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DESCRIPTION

TECHNICAL FIELD

[0001] The present disclosure relates to 3D shapes and, more specifically, to removing sharp
cusps from 3D shapes for additive manufacturing.

DISCUSSION OF THE RELATED ART

[0002] Personalized medical devices are an example of devices that have been custom-made
to conform to the anatomy of a particular patient. Personalized medical devices may have a
wide variety of uses and may be designed for use inside and outside the patient's body as
tools, hardware, implants, prosthetics, etc.

[0003] This technology is presently used in and has great potential to be used in medical fields
such as orthopedics, dentistry, cardiology, audiology, podiatry, surgery, etc.

[0004] One particular example of personalized medical devices includes replacement artificial
bones and orthopedic implants. These devices must be custom-made according to the
anatomy of the patient. This customization process may take considerable time and expense,
which may be particularly problematic for patients who must wait for the device to be
manufactured, often without the ability to function independently.

[0005] The growing availability of 3D printers has made on-site fabrication of personalized
medical devices more readily accessible. The process for fabricating personalized medical
devices often includes a technician manually editing a computer aided design (CAD) of a
medical device to conform to the anatomy of a particular patient. After the CAD has been so
edited, it may be sent to a 3D printer, which may be able to quickly create the device in
accordance with the edited design, without having to wait what could otherwise be weeks.

[0006] In the prior art, US 2010/290679 A1 discloses a method for processing a three-
dimensional (3D) mesh model comprising receiving a 3D mesh model and applying Laplacian
smoothing to a designated active region to remove a sharp cusp therefrom and to obtain a
modified 3D mesh model.

SUMMARY

[0007] The present invention is defined by the features of the independent claims. Preferred
embodiments are given in the dependent claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] A more complete appreciation of the present disclosure and many of the attendant
aspects thereof will be readily obtained as the same becomes better understood by reference
to the following detailed description when considered in connection with the accompanying
drawings, wherein:

FIG. 1 is a flow chart illustrating an approach for manufacturing custom medical devices in
accordance with exemplary embodiments of the present invention;

FIG. 2 is a schematic illustration distinguishing between a cusp region, which may require
remediation, and a sharp edge, which may be an acceptable feature of the shape model in
accordance with exemplary embodiments of the present invention;

FIG. 3 is a diagram illustrating an approach for automatically identifying a sharp cusp region in
accordance with exemplary embodiments of the present invention; and

FIG. 4 shows an example of a computer system capable of implementing the method and
apparatus according to embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE DRAWINGS

[0009] In describing exemplary embodiments of the present disclosure illustrated in the
drawings, specific terminology is employed for sake of clarity. However, the present disclosure
is not intended to be limited to the specific terminology so selected, and it is to be understood
that each specific element includes all technical equivalents which operate in a similar manner.

[0010] Exemplary embodiments of the present invention seek to provide systems and methods
for designing and manufacturing personalized medical devices. These personalized medical
devices may be fabricated from CAD models, which may be 3D polygonal mesh models. A
template model may be modified in accordance with the exact anatomical geometry of a
patient and this modified model may then be fabricated using a 3D printer.

[0011] The anatomical geometry of a patient may be acquired using a medical imaging device
such as a computed tomography (CT) scanner, magnetic resonance imager (MRI), or from
multiple 2D images acquired from different angles using a C-arm mounted x-ray device. As
personalized medical devices may also be placed outside of the patient's body, for example, as
a cast for setting a broken arm, imaging devices such as stereoscopic digital camera, 3D laser
scanners, or the like may be used acquire 3D patient geometry. The anatomical geometry may
thereafter be incorporated into a designed CAD model for the medical device being
constructed.
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[0012] However, geometric operations that may be used in the design of the personalized
medical devices, such as offsets, non-uniform scaling, and non-rigid deformations, may result
in one or more sharp cusps in the objects. These cusps may look like deep valleys. These
sharp cusps may be undesirable as they can cause stress points during manufacturing as well
as deployment leading to breakages and product failures. For example, where a personalized
medical device is a replacement bone, a sharp cusp in the model may lead to the production of
a device that has a weak point where the device may be susceptible to breakage.

