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ABSTRACT OF THE DISCLOSURE

A method of measuring a body region of a human body includes recording at least
two images of the body region from different came‘ra positions, from which the contour
5 lines are ascertained, for example, as a contrast. Used for scaling the images is a reference

object with a reference zone, to which the camera is set in a-pcrpendicular or near
perpendicular viewing direction by means of an angle-determining device. The reference
zone can be defined, for example, by perpendicularly protruding fins. From the projected
images of the contour line and the reference zone, an individual model of the outside

10 surface of the body region is subsequently ascertained by means of the reference model.

. From this individual model a prosthesis or orthesis can be fabricated.
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The following statement is a full description of this invention, including the best
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Attorney Docket No. 016794/0410

Inventor: Martin PUSCH et al.

Method of Measuring a Body Region

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to a method of measuring an object, advantageously a body

region of the human body.

Related Art

Methods for 'méésuriné a body region of the_human.body are required in paftichlar
for the fabrication of prostheses, for example, for stumps of limbs, as well as ortheses or
medical supporting elements, ;uch as compression stoqkings, for example, in order to make
possible an individﬁal adaptation of the brosthesis or orthesis to the respecti\;e body region.

The measuring of the respective body region on the one hand requires high
accuracy, in order that the prosthesis or orthesis subsequently fabricated on the basis of the .

measurement data offers a high degree of wearing comfort. On the other hand, the

- measuring of the body region should be possible in a sufficiently short time and with

20 relatively low expenditure on equipment. In this way the patient can be measured in sifu in
a relatively short time and is consequently spared the need to travel to where there is
special measuring equipment, possibly far away, and is spared a protracted period of time
for'carfying out the measuring operation.
002.51941.5.1@'_, R L . R




It is known for this purpose to use, for example, measuring tapes to measure the
body region. In this case, for example when dealing with a stump of a limb, not only the
length but generally also a number of circumferential measurements have to be carried out,
which nevertheless generally do not allow very great accuracy in the measuring procedure.

5 Itis also known to take impressions of the body regions concerned. However, such a
method is complicated and laborious; furthermore, for the production of the prosthesis or
orthesis, an impression of the body region first has to be transported to the respective

manufacturer, which in addition to transportation costs may also cause a greater time delay.

SUMMARY OF THE INVENTION
It is therefore an object of the present invention to provide an improved method of
measuring a body region, especially for fitting a prosthesis or orthesis. Another object of

the present invention is to provide a method which makes an exact measurement of the

body region possible with relatively little effort and in a relatively short time.

O R * Inaccomplishing the foregoing objects, there has been provided according to one
v e embodiment of the present invention, a method of measuring a body region of a human
peeed body comprises arranging a reference object, having a reference zone of a previously

known length, and an angle-determining device in a fixed spatial relationship with the body
region. A camera is arranged in a first camera position in a first viewing direction,

20  perpendicular to thé reference zone, to view the bddy:region with the reference object, and
a first image is recorded. A camera is arranged in a second camera position in a second
viewing direction, perpendicular to the reference zone, to view the body region with the -
reference object, and a second iJknageb is recorded. A determinaiion i; performed of first

and second reference distances, which correspond to distances of the reference object from
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the first and second camera positions, from the length of the reference zone and the
projected images of the reference zone on the images. A contour line is determined
extending in three-dimensional space fo;' each image from the reference distancés and the
projected image of the contour line on the basis of a previously stored reference model. An
5 individual model of the body region is determined from the contour lines and the reference
model.
Further objects, features, and advantages of the invention will become apparent

from the detailed description of preferred embodiments of the invention that follow, when

vl considered together with the accompanying figures.

