WO 2005/106087 A1 |0 |00 000 0 00 O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burcau

(43) International Publication Date

AT 00 OO

(10) International Publication Number

10 November 2005 (10.11.2005) PCT WO 2005/106087 A1l

(51) International Patent Classification’: D04B 1/26,
GO6T 5/00

(21) International Application Number:
PCT/GB2005/001697

(22) International Filing Date: 4 May 2005 (04.05.2005)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
0409970.1 4 May 2004 (04.05.2004) GB

(71) Applicant (for all designated States except US): THE
UNIVERSITY OF MANCHESTER [GB/GB]; Oxford
Road, Manchester Lancashire M13 9PL (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): DIAS, Tilak
[GB/GB]; 6 Briar Hollow, Heaton Mersey, Stockport
Cheshire SK4 2EE (GB). COOKE, William [GB/GB];
9 Howey Hill, Congleton Cheshire CW12 4AA (GB).
FERNANDO, Anura [LK/GB]; 12 Heatherside, St
Paul’s Garden, Stalybridge Cheshire SK15 2QN (GB).

JAYAWARNA, Dimuth [LK/GB]; 4 Ridgecroft, Lime-
hurst Estate, Ashton-under-Lyne Lancashire OL7 9TG
(GB). CHAUDHURY, Najmal, Hassan [GB/GB]; 14
Alston Avenue, Sale Cheshire M33 4AS (GB).

(74) Agents: HITCHCOCK, Esmond, Antony et al.; Lloyd
Wise, McNeight & Lawrence, Commonwealth House, 1
- 19 New Oxford Street, London Greater London WC1A
1LW (GB).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM,
PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU,
ZA,7M, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

[Continued on next page]

(54) Title: PRESSURE GARMENT

Least squares curves fitted on the leg

2504
2004
E 13,
=0
5

yaxs -50 50 " xaxs

(57) Abstract: There is disclosed a method for making a pressure
garment, comprising the steps of: defining 3D shape and pressure
profile characteristics of a garment; specifying a knitting pattern
for the garment; calculating yarn feed data for the knitting pattern
to produce the defined shape and pressure profile characteristics;
and knitting the garment according to the knitting pattern and the
yarn feed data.



WO 2005/106087 A1 I} }1I0 Y N0VYH0 A0 00000 0 00

7ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), —  before the expiration of the time limit for amending the
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, claims and to be republished in the event of receipt of
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, amendments

SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,

GQ, GW, ML, MR, NE, SN, TD, TG).
Q T » NE, SN, TD, TG) For two-letter codes and other abbreviations, refer to the "Guid-

Published: ance Notes on Codes and Abbreviations” appearing at the begin-
—  with international search report ning of each regular issue of the PCT Gazette.



WO 2005/106087 PCT/GB2005/001697
1

PRESSURE GARMENT
BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to pressure garments and methods for making them. By
the term “pressure garments” is meant garments which apply pressure to specific
areas of the human or animal body for medical reasons, such as the management or
treatment of venous ulceration, lymphoedema, deep vein thrombosis or burns, or for

operational reasons such as in G-suits or sportswear.
Description of the Prior Art

Conventionally, pressure garments are made as simple structures such as
support hose, where the requirement is expressed as being simply to apply a level of
pressure which is adequate but not too much, and this is achieved by experience or by
trial and error. Of course, a given size of support hose will stretch more on patients
with heavier build than on those of slight build, and since the degree of pressure
exerted depends on the degree of stretch, a heavier built patient will experience more
pressure than a lighter built patient, and the notion of “one size fits all” works out in

practice as “one size fits nobody perfectly”.

G-suits, and in particular space suits, tend to be custom made and are fitted
with dynamic pressure control, for example to compress the lower body under high
downward gravitational loading in order to prevent drainage of blood from the brain

to the lower body. These garments are very expensive.
SUMMARY OF THE INVENTION

The present invention provides new methods for making pressure control
garments that enable custom designed garments to be made quickly and accurately to

give medically-prescribed pressure regimes.
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This invention comprises a method for making a pressure garment, comprising

the steps of:
defining shape and pressure characteristics of a garment;
specifying a knitting pattern for the garment;

calculating yarn feed data for the knitting pattern to produce the defined

shape and pressure characteristics; and

knitting the garment according to the knitting pattern and the yarn feed
data.

The shape characteristics may be defined By way of generating a plurality of
discrete points (a “point cloud”) which define the body or part thereof for which the

garment is intended.

In one embodiment, the shape characteristics are defined with reference to

data derived from scanning the body or part thereof for which the garment is intended.

In another embodiment, the shape characteristics are defined using CAD
images of input data. The input data may be, for example, measurements made of the

body or part thereof for which the garment is intended.

In another embodiment still, the shape characteristics are defined with
reference to a plurality of two dimension images of the body or part thereof for which
the garment is intended. Typically, a plurality of images from different angles and/or
elevations may be used. A point cloud may be generated from the plurality of two
dimension images, the point cloud being used for subsequent processing such as by a

CAD system.

The pressure profiles and characteristics may be defined from medical

considerations — a medically qualified person may, for example, decide to prescribe
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that a certain pressure be applied over a certain area, and may operate a 3D body
scanner, which may be of a commercially available type, or which may be specially
developed for this purpose, to define the 3D shape and dimensions of the garment,
and scanned data that may be in the form of a point cloud may then be transmitted to a
CAD system for defining pressure profiles and characteristics. The CAD system
calculates yarn feed data and the knitting pattern. The scanning environment may be
remote from the CAD system, data being transmitted by any convenient means such

as by e-mail.

CAD system calculated data may be transmitted to a manufacturing operation,
which may, again, be remote from the CAD system, data, again, being transmitted by

any convenient means.

Point cloud data representing 3D shape characteristics may be processed to
generate an image of the 3D shape the garment has to fit, and pressure profiles and
characteristics may then be used to calculate machine and/or knitting parameters. The
point cloud data may be used to calculate the number of needles per course for
knitting the garment. The data may be overlaid with simulated needle points of a
knitting machine to be used for making the garment. The garment may be knitted on

an electronic flat bed knitting machine or a circular knitting machine.

The knitting machine and yarn delivery system may be controlled for the
formation of each stitch, tuck or float of the knitting pattern according to the
calculated yarn feed data. The garment may be manufactured as a 3D seamless

garment.

The elastic extensibility of the knitted garment may be a combination of yarn
elongation and deformation of knitted structure in the garment. This may give the
predetermined pressure profile and characteristics on elastic extension, effected by

donning the garment.

The garment may be knitted using low modulus yarn, which may be polymer

and/or metal yarn having linear and/or non-linear tension/extension characteristics.
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The yarn may, for example, increase or decrease its modulus of elasticity on elevation

of its temperature from ambient or specified temperature to body temperature.

The invention also comprises garments made by the methods of the invention,

such as pressure stockings.

The invention also comprises apparatus for making pressure garments
comprising data processing means adapted to calculate yarn feed data for a specified
knitting pattern based on defined shape and pressure characteristics of a garment, and
a knitting machine controlled to knit the garment according to the knitting pattern and
the yarn feed data.

The knitting machine may be an electronic flat bed machine or a circular

knitting machine.

The knitting machine may be remote from the data processing means, with a
data link of some description, for example, e-mail, transmitting the data to the knitting

machine.

The apparatus may also include scanning means for deriving 3D shape and
dimensions from the human or animal body the garment is intended for. The scanning
means may be remote from the data processing means, information about the 3D
shape and dimensions together with prescribed pressure profiles and its characteristics
being transmitted to the data processing means, again by any suitable link.
Advantageously, the scanning means collects point cloud data representing shape

characteristics from the human or animal body the garment is intended for.

The garment may be knitted with an elastomeric yarn. In preferred
embodiments the elastomeric yarn comprises an elastomeric core yamn and

substantially inelastic outer yarn which sheathes the core yarn.

Surface boundary lines representing the 3D shape and dimensions of the body
or part thereof for which the garment is intended may be defined. The surface

boundary lines may be defined using a polynomial function. Algorithms such as least
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squares fitting and Hermite cubic splines algorithms may be used for this purpose. A
course path representing the courses of the knitted garment may be defined and
mapped onto the surface boundary lines. A polynomial function may be used to

define the course path.

The defined pressure profile characteristics may be produced by
controlling yarn strain in the courses of the knitted garment. Yarn strain may be
controlled by controlling the course lengths in the knitted garment. Advantageously,

yarn strain is controlled by controlling the number of needles knitted in each course.

The knitting of the garment according to the knitting pattern provides a
fabric. It is preferred to knit the garment to produce a knitted structure having stitches
and tucks. In this way, a stiffer fabric structure can be produced. An example of a
suitable fabric structure is a honeycomb structure. Such a structure can be produced
by knitting a knitted structure which comprises alternate stitches and tucks.

BRIEF DESCRIPTION OF THE DRAWINGS

Methods for making pressure garments, garments made thereby and apparatus
therefor will now be described with reference to the accompanying drawings, in

which:

Figure 1 is a diagrammatic illustration of a manufacturing system

incorporating the various aspects of the invention;

Figure 2 is a view of a scanning arrangement deriving shape
characteristics from a leg for which a pressure garment is to be

prescribed,

Figure 3 is a diagrammatic illustration of a yarn feed arrangement of an
electronic flat bed knitting machine used in the method of the

invention;
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Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

Figure 11

Figure 12

Figure 13

Figure 14

Figure 15

Figure 16
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shows stitch notations for (a) a honeycomb structure and (b) a
plain knitted structure;

shows a pressure profile for a honeycomb fabric structure;

is a flow diagram depicting the processing sequence in an

embodiment of the invention;

shows longitudinal surface boundary lines defining a leg

surface;

shows a radius of curvature profile for a pressure stocking;

shows a pressure profile for a pressure stocking;

shows the selection of cross-sectional cuts on a scanned image

of a foot;

shows the general shape of a stocking silhouette;

is an expanded representation of a portion of the silhouette of
Figure 11 showing the pixelated representation of the knitting

needles;

shows a stocking silhouette depicting an area of structural

modification in the region of the foot;

is a perspective view of a test rig;

is a perspective view of an expanding link system; and

is a schematic diagram of portions of the test rig of Figure 14

showing parameters used in a mathematic description of the

mechanics of the operation of the test rig.
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DETAILED DESCRIPTION OF THE INVENTION
The drawings illustrate making a pressure garment comprising the steps of:

J defining shape and pressure characteristics of a garment

. specifying a knitting pattern for the garment

. calculating yarn feed data for the knitting pattern to produce the desired shape
and pressure characteristics; and |

. knitting the garment according to the knitting pattern and the yarn feed data.

