~-D sensor, pre-
ferably a magnetic sensor, 1is fixedly attached to the body.
The continous determination of the body's position is thus
possible in a very simple manner.,

The data‘ field, however, need not ‘necessarily be limited to
the position of the points of the body itself. An X-ray may be
used as data field 'whose position with respect-to the body 1is
determined in such a way that during the X-ray a 3-D sensor is
fixedly attached to the body and a further such sensor is
attached to the X-ray cassette. The usually two-dimensional X~
ray is allocated to a plane outside of the body, e.g. the
plane in which the X-ray film was located while the X~ray was
made. This X-ray £film then constitutes the data field and it
is possible to display the body of a patient with his X-ray in.
such a way as if the X-ray were fixedly attached to said
patient.

An ultrasonic display can also be used as a data field in an
analogous manner, whereby the position of this display with
respect to the body 1is determined in such a way that during
the acoustic irradiation a 3-D - sensor, preferably a magnetic
sensor, is rigidly attached to the body and a further such
sensor is attached to the ultrasonic head.

In a preferred embodiment of the invention it is provided that
for recording the position o0f a body a 3~-D sensor, preferably
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a .agnetic sensor, is rigidly attached to the Dbody. Such a
sensor consists of a small magnet which not only serves toO
determine its 3D ~ position, but also its angular position.

1t is possible that the optical image is superimposed on the
displav of the data field on the screen. It is possible to mix
this data field into the optical display. It is, however, also
possible to switch back and forth between the optical display
and the data display. The user is provided with a large number
of options to gain a visual display which offers him the
optimal basis for the precise measurement of parts of the
body.

1t is particularly preferable if the optical image and the
display of the data field on the screen can be shown in dif-
ferent windows. These windows can, as is well known, be moved,
superimposed, zoomed or switched off.

In a particularly preferable embodiment of the method in ac-
cordance with the invention it is provided that a part of the
displayable data field consists of an arbitrarily selectable
imagined axis and that this axis Can be achieved by the fol-
lowing steps:

- representing of the body as a stationary image in at least
two positions;

- providing the user with the option to draw the image of
the axis into the stationary image;

- calculating the 3D - position of the axis; and

- jointly representing the axis with the body shown with
real-time moveability.

1f, for example, the axis of a femur is to be superimposed on
the image of a human femur, the following procedure is used:
the poSition sensor is attached to a segment'of the skin that
is little affected by the movements of soft parts.' Thereupon
single pictures are recorded with the videocamera and dis-
played on the screen either simultaneously or subsequently.
The position sensor provides the information on the position
of the part of the body at the time when the image was recor-
ded. The user can then draw an axis into each of the single
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i.ages, for example by means of a mouse. For the computer this
represents the projection of an axis located in the three-~
dimensional space onto the image plane. I1If the axis was
displayed in two different ways, e.qg. in a front view and a
side view, it is thus possible to determine the 3D - position.

In this context it has proved beneficial fto display approx.
four single pictures next to one another in one window. The
user can use each of these images for entering or altering the
axis. As soon as the 3D -~ position of the axis can be de-
termined it is also calculated for the other images and dis-
played. This allows a precise check of the input.

In the same way it 1is possible that a part of the displayable
data field consists of an arbitrarily selectable coordinate
system whose axes are gained in the manner defined above. Af-
ter the 3D - determination of one axis of an orthogonal coor-
dinate system it is only necessary to enter a further axis in
the image in order to define the position.

After the entry of the axis, the,program'calculates the posi-
tion of the axis or axes with respect to the position sensor
and is thus able to add said axis to all displays of'the parts
of the body, so that said axis is moved in accordance with the
movements of the parts of the body. '

The superimposed axis or the coordinate system per se is able
to display the data field in accordance with the' invention or
can be displaved in addition to an X-ray tomography or the
like.