.. BRIEF DESCRIPTION OF THE DRAWINGS -

Embodiments of the invention, serving as an examples, are illustrated schematically
in the drawiﬂgs, in which:

Figure 1 shows a measuring arrangement for measuring a stump of a lower leg as a

*ier 15 - body region according to one embodiment-of the invention.of;-

e e Figure 2 shows a sectional view of the stump of a lower leg through the contour

| 002.319416.1 -

lines, with the reference model depicted;
Figure5 shows a reference model with contour lines;
Figure 4 shows a diagram to illustrate the projection of a reference plane onto a
20  three-dimensional model; and

Figure 5 shows a sectional representation of Figure 4 through the camera points.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS .

a2 .
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The present invention relates to a method for measuring a body region of a human
body. According to one embodiment of the present invention, a reference object with a
reference zone of a previously known length and an angle-determining device is arranged in
a fixed spatial relatioﬁship with the body region, for example, on the body region. A
camera is arranged with the aid of the angle-determining device in a first camera position,
in a first viewing direction, perpendicular to the reference zone, in which it picks up the
body region with the reference object, and a first image is recorded. A camera is arranged
with the aid of the angle-determining device in a sécond camera position, in a second
viewing direction, perpendicular to the reference zone, in which it picks up the body region
with the reference object, and a second image is recorded. The distances of the reference
object from the camera positions are ascertained from the length of the reference zone and
the projected images of the reference zone Qﬁ the images as a first reference distance and
second referehce d'is-tance. A co;ltour line, gxtending in.three—dimcnsioﬁal spaceb, is
determined for each image from the reference distance and the projected image of the
contour line on the basis of a previously stored reference model. An individual model of
the body region is ascertained from the contour lines and the reference model.

Consequently, according to one embodiment of the invention, a reference model can
be used for the body region concerned. The use of a reference model of this kind is
generaliy possible with relatively high accuracy in the case of ortheses which support a
body region, since the reference model simulates a region of an at least largely intact body.
Such a reference model is also appropriéte when adapting prostheses with which a missing
body part is being replaced, since the body region concerned, for example, the stump of a

limb, is generally previously treated by operating techniques in a known way. For this
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purpose, the bones and muscles in particular are exposed at the respective locations of _the
body, in a largely known way.

Since, according to one embodiment of the invention, only one reference object is to
be attached with a fixed spatial relationship to the body region concerned, in particular on
the body region concerned, and at least two images of the body region concerned have to be
recorded from different camera positions, the body region can be measured relatively
quickly. Only the use of the reference object and one camera is necessary. The images can
be subsequently sent, possibly even faxed, to the manufacturer of the prostheses or
ortheses. The determination of the contour lines from the images and the calculation of an
individual model of the body region by determination of the reference distances and on the
basis of the reference model-can, in m_is casg; take place at the manufacturer's facility, so
that, for example, complicated vtransportation of impressions or castings of the body region A
beco.mes superfluous. | .

According to another embodiment of the invention, the reference object has both a
reference zone of a previously known length and an angle-determining devicg, for example,
a visual angle-determining device, for setting the viewing direction, preferably the optical
axis of the camera. Consequently, the camera can be positioned with the aid of the angle—
determining device relatively simply in a direction perpendicular to the reference zone,
without the body region to be measured having to be positioned or clamped in mounts or
frameworks. The contour lines of the body region can be determined from a simple
subsequent measuring procedure on the basis of the images recorded, without direct
measuring or scanning of the body region in situ being necessary. Consequently, an’
individual mode! can be determined by computational ascertainment or computational

adaptation. For determining the contour lines, the body region concerned may

s




advantageously be brightly illuminated and recorded in front of a dark background. In
particular, a contrast-improving, for example, lighter, coating may be placed or brushed
over the body region, on which certain regions or locations may bossibly also be marked.
For example, a conventional computer programmed with appropriate software can be used
to perform the computations according to the methods discussed herein.

Since, according to one embodiment of the invention, the distances of the camera
from the reference object are ascertained from the images, it is unnecessary to undertake a
complicated positioning of the body region at a fixed, predetermined distance from the
camera, which would require the patient to keep still and nevertheless would generally lead
to greater inaccuracy.

