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(57) Abstract: The present subject matter relates to generation of a geometry corresponding to a cross-sectional profile ot an object.
In an example method, a sketch corresponding to the cross-sectional profile of the object is received by a computing device (102).
The sketch is drawn by moving a pointer over a display unit (104) of the computing device (102). Pixel points generated by the dis -
play unit (104) are obtained by the computing device (102). The pixel points correspond to the sketch. Low-speed pixel points, from
amongst the pixel points, are joined with straight lines. The low-speed pixel points are the pixel points at which a speed of drawing
of the sketch is below a predefined speed threshold. The straight lines are processed by the computing device (102) into the geo -
metry of the object.
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Title of Invention: GENERATION OF GEOMETRY OF OBJECTS
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Technical Field

The present invention relates to generation of a geometry corresponding to a cross-
sectional profile of an object.
Background Art

Objects are generally designed and modeled using a computer before being en-
gineered and manufactured in the industry. A geometry corresponding to a profile of
the object to be manufactured is generated on the computer, and an input associated
with the geometry of the object is provided to a manufacturing machine. The geometry
of the object may be a 2-dimensional or a 3-dimensional model of the object. The man-
ufacturing machine may accordingly process a raw material to manufacture the object.

Objects, such as sheet metal parts, are manufactured by bending and folding of metal
sheets using a sheet bending machine. Before manufacturing such objects, the objects
may be designed and modeled on a computer. In this, a user, for example a designer,
may generate a geometry of object on the computer. The geometry of object may
correspond to a cross-sectional profile of the object that depicts a bending pattern of
the object. In an example, the geometry may be a 2-dimension (2D) model, or
3-dimension (3D) model, of the object which may help in determining a sequence of
bending for manufacturing the object. After generating the geometry of the object, an
input associated with the geometry of the object is fed to the sheet bending machine.
The sheet bending machine may work on a raw material, i.e., a metal sheet, to bend
and fold the metal sheet to form the object.

Geometry of objects are conventionally generating on the computer using modeling
tools, such as computer-aided design (CAD). Conventional modeling tools are graphic-
user-interface (GUI) based tools that provide a menu with tables and a large number of
GUI elements, for example buttons, to a user for generating the geometry of the object.
The user has to enter, in a table using the buttons, cross-sectional dimensions of the
profile of the object. Based on the entered cross-sectional dimensions, the modeling
tool generates the geometry of the object and displays it on a display unit of the
computer.

The conventional modeling tools work based on progressive modeling where, at an
instance of time, the user enters cross-sectional dimensions associated with a portion of
the profile of the object, and the modeling tool generates and displays a geometry cor-
responding to that portion on the display unit. The user subsequently enters cross-

sectional dimension for another portion of the profile of the object, and the modeling
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tool accordingly generates and displays a geometry corresponding to the other portion.
In an example, for the objects like sheet metal parts that include multiple flanges, the
user may enter cross-sectional dimensions for one flange at a time. The cross-sectional
dimensions may, for example, include an inner flange length, an outer flange length, a
bend angle, and a direction of bend. The conventional modeling tool progressively

generates and displays the geometry of the sheet metal part, flange-by-flange.
The progressive modeling of the geometry of the object, i.e., based on portion-

by-portion of the object as per the dimensions entered by the user, is tedious and time
consuming, as the user may have to enter a large number of dimensions at each
instance. The geometry of the object generated based on the dimensions entered
initially may not correspond to the geometry intended by the user. Thus, the user may
have to remodel the geometry by varying one or more of the dimensions, in order to
generate the intended geometry of the object. Furthermore, as the user may have to
utilize a large number of buttons in the menu for entering various dimensions of the
object, the user may have to be an expert in using the conventional modeling tool.
Summary of Invention

It is therefore the object of the present invention to provide a generation of geometry
corresponding to cross-sectional profiles of objects using a computing device, which is
substantially fast, efficient, and less laborious, as the number of dimensions to be
entered by a user and the manual intervention needed are much less in comparison to
that for the conventional modeling tools and methodologies.