The 3D shape and the dimensions are defined in a body scanner environment
11, Figure 1. The part of the body at issue is scanned to determine its shape and
dimensions — see Figure 2 (eg, the leg is being scanned by a commercially available

scanner 12).

Pressure profiles and characteristics may be defined on the 3D scanned image.
This information is matched with a suitable knitting pattern. In Figure 2, the leg with
lines corresponding to course lines in the finished garment which the medical
practitioner may colour code (if it is a colour scanner) or make darker or lighter
shades to indicate a pressure profile, adding, perhaps, legend denoting what pressure
is meant by a certain colour or thickness of marking. The scanner 12 can store its data
on, for example, a CD or file server 14, which can be down loaded via any suitable
means, eg, e-mail, intranet or Internet to a CAD system 15 which may be remote from

the scanning environment.

On the CAD system 15, the scanned data is used to generate a 3D image of the
body part onto which the medical practitioner may map the required pressure profiles.
The 3D shape data can be used to produce a screen image, for example, of the
required garment, which may be a 2D or 3D image, and overlie it with simulated
needle points of the knitting machine for which the pattern is intended. The yarn feed
for each stitch, tuck or float of the pattern may be calculated by a suitable algorithm to

produce the required pressure profiles and characteristics.
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The knitting pattern, in the form, now, of instructions to control the knitting
machine, together with the yarn feed data, and together with the patient data, machine
data, yarn data and any other relevant information is transmitted to a manufacturing

facility 16 and loaded into a flat bed knitting machine controller 17, Figure 3.

Figure 3 illustrates diagrammatically a flat bed knitting machine 18 with a
needle bed 19 and a rail 21 along which runs a yam feeder 22 which has yam feed
wheels 23 confrolled by a precision servo motor 26 together with a pneumatic yarn
reservoir fed by yamn feed wheels 24 in which a loop of yarn 25 is held available for
rapidly varying feeding rates to the needles at various stages of the knitting so as to
put precisely the right amount of yam into each stitch, tuck or float. The pneumatic
reservoir is to hold the yarn under near zero uniform tension — the yarns used in the

manufacture of pressure garments are elastomeric, tension-sensitive yarns.

The application of the invention to the production of a compression stocking
will now be described. The skilled reader will appreciate that the invention can be
applied to the manufacture of other types of pressure garment. The pressure created
by a compression stocking on a leg is primarily due to the local tension in the
elastomeric fabric that is used to produce the stocking. By stretching the fabric a
tension is created and when the path of this tensile force is curved, it creates a
pressure on the curved contact surface. The relationship between the stretch and the
tension in the fabric is determined by the construction of the fabric structure. Hence,
in the design of a compression stocking, one must select a fabric having suitable

stress strain characteristics.

The basic material required to create a compression stocking is the stretch
fabric. The structure of this fabric is selected to give the required stiffness and surface
frictional properties. Yarn selection for this structure is of importance too as this and
the yamn path decides the fabric stiffness and the surface properties. To exhibit good
fabric handling characteristics the yarn used should be fine. In preferred
embodiments garments are knitted with a covered yarn consisting of an outer inelastic

yarn and an elastomeric core yarn . Use of a covered elastomeric yarn in this case is



WO 2005/106087 PCT/GB2005/001697

beneficial since the covering yamn can be selected to be resistant to detergents,
thereby protecting the yarn, and also can provide stiffness to the elastomeric yarn. A

further advantage is that such yams are generally easier to knit.

Another consideration is the surface roughness provided by the fabric. In some
instances, a pressure stocking has a wadding layer underneath it to pad the leg and to
prevent the fabric from direct contact with the ulcerated area. In other instances, the
fabric of the stocking layer is in direct contact with the leg. In either instance,
pressure treatment stockings need to have enough friction with the surface underneath
the stocking fabric to prevent the stocking from sliding down the leg when the person
is mobile. Hence an acceptable level of friction too is desired from the fabric. This
friction is facilitated by the yarn and the structure used to construct the compression
garment. The frictional properties of the covering yarn and the yarn surface the
structure presents provide the required frictional properties for the wearing of
compression stockings. This is because a certain minimum fabric to skin friction is

required to prevent the stocking from moving down the leg.

The selection of suitable fabrics and constituent yarn is well within the ambit
of the skilled reader. Examples of possible yarns are ‘D992 A’ type ( A yam) and the
‘D992 B’ type ( B yarn) covered elastomeric yams. Details of these yams are
provided in Table 1 and Table 2 below.

Yarn D992 A (Double covered)
Core 570 DT LYCRA T 902C 50%
Inner cover 33/10 TEXT NYLON 66 14%
Outer cover 84/30 VISCOSE 36%
Extension % 330 @ 170 35460 Meters/Kg
40 stretched
282 Aresultant D’tex

Table 1 - Details of A type yarn

Yam D992 B (Double covered)
Core 570 D’TLYCRA T 902C 55%
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Inner cover 33/10 TEXT NYLON 66 15%
Outer cover 67/24 VISCOSE 30%
Extension % 330 @ 170 35460 Meters/Kg
40 stretched
260 resultant D’tex

Table 2 - Details of B type yarn

By feel it was observed that the ‘B’ type yarn had higher frictional properties
than the ‘A’ type yamn. Using both yarns ‘A’ and ‘B’, elastomeric plain knit fabric
tubes were knitted. These tubes were tested for their friction on the skin when worn.
From the resulting observations it was decided that the fabrics knitted with ‘A’ type
yarn has lower frictional properties than the ‘B’ type yam incorporated fabrics. Also
the fabric knitted with the ‘A’ type yam felt much more comfortable on the skin than
the ‘B’ type yarn fabric. On these judgements it was decided to use the ‘A’ type yarn
and develop a suitable knitted structure to give the performance required. However,
the ‘B’ type yarn — or any other suitable yarn — might instead be used according to the

principles of the invention.

Two fabrics were knitted using the ‘A’ yarmn. The fabrics were of a
honeycomb structure 40 depicted in Figure 4(a) and a plain knit structure 42 depicted
in Figure 4 (b). Load curve data were obtained for both fabrics. The honeycomb

structure consists of altemative stitches and tucks.

The pressure given by the stocking is a direct result of the stiffness of the
fabric, its working strain and the surface radii at which the pressure is applied.
Usually the stocking needs to operate under less than 0.5 strain as beyond this it will
be difficult to pull a stiff stocking over the heel of the foot.

The accepted formula to calculate the sub bandage -pressure is derived from

the Laplace equation as follows;

P = (TN x 4630) / CW
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where P = pressure (in mmHg)
T =bandage tension (in kgf)
C = circumference of the limb (in cm)
W = bandage width (in cm)

N = number of layers applied

Using the above equation, assuming a minimum radius of curvature of 25 mm,
a course height of 0.3 mm, to get a pressure of 40 mmHg the tension needs to be
approximately 0.0041 N. A pressure of 40 mmHg is generally considered to represent
the ‘gold standard’ for compression bandaging.

From the above calculation and the load curve data it was observed that the
honeycomb structure is suited better for use in a compression stocking. However, the
invention is not limited to the honeycomb structure. Rather, other combinations of

knitted structures/yarn are within the scope of the invention.

Experimental pressure values at a specific radius of curvature and strain were
obtained by putting fabric tubes on a cylindrical surface and measuring the pressure
exerted by the fabric. An Oxford Pressure Monitor (RTM) sensor system (Tally
Medical Limited, Romsey, UK) was used to measufe the pressures, this being the

industry standard for measuring pressures on the legs of ulcer patients.

Elastomeric fabric tubes of the honeycomb structure were knitted to different
circumferential lengths and to a height of approximately 200 mm. Next the fabrics

were washed at 40° C and tumble dried. These were mounted on the pressure test

rig providing cylindrical surfaces of various diameter. An Oxford Pressure Monitor
sensor was placed underneath the fabric. Then the fabric was left for one hour before
the pressure readings were recorded. For each pressure reading, the relevant strain and
the radius of curvature of the cylinder too were recorded. Table 3 shows the data

obtained on the honeycomb structure, where

e% = strain percentage

R = Radius of curvature (mm)
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P = Pressure in mmHg
R=24 R=43 . | | R4 |".R=76 | R=100 | R=115
€% Ple% . P| e% Pl % Pl e%. P| e% P| e% P
0 0 0 0 0 0 0 0 0 0 0 0 0
5 2|18 10| 10 2| 12 o 20 7| 16 2| 23 3

Table 3 — Honeycomb structure load curve theoretical data

Hence a model is specified for the region

5< (strain xlOO) <100
24 <R<150

To create the empirical pressure profile for the honeycomb structure,

polynomial curves of 3" order are fitted to the constant data columns.
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Intersection points defined by these curves and the seven radius values are

used to generate 3™ order polynomial curves for-a series of (strain percentage) values

varying by one unit up to 100.