 The reference object may advantageously be fastened, for example, qdhegively :
attached, directiy on .the bédy' region, so that there s a clear spatial relationship of the
referehce.obje;:t t‘o thé body regioh. vAs a result, the patien-t‘ can Even mové the body region
concerned a little between the recordings, since a reference system of the body itself is
defined by the reference object fastened on the body. region, and this system is not changed -
fundamentally when there are movements of the body region.

The reference zone may be formed on the reference object in particular by two
markings, the distance between which is previously known. The angle-determining device
may be formed, for example, by one or two projections, which prbtrude perpendicularly
from the linear scale and conséquently ensure the pérpendicuiar arrangement of the linear
scale to the optical axis during alignment in the.viewing direction. The projections may
advantageously serve at the same time as markings which are arranged at a known distance
from one another. The projections may in this case also be displaceable on a rail, so that a

distance can be preset.

002.319416,1 . - : .
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The projections may be designed in particular as ribs, fins or blades which protrude
perpendicularly from the linear scale. By. making the side surfaces or upper sides and
uﬁdersides of the projection or projections colored, a simple setting of the perpendicular
viewing direction can be achieved by positioning the camera in such a way that the colored
side surfaces are no longer detected, or only to a negligible extent.

By using the same camera for the various recordings, the expenditure on equipment
for the measuring procedure is relatively low. Furthermore, in this case the various optical
errbrs of different cameras, for example, a maladjustment of the optical axis, cannot have a
cumulative effect. However, in principle, .it is also possible for different cameras to be
used.

The determination of the actual contour iljnes, cxtendiqg in three-dimensional space, .
takes place according to one embodiment of the inveﬁﬁon withlthe aid of the rcférence
modei. In an advéntageoué way, é reference plane in which the reference zone lies and

which extends perpendicularly with respect to the viewing direction of the camera is firstly

. 15 determined.. The distance of this plane from the camera position consequently corresponds

to the reference distance ascertained. The projected images of the contour lines may

advantageously be related firstly to this reference plane. The position of the reference

plane generally doés not coincide with the actual position of the contour lines enveloping

the body region.” Subsequently, firstly the contour lines and from them the individual

/ model are determined from the contour line projections and the reference distances.

Furthermore, for example, a prominent location or subregions of the body region

which can be detected in at least one of the projected images could be used. Instead of such

noticeable locations or subregions, it is correspondingly aiso possible to mark locations or

subregions of the body region, in particular by marking on a coating of the body region.

002.319416.1 -+ -. S TP P '_7"
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These noticeable or marked locations or subregions may be used in addition to the contour
lines for determining the individual model. Consequently, an individual model can be
ascertained from contour lines and further locations or subregions of the body region on the
basis of a reference model.

The method according to the embodiments of the invention can be used in particular
for measuring limbs, in particular stumps of limbs, such as the stump of a lower leg, for
example, so that subsequent adaptation of a prosthesis is made possible. Furthermore,
body regions such as a foot, for example, can also be measured, in order to make possible a
subsequent adaptation of an orthesis, for example, compression stockings.

The aforementioned method of the present invention is illustrated in further detail by
_t_he exemplary gmbodiments _illusﬁ_rated in_Eigures 1-5. qu example, as.sho_wn in Figure 1,
a reference écale or léttice 2, serving a;s ‘a reference object, is fastened, for example,

: adhesively on a stumpl 1°0f a lower leg as a body regioﬁ t(; bebmeasuréd:: The align}ﬁent of
the reference scale is performed, for example, approximately in the longitudinal direction
of the lower leg. The reference scale has at its ends fins 4, which may also be designed, -
for example, as plates or ribs énd may protrude at right angies from the reference scale . In
one embodiment, the fins 4 advantageously have colored upper sides and undersides. For
example, the upper sides may be colored red, and the undersides colored green, or the
outer sides, i.e., the upper side of the upper fin and the underside of the lower fin, may be
colored red, and the inner sides colored green. Consequently, the fins 4 may serve as an
angle-determining (or setting) device, in order to set a viewing direction perpendicular to
the reference scale. Consequently, a camera 3 can be positioned at right angles to the
reference scale, by checking whether the colored inner or outer sides of the fins 4 are

detected. Accordingly, in Figure 1 the position B is not at right angles to the reference