[0013] In order to mitigate such problems, exemplary embodiments of the present invention
provide an interactive method to increase the quality of such models by detecting regions of
sharp cusps, facilitate intelligent interactive editing of the detected sharp cusp regions and
inflate the regions to remove the sharp cusps, all while preserving important geometric
features and refraining from modifying sharp regions that are intended to be sharp.

[0014] The detection and treatment of these sharp cusps may involve mesh fairing. A first
group of suitable mesh fairing techniques may be based on geometric flows. Here, mesh
smoothing problem are defined as an energy minimization problem such as curvature,
gradient, surface area or volume. According to one such approach, Laplacian based
smoothing algorithm may be used for mesh fairing. In its simplest formulation, Laplacian
smoothing repositions vertices of the original mesh to the barycenter of their one-ring
neighbors. Here, the integral of the sum of the maximal and minimal principal curvatures may
be used to perform energy minimization. According to other approaches, a spring model may
be used to minimize variation of curvature energy for generation of blobby looking geometries.
Although these methods may be powerful tools for mesh fairing, these solutions might result in
too much energy loss and loss of fine details on the original geometry such as sharp edges or
high curvature regions. In order to mitigate this drawback, an anisotropic discrete filter
formulation based on local principal curvature values may be used to detect local sharp
regions. A smoothing algorithm based on the detection results may apply different amount of
minimization locally. However, this decision may be based on previously defined thresholds
and might result in loss of local features. Other similar mesh fairing techniques may involve
mean curvature flow based smoothing.

[0015] A second group of suitable mesh fairing techniques may make use of spectral methods
that may adapt techniques from the image processing domain. Moreover, bilateral filters may
be applied to discrete surfaces to denoise surfaces while preserving sharp features.
Eigenvectors of meshes with number of vertices greater than a couple of thousands may also
be efficiently calculated. Techniques for doing this may be based on calculating a Fourier like
transformation on meshes using Manifold Harmonic Basis functions and then applying a band
pass filtering on this transformation.

[0016] A third group of suitable mesh fairing techniques may involve optimization based
techniques which provide a certain smoothness quality while minimizing different energy
functions. For example, Laplacian smoothing may be combined with optimization to increase
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mesh quality. For example, Laplacian Mesh optimization based on least square meshes may
be used. Here, smoothing is not applied iteratively; instead it is calculated in one step by
solving a linear system of equations. This formulation not only preserves Laplacian coordinates
but also puts some positional soft constraints in order to preserve local features.

[0017] Although each of these three groups differ based on their formulations, they all try to
achieve mesh fairing based on repositioning of the vertices on the original object. These
methods do not remesh or change the mesh topology of the input geometry. Among all these
repositioning methodologies, optimal Delaunay Triangulation may be particularly effective in
terms of mesh smoothing for 2D meshes, but extending this idea to 3D is not trivial and
computationally costly. A Delaunay triangulation method may be used to increase mesh quality
by extending original ODT to surface meshes. Such a formulation aims to minimize a quadratic
optimization problem where the solution not only increases the quality of the underlying mesh
structure but also remove noise while respecting local properties.

[0018] One-shot solutions such as optimization based mesh smoothing algorithms or spectral
techniques may be especially suitable for the removal of noise that exists on the entire
geometric object without deteriorating local features such as sharp creases or corners.
Alternatively, Laplacian or curvature minimization based fairing tools may be used. These
techniques may be tailored towards beatification of existing triangle qualities locally or globally
in an iterative fashion that enables high user control during the smoothing process. However,
most of these approaches require mesh distribution on the original model to be well aligned
with the sharp cusp. For such cases, operations similar to beveling may be used to convert
sharp cusps to smooth transitions without changing topology of the underlying model.
However, especially in the generation of patient specific medical devices, the sharp cusps may
usually be a result of the inflation or scaling operations performed in intermediate steps that
might result in low quality mesh alignments with the sharp cusps.

[0019] Exemplary embodiments of the present invention may accordingly utilize techniques for
cusp removal that are computationally light to provide interactive feedback and provide local
control for the user. In order to remove problematic self intersections or cusps, these vertex
positions may first be regularized and then inflated while preserving local properties. One
contribution of exemplary embodiments of the present invention is the development of a cusp
detection and removal technique that is based on sphere fitting and Laplacian smoothing which
minimizes surface area and local variation of curvature on the input geometry through user
interactions.