The intersecting point on these curves are used in a MatLAB program to

define the pressure profile, which is shown in Figure 5.
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Since this pressure profile is created through surface interpolation of 3D
experimental data, this profile is considered to have the high degree of accuracy.
Furthermore, the method represents a model which can be applied to many fabrics

that could be used for the design of stockings with engineered compression profiles.

Stretch fabrics are created for different yarn types, stitch lengths and fabric
structure variables. Creation of more samples with different combinations of these
variables enriches the fabric structure database. Each variable combination is
identified as material variables. With each material variable, fabric tubes are created
and the pressure imparted by them at different strain values and radius of curvatures
are recorded as before. Pressure models calculated for material variables gives

possible fabrics for use in the stocking.

Selection of a suitable material pressure mbdel is based on the Laplace
equation as before. That is for each of the material, for a minimum radius of curvature
of 25 mm, a course height of 0.3 mm, to get a pressure of 40 mmHg the tension is
calculated (0.0041 N). The material that achieves this tension at the lowest strain can

be selected as a suitable compression stocking structure.

A system for producing engineered compression garments using 3
dimensional scanning involves modelling the surface of the leg using a single point
cloud given by the 3 dimensional scan, together with the determination of radius of
curvatures on the surface of the leg, determination of fabric cross sectional lengths at
each cross section and the analysis of the pressure effect of a shaped stretch fabric
tube worn on the leg with or' without wadding underneath. In this approach,
mathematical models are solved using a software program created to automate the
calculation process. Images are generated to visualise the knitted fabric wrapped
around the leg, the radius of curvature profile of the leg and the pressure profile of the
leg on the application of a graduated pressure distribution along a vertical surface line
on the fabric tube. The modelling recognises the requirement for having the boundary
conditions of zero force at the top end of the stocking, zero force on the ankle cross
section of the stocking, that the fabric is relaxed along the height direction of the

tube, and that yam migration from one course to the other does not occur.



WO 2005/106087 PCT/GB2005/001697
14

A suitable stretch fabric model calculated as described earlier was used as the
input data. This model is used to predict the empirical model of the fabric pressure
performance against the strain percentage in the course direction and the contact
radius of curvature of the leg surface profile. Leg profile is modelled mathematically
from the Cartesian point cloud received from a leg scanner producing a 3D surface
definition of the leg. A course path is defined on this points selected on the surface
and a stitch map of the course path is defined on the course path. The radius of
curvature of the surface along the course path is calculated from the Cartesian
coordinates and these results are used together with the fabric pressure performance
model to generate the theoretical pressure profile created as a result of the stretch
fabric. By defining the pressure expected from each of the course at a particular point
on the same course, the relevant course length of the stocking is calculated. These
data are presented as a 2D surface development image of the 3D- stocking surface,
which is used by the electronic flat bed knitting machine to generate the Jacquard

pattern for producing the garment.

The scanner technology employed utilises the principles of Moire’ fringes.
When a body is scanned and Moire fringe technology is used to process the fringe
data acquired, the software engine of the off the shelf scanning system is able to
output a set of Cartesian coordinates in 3D space. The system developed in this work
to engineer the compression stocking uses this set of Cartesian coordinates as the

input surface definition.

As an example to illustrate the amount of data that the system must process, it
is noted that a scanned leg height of 350 mm would produce a data set conéisting of
over 26 million points. Also the data does not lie on a single surface but rather a
surface shell about 0.5 mm thick. After the reorientation of the data cloud, definition
of the fabric path using the entire point cloud under these circumstances is
superfluous and time consuming in processing. Hence a data reduction process is used

to define a unique path for the fabric and leg surface definition.

For this, leg surface boundary lines are selected all around the leg in the
vertical plane. These lines are selected using the Least squares curve definition

method and this line is represented by a polynomial function of a suitable order. It
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was found that a polynomial order of 7 is capable of handling the complex surface
curvature in the vertical direction. On this vertical boundary lines the fabric courses
are mapped to determine the number of courses in the compression stocking. A course
path is generated to create the helical path the fabric course will assume. A course
path from the lower extremity to the upper boundary is generated as a multiple
piecewise cubic Hermite curve. Curve length for each half revolution of the course is
used to generate the needle number for the front and back bed of a circular kuitting
machine used to produce the garment. Figure 6 shows a flow diagram depicted the
processing sequence of the point cloud information and engineering of the

compression garment thereon.

Initially the axis of the raw point cloud is made parallel with the ‘z axis’
through the origin and then the two axes are made to coincide. Hence all the data
points are updated to relate to this new coordinate system. Then the data points are
cropped to include only the leg length of the compression stocking. Higher the
number of surface boundary lines around the leg, better resolution the modelled fabric
course will have and better the mathematical model will show the concave, convex
and flat areas on the leg surface. But a higher number of surface boundary lines will
increase the data processing time. Hence in this example 24 vertical surface boundary

lines were considered, although the invention is not limited in this regard.

Helical course path in this case is defined by the control points calculated on
the vertical surface boundary lines. An equal number of courses to fill the height of
the stocking along the leg surface is defined by the calculation of the control points
spaced at course separation length intervals. Calculation of control points in the
clockwise or anti-clockwise direction for the vertical surface boundary lines was
staggered to account for the helical angle. Then a piecewise polynomial curve path
was defined through these points to represent the wrapping of the course of the fabric

tube on the leg.

Cross sectional circumferences of the leg is given by the length of the
polynomial curve for each revolution. Assuming a course to be in the same plane,
definition of the fabric tension along the particular course could be defined for any

point on that cross section. Use of the surface radius of curvature and the required
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pressure at that point enables the determination of the associated strain percentage
from the fabric pressure characteristic model. Definition of boundary pressure and a
suitable pressure graduation function enables the determination of strain percentage of
each of the course in the compression stocking. This reduced course length is
represented by the number of needles in that length by dividing this length by the
wale separation number. This information is represented to the knitting machine as a

2D image, which the machine is able to process.

In the UK, design criteria for compression stockings are set by the British
standard number BS 6612 1985. However, this standard is more relevant to
calculated mean leg surface circumferences at different levels of the leg. The ability
provided by the present invention to generate the pressure profile due to a stocking for
the real surface radii of curvature extends the pressure garments of the invention
beyond the scope of the above standard. Hence the design of “tailor made”
compression stockings provided by the invention is guided by their performance

requirements.

When a compression stocking is put on a leg, depending on the density of the
tissues undemeath, the leg surface is reshaped. According to known work, the force vs
displacement curve for compression of skin and muscles is of an exponentially
increasing profile. The displacement due to compression is seen to become constant
with smaller deformation. To account for this, before the scan is taken, a stocking,
which would impart high pressure on the leg, is put on the leg to be scanned. It is
assumed that the radius of curvatures produced by this modified surface are closer to

the final radii of the curvature profile.

It can be seen from Figure 5 that the observable pressure variation is limited
approximately to radii values below 80mm. Hence to achieve the effect of the
pressure definition on the stocking, either the pressure definition needs to be done on
lower radius of curvatures or the radii of points with larger radii of curvature needs to
be modified to get lower radius values. In view of this, in the example discussed

below the stocking pressure definition is performed along the anterior side of the leg.
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It should be noted that a pressure gradient is applied only on the leg and not to
the foot. Due to the complex shape of the foot, no pressure definition is performed.
Rather, a pressure of about 25 mmHg is applied to the foot. Stockings may be

designed with an open toe area, and may fit approximately 30mm below the knee.

A Wicks and Wilson (RTM) prototype 3D leg scanner was employed. The
scanning volume of the leg scanner is cylindrical and has a diameter of 300mm and a
height of 450mm. To take the scan the leg of the subject is positioned in the scanning
volume by standing inside the volume with the sole of the foot touching the ground.
Because of this, it is impossible to get a single scan of the leg and foot with the
definition of the sole of the foot. To create the knitting parameters for the
compression stocking consisting of the foot and the leg, two separate scans are taken,
and processed separately. This process may not be necessary if other scanners are

employed.

To account for the deformation of the leg when the stocking is put on, a strong
stocking is put on the subject’s leg before scanning and the subsequent marking is
done on this stocking. To scan the leg, the subject stands inside the scanning volume
of the 3D scanner with the anterior side of the leg forward. The leg of the subject is
marked with a felt pen to show the lower limit cross section of the leg at 2cm above
the ankle, the maximum calf circumference cross section, the cross section in between
and the height of the stocking. On these cross section marks, the design points are
marked. The subject is made to stand so that the anterior of the leg is facing in the
forward direction. Once the scan of the leg is taken the data below the lower limit and
the data above the upper limit are removed inside the editor of the scanner software.

This remaining data file is used to design the leg part of the stocking.

To scan the foot, the subject is made to sit on a low chair and place the leg
horizontally in the scanning volume. The foot is oriented so that the scanner captures
a side elevation view with the ankle facing forward and with the full foot sole data
visible. Once the foot scan is taken, the data above the line marked above the ankle
are removed inside the scanner software. The remaining data file is used for designing

the foot part of the stocking.
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The data point definition of the leg is extracted as a ASCII file by saving the
scan image in the ASCIH format. For further processing it is accessed by the work
software. As the way a person holds his/her leg upright for scanning is unique at each
scanning event, it was observed that the Cartesian coordinates need to be repositioned.
This was also of assistance in subsequent image manipulations, since a tilt and a
translation distance between an image and the ‘z’ axis of the coordinate system would

be problematic.

Two curve fitting methods have been used to determine the radius of curvature
profile, pressure profile and the stocking knitting parameters. These are the “Least
squares method” and the “Hermite cubic splines” method. It should be noted that
these curve fitting algorithms are provided as examples only, and are not limitations
to the invention. The skilled reader will readily appreciate that other curve fitting

techniques might be utilised instead.

The least squares method will now be described.