8
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scale, since the camera detects the colored upper side or outer side of tixe upper fin and the
colored upper side or inner side of the lower fin 4. By appropriate adjustment, the camera
3 can be adjusted into the position A, in which the viewing direction extends
perpendicularly with respect to the reference scale 2. Consequently, the optical axis 5 of
the camera 3 extends perpendicularly with respect to the reference scale 2 and through its
center point. The reference scale has a reference zone of a known reference len.gth, which
is advantageously formed by the distance of the fins 4 from one another.

A digital camera, for example a CCD camera, is advantageously used as the camera.
As mentioned above, one or more cameras can be used according to the present invention.

The positioning of the camera 3 is performed in two directions, advantageously at

least essentially perpendicular to one another, about.the stump 1 of the lower leg. The.

stump of the lower leg is advantageously illuminated and recorded in front of a dark

backgréimd, so that the followiﬁg defcrminat.ion of tﬁe coméur line of the stump of ithe‘ o
lower leg as a contrast on the image is facilitated. The actual profile of the contour lines,
lying in three-dimensional space, is in this case still not known from the projected images
of the contour lines in the images. In particular, it is not known here at what distance the
contour line lies from the camera 3.

With adr;quate contrast, the contour lines can be ascertained from the images by
image data processing, in which, for example, differences ‘of adjacent pixels are formed.
Such edge detection techniques are known, for exémple, from automatic focusing systems.

Since the reference scale 2 extends perpendicularly with respect to the optical axis
of the camera 3, the reference length can be used directly for scaling the image recorded by
the camera 3. A scaling is consequently known for the reference plane r1 extending

perpendicularly with respect to the optical axis 5 and through the reference zone.

- ‘-9_, v
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The camera 3 is subsequently adjusted, according to Figure 5, into a second position
D, which likewise lies perpendicular to the reference scale 2. The adjustment is
consequently performed without changing the reference scale 2 with the aid of the fins 4.
Consequently, the optical axis of the camera in the second measuring position also lies
perpendicular to the reference scale 2, but not perpendicular to the reference plane r1 (;f the
first measurement. The second reference plane r2, within which the axis of the reference
scale 2 in turn lies, can be defined by the viewing direction or optical axis of the camera 3
in the second camera position D. Consequently, two or more images can be recorded in
different (at least two) camera positions, there being formed in each case reference plar;es
in which the axis of the reference scale 2 lies and which respectively lie perpendicularly
with respect to the optical axes of the f:'a_mera. :

Figure 2 shéws a sectionr through the stumi; -1. of a lower leg in a plane which
éxtends th-rougﬁ fhe two camera poéitions'A, D. A ’re%erence model R is used fo simula'ue .
the outer surface of the lower leg region 1. The reference model can in this case be

individually shaped for the body region tespectively considered, so that the.approximate

 shaping of the respective body region, for example, of the stump 1 of a lower leg, is

already reproduced approximately by the reference model R. According to one
embodiment of the invention, the reference model R is subsequently adapted to the actual
profile of the outer surface of the stump 1 of the lower leg on the basis of the images
recorded by the camera. For this purpose, according to one embodiment of the invention,
the actual contour lines K1 and K2 of the outer surface of the lower leg region 1 are
determined from the projected images of the contour lines in the images, and the reference
model is adapted to the contour lines K1 and K2. It is problematical here that the actual

profile of the contour lines K1 and K2 in three-dimensional space is not yet known from the

'1.0.'..
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projected images of the contour lines and first has to be determined with the aid of the
reference model R. Consequently, the reference model R serves both for determihing the
contour lines K1 and K2 and for simulating an individual model of the stump 1 of the lower
leg on the basis of the contour lines K1 and K2.