It is further possible that a part of the displayable data
field comprises at least one point on the skin of the body.
Then the following steps are performed:

- marking at least one point at the skin;
~ recording the 3D -~ position of the point;

-~  simultaneously representing the optical image and the data
field including the marked point on the monitor. |

It is sometimes a problem that the sensor applied to the skin
of a person 1is affected by movements of the skin relative to
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- the body 1itself. In this case the system is deceived since the

movement o©f the sensor does not coincide with the movement of

the body. Therefore i1t can be useful to mark at first some
points on the skin with color and to record their position then.
As long as the relative position of the sensor and the marked

points does not change the displayed data points coincide on the

monitor with the real images of these points. However if there

v

are displacements due to movements of the skin this does not

hold any more. The distance 1is a measure of the possible error

in the display of the data field. With advanced image processing

systems 1t could Dbe possible to correct such erroxr

automatically.

Furthermore, the 1invention relates to an apparatus for
displaying moveable bodies. In accordance with the invention
this apparatus comprises the following:

- a camera;

- a monitor;

- a position sensor which is rigidly attached to the body to

be displayed and which allows the determination of the

respective position of this body; and

- means which allow the simultaneous or alternative repre-

sentation of the optical image and the data field on the

monlitor.

This last wmentioned means usually concern a computer that
carries out the necessary calculations. The spatial distance

between the focus of the camera optics and the starting point of

the field used for the position, i.e. approx. the magnetic field
generated by the magnetic field emitter, have to be taken into
account. In addition, the relative position of the points of the
data field with respect to the position sensor are also included
in the calculation. It . 1s also possible, however, that instead

of a computer a microprocessor carries out the mentioned

calculations.

A particularly simple embodiment of the invention which is
easy to realize 1s provided in that the visual display unit of a

PC 1s used as a monitor, whereby the camera is connected to
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tue video input and the data field is transmitted to the PC
via a further input. Thus the flow of data originating from
recording the optical images is fully transmitted past the
computer and therefore does not place a burden on 1its
processing capacity. This allows making use of the full pro-
cessing power for the additional display of the data field.

The invention is now described in greater detail by reference
to an embodiment shown in the Figure of the drawings:

A video camera 1 1is rigidlyvy attached to a magnetic field
emitter 2. This magnetic field emitter essentially conprises a
coil connected to an electric circuit which generates a ma-
gnetic field. A magnetic sensor 4 is attached to the head 3 of
the patient. This magnetic sensor also includes of coils in
which current is induced by the field generated by the ma-
gnetic field emitter 2. By measuring these currents it is
poésible to determine the position of the magnetic sensor 4
with a precision of about one millimeter.

Three measuring points A, B and C are marked by the magnetic
stylus 5. The magnetic stylus 5 also comprises coils for re-
cognizing the position, like in the magnetic sensor 4. The
marking takes place in such a manner that the tip of stylus 6
is brought to the respective point and then a release button
is pressed. The computer 7 stores the momentary position of
tip 6 as data point. On the monitor 8 of the computer 7 the
head is displayed with the data points A, B and C. 1t would
also be possible to display these data points 1f they were not
visible as real points. For example, if they were located on
the side of the head concealed from the camera, they could
still be displayed. The position of other covered points can
also be displayed. The position o0of a certain tooth can be
marked with stvlus 5, which can then be localized even if the
mouth is closed. 1f, however, the tooth is located on the lo-
wer jaw, it is necessary to also record the position of this
lower jaw. This is possible by attaching a further sensor,
"which is not shown here. 1If an additional magnetic sensor 9 is
attached to camera 1, it is possible to drop the rigid
coupling between the camera 1 and the magnetic field emitter
2. The computer 7 takes into account the variable displacement
between camera 1 and magnetic field emitter 2.
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The embodiments of the invention 1in which an exclusive
property or privilege is claimed are defined as follows:

1. A method for displaying a moveable body, which
Comprises the steps of:

a) marking a plurality of registration points on

the body for tracking movements of a first image;

b) . recording a video image of the body as the

first 1mage;

C) recording data corresponding to spatial
coordinates of a plurality of points on. the body,
distributed in three spatial dimensions; and '

d) presenting in real time a second image in three
dimensions, the second image corresponding to a :three—
dimensional image of a portion of the body including the
plurality of points, the second 1image being displayed

from the same perspective as the first 1mage and scaled

to the same scale as the first image to be superimposable

on the first image.