Consider N+I coordinate points on a 2D plane with abscissas Xgs Xys Xgs Kgeurnens X,
And ordinates _
Jos Jis Lo Saewreeens .
Assume the curve that is fitted to these coordinates is P
Deviation of the points on the curve from the ordinates is p(x)-f,—-—(1)

If a function were to interpolate the data, then the deviation should be zero. For the
sake of using a simple function, a function could be fitted which would result in a
certain degree of deviation. In the Least squares method, the square of this deviation

is minimised
N

The sum of squared deviations are given by E(p) =Y [p(x)— £, -=--- )
i=0

Let p(x)=a, +ax+ax* +..... +a_x" 3)
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Where iE—:O for i=0,1,2,3,....,m
Oa,
Hence for j=0,1,2,.....m
OF & op(x, A
= 20px) - F1 2 =23 /o) - ] @
q; =0 aaj i=0
N v
Z[Zx{(a0+alx+a2x2+ ......... +amx”’)—2x,.’f,.]=0 %)
i=0 i=0
N o N N N
2 (Zx{)ao+[2x{“)al+ .............. +(Zx{+mJam—(Zx{ f,.)]=0 ------------- ©)
i=0 i=0 i=0 i=0
This equation can be expanded as
aOZx, +ale R ST +amZx,"' —ij
i=0 i=0 i= i=0
N N N N
R A R e S +a, ) =Y xf
i=0 i=0 i=0 i=0 (7)

.....................................................................

In solving these set of simultaneous equations, the coefficients a,,q,,4a,,....a, is

m

found.

The Hermite cubic splines will now be described. The Hermite cubic splines
method is one of the most powerful, flexible computer technique of generating
smooth curves and surfaces in CAD/CAM applications. Using this technique, it is
possible to interpolate points in a path, if those points, and the starting and finishing

curve tangents are known.

The parametric equation of a cubic spline segment is given by

3
Pw)=Y Cu' where 0<u<l 8)
i=0
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Here “u’ is the parameter and ‘C;’ is the coefficients of the polynomial equation

The equation can be shown in the scalar form as follows

x(w)=C,u’ +C, > +C u+C,,
y(@)=Cyi* +Cyu® +C u+C,, ' 9)
z(u) = C32u3 + szuz +Cu+C,,

In the vector form it is given as

Pu)=C’ +Cu* +Cu+C, (10)
where U=’ «» u 1Y andC=[C* C* C C,[
P(u)=U"C (11)

The tangent vector to the spline curve at any point is given as

3
P'(u)=) Ciu™ where 0<u<l (12)
i=0

Considering the two known end points of the curve, Py and P; and their tangents P’y
and P’; and applying them in the curve polynomial equation and the tangent equation

when u=0 and u=1

P =C,

P =C

0 1 (13)
P=C,+C,+C, +C,

P =3C,+2C, +C,

Solving these equations 13 and replacing the C; values in the curve equation and the

tangent equations, when 0 <u# <1

P(u) = (2u* =3u® +1) P, + (=21 +3u*) P, + (u* ~ 20> +u) Py + (0 —u” ) P, == (14)
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P'(u) = (61" — 6u) Py +(—6u* + 6u) P, + (3u” —4u + 1) P, + (3u* — 2u) P, —mermmmemmv (15)

This can be written in the matrix form as

2 -2 1 17~R
-3 3 -2 -1|| P
Pw=|v’ v’ 1 . (16
(u) [u uou ]O 0o 1 ol (16)
1 0 0 ojP
0 0 0 O]PR
6 6 3 3P :
Pu=v o u 1 . (17
() [u U u ]—6 6 4 —=| P (17)
0 0 1 O0f|P

when O0<u <1

Equation 16 describes the cubic spline path function between two points Py and P;.
This relationship can be generalised for any two adjacent spline segments of a spline
curve that should fit number of points. This introduces the joining of cubic spline

segments.

Consider j number of control points. When a Hermite cubic spline curve is
interpolated to these points, it results in j-1 piecewise cubic spline segments. By
applying a second order continuity condition it is possible to find the tangent values
related to each point. This means to determine the multiple curves as a one smooth

curve, the second derivative of the position vector is considered as continuous.

Considering the k™ and k+1" segments, for u between 0 and 1, the relationship
. gm

between the points and their tangents are derived as follows. '

Yarn path is given by the equations
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B()=(2 -3u* + 1P + (-2 +3u*)B + (@’ — 2" +w) B+ —u* )P ————— (18)
B, @) =218 =36 +1)B, +(=28 +3u*) B+’ =28 +u) B+’ —u*) B ——~—— 19
B*(u)=(12u~6)B,_, +(—12u+6)F, +(6u—4)F., +(6u—2)F ———————— (20
Bt ) =(12u— )R +(-12u+6)B +(Gu~ B! +(Eu~DBly === @
R ) =E5(0)- 22)
B +AR +E, =3B, —R.) ——(23)
Where 0<uc<l and k=12,3,......... ,n—Ln

P! isthe tangent at the kth point (1st derivative of the position vector with respect
Cee?

1o ‘u

B*  isthe second derivative of the position vector with respect to ‘u’

If the initial and the final tangent conditions are unknown, two equations need to be
found to derive a determinant matrix. Two natural boundary conditions commonly

used in CAD/CAM applications are given below.

P +0.5B" =1.5(F —B)~~————m e — (24)

R R @5)

Considering the equations 23, 24 and 25, the following matrix relationship can be

derived.
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1 05 0 0 0000][P] [158-B]
1 4 10 00| |2 3(B-PR)
0 1 410 . 0 0f | B 3(P,-B)
0 0 1410 0 0| |~ 3(B—-PR)
X =l [ (26)
. Pn'—z 3(Pn—2 - Pn-4)
S S O D T B
0 0 00 . . .02 4/ {P ]| [6~~B)

By solving the above matrix and inducing the derived tangent values for the

coordinate points to the equation 14, the Hermite cubic polynomials could be found.

The data that are received from the scanner define the leg and foot surface
definition in 3D Cartesian coordinates. A typical leg image may have 600,000 three-

dimensional data points or more.

Explanation of the mathematical procedure developed to design and engineer
the compression stocking is given with relation to this data cloud. Initial data selection
is done by defining the upper limit and the lower limit for the leg data cloud and the
upper limit of the foot data cloud. Foot data starting from the upper limit of the foot
(which is the same as the lower limit of the leg) is used for designing the foot of the

compression stocking. The rest of the stray data are removed from the data clouds.

To define a new central axis for the data cloud of the leg the following
mathematical procedure was followed. For the mathematical procedure, the ‘Z’ axis is

along the length of the leg. Data cloud is represented by ‘n’ Cartesian coordinates.

Let A=[x,y,,z] for I=1,23...... n be the raw Cartesian data points which

describes the leg surface. Let ‘n’ be an even number in a system where the origin is
EO’

Let 4, =[x,,¥,,z] for /=1,2,3,...n/2 describe the first half of the dataset and
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4,=[x,y,,z] for I=(n/2)+1,........ n be the second half of the data set

then the mean of these two sets are given by

n/2 nl2 nl/2 n n n
D% ZEZJG .7 A§: X 25 o2

07= 1 1 , 1 d 5—'—: (n/2)+1 ,(n/2)+l ’(n/2)+l (27 & 28
T R 77 L e ey, wey e ' )

then the vector A4, 4, is the axis of the data cloud

Let i,j,k be unit vectors in the x,y,z directions of a Cartesian coordinate system

with the origin ‘O’ and let 4, 4, be represented in 7, j, k.

n n/2 L nl2 n n/2
/Z % le /z; Vi ZJ’{ Z Z ZZI
Al AZ = (n/2)+1 1 it (n/2)41 _ ] + (n/2)+1 o k (29)
nl2 n/2 n/2 n/2 nl2 n/2
let
L anl2 L nl/2 n n/2
X, Y Z zZ
_ (n%.;ﬂ [_ZXI (n%;-u 1_2'))1 _ (n/zz)ﬂ I_ 1 !

Yy, =&
Aldz nl2 n/2

(30)

To reposition this axis so that it lies parallel to the z axis, the modification is done as

follows

First 4,4, is represented in spherical coordinate format

ie.
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4,4, =r(cosbf cosa.i+cosfsinc. J +sin 6.k) where '9' is the elevation

Since the vector 4,4, is determinable numerically it is possible to find the value '6".

r= \/XA.IAZZ + Ydmzz +Z,41,422 ———————————— (3 l)
@ =sin" (Z—’“@—) __________________ (32)
r
a=tan~ —}-’M ___________________ (33)
Al42

Similarly all the points in the point cloud is converted to spherical coordinates. To

make the axis of the point cloud defined above parallel with the ‘z’ axis, an angle

(90—9) is added to all the & of all points in the spherical cordinates in the point

cloud.

To view the points in the point cloud in 3D Cartesian coordinates, the points are

reconverted back into Cartesian coordinates. These points are given by

(xlm’ylm’zlm)

This process causes the axis 4,4, to become parallel with the Z axis and also to rotate
all the points in the point cloud. To translate the point cloud so that the axis 4,4,

coincides with the Z axis, the new mean point in the dataset is recalculated

n n n
Z xIm Z Y I Z zlm
—_ 1 1 1

- [ n ’ n ’ 4]

] (34)

The translated coordinates are calculated by the relationship
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n n
le'"l Zylml

1 1
X, .- Vit — z
T3 > Vimt 3 Zimy

New coordinates

Z Xim Zylm

(xln'xl’ylml’Zlml)E xIm— ln ’ylm— ln 3Zlm ______________ (36)

To define the lower selection working height of the leg for the stocking, all of

the data points above and below the upper level and the lower level are removed.