5 As shown in Figures 4 and 5, distances of the reference object 2 from the respective
camera positions can be ascertained from the length of the reference zone and the projected
images of the reference zone on the images as a first reference distance X1 and a second
reference distance X2. YA contour line K1, K2, extending in ihxee-dimensional space, can

be determined for each image from the reference distance X1, X2 and the projected image

:: 10 of the contour line on the basis of a previously stored reference model R, and an individual

e . model M of the body region 1 caﬁ be _axscertained from the contour lines K1, K2 and ;he
r(;,ference ﬁlodel R. |

Since the camera positions A, D are advantageously offset essentially in relation to

one another by 90° in the plane shown in Figure 5, the optical axes 5a, 5b of the camera
oro2+, 15 essentially lie approximately in the reference planes r2, r1 of the respective other position.
Such an arrangement is not necessary, however, since the camera positions do not have to
be offset by exactly 90° in relation to one another. In principle, it is merely necessary to
record two images in camera positions differing from one another.
Figure 3 shows the principle according to one embodiment of the invention of using
20  areference model R which is to be adapted to contour lines K1, K2.
The determination of an individual model is illustrated with respect to Figures 4 and
5, with Figure 5 showing a sectional view of Figure 4 through one optical axis. According
to the embodiment of the invention as shown in Figures 4 and 5, the projected images of
the contour points K1a, K1b, K2a, K2b are advantageously firstly related to the respective

002.319416.1 o -l-
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reference planes r1, r2, as is shown for both camera positions. Accordingly, contour line
projections ala, alb, a2a, a2b are formed in the respective reference planes r1, r2. In these
reference planes, the scaling by the reference length of the reference zone is known. . In
Figure 4, reference letters X and ala indicate the intersection of contour projection al with
an optical axis. Reference letters X’ and K1a indicate contour line points of the reference
model. Subsequently, as shown in Figure 5, the individugl points ala, alb‘, a2a, a2b of the
contour line projections have to be adapted to the contour line points K1a, K1b, K2a, K2b
of the lower leg region.

Shown in Figure 5 in this respect is, firstly, a section through the stump 1 of the
lower leg in the plane which is formed by the optical axes 5a, 5b. For the calculation of
the contour ling points in the further planes, an analogous Procedure.can §u_bs‘_=quently ,be}_
followed, the camera points A, D. respectiveiy lying in‘l‘:hese plavnes: Subseciuently, the
longitudinal extent 6f the stump of the lower lég iﬁ the directioﬁ L in‘ Flgure 4 can be
adapted to the scaling of the reference length.

Although the invention has been des;ribed.above by reference to certain embodiments,
the invention is not limited to the embodiments described above. Modifications and variations
of the embodiments described above will occur té those skilled in the art, in light of the above
teachings. The scope of the invention is defined with reference to the following claims.

German Patent Application No. 199 16 978.0, filed April 15, 1999, including the
specification, the drawings, the claims, and the abstract, upon which this application is based,

is incorporated herein by reference in its entirety.
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The Claims Defining the Invention are as Follows:

1. A method of measuring a body region of a human body, comprising:

arranging in a fixed spatial relationship with the body region a reference object,
having a reference zone of a previously known length and an angle-determining device;

arranging a camera in a first camera position in a first viewing direction,
perpendicular to the refefence zone, to view the body region with the reference object;

recording a first image;

arranging a camera in a second camera position, in a second viewing direction,
perpendicular to the reference zone, to view the body region with the reference object;

recording a second image; L

determining first and second reference distances, which cor_resﬁond td distances of
the referéncé objéct from the first and second camera positions, from tfxc léngth of the
reference zone and the projected images of the reference zone on the images;

determining 4 contour line extending in three-dimensional space for each image-
from said reference distances and the projected image of the contour line on the basis of a
previously stored reference model; and

determining an individual model of the body region from said contour lines and said

reference model.