[0020] FIG. 1 is a flow chart illustrating an approach for manufacturing custom medical devices
in accordance with exemplary embodiments of the present invention. Although the disclosure
describes exemplary embodiments of the present invention in these terms, it is to be
understood that the present invention may be applied more generally to the removal of sharp
cusps from 3D models, and accordingly, it should be appreciated that the manufacturing of
custom medical devices is an example of one particular application of the instant invention.
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[0021] First, a 3D polygonal mesh representing, at least in part, an organic form is received
(Step S10). The 3D polygon mesh may have been acquired, or otherwise based on an image
that was acquired, from a medical imaging scan such as a computed tomography (CT) scan of
a patient's anatomy. The 3D polygonal mesh may represent a design for a custom medical
device. Automatic region detection may then be performed to detect one or more regions
including sharp cusps in the initial geometry (Step S11). These possible cusps may be
problematic in subsequent manufacturing steps because of unexpected stress point
generations.

[0022] Automatic region detection may takes a seed point as input and then grows this region
on the surface of the 3D model. Potential cusps may be identified by checking the deviation of
face normals between neighboring normals. Region growing may be terminated when the
deviation is larger then a predetermined threshold. For example, this parameter may be set to
an angle of 50 degrees. Here, potential cusps may be identified as either a global sharp edge,
which may be expected, or a local cusp, which may be corrected. For example, sharp edges of
the type typically arising from designed CAD geometries need not be considered. In order to
differentiate these two cases, it may be checked whether this normal change is consistent with
the average normal of the local neighborhood. Exemplary embodiments of the present
invention may highlight regions with high cusp probabilities and then enable the user to label a
region on the 3D polygonal mesh as active in the subsequent step. The active region may be a
portion of the model that is currently being edited. Where multiple regions of a model are to be
edited, these regions may be edited one-by-one with the portion currently being edited referred
to herein as the "active" region.

[0023] After the identification of such problematic regions, a visual feedback may then be
provided to the user to display the automatically detected sharp cusp regions. In this display,
problematic triangles involved in the generation of a cusp or triangles that are in the close
neighborhood of them may be highlighted. The display may prompt a user to select a region of
interest on the original model and the user's input may be received (Step S12). The user input
may include a manual selection of one or more regions of interest that may include sharp
cusps. The user may select from among the automatically highlighted regions but the user may
also be free to select another region. The user input may be in the form of a
highlighting/painting of a region or a touch/click within a region highlighted as part of the prior
step. In either case, subsequent sharp cusp removal may be limited to sharp cusps located
within the identified region(s) of interest, and in this way, the user may see that sharp cusps
are not removed from regions that are intended to have sharp edges. The user's selection may
therefore constitute a local shape preserving region.

[0024] After the user has finished labeling, exemplary embodiments of the present invention
may check whether the region the user painted as active includes any sharp edges based on
the local normal deviations. Sharp cusps located within the regions labeled by the user as
active may be processed while sharp cusps not located within the labeled region may be left
unmodified.
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[0025] FIG. 2 is a schematic illustration distinguishing between a cusp region, which may
require remediation, and a sharp edge, which may be an acceptable feature of the shape
model. As can be seen from this figure, the shape model 20 includes a cusp region 21. The
cusp region is a sharp crease in the 3D surface of the shape model 20. The local sharp edge
21 is merely a side of the shape model 20 and thus requires no correction.

[0026] FIG. 3 is a diagram illustrating an approach for automatically identifying a sharp cusp
region in accordance with exemplary embodiments of the present invention. As discussed
above, an angle 8 between two neighboring triangles N1 (formed by points A, B, and C) and
N2 (formed by points B, C, and D) may be used to identify cusps, for example, where 6
exceeds a predetermined angle.

[0027] Cusps may thereafter be automatically removed from within the active region of interest
in an iterative fashion. This may be performed by regularization and sphere fitting (Step S13).
In performing regularization and sphere fitting, two main weights may be used to control the
magnitude of the cusp removal technique applied during this process. These weights may
include a measure of sphere fitting-based inflation and a measure of surface area minimizing
Laplacian forces, as described in greater detail below. The user may be provided with the
opportunity to modify one or both of these factors to obtain a desired degree of cusp removal
(Step S14). For example, the user may modify sphere-fitting inflation (Step S15) and then see
the results of the modification to determine if the user is satisfied with these new results. The
user may alternatively, or additionally, modify Laplacian forces (S16) and then see the results
of the modification to determine if the user is satisfied with these new results.