The large amount of data used for the calculation causes the processing of it to
demand high computing power and time. In the present, non-limiting, example, data
originate from four separate point clouds. Hence there are some overlapping data that
could complicate the surface definition process. Selection of points for the yarn path
from out of this data is considered a better and a faster way of solving this problem.
However, particularly in view of the ever increasing computing power associated with
commercially available computers, this solution should not be considered to be a
limiting one. In the present example, a structure defined by a set of equally spaced
longitudinal surface boundary lines is defined on the surface of the leg scan. To
ensure a good accuracy level for the reduced data set and to prevent overburdening of
the processing stage, an angular pitch of 15° between the surface boundary lines is
considered to be appropriate, although other pitches might be employed. To carry out

this step the further mathematical activities are performed.

Next the dataset is converted in to polar coordinates. For this the following

algorithm is used.
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if if
xlml 2 0’ yIml Z 0 xlml <0’ ylml >0
then then
O :(tan'lyﬂd]x@ 7. =(7r—tan“l—yﬂ—| xlgg
lem1| T |xlml| s
rIml = {xlmlr +‘ylm1l2 nml = !xlmllz +lylm1lz
if
xlml < 0’ ylml <O
then
6= (ﬂ+tan’ I—}J’L"Jx—l—@-
lxlmll 7
Bt = \“xlmllz +|ylm1|2
if
‘xlml z O’ylml < 0
then
O =(27r—tan' 'y'm'Jxls_" @7
lxlmll 7

2 2
Ym = I‘xlmll +|ylmll
where 6,,,  is calculated in degrees.
The polar representation of the modified data setisinthe [, 7> Zm | form.

To define the surface boundary lines, an angular tolerance of #2° was defined with

the same base angle. The resultant (r,z) data set was used to define the surface

curves.

For each of the longitudinal surface boundary lines selected a smoothing curve

is modelled using Least square theory of a suitable power. It was found that for all the
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scan data related to 15 scans captured from the leg scanmer, an order of 5 was
sufficient for the Least square polynomials.

For each of the 24 data sets, A Least Squares curve (» vs z) is interpolated

For each of the longitudinal surface boundary lines, the initial polar coordinates are

given by the following algorithm.

B, =(15x7ib)

where 'rib' is the longitudinal surface boundary line number given by

N =number of points per each longitudinal surface boundary line
tpi = corresponding 't' values
2,3, = corresponding 'z' values

Here angles are measured in degrees

Approximating Least Squares function is given by

- 2 m (
F(2) =Gy + @2, + @2, F e, +a,z (38)

m“rib

where
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N
Sy = ZZ,K
i=0
N
Iy = Z’}ZiK
i=0
where
K=0,1,2,....,2m
Where m=
N is the number of points in the curve
So S e S¢ oo Se S, a, f,
S, .. v Sou a, L
S, Siim xla, =l e 39)
Sm SZm (m+1)x(m+1) @y (m+1)x1 tm (m-+)x1

The above matrix is solved to find the coefficients of the least squares function. The
resultant longitudinal surface boundary line along the length of the leg, on the leg

surface is shown in Figure 7.

Definition of the pressure profile on a leg due to a particular stretch fabric
stocking requires the definition of the fabric on the leg. Since the seamless stocking is
generally tubular in shape geometric definition of the stocking is given by the path of
the courses in the knitted stocking. Points produced due to the intersection of these
courses with the above defined surface boundary lines are determined starting from
the lower end of the leg up. This is realised by determining points along the

longitudinal surface boundary lines at the course separation distances.

To calculate the points along the least squares function, in each of the vertical

section, following equation is solved.

(ch): ]‘('/l_l-dtiz(Z)}dZ (40)
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where

P’ is the course number, z, is the lowermost ‘z’ coordinate and ‘c’ is the course

separation

To find out the values applicable for ‘P’, the length of the anterior longitudinal
surface boundary line between the height limits is determined. This is carried out by

the sum of values given below

2 0.5
Anterior line curve length = Az[l + ((ﬂ) ) ] ——————————— 4D
dZ anterior rib
where
Az=0.0001 mm

dr . . . . .
(j—) is the gradient of the anterior polynomial curve at each 'Az' separation
Z ] anterior rib

The nearest integer given by the division

N = Anterior line curve length

course

(42)
C

is used to determine the maximum value for ‘P’

MaximumP' =N ___°,

course

Starting from the anterior longitudinal surface boundary line, for each of the

longitudinal surface boundary lines z, is defined so that it is set above the previous
longitudinal surface boundary line’s z, by a course separation distance ‘c’. The

anterior longitudinal surface boundary line is selected when 7ib =0.



WO 2005/106087 PCT/GB2005/001697
31

Starting ‘2’ values for the rest of the longitudinal surface boundary lines are given by

2
Zrib1 = Ziowese T (3—610 xribx15 ) ——————————————— (43)

where

Zlowesl = ZO,O

The rest of the points are spaced at a distance ‘c’ along respective interpolated curves
from the starting point upwards. This requires that points are found at specified
distances along each curve. The last point corresponds to the number of courses in the
fabric. Hence, the length of the fabric is an integer multiple of ‘c’.

Hence the order of the points for course path generation is given by

k=123 N,

WhCI'e course
23>2rib20

The above algorithm is used to generate the points for the elastomeric course path.
Data points that are in the polar coordinates are converted to Cartesian coordinates to

facilitate the rest of the calculations.

Hence, for 16,.1.,2,.] where k=1,2,3,......,n—Ln

[%s Ves 2 1 =11, €08 6,1, 5in 6, 2, ] (45)

The arrangement of the points is shown below, Where B, = [x,,.,,,k, Vrivk ,z,,.,,,k]
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Order of the 3D Cartesian coordinate points are shown by

DBt Pots By ssessssesissosses s Py Pos
00 S Pryss P
............................................................................................... N
............................................................................................... s
E)’(N course _l) ? R’(N course _1) 4 })Z'( N, course "l) 3 oememaeses I)ZZ’( Neourse _l) ’ -P231(N course —l) ?
PO’Nmme 2 Pl'Nmum ? szNmursz Jroesenmranaaenee [’ZliN:vur:z ’ R’ZZ,NW,,,_,, > 1)237Nmurss ]

It is possible that when the course path is defined along the points given in the
above order, the path may have concave regions. In reality, in such places the fabric
would wrap tangentially providing a flat region with infinite radius of curvature. By
having a radius of curvature which is negative or infinite, no pressure would be
applied on the leg surface, and thus a modification is performed to make the fabric

path flatter at such places.

In order to make this modification, the above points in the Cartesian

coordinates are converted to polar coordinates by using the conversion in equation 37
[Hb,rkp,zkp] where kp =1,2,3,....,n—1,n

a polynomial function is defined for the set of coordinate set 7, vs 6, where

d*n, e
';” <0 the [6,,,7,] coordinate at that point is missed and a new

kp

wherever

polynomial is defined. From this polynomial, the modified 7, is found for the angle

6,, - From this a modified set of [Hkp, r,(p,zkp] is found where kp =1,2,3,......,n—1,n

This ensures that the negative curvature areas are accounted for in defining the

pressure profile.
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Before use in the equations presented below, the modified data set is

converted into Cartesian coordinates.

Let the modified data set be represented by [Hkp,rkp,z,q,] where

kp=12,3,.....,n—1,n

Xy, = r,q,C os(&,q,)
Xy = r,q,Sin (G,q,)

Hence the modified Cartesian point set is given by

Then where kp=1,2,3,.....,n~Ln

[x@,y@,z,p] where kp=1,2,3,.....,n—1,n

Let the data points selected in the elastomeric yarn path be represented by

P, =[x,,9,,,2,] for yp=12,...n-1n (46)

The 3D space curve joining these points is modelled by a piecewise cubic parametric
curve which has the 1st and 2nd order continuity. Parametric curve is normalised
between (0,1).

Hence the yamn path is given by the equations

P, (u)=(2u® —3u" +1)P,, + (=20’ +3u”)F, +(u’ - 2u* +u)Py +@ ~u*)Py, ———~(47)
P, ()= (2 =3u> + )P, +(=2u> +3u’)P,,,, +(u’ ~ 20> +u)Fyy + (' —u’) By, —~(48)
P(u) = (12u~6)P,,_, +(~12u+6)P,, +(6u—4)Ps , +(6u—2)Py ————————~ (49)
B, (4) = (124 ~6)P,, +(~12u+6)B,,, +(6u—4) Py +(6u~2) By, ———=————~ (50)
P =P (0)——————m—m e (51)

}),:;-.1 +4Py: +P);+l = 3(P_yp+l —}?vp-l) ——————————————————————————— (52)
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Where O<ux<il
Py is the tangent at the »»th point (Ist derivative of the position vector with
respect to ‘v’

P 1is the second derivative of the position vector with respect to ‘v’

P +0.5P" =1.5(B— B)——~———————mmmm e (53)

A A A B (54)

are considered to represent the natural end conditions. Equation 51 is solved to find
P,, and these values are used to get the space curve in the ‘u’ parametric variable. As

shown in equation 26, the relationship between the equations 46 to 53 can be resolved

in to the following matrix format.

1 050 0 000 0] [R] [LSB-R)]
1 4 10 . 0 0| | P 3(P,-B)
0 1 410 . 0 0| | B 3(P,-P)
0 0 1 410 0 0| | P 3(P,—PR)
X =] | eeee—— (55)
e P,,u_z 3(Rx-2—R1—4)
R - A O N - I O S
0 0 00 . . .02 4] |P]| |[6B-P, |

By taking the inverse of both sides, it can be expressed as
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[P [1 05 0 0 00 0 0] [158B-RB)]
Bl |1 4 10 00 3(P,-P)
Pllo1 410 . .00 3(P,~P)
PAljo o 1410. .00 3(B,-PB)
= 53 [ (56)
POl ] . . 3P_,-P.,)
200 I R B B 3(P_-P.)
Pl 00 00 . . . 024 [6B-P, )]

By using the resultant P, for yp=1,2,...,n—-1,n

P, (u) canbe found out.