It is also the object of the present invention to provide a generation of geometry cor-
responding to cross-sectional profiles of objects using a computing device, in which
geometry of objects can be generated by a user not having an expertise in generating
geometry of objects.

According to one aspect of the present invention, there is provided a method for
generating a geometry corresponding to a cross-sectional profile of an object, the
method comprising: receiving a sketch, by a computing device (102), corresponding to
the cross-sectional profile of the object, wherein the sketch is drawn by moving a
pointer over a display unit (104) of the computing device (102); obtaining, by the
computing device (102), pixel points generated by the display unit (104), wherein the
pixel points correspond to the sketch; joining low-speed pixel points, from amongst the
pixel points, with straight lines, wherein the low-speed pixel points are the pixel points
at which a speed of drawing of the sketch is below a predefined speed threshold; and
processing, by the computing device (102), the straight lines into the geometry of the
object.

According to another aspect of the present invention, there is provided a computing
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device (102) for generating a geometry corresponding to a cross-sectional profile of an
object, the computing device (102) comprising: a processor (108); and a geometry
generating module (110) coupled to the processor (108) to: receive a sketch corre-
sponding to the cross-sectional profile of the object, wherein the sketch is drawn by
moving a pointer over a display unit (104) of the computing device (102); obtain pixel
points generated by the display unit (104), wherein the pixel points correspond to the
sketch; join low-speed pixel points, from amongst the pixel points, with straight lines,
wherein the low-speed pixel points are the pixel points at which a speed of drawing of
the sketch is below a predefined speed threshold; process the straight lines into the
geometry of the object; and provide to a machine an input corresponding to the
geometry of the object, for performing a work on a raw material by the machine in

conformance with the geometry of the object.
According to another aspect of the present invention, there is provided a computer-

readable medium storing a computer program for causing a computing device (102) to
carry out the steps of: receiving a sketch corresponding to the cross-sectional profile of
the object, wherein the sketch is drawn by moving a pointer over a display unit (104)
of the computing device (102); obtaining pixel points generated by the display unit
(104), wherein the pixel points correspond to the sketch; joining low-speed pixel
points, from amongst the pixel points, with straight lines, wherein the low-speed pixel
points are the pixel points at which a speed of drawing of the sketch is below a
predefined speed threshold; and processing the straight lines into the geometry of the
object.
Brief Description of Drawings

The following detailed description references the drawings, wherein:
[fig.1]Fig. 1 illustrates a system environment including a computing device with a
display unit for generating geometry of objects, according to an example imple-
mentation of the present subject matter;
[fig.2(a)]Fig. 2(a) illustrates transitioning of a sketch on the display unit of the
computing device to a geometry of object, according to an example implementation of
the present subject matter;
[fig.2(b)]Fig. 2(b) illustrates transitioning of a sketch on the display unit of the
computing device to a geometry of object, according to an example implementation of
the present subject matter;
[fig.2(c)]Fig. 2(c) illustrates transitioning of a sketch on the display unit of the
computing device to a geometry of object, according to an example implementation of
the present subject matter;

[fig.2(d)]Fig. 2(d) illustrates transitioning of a sketch on the display unit of the
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computing device to a geometry of object, according to an example implementation of
the present subject matter;
[fig.2(e)]Fig. 2(e) illustrates transitioning of a sketch on the display unit of the
computing device to a geometry of object, according to an example implementation of
the present subject matter;
[fig.2(H)]Fig. 2(f) illustrates transitioning of a sketch on the display unit of the
computing device to a geometry of object, according to an example implementation of
the present subject matter;
[fig.2(g)]Fig. 2(g) illustrates transitioning of a sketch on the display unit of the
computing device to a geometry of object, according to an example implementation of
the present subject matter;
[fig.2(h)]Fig. 2(h) illustrates transitioning of a sketch on the display unit of the
computing device to a geometry of object, according to an example implementation of
the present subject matter;
[fig.2(1)]Fig. 2(1) illustrates transitioning of a sketch on the display unit of the
computing device to a geometry of object, according to an example implementation of
the present subject matter;
[fig.2(3)]Fig. 2(j) illustrates transitioning of a sketch on the display unit of the
computing device to a geometry of object, according to an example implementation of
the present subject matter;
[fig.2(k)]Fig. 2(k) illustrates transitioning of a sketch on the display unit of the
computing device to a geometry of object, according to an example implementation of
the present subject matter; and
[fig.3]Fig. 3 illustrates a method of generating a geometry of an object, according to an
example implementation of the present subject matter.
Description of Embodiments