2. . A method for displaying a moveable body, which

comprises the steps of:

a) providing an optical image-reproduction system

comprising a video camera for recording a first 1mage
comprising a three-dimensional, movable, video image of

the body, and a monitor for displaying the first image;

b) marking a plurality of registration points on

the body for tracking movements of the first image;

C) representing a plurality of points on the body,
positioned in a first position, by data corresponding to
the spatial coordinates of each point of the'plurality of
polints; .

d) continuously recording the position of the

body ;
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e) continuously calculating a display of the
plurality of points corresponding to the moveable body'é .
momentary position; and

£) selectively representing the first image, the
first image superimposed on a second image comprising the

plurality of points, and the second image on the monitor.

3. | 'A method for displaying a body, which comprises
the steps of: '

a) recording a first image of the body in three
dimensions, the image selected from a three-dimensional
video image and the body 1tgelf;

b) marking a plurality of registration points on
the body for tracking movements df the first 1mage;

C) recording data corresponding Lo spatial

gt

coordinates of a plurality of points on the body;

d) presenting on a display in real time the first
image; and

e) presenting on the display in real time a second

image corresponding to the plurality of points, the

second image being presented from the same perspective as

the first i1mage and scaled to the same scale as the first

image, to be superimposable on the first image.

4, The method of claim 3, wherein each
registration point of the plurality of registration

points corresponds to a point of the plurality of points.

5. - The method of claim 4, further comprising
registering the first image with the second image by
matching corresponding registration points in the first

and second 1mages.




CA 02056105 2002-04-15

11 _
6. | A method for displaying a body, which comprises

the steps of:
a) providing an image-reproduction system

comprising a video camera for recording a three-

dimensional .image of the body displaying simultaneously
~actual points on the body, the points being viewed from a
perspective of the image-reproduction system, and a
‘monitor for diéplaying a first image corresponding to the

three-dimensional image of the body;

b) placing on the bOdy a plurality of marks
associated with a plurality of registration points;

C) representing a plurality of poilnts on the body,

positioned in a first position, by data corresponding to

spatial coordinates o©of each point of the plurality of
polnts;

' d) continuously recording and presenting the first
image corresponding to the body while the body moves;

e) continuously calculating and presenting a

second image corresponding to the plurality of points on

the body while the body moves; and

f) selectively representing on the monitor the
first image, the second 1image, and a combination image

superimposing the first and second 1mages.

7 . The method. of claim 6, wherein each

registration point of the plurality of registration

prve prompt

points corresponds to a point of the plurality of points.

8 . The method of claim 7, wherein said each mark

1s detectable by the camera.

O. ~ The method o©of c¢laim 8, further comprising

registering the first image with the second image by
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positioning each mwmark in the first image over the

corresponding registration point 1n the second image.

10. The method of claim 9, further comprising
scaling and orienting the second 1mage to be presented
from the same perspectlive and scaled to the same size as

the first image.

11. The method of <¢laim 10, further comprising

superimposing the second image on the first image.

12. A method for displaying a body, which comprises
the steps of:

a) providing an opticel image-reproduction system
comprising a video camera and a corresponding monitor;

D) placing on the body a plurality of marks
associated with a plurality of registration points;

c) allocating a three-dimensional data field to
the body 1n a first position;

d) continuously recording with the camera in three
spatial dimensions a first image of the body showing the

-

positions of points, including at least one registration

point, on the body;

e) repeatedly calculating the positions of a
| plurality of points in the three-dimensional data field,
corresponding no the positions of the points on the body;
and

f) presenting on the monitor, selectively, the
first 1mage and a 'second image corresponding to the
plurality of points, and a third image corresponding to

the plurality of points superimposed on the first image.
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