[0028] Exemplary embodiments of the present invention may therefore provide for the
automatic detection of such defective regions and the removal of sharp creases while
preserving local smoothness without causing self-intersections.

[0029] Sphere fitting based smoothing may be performed with the Laplacian energy
minimization in an iterative fashion. This operation may be construed as a combination of
minimization of variation of curvature information with the area energy. In order to inflate
vertices while uniformly regularizing the vertices, exemplary embodiments of the present
invention may assume that the vertices on the final surface will all lie on local spheres with
respect to each other.

[0030] It may be assumed that in the final surface all points will lie approximately on a sphere
fitted to the local neighborhood of each vertex. Based on this assumption, on the final surface
each vertex position may be held to satisfy the following three equations:

h 3 . Rl
p v e : 3 : s P Rv‘ .
s “elocalsphere T % Ny

. N 1 R
Pg* = (/ docalsphere % «5\"!3;.,

D ...y . \T
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where C is the center of the sphere with radius r, N is the vertex normal and P is the vertex
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position.

[0031] The local sphere fitting problem may then be solved by calculating the center and
radius of the local sphere in a linear least square fashion. The three equations (1) may be
expressed for every vertex in the one ring neighborhood of each vertex and a sphere center
and radius may be assigned to these vertices. The following matrix describes a linear least
square system that may be used in accordance with exemplary embodiments of the present
invention, where Ais a matrix of size 3n x 4, X is a matrix of size 4 x 1 and B is a matrix of size
3n x 1. Here n may be a number of neighbors in one ring neighborhood.

01 D —'V;E t?e-nt;e:rx
00 1 Nyl | Qenter&. .
| Cender,
\ radius
00 1 Ny X
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[0032] To solve this linear least square system, exemplary embodiments of the present
invention may use normal equations (A!A)X = AIB and a desired solution may be given by X =

(AlA)-1AIB. After finding the center and radius of the local sphere, exemplary embodiments of
the present invention may calculate an inflation force based on the projection of each vertex on
this local sphere. The following equations may be used for projection and inflation force
calculations. Here the factor p affects the amount of inflation for each vertex. According to
some exemplary embodiments of the present invention, an inflation of 2 percent may be used
to obtain satisfactory results. The user may be permitted to adjust this parameter to increase
the amount of inflation, where desired:

0 = Woosnatposition * U8 b Wegnere % (Center & (radiug + p) % N} 3)

Inflation{v;) = (v - v®) 4

[0033] The overall cusp removal tool may be a combination of the sphere fitting based inflation
forces with the surface area minimizing Laplacian forces. These two weights may be used to
balance the amount of forces acting on each vertex. The first one of these weights is the
Waplacian Which controls the effect of surface minimization in the cusp removal. If the user
observes the removal tool results in low quality polygons, this factor can be manually increased
in order to boost smoothing force or vice versa. The second weight Wjyaai0n CONtrols the
amount of inflation to remove and expand existing cusps. Exemplary embodiments of the
present invention may keep this force low as large inflation displacements may tend to
deteriorate the smoothness of the underlying 3D polygonal. The following equations may be
utilized to calculate Laplacian forces and final cusp removal force:

bRy
. < i .
lr,«c'}.-‘n](),pp"qs,\: e Ansanbsaas Sy 3 4’75: A q.}:\
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[0034] Exemplary embodiments of the present invention may utilize the above-described cusp
removal tool on a rich number of cases and significant initial mesh quality may be obtained.
This cusp removal tool may be utilized in wide variety of applications where post mesh
processing operations are necessary to generate cusp free models suitable for 3D printing.

[0035] Accordingly, after cusp removal has been performed utilizing inflation and sphere fitting
to the satisfaction of the user (Yes, Step S14), a cusp-removed 3D polygon mesh model may
be obtained (Step S17) for use in 3D printing.

[0036] Administration of the above steps may be performed with the use of a computer
system, as described in detail below.