Objects, such as sheet metal parts, are manufactured by bending and folding of metal
sheets using a sheet bending machine. Before manufacturing such objects, the objects
may be designed and modeled on a computer. In this, a user, for example a designer,
may generate a geometry of object on the computer. The geometry of object may
correspond to a cross-sectional profile of the object that depicts a bending pattern of
the object. In an example, the geometry may be a 2-dimension (2D) model, or
3-dimension (3D) model, of the object which may help in determining a sequence of
bending for manufacturing the object. After generating the geometry of the object, an
input associated with the geometry of the object is fed to the sheet bending machine.
The sheet bending machine may work on a raw material, i.e., a metal sheet, to bend

and fold the metal sheet to form the object.
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Geometry of objects are conventionally generating on the computer using modeling
tools, such as computer-aided design (CAD). Conventional modeling tools are graphic-
user-interface (GUI) based tools that provide a menu with tables and a large number of
GUI elements, for example buttons, to a user for generating the geometry of the object.
The user has to enter, in a table using the buttons, cross-sectional dimensions of the
profile of the object. Based on the entered cross-sectional dimensions, the modeling
tool generates the geometry of the object and displays it on a display unit of the
computer.

The conventional modeling tools work based on progressive modeling where, at an
instance of time, the user enters cross-sectional dimensions associated with a portion of
the profile of the object, and the modeling tool generates and displays a geometry cor-
responding to that portion on the display unit. The user subsequently enters cross-
sectional dimension for another portion of the profile of the object, and the modeling
tool accordingly generates and displays a geometry corresponding to the other portion.
In an example, for the objects like sheet metal parts that include multiple flanges, the
user may enter cross-sectional dimensions for one flange at a time. The cross-sectional
dimensions may, for example, include an inner flange length, an outer flange length, a
bend angle, and a direction of bend. The conventional modeling tool progressively
generates and displays the geometry of the sheet metal part, flange-by-flange.

The progressive modeling of the geometry of the object, i.e., based on portion-
by-portion of the object as per the dimensions entered by the user, is tedious and time
consuming, as the user may have to enter a large number of dimensions at each
instance. The geometry of the object generated based on the dimensions entered
initially may not correspond to the geometry intended by the user. Thus, the user may
have to remodel the geometry by varying one or more of the dimensions, in order to
generate the intended geometry of the object. Furthermore, as the user may have to
utilize a large number of buttons in the menu for entering various dimensions of the
object, the user may have to be an expert in using the conventional modeling tool.

The present subject matter describes generation of geometry corresponding to cross-
sectional profiles of objects using a computing device. The generation of geometry of
objects in accordance with the present subject matter is substantially fast, efficient, and
less laborious, as the number of dimensions to be entered by a user and the manual in-
tervention needed are much less in comparison to that for the conventional modeling
tools and methodologies. Also, with the present subject matter, geometry of objects
can be generated by a user not having an expertise in generating geometry of objects.

In an example implementation of the present subject matter, a sketch corresponding
to the cross-sectional profile of the object is drawn on a display unit of the computing

device. The sketch is drawn by a user by moving a pointer over the display unit. In an
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example implementation, the display unit of the computing device may be a touch
screen that is sensitive and responsive to a touch of the pointer. The pointer herein may
be a finger of the user or a pointing device, for example, a stylus.

As the sketch is drawn, pixel points corresponding to the sketch are generated by the
display unit. The pixel points are obtained by the computing device, and low-speed
pixel points, from amongst the obtained pixel points, are joined with straight lines. The
low-speed pixel points are identified as pixel points at which a speed of drawing of the
sketch is below a predefined threshold. The speed of drawing at a pixel point may be
determined based on a distance between that pixel point and an adjacent pixel point.