Under these conditions it could be approximated that the lengthwise tension in
the stocking is negligible. Hence for the development of the present mathematical
models, it is assumed that there are no transverse stresses for the fabric course. Also
to simplify the calculation process, a single curvature value along the course path is

considered.

The radius of curvature profile calculated by this calculation is shown in

Figure 8.

In the design of the stocking, the boundary requirements of the compression
stockings are that, when on the leg, the lengthwise tension in the top boundary and the
lower limit of the leg should be zero. When these conditions are satisfied, the stocking

should stay in the located position without foot movement pulling it down.

Since the position vectors at the angles 0 and 27 are known, one helical
revolution equals the total length of front and back bed course. Thus, length for each
helical revolution is calculated using the “Gaussian quadrature”. Hence, if there are
‘N’ spline pieces in a revolution describing the elastomeric course path, using four

weights and abscissas per each spline piece
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revolution length,

-
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0.34785484+\/[x;‘ 186113631} yf(1'861213631

[u 186113631
-+ z,
\ 2 J

1 33998104
+

( —
0.65214515+ \/[x;, _1-3%‘?19‘1 .

{ 1 33998104
Z.

2

0. 13886368 0 13886368

+Z

0.34785484 + \/{—x ﬂ3_8§@§
\
\

where, x; (u),y; (u),z (u) is given by

( VTP
0.65214515+ \/[; 0.66001895) |" [0 66001895 } +[z 066001895 }

-+

-+

+

(61* - 6u) X+ (—6u2 + 6u) x,+(3u” —du+1)x, + (3u2 ~2u)x,
[x:' (u),y,f‘ (u),z,f' (u)] = (6u2 - 6u) Yia +(—-6u2 + 6u)y,. -’r(3u2 —4u +l) Yiu +(3u2 —Zu)y,f‘,

(6* — 6u) z,,+(—6u" + 6u) z,+(3u’ —du+ 1) 2, +(3u% = 2u) 2}

(57)

A pressure calculation model is used to decide the pressure profile on the leg
surface. In one embodiment, an empirical model is described for each of the material
variable. In defining a pressure for the marked cross sections on the leg, points where
the pressure applied to the leg are defined are selected for the lower selected cross
section, middle cross section and the upper selected cross section. On the selection of
these points, a radius of curvature associated with each of these points can be
calculated. It is possible to define a greater number of points where the pressure

applied to the leg are defined.

Let the pressure definition points on the three selected cross sections be

Pt, Pt, and Pt,. The associated radius of curvatures at these points are given by the

general equation
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1
P,y (1) x B (1)

P )l

(58)

pu),, =

Since the Pressures required at these points are known and the radius of curvatures are

known, from the material empirical model the relevant strain is determined.

Let the strains at the above three points be S, , S, and S, and the revolution

lengths be

revolution length,, , revolution length,,, and revolution length,,

Then the course lengths in the stocking are equal to

revolution length 5,

’ (59
(1+85,) >
revolution length (60)
(1+85,) \
and
revolution length ,, (61)
\

(1+Sp,)

Since the wale density of the fabric is known, the number of stitches in each course is

found as follows

(revolution length,,, )
5 ’

number of stitches in course,, = (62)
w
revolution length,, J
. 2
number of stitches in course,, = (63)

w
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and

(revolution length,, J
2

w

number of stitches in course,, = (64)

where ‘w’ is the wale separation

Let the lower selected cross section pressure be pressure,,, , the midway pressure
definition be pressure ,,, , maximal calf cross section pressure definition be

pressure,,, ., and the top course pressure definition be pressure,,,

Let the number of courses in the stocking between the lower selected cross section

and the middle cross section be N, the number of courses between the middle course
and the maximal calf cross section be N, and the number of courses between the

maximal calf cross section to the top stocking course be N,

The pressure gradient calculation for each course in the respective region is as

follows.

0 < course number < N,

(pressureanldc - pressuremidway)

pressure (course number) = pressure,,, - W (65)
1
N, +1<course number < N,
B (pressuramidway - pressurema,dml) 66
pressure (course number) = Pressure g, = N ---(66)
2
N, +1 < course number < N,
Tessure ;.. — pressure )
pressure (course number) = pressure, . . - (p mosinal — P - (67)
‘maximal N. \
3

Since the pressure gradient is applied along a longitudinal surface boundary line in the
anterior side of the leg, point definitions and the radius of curvature definitions of

each point on the longitudinal surface boundary line are known. Thus, the strain and
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hence the course lengths of the stocking can be determined. The pressure profile

calculated through this process is shown below in Figure 9.

The pressure incident on the leg is due to the stretch in the stocking fabric
when it is worn on the leg. By controlling the strain in each of the courses, tension in
the particular course is conmtrolled so that at the selected radius of curvature the
defined pressure is applied. The present invention provides for control of the strain
(and hence control of the tension) by variation of the number of needles knitted in

each course.

Since in the present example the leg scanner is not able to capture the foot and
the leg at the same time, leg and foot scans are taken at two different instances and
each need to be realigned and repositioned separately. If the leg and foot scans were
accomplished in one scan, a process which is withi_ﬁ the scope of the invention, only a

single initial data processing and realignment stage would be required.

The foot scan is taken whilst the subject is sitting down and keeping the leg
horizontal. Hence the orientation of the scan is not as in the in the case of standing.

Data above the selection cross section are removed.

Data points are received in Cartesian coordinates and colour reference data.

Let these coordinates be represented by [x,, y;,2,] where ii =1,2,3,4,......

To facilitate the reorientation of the foot to bring it near to its natural
horizontal orientation a vector is defined inside the point cloud of the foot. In order to

achieve this, two points in the foot point cloud are selected.

Let ‘y;’ be the maximum ‘y’ coordinate in the foot point cloud and the point
definition of this point be [x ' jj,zﬁ]. Let ‘ y,, * be the minimum ‘y’ coordinate in

the foot point cloud and point definition of this point be [ Viar 2 ] -
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The vector given by joining these two points is

(xj}. —xk,c)i+(yji - yk,c)j+(zj,. —z,‘,()k Where i, j, k are unit vectors in the x,
y, z directions. This vector is converted to spherical coordinates to find out the
azimuth and the elevation of the vector is as follows.

(xjj —xkk)i+(yﬁ —y,(,()j+(zﬂ.—zkk)k = r(cosfcosa.i+cos@sina.j +sin 6 k)

where @ is the elevation and « is the azimuth.

rz\[(xﬁ —xkk)z +(y,-,- —ykk)z +(z.ii —Z"k)z

o =tan” —————(yﬁ _ykk)

(%5~ %)

Using the same conversion all the points in the foot data cloud is represented in
spherical coordinates.

These coordinates are expressed in the format of [a;,6,,7%;] where

To re-orientate the point cloud, the point cloud is modified as follows
[(e—2),(6,-6),7: | where ii =1,2,3,4,......
These spherical coordinates when converted back to Cartesian coordinates is in the

form of

[%4> ¥4 2, ] Where B=1,2,3,....
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In designing the foot part of the stocking, the usual (but non-limiting) practice
is to refrain from a pressure definition analysis. Rather, the foot part of stocking is
produced with approximately the same strain percentage in each fabric course. To

tailor the foot part of the stocking certain measurements are required from the scan.

The capture of the measurements requires the capture of cross sectional
circumferences and the length dimensions along the foot. This information is achieved
through selecting points on the scan and then taking measurements from the cross

sections associated with these selected points.

The point selection is as shown in Figure 10, which shows a scan of a foot 90
depicting selected points 92, 94, 96, 98, 100 and 102. In the scans described, the ‘x
axis’ is in the horizontal direction towards the right, ‘y axis’ in the vertical direction
upward and the ‘z axis’ is out of the plane of thé paper. As shown in Figure 10, by
defining a polynomial curve across the points 92, 94, 96, 98, 100 and 102, the length
of the foot part of the stocking is determined. The plane across the points 94 and 96
going in the ‘z’ direction gives the circumferential length of the heel diagonal cross
section of the foot. The cross sectional circumference across the points 98 and 100
gives the circumferential dimensions at the bridge of the foot and at the base of the

big toe.

The Least Squares method may be used to determine the curve lengths associated
with the points 92, 94, 96, 98, 100 and 102. On the determination of the polynomial
function passing through the points 92, 94, 96, 98, 100 and 102, the associated curve

lengths are determined using equation 41.

Assuming the coordinates at the points 94 and 96 are given by (x,_, yz,zz) and

(%3, 73,2, ), the line 94 to 96 is given by the vector (% =2 )i+ (» ——yz){'+ (z—2,)k .

Since these two points are in the same plane the z, —z, component vanishes and is

not considered. The gradient of the line is given by *6,,’, where
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0, =tan~ (y;y_]
X3 =X,

To select the cross section given on the plane going through the points 94 and

96 and parallel to the ‘z’ axis, first all of the points in the foot scan need to be rotated
by an angle equal to 6,,. For this the following modification is performed on the foot

point cloud.

Let the points on the realigned point cloud be [x,, ,,z,] where £ =1,2,3,....

Then to rotate the point cloud by €8,,’, first the point cloud is represented in polar

coordinates. The algorithm for the conversion is the same as equation 37. The
resulting polar coordinates are represented by,

[6,,7,2,]  form. where h=1,2,3,....

The rotation of the realigned foot point cloud is achieved by the following

modification.

[9;, +Z'21.'_023’nazhj| where h=1,2,3,...