[0037] FIG. 4 shows an example of a computer system which may implement a method and
system of the present disclosure. The system and method of the present disclosure may be
implemented in the form of a software application running on a computer system, for example,
a mainframe, personal computer (PC), handheld computer, server, etc. The software
application may be stored on a recording media locally accessible by the computer system and
accessible via a hard wired or wireless connection to a network, for example, a local area
network, or the Internet.

[0038] The computer system referred to generally as system 1000 may include, for example, a
central processing unit (CPU) 1001, random access memory (RAM) 1004, a printer interface
1010, a display unit 1011, a local area network (LAN) data transmission controller 1005, a LAN
interface 1006, a network controller 1003, an internal bus 1002, and one or more input devices
1009, for example, a keyboard, mouse etc. As shown, the system 1000 may be connected to a
data storage device, for example, a hard disk, 1008 via a link 1007.

[0039] Exemplary embodiments described herein are illustrative, and many variations can be
introduced without departing from the spirit of the disclosure or from the scope of the
appended claims. For example, elements and/or features of different exemplary embodiments
may be combined with each other and/or substituted for each other within the scope of this
disclosure and appended claims.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
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liability in this regard.
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Patentkrayv

1. Fremgangsmade til behandling af en tredimensional (3D) gittermodel, om-
fattende:

a) at modtage (S10) en 3D-gittermodel;

b) automatisk at detektere (S11) et eller flere omrader, der indbefatter en po-
tentiel skarp spids (21);

c) at vise (S12) det eller de automatisk detekterede ene eller flere regioner til
en bruger og modtage input, fra brugeren,

d) at angive et aktivt omrade af 3D-gittermodellen; og

el) at anvende (S13-S16) sfeeretilpasning og Laplace-udglatning pa det an-
givne aktive omrade for at fierne en skarp spids (21) derfra og for at tilveje-
bringe en modificeret 3D-gittermodel; hvor

e2) kugletilpasningen omfatter tilpasningen, for hvert respektivt toppunkt af
3D-gittermodellen i det aktive omrade, af en lokal sfaere gennem toppunkterne
af et naboliggende ringomrade af det respektive toppunkt, séledes at alle top-
punkterne ligger pa lokale sfaerer i forhold til hinanden og at bestemme cen-
trum og radius af den lokale sfeere, og

e3) ved anvendelsen af sfeeretilpasningen og Laplace-udglatningen til det an-
givne aktive omrade, en grad af sfeeretilpasningsbaserede opblaesningskraef-
ter for en maengde (u) af opblaesning for hvert kalkuleret toppunkt, der er ud-
regnet pa basis af udragningen af hvert toppunkt pa den lokale sfeere og en
grad af overfladeomréade, der minimerer Laplace-kreefter, anvendes til at fast-
laegge et omfang af henholdsvis sfaeretilpasningen og Laplace-udglatningen.

2. Fremgangsméade ifolge krav 1, hvor den modtagne 3D-gittermodel omfatter
billeddata, der er tilvejebragt fra en medicinsk billeddannelsesindretning, hvor
den medicinske billeddannelsesindretning er en computed tomography (CT)-
scanner.

3. Fremgangsméade ifalge krav 1, hvor den automatiske detektering af det ene
eller de flere omrader, der indbefatter en potentiel skarp spids (21), omfatter
at kontrollere en afvigelse af fladenormaler mellem naboliggende normaler og
at bestemme, om denne afvigelse overskrider en forudbestemt teerskel.
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4. Fremgangsmade ifolge krav 1, hvor den automatiske detektering (S11) af
det ene eller de flere omrader, der indbefatter en potentiel skarp spids (21),
omfatter:

at udveelge et podningspunkt i naerheden af en potentiel skarp spids (21);

at dyrke et omrade rundt om det udvalgte podningspunkt;

at kontrollere en afvigelse af fladenormaler mellem naboliggende normaler in-
den for det voksende omrade; og

at afslutte dyrkningen af omradet, nar afvigelsen overskrider en forudbestemt
teerskel, hvor podningspunktet er tilvejebragt af brugeren.

5. Fremgangsméde ifelge krav 1, hvor brugeren angiver det aktive omrade af
3D-gittermodellen ved at udvaelge blandt det eller de viste automatisk detek-
terede ene eller flere omrader, der indbefatter en potentiel skarp spids (21).