After joining the low-speed pixel points with straight lines, the straight lines are
processed by the computing device to generate the geometry of the object. In an
example implementation, the straight lines may be processed by minimizing deviation
of each of the straight lines with respect to the pixel points. Such a processing of
straight lines enables in generating a basic geometry of object in which the bend angles
of 0° and 90° and direction of bends are reflected with substantial accuracy. The user
may then provide one or more further dimensions, such as inner and outer dimensions
of object, bend radius between adjacent flanges, and the like, to the computing device
to generate an intended geometry of the object.

The present subject matter provides a simple methodology of generation of the
geometry of the object based on a sketch drawn by the user. With the present subject
matter, the user does not have to enter the dimensions of the object in order to initiate
the generation of the geometry of the object. This facilitates in reducing the time and
effort of the user. Further, with the generation of the geometry of the object based on
processing of straight lines as per the present subject matter, dimensions of the object,
such as bend angles of 0° and 90° and direction of bends can be captured with a sub-
stantial accuracy. This facilitates in reducing the number of dimensions that are to be
entered by the user for generating the intended geometry.

Further, the object for which the geometry is to be generated may be symmetrical
about an axis. In an example implementation, for generating geometry of a symmetric
object, a sketch corresponding to the cross-sectional profile at one side of the axis of
symmetry may be drawn by the user. Based on the sketch, the low-speed points are
joined by the straight lines, and the straight lines are processed to obtain a geometry
corresponding to the one side of the cross-sectional profile. Subsequently, the user may
define the axis of symmetry, and the computing device may accordingly generate a
mirror image of the processed straight lines about the defined axis of symmetry to
generate the geometry corresponding to the complete cross-sectional profile of the
object. The generation of the geometry of a symmetric object based on a sketch of one

half of the cross-sectional profile helps in reducing the effort of sketching the entire
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cross-sectional profile and also reducing the number of dimensions to be entered by the
user for generating the intended geometry.

The following detailed description refers to the accompanying drawings. Wherever
possible, the same reference numbers are used in the drawings and the following de-
scription to refer to the same or similar parts. While several examples are described in
the description, modifications, adaptations, and other implementations are possible.
Accordingly, the following detailed description does not limit the disclosed examples.
Instead, the proper scope of the disclosed examples may be defined by the appended
claims.

Fig. 1 illustrates a system environment 100 including a computing device 102 with a
display unit 104 for generating geometry of objects, according to an example imple-
mentation of the present subject matter. The computing device 102 may be a desktop
computer, a laptop computer, a handheld computer, a server, and such. The display
unit 104 may, for example, be a screen on which a user 106 can draw a sketch of, for
example, a cross-sectional profile of an object. The display unit 104 may be integral to
or coupled to the computing device 102. The display unit 104 may be coupled to the
computing device 102 through a wireless link or through a communication cable.

The computing device 102 includes processor(s) 108. The processor(s) 108 may be
implemented as microprocessors, microcomputers, microcontrollers, digital signal
processors, central processing units, state machines, logic circuitries, and/or any
devices that manipulate signals based on operational instructions. Among other capa-
bilities, the processor(s) 108 may fetch and execute computer-readable instructions
stored in a memory (not shown) coupled to the processor(s) 108 of the computing
device 102. The memory may include any non-transitory computer-readable storage
medium including, for example, volatile memory (e.g., RAM), and/or non-volatile
memory (e.g., EPROM, flash memory, NVRAM, memristor, etc.). The memory may
be internal or external to the computing device 102. The functions of the various
elements shown in Fig. 1, including any functional blocks labeled as "processor(s)",
may be provided through the use of dedicated hardware as well as hardware capable of
executing computer-readable instructions.