2—923 <2 were
2 180

selected. The angle of this subset data points were approximated to zero and the

Of these data points all the data points in the subset ——-N% <6, +

circumference of the cross sectional data in the subset was used to determine the
circumference of the cross section. In this process, the algorithms described by
equations 38 and 39 are used to define twenty four mean points in the 360° region,
and then the sum of the point to point distances were taken as the circumference of the
foot cross section. Since no pressure definition is given to the foot data and only a low
strain is applied on the foot part of the stocking, the accuracy achieved by the above-
described method to determine the circumference of the cross section is believed to

be sufficient.
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The same procedure was adopted in the determination of the cross sections
through the 44 and 55 parallel to the z axis.

The general shape of the stocking silhouette 110 with the associated point

selection is given in Figure 11.

The silhouette 110 is formed from a 2D TIF irhage comprised of black single
pixel squares. As shown in Figure 12, each needle knitted is represented by a single
square 112. The total number of squares in the silhouette is equal to half the
circumference of the cross section. Hence the silhouette represents the front bed
needle diagram for the knitting of the stocking. In a flatbed knitting machine, the
garment is made seamless by knitting it as a tube. The shaping according to the
silhouette is achieved by increasing and decreasing needles knitted in each course.
This silhouette is knitted in a STOLL CMS 18 gauge machine (Stoll CMS EI18
electronic flatbed knitting machine, Stoll GmbH & Co, Reutlingen, Germany)), which
uses the program SIRIX to convert the silhouette in to machine code. This is done by
a TIF to Jacquard feature available in the SIRIX. For the machine to identify the
shaping points, as required by the SIRIX, six green single pixels 114 are added at
each narrowing or three magenta single pixels 116 are added for widening points
either side of the silhouette. In a non-limiting example, the widening allowed for the
stocking structure may be one needle per each 4 courses. This ensures that there is
enough strength in the edges of the stocking. Thus, the number of rows in the
silhouette is equal to the number of courses in the stocking, and the number of black
squares and their relative position to the other squares in each row is equal to the
number of stitches in each of the rows and their position. The skilled reader will
appreciate that similar schemes can be employed with other commercially available

knitting machines having similar capabilities.

The leg part of the stocking silhouette is designed, using the circumferential
lengths captured as described above. These circumferential lengths were modified to
account for the strain allowed in each of the courses. The starting circumference of
the foot part is equal to the bottom course data of the leg silhouette. From thereon to

the point 3 shown in Figurell is calculated at a gradient of ‘every 2 courses, one
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needle increase’. Other gradients might be used, but the slope of the heel should not
be so great that the knitting machine used (Stoll CMS E18 electronic flatbed knitting

machine in this example) would be unable to knit the design.

The width ‘23’ is equal to the cross sectional circumference through the
points2 and 3 shown in Figure 11, subject to the subsequent needle point reduction of
22%. The length 3 to 5 is equal to 1/3™ of the 23 circumference’, which is the
traditional rule of thumb used in the manufacture of socks. From this point to the 44
cross section’ the reduction of the needle points is performed on the basis of ‘every 2

courses, one needle increase’.

From the ‘44 cross section’ up to the end of the stocking at point 6 in Figure
11, the graduation is designed from the strain accounted 44 circumference to the strain
accounted 55 circumference. The shape of the resulting sithouette 120 is shown in

Figure 13.

The pressure stocking is knitted starting from the foot part, upwards. At the
starting end and the finishing end, two rib structures are knitted to hold the stocking
on the leg without movement and to prevent unravelling of the knitted fabric. To
allow the stocking foot to bend and position on the foot, a triangular patch (PQR) at
the point 2 as shown in Figure 11 is knitted every other row in the silhouette. Point P
is at the start of the foot part, Q is at the middle of the 23 cross section, and R is
selected so that PQ length is equal to QR and PQR defines an isosceles triangle. This
modification is performed in the knitting machine control software. A complete
pressure stocking is thus knitted with the features discussed above which are -

specifically tailored for the wearer of the stocking.

The collection of pressure values at specific radii of curvature will now be
described in more detail. Ideally to get the préésure profile applied on the leg by a
stretch fabric, one would need to assemble a network of sensor cells on the leg surface
and get the feedback to the external visual media without affecting the radius of
curvature profile of the leg. The garment pressure due to the extension of the fabric

could also be measured by recording the extension itself along with the tension
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required to produce this extension. One way of performing this is through virtual
means. If the empirical pressure performance of the stretch fabric is defined over the
range of possible radius of curvatures for different levels of strain, the same could be
used to determine the point specific pressures of the leg profile through interpolation

of the pressure values over the whole 2D range.

Experimental pressure values at a specific radius of curvature and strain can be
obtained by positioning the fabric tube on a cylindrical surface and measuring the
pressure exerted by the fabric. When a fabric tube is put on a cylinder with a
circumference higher than the circumference of the fabric tube, it has to be stretched.
When the fabric is stretched for this, always the fabric experiences higher strain than
required. This effect creates the need for the tube to be left for pressure stabilisation.
To remove subjective errors caused by this effect, it is advantageous to provide a test
rig, which can change from a small radius of curvature to a higher radius of curvature.
It is not necessary that such a test rig is able to cover the whole range of radii. Hence a
test rig, which would work in part of the effective radii of curvatures, has been
produced. Radii of curvature values outside those testable on the rig can be tested

through available cylinders.

The main aim of the test rig is to observe the effect of radius of curvature on
the pressure under the fabric. A cylinder is provided as the base surface of the test-rig
to produce a uniform stress distribution around a curved surface. To collect pressure
values at different radius of curvatures, the test rig should have the ability to change
the radius of its cylinder. To achieve this, an expanding link system is provided with a
flat sheet wrapped around it. The cylindrical surface needs to be mounted with
freedom for unravelling and bending while the fabric is on it. This presents a uniform
radius of curvature. A test rig 140 suitable for this purpose is shown in Figures 14 and
15. The test rig 140 comprises two separately movable expanding linkages 142, 144.
Each linkage 142, 144 comprises a plurality of.rods, and is connected to a movable
member 146 which can be translated upwards and downwards. The links 142, 144 are
restricted to move in the radial direction and thus vertical movement of a movable
member causes movement of a linkage. Bearings 148 at the base of a movable

member prevent its rotation.
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To increase the mechanical advantage in the movement of expanding linkage
up and down, lead screws 150 are used. To achieve a cylindrical surface, the two
expanding linkages 142, 144 are positioned at the two ends of the cylinder. Movement
of the two expanding linkages 142, 144 is restricted inside a set of circularly placed
metal rods 152. Hollow steel tubes 154 link the two expanding linkages 142, 144
together. All of these elements are mounted on a heavy base plate 156 for stability.

The test rig 140 is designed so that the two expanding linkages 142, 144 can
be moved separately. The mechanical structure is constructed so that manual rotation
is possible with the help of dials at the ends of the lead screws 150 or with the help of
motor operation. Conveniently, a separate motor can be provided at the end of each
lead screw. To reduce the friction for the expansion of the linkages, the test rig may

be adapted so that the lower expansion linkage 142 runs on a slope .

A plastic sheet (not shown) provides the cylindrical surface, and is anchored to
one of the tubes 154 connecting the top and bottom expanding linkages 142, 144. To
reduce the friction between the plastic sheet and these tubes 154, the tubes 154 are
made to rotate on bearings 158 fixed at the ends of the tubes 154. The sheet is held
against the rotatable tubes by suitable screws, such as three elastic bands at the top,

middle and the bottom of the cylindrical surface.
In this testing machine the surface profile is a function of the initial position,

and the revolutions of the motors. A suitable sensor system, such as the Oxford

Pressure Monitor (RTM) discussed above, can be used in conjunction with the test

rig.

The mechanics of the operation of this test rig are derived below using the

nomenclature depicted in Figure 16.
Notations:

a angle of the slope
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P pitch of the lead screw
R,, Lower radius of the final surface at time t
R, Upper radius of the final surface at time t

Thickness Thickness of the sheet

Dimensions of the test-rig linkage required for the mechanics model;

DM2 =31.2mm

CM1 =312mm

L =136.5 mm

L =136.5 mm

¢ =12° 15

Pitch(r)  =4mm

! =334 mm

h =68.5mm

Initial radius of the cylinder Ry =76.39 mm
R, =76.39 mm

7y, = Ry — DM 2 - Thickness

= Hower
tis = Rypper = CM1- Thickness
General equation using the Sine Theorem

o - Yoy - l
Sinb,, x Cosae  Cos(0,,+a) Cosc

0,, =Sin” (Zl%-’-) xl—sg

2 T

l2
= Cos\0,,+c
Yo C'osat>< os( 2" )
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0, = Sin~ (—ril) X %
From this, considering the initial state
Voo = Ccl;a xCos (62’0 + a)
Yaownward = V2,0 ™ Vo
Lower motor clock pulses= 200 X Y goramwards

Lower motor clock pulses is the nearest whole number from the above

calculation.

Accordingly the “effective y,,,....s i calculated from the reverse calculation.

For a right cylinder the corresponding position of the point A is given by

e =hy
yupwam’ = [l - (IZCOSGZZ)] -[l - (2 X IZCOSQZO) + (r22 x Tana) + yZO]

Hence

XY upward

0
Upper motor clock pulses=100

Here too Upper motor clock pulses is the nearest whole number.

This clock pulse information is used to turn the two stepper motors at the top and the

bottom of the test rig to form a right circular cylinder of the required diameter.

The 3-D strain, radius of curvature and pressure information are collected by
mounting fabric tubes of different circumferences on the test-rig surface. These data
are used in a MatLAB software programme to represent the pressure profile on the

contact surface.
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Special yams, of polymer and/or metal, which have linear or non-linear
tension/extension characteristics, may be used in the manufacture of pressure

garments according to the invention.
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CLAIMS

1. A method for making a pressure garment, comprising the steps of:

¢ defining 3D shape and pressure profile characteristics of a garment;

¢ specifying a knitting pattern for the garment;

e calculating yamn feed data for the knitting pattern to produce the
defined shape and pressure profile characteristics; and

¢ knitting the garment according to the knitting pattern and the yam feed
data.