20
2. The method as claimed in claix:n 1, further comprising:
defining a reference plane in which the reference zone lies and which extends
perpendicularly with respect to the viewing direction of the camera for each camera
position;
‘..002515416'.; ' T ) S . :_,13-
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determining a contour line projection, which corresponds to a projection of the
contour line onto the reference plane for each camera position from said reference distances
and the projected image of the contour ling; and

forming said individual model of the bédy region from said contour line projections,

5  said reference distances, and said reference model.

3. The method as claimed in claim-1, further comprising:
applying a contrast-improving coating over the body region.
10 4. The method as claimed in claim 1, further comprising:
. determining a length of the individual model extending perpendicularly with respect
to said viewing directions from a comparison of the reference zone with a distance between

two points of the bbdy region.

-5. . The method as claimed in claim 4, wherein at least one- of said points is one

end of the body region.

6. The method as claimed in claim 4, wherein at least one of said points is a

location marked on a coating applied to the body region.

20
7. The method as claimed in claim 1, wherein said determining an the
individual model of the body region comprises:
4

.. 002.319416.1.
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determining an individual model of the body region from said contour lines, said
reference model, and projected images of locations or subregions of the body region which

can be detected in at least one of the projected images of the body region.

8. The method as claimed in claim 1, wherein the reference object is fastened

on the body region.

9. The method as claimed in claim 1, wherein the reference object has two

markings at a known distance, which fix the reference zone.

10. The method as claimed in claim 1, wherein said camera is arranged in sai_d
first and second viewing direction with a visual angle-determining device having at least

one projection extending perpendicularly with respect to the reference zone.

seve’ 15 . 1L The method as claimed in claim 10, wherein the angle-determining device
odes has two projections which are spaced apart from one another, extend perpendicularly with
respect to the reference zone, and between them form the reference zone.
tt 12, The method as claimed in claim 10, wherein said projection has a colored
20 surface.
13. The method as claimed in claim 1, wherein the same camera is used in said
first and second camera positions.
| 00231941681 D Co o f-l-Sf
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14, The method as claimed in claim 1, wherein a stump of a limb is measured as

the body region.

15.  The method as claimed in claim 14, wherein said stump is a stump of a

lower leg.

16.  The method as claimed in claim 1, wherein a limb is measured as the body

region.

17.  The method as claimed in claim 1, wherein a foot is measured as the body

region.

18. A methc;d éf méasuring a body reéion of a human body, in which a re‘fe'rence
object with a reference zone of a previously known length and an angle-determining device
is arranged in a fixed spatial relationship with the body region, a camera is arranged by
means of the angle-determining device in a first viewing direction, perpendicular to the
reference zone, in a first camera position, in which it picks up the body region with the
reference object and a first image is recorded; a camera is arranged by means of the angle-
determining device in a second viewing direction, perpendicular to the reference zone, in a
second camera position, in which it picks up the body region with the reference object, and
a second image is recorded; the distances of the reference object from the camera positions
are ascertained from the length of the reference zone and the projected images of the
reference zone on the images as a first reference distance and second reference distance, a

contour line, extending in three-dimensional space is determined for each image from the

- 002.319416.1 - P [
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reference distance and the projected image of the contour line on the basis of a
previously stored reference model, and an individual model of the body region is

ascertained from the contour lines and the reference model.

5 19. A method fitting a patient with a prothesis or an orthesis, comprising:

measuring a body region of the patient according to the method claimed in

claim 1;
.o al'ld
* .;.: constructing a prosthesis or an orthesis from the individual model of the body
ose 10 region.

20. A method as claimed in claim 19, further comprising:
.t communicating electronic data corresponding to the individual model to a
location remote from the measuring location.
ool 15
et 21. The methods of measuring a body region of a human body substantially as

hereinbefore described with reference to the accompanying drawings.

22. The method of fitting a patient with a prothesis or an orthesis substantially as

20 hereinbefore described with reference to the accompanying drawings.

Dated this Twelfth Day of April 2000

OTTO BOCK ORTHOPADISCHE INDUSTRIE BESITZ-UND
VERWALTUNGS-KOMMANDITGESELLSCHAFT

By their Patent attorneys
FISHER ADAMS KELLY
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