As shown in Fig. 1, the computing device 102 includes a geometry generation
module 110. The geometry generation module 110 is coupled to the processor(s) 108
to generate geometry of objects, in accordance with the present subject matter, based
on sketches drawn by the user 106. The geometry generation module 110 may be
computer-readable instructions that when executed by the processor(s) 108 perform
any of the described functionalities. The computer-readable instructions may be stored
on an electronic memory device, a hard disk, an optical disk or other computer-

readable storage medium or non-transitory medium. In one implementation, the
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computer-readable instructions can also be downloaded to the storage medium via a
network connection.

In another aspect of the present subject matter, the geometry generation module 110
may include routines, computer programs, objects, components, data structures, etc.,
which perform particular tasks or implement particular abstract data types. The
geometry generation module 110 may also be implemented as signal processor(s), state
machine(s), logic circuitries, and/or any other device or component that manipulate
signals based on operational instructions.

Further, as shown in Fig. 1, the computing device 102 includes pixel data 112 that
stores data associated with pixel points of the sketch drawn by the user 106. The
computing device 102 also includes predefined values data 114 that stores data related
to various predefined threshold values as per the present subject matter. The computing
device 102 further includes object dimensions data 116 that stores one or more di-
mensions associated with the object. The computing device 102 further includes
geometry data 118 that stores the data related to the geometry of the object as
generated by the computing device 102. Although the data 112, 114, 116, 118 are
shown internal to the computing device 102, it may be understood that the data 112,
114, 116, 118 can reside in an external memory which is coupled to the processor(s)
108 of the computing device 102.

In an implementation, the computing device 102 may also include I/O interface(s)
(not shown). The I/O interface(s) may include a variety of software and hardware in-
terfaces, for example, interfaces for peripheral device(s), such as data input/output
devices, referred to as I/O devices, storage devices, network devices, etc. The 1/0
interface(s) may include Universal Serial Bus (USB) ports, Ethernet ports, host bus
adaptors, etc., and their corresponding device drivers. The 1/O interface(s) facilitate the
communication of the computing device 102 with machines, such as sheet bending
machines.

The description hereinafter describes, in detail, the procedure of generating a
geometry corresponding to a cross-sectional profile of an object using the computing
device 102. In an example, the object may be a sheet metal part with multiple flanges,
and the cross-sectional profile of the object may represent a bending pattern of the
sheet metal part.

In an example implementation, for the purpose of generating the geometry, the user
106 draws a sketch corresponding to the cross-sectional profile of the object on the
display unit 104 of the computing device 102. The sketch may be a free-hand sketch,
and the user 106 may draw the sketch by moving a pointer over the display unit 104. In
an example implementation, the display unit 104 is a touch screen. The user 106 may

draw the sketch on the touch screen using a finger or a stylus as the pointer. The
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geometry generation module 110 receives the sketch drawn by the user 106 and
displays the sketch on the display unit 104. An example sketch 120 on the display unit
104 is shown in Fig. 1.

As the sketch is drawn by the user 106, the display unit 104 generates pixel points
corresponding to the sketch. A pixel point refers to a location of the display unit 104
that is activated upon touch of the pointer and detected at a predetermined period of
time. An example set of pixel points 122 for the sketch 120 is shown in Fig. 1. The
pixel points 122 are shown for illustrative purpose, and may not be displayed on the
display unit 104. The geometry generation module 110 obtains the pixel points for
further processing.

After obtaining the pixel points, the geometry generation module 110 determines a
speed of drawing of the sketch at each pixel point. The speed of drawing at a pixel
point may be determined based on a distance between that pixel point and an adjacent
pixel point, for example, a previous pixel point. After this, the geometry generation
module 110 identifies pixel points at which the speed of drawing is below a predefined
speed threshold. Such pixel points are referred to as low-speed pixel points. In an
example, the predefined speed threshold may be a speed for a distance equal to width
of 5 pixels.