6. Fremgangsmade ifalge krav 1, hvor

brugeren forsynes med en visning af den modificerede 3D-gittermodel; og
brugeren far en mulighed for at modificere en eller begge af graden af sfeere-
tilpasningsbaseret opbleesning og graden af overfladeomrade, der minimerer
Laplace-kreefter.

7. Fremgangsmade ifglge krav 1, hvor anvendelsen af sfaeretilpasning og Lap-
lace-udglatning omfatter at udfere en minimering af Laplace-energi pa en ite-
rativ made.

8. Fremgangsmade ifalge krav 1 til fremstilling af en personaliseret medicinsk
indretning, hvor trinnet a) omfatter

at skaffe et billede, der indbefatter en anatomisk geometri for en patient; og
at danne den tredimensionelle (3D) gittermodel ud fra det skaffede billede;
hvor

trinnet b) omfatter automatisk at detektere et eller flere omrader, der indbefat-
ter en potentiel skarp spids (21), ud fra den dannede 3D-gittermodel;

hvor trinnet d) omfatter at angive et aktivt omrade blandt det ene eller de flere
automatisk detekterede omrader; og

trinnet e) efterfalges af et trin med 3D-printning af den modificerede 3D-gitter-
model under anvendelse af en 3D-printer.
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9. Fremgangsmade ifolge krav 1 eller 8, hvor angivelsen af et aktivt omrade
blandt det ene eller de flere automatisk detekterede regioner omfatter:

at vise (S12) det eller de automatisk detekterede ene eller flere regioner til en
bruger; og

at modtage input, fra brugeren, der angiver et aktivt omrade af 3D-gittermodel-
len, hvor brugeren angiver det aktive omrade af 3D-gittermodellen ved at ud-
veelge blandt det eller de viste automatisk detekterede ene eller flere omrader,
der indbefatter en potentiel skarp spids (21).

10. Fremgangsmade ifalge krav 8, hvor billedet, der indbefatter den anatomi-
ske geometri for en patient, tilvejebringes ved anvendelse af en computed to-
mography (CT)-scanner.

11. Fremgangsmade ifelge krav 8, hvor den automatiske detektering af det
ene eller de flere omrader, der indbefatter en potentiel skarp spids (21), om-
fatter at kontrollere en afvigelse af fladenormaler mellem naboliggende norma-
ler og at bestemme, om denne afvigelse overskrider en forudbestemt taerskel.

12. Fremgangsmade ifglge krav 8, den automatiske detektering af det ene el-
ler de flere omrader, der indbefatter en potentiel skarp spids (21), omfatter:

at udveelge et podningspunkt i neerheden af en potentiel skarp spids (21);

at dyrke et omrade rundt om det udvalgte podningspunkt;

at kontrollere en afvigelse af fladenormaler mellem naboliggende normaler in-
den for det voksende omrade; og

at afslutte dyrkningen af omradet, nar afvigelsen overskrider en forudbestemt
teerskel, hvor podningspunktet er tilvejebragt af brugeren.

13. Fremgangsmade ifglge krav 8, hvor, ved anvendelsen af sfaeretilpasning
og Laplace-udglatning til det angivne aktive omrade:

en grad af sfaeretilpasningsbaseret opblaesning og en grad af overfladeom-
rade, der minimerer Laplace-kraefter, anvendes til at fastleegge et omfang af
henholdsvis sfaeretilpasningen og Laplace-udglatningen;

brugeren forsynes med en visning af den modificerede 3D-gittermodel; og
brugeren far en mulighed for at modificere en eller begge af graden af sfeere-
tilpasningsbaseret opbleesning og graden af overfladeomrade, der minimerer
Laplace-kraefter.
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14. Fremgangsmaéade ifglge krav 8 , hvor anvendelsen af sfeeretilpasning og
Laplace-udglatning omfatter at udfgre en minimering af Laplace-energi pa en
iterativ made.

15. Computersystem, som omfatter:

en processor (1001); og

i) et ikke-flygtigt, tangibelt programlagringsmedium (1004), som er leesbart af
computersystemet, og som omfatter et program af instruktioner, der kan udfg-
res af processoren for at udfere fremgangsmadetrinnene ifglge et eller flere af
fremgangsméadekravene 1-7.
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