2. A method according to claim 1, in which the 3D shape and dimensions are
defined with reference to data derived from scanning the body or part thereof

for which the garment is intended.

3. A method according to claim 1 in which the pressure characteristics are

defined by medical considerations.

4. A method according to claim 1 in which the shape and pressure profile or

characteristics are defined in a CAD system for calculating yarn feed data and

for a selection of a knitting pattern. .

5. A method according to claim 4, in which the 3D shape is defined in an

environment which is remote from the CAD system.

6. A method according to claim 4 in which the CAD system-calculated yarn feed
data and the knitting patterns are transmitted to a manufacturing operation.

7. A method according to claim 6, in which the manufacturing operation is
remote from the CAD system.
8. A method according to claim 1 in which point cloud data representing shape

and dimensions are processed to generate an image of the shape and
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dimensions the garment has to fit, and pressure characteristics are used to

calculate machine and/or knitting parameters.

9. A method according to claim 8 in which the point cloud data are used to

calculate the number of needles per course for knitting the garment.

10. A method according to claim 1 in which the garment is knitted on a flat bed

knitting machine.

11. A method according to claim 1 in which a servo motor controlled feed system
is controlled for the formation of each stitch, tuck or float of the kmitting
pattern according to the yamn feed data.

12. A method according to claim 1 in which the garment is manufactured as a 3D

seamless garment.
13. A pressure garment made by a method according to claim 1.
14. A pressure stocking made by a method according to claim 1.

15.  Apparatus for making pressure garments comprising data processing means
adapted to calculate yarn feed data for a specified knitting pattern based on
defined 3D shape and pressure profiles and pressure characteristics of a
garment, and a knitting machine and a yarn delivery system controlled to knit

the garment according to the knitting pattern and the yarn feed data.

16.  Apparatus according to claim 15 in which the knitting machine is a flat bed

machine.

17.  Apparatus according to claim 15 in which the knitting machine is remote from
the data processing means, with a data link of some description, for example,

e-mail, transmitting the data to the knitting machine.
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18.  Apparatus according to claim 12 also including scanning means for deriving
shape characteristics from the human or animal body the garment is intended

for.

19.  Apparatus according to claim 18, in which the scanning means are remote
from the data processing means, information about the shape characteristics
together with prescribed pressure profile and characteristics being transmitted

to the data processing means by any suitable link.

20.  Apparatus according to claim 18 in which the scanning means collects point
cloud data representing shape characteristics from the human or animal body

the garment is intended for.

21. A method according to claim 1 in which the garment is knitted with an

elastomeric yarn.

22. A method according to claim 21 in which the elastomeric yarn comprises an
elastomeric core yarn and substantially inelastic outer yarn which sheathes the

core yarn.

23. A method according to claim 2 in which surface boundary lines representing
the 3D shape and dimensions of the body or part thereof for which the garment

is intended are defined.

24. A method according to claim 23 in which the surface boundary lines are

defined using a polynomial function.

25. A method according to claim 23 in which a course path representing the
courses of the knitted garment is defined and niapped onto the surface

boundary lines.

26. A method according to claim 25 in which a polynomial function is used to

define the course path.
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27. A method according to claim 1 in which the defined pressure profile
characteristics are produced by controlling yarn strain in the courses of the

knitied garment.

28. A method according to claim 27 in which yarn strain is controlled by

controlling the course lengths in the knitted garment.

29. A method according to claim 27 in which yam strain is controlled by

controlling the number of needles knitted in each course.

30. A method according to claim 1 in which the garment is knitted to produce a

knitted structure having stitches and tucks.

31. A method according to claim 30 in which the knitted structure comprises

alternate stitches and tucks.



WO 2005/106087 PCT/GB2005/001697
1/10




Pressure (mmHg)

WO 2005/106087 PCT/GB2005/001697

2/10

OO0 00000 OU

@) (b)

i A

120
N A N~ I S 100

100 4.

804

{-

160

Radius

50 . .
of curvature {mm) ‘ 40 strain x 100




WO 2005/106087

3/10

Paint cloud

Definition of suitable 3D
co-ordinate system

Y

~ Resolutionfor __,|
paint reduction

| Point reduction & control
point calculation

[

v

Elastomeric yarn |

structure

3D Pressure
profile Required

——

Helical path generation
through control points

T

Determination of
panel boundaries

Y

PCT/GB2005/001697

“Length limitations
for the garment

=0

Determination of shaping
data & location

v

Calculation of control points
for fabric course path

«— Elastomeric yam
parameters

v

and yarn tension values

Calculation of Curvature |

Generation of 3D
> pressure profiles

" Achievable

:

Generation of knitting parameters

Least squares curves fitted on the leg

2604
2004
150+
1004

g

Height

X axis

5 ¢



WO 2005/106087

Height of leg

250

200

150

100

50

Y axis

4/10

Xaxis

PCT/GB2005/001697

450

400

350

300

250

200

150

- 100




WO 2005/106087 PCT/GB2005/001697

5/10

250

200

-
o
<

-
o]
Q

Height of the leg  (mm)

50

-100

100 . ~ T
Y axis 150 100 50 0 -50 -100 150
(mm) Xaxis  (mm)

=49




PCT/GB2005/001697

WO 2005/106087

6/10

W0
(op]

= 147

10

1

—o o

Fac 17




PCT/GB2005/001697

WO 2005/106087

7/10

i

B Sorreirann ot

Aoy n s e e £ o0 £ s

P

¥

e

P L ]

i o < A o

e iw . T .

e

i
:
:

5

e e e

{

v SRR S S-S S Y

wisnn Y

R A e

EN

R e T

Liweh s b e

12

Y




WO 2005/106087 PCT/GB2005/001697
8/10

120




WO 2005/106087 PCT/GB2005/001697

9/10
IS ey !r : 3 ,. N g
|1 \ ] - \4‘ ; ) L) l
N ol ¢ ~ Sl
i."\.\ .1461].».’[//“

] \ l‘i _ !l ;-//' 4
| ‘ -'f ,l‘.‘:
143 \ I ., ” .
\ \" l. ! l f’ /{
141,/ ‘ D @ LSk
Q ! \.’;’4\\: “0




WO 2005/106087 PCT/GB2005/001697
10/10

centre axjs |




INTERNATIONAL SEARCH REPORT Inte ™ mal Agplcation No

PCT/GB2005/001697

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 DO04B1/26 G06T5/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7 DO4B GO6T

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulied during the international search (name of data base and, where practical, Search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

page 7, lines 2,3

claims 1,2; figure 2
column 3, lines 50,51

22 January 1985 (1985-01-22)
column 1, Tine 66 - column 2, line 12;

X WO 03/040449 A (UNIVERSITY OF MANCHESTER 1-21
INSTITUTE OF SCIENCE AND; DIAS, TILAK;
COOKE,) 15 May 2003 (2003-05-15)

page 2, Tines 21-26; claims 1-12,18-22

Y page 4, lines 17-22 22,27-31
Y US 6 196 030 B1 (STOLL THOMAS ET AL) 27-29

6 March 2001 (2001-03-06)

column 2, lines 4-51; claims 1-3,9-11,15;

figure 3
Y US 4 494 388 A (LAU ET AL) 22,30,31

-/

Further doctments are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

“A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L* document which may throw doubts on priotity claim(s) or
which is cited to establish the publication date of another
Citation or other special reason (as specified)

*(" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the prictity date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of parlicular relevance; the claimed invention
cannot be considered novel or cannot be considered to
Involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
m«iqults, such combination being obvious to a person skilled
inthe art.

'&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
23 September 2005 06/10/2005
Name and mailing address of the ISA Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016 Sterle, D

Form PCT/ISA/210 (second sheet) (January 2004)

page 1 of 2

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

i »nal Application No

PCT/GB2005/001697

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

~ the whole document

Category ° | Gitation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A GB 2 389 500 A (% VIRTUAL-MIRRORS LTD) 2,8,
10 December 2003 (2003-12-10) 18-20,
23,24

Fom PCT/ISA/210 (continuation of second sheet) (January 2004)

page 2 of 2




INTERNATIONAL SEARCH REPORT

formation on patent family members

Inte

>nal Application No

PCT/GB2005/001697
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 03040449 A 15-05-2003 EP 1444393 Al 11-08-2004
JP 2005508456 T 31-03-2005
US 2005049741 Al 03-03-2005
US 6196030 Bl 06-03-2001 CN 1213022 A 07-04~-1999
DE 19743074 Al 01-04-1999
EP 0905298 A2 31-03-1999
US 4494388 A 22-01-1985 AR 231005 Al 31-08-1984
AU 557501 B2 24-12-1986
AU 1292283 A 29-03-1984
BE 896134 Al 12-09-1983
BR 8301186 A 02-05-1984
CA 1191707 Al 13-08-1985
DE 3308638 Al 22-03-1984
ES 279789 U 01-06-1985
FR 2533238 Al 23-03-1984
@B 2127444 A 11-04-1984
IT 1203649 B 15-02-1989
JP 1596944 C 28-01-1991
JP 2020741 B 10-05-1990
JP 59059950 A 05-04-1984
LU 84685 Al 17-11-1983
MX 158546 A 13-02-1989
NL 8300974 A 16-04-1984
PH 19957 A 20-08-1986
SE 454996 B 13-06-1988
SE 8301121 A 23-03-1984
ZA 8301426 A 30-11-1983
GB 2389500 A 10-12-2003  NONE

Fomm PCT/ISA/210 (patent family annex) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