After identifying the low-speed pixel points, the geometry generation module 110
joins the low-speed pixel points with straight lines. An example set of straight lines
124 joining the low-speed pixel points is shown in Fig. 1. The straight lines 124 are
shown for illustrative purpose, and may not be displayed on the display unit 104. After
this, the geometry generation module 110 processes the straight lines to generate the
geometry of the object. In the processing of the straight lines, the geometry generation
module 110 may minimize the deviation of each of the straight lines with respect to the
pixel points. In an example implementation, the geometry generation module 110 may
perform geometric fitting of the straight lines over the pixel points, such that deviation
of each of the straight lines from the pixel points is smaller than a predefined error
threshold. In an example, the predefined error threshold for a straight line may be equal
to twice the thickness of the sketch associated with that straight line. An example set of
processed straight lines 126 is shown in Fig. 1. The processed straight lines 126 are
shown for illustrative purpose, and may not be displayed on the display unit 104. The
details of the processing of the straight lines to generate the geometry of the object are
described later in the description.

In an example implementation, the geometry generation module 110 may add a
thickness to the processed straight lines and add bends between the processed straight
lines to generate the geometry of the object. An example geometry of object 128,

generated based on processing of the straight lines 126, is shown in Fig. 1. The
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geometry of object 128 is displayed on the display unit 104.

It may be noted that by processing the straight lines based on minimization of
deviation between the straight lines and the pixel points, a basic geometry of object can
be generated in which the bend angles of 0° and 90° and direction of bends are
reflected in the geometry. In an example implementation, the computing device 102
allows the user 106 to provide one or more dimensions, such as inner and outer di-
mensions of flanges, bend angles between adjacent flanges, inner radius of bend
between adjacent flanges, and a width of the object, to generate an intended geometry
of the object. The geometry generation module 110 may receive such dimensions of
the object from the user 106 and apply the dimensions to generate the geometry as
intended by the user 106.

Further, in an example implementation, the computing device 102 allows the user
106 to define an axis of symmetry in case the object for which the geometry is to be
generated has a symmetric cross-section. Depending on the object, the user 106 can
define a horizontal axis of symmetry or a vertical axis of symmetry. According to the
axis of symmetry defined by the user 106, the geometry generation module 110
generates a mirror image of the sketch and the processed straight lines about the axis of
symmetry to generate the geometry of the object. The details of generation of a mirror
image in case of a symmetric object are described through an illustrative example later
in the description.

Further, after generating the geometry of the object, the geometry generation module
110 may provide an input (e.g. electric signal) corresponding to the geometry to a
machine (not shown in Fig. 1). The machine may then perform work on a raw material
in conformance with the geometry of the object to manufacture the object. As
mentioned earlier, in an example, the object may be a sheet metal part. The geometry
of the object generated by the computing device 102 represents a bending pattern of
the sheet metal part. For said example, the machine to which the input is provided may
be a sheet bending machine. The sheet bending machine may bend a raw material, for
example, a metal sheet, in conformance with the geometry of the sheet metal part to
manufacture the sheet metal part.

Fig. 2(a) to Fig. 2(k) illustrate transitioning of a sketch on the display unit 104 of the
computing device 102 to a geometry of a sheet metal part, according to an example im-
plementation of the present subject matter. For the example described herein, the sheet
metal part is symmetric about a vertical axis of symmetry. The user 106 may define a
vertical axis of symmetry and draw a sketch of one half of the sheet metal part on one
of one side of the vertical axis of symmetry. Fig. 2(a) shows a sketch 202 drawn about
a vertical axis of symmetry 204. The geometry generation module 110 may generate a

mirror image of the sketch 202 about the axis of symmetry 204. Fig. 2(b) shows pixel
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points 206, as generated by the display unit 104, corresponding to the sketch 202. Each
dot in Fig. 2(b) represents the position of the pixel activated by the pointer and
detected at a predetermined period of time. After obtaining the pixel points 206, the
geometry generation module 110 identifies the low-speed pixel points and joins the
low-speed pixel points with straight lines. Fig. 2(c) shows four low-speed pixel points
208, 210, 212 and 214, and three straight lines 216, 218 and 220 joining the low-speed
pixel points 208, 210, 212 and 214. The low-speed pixel points 208, 210 and 212, and
the straight lines 216 and 218 are marked in a magnified view of dotted section A in
Fig. 2(c). After joining of the low-speed pixel points with straight lines, the geometry
generation module 110 processes the straight lines 216, 218 and 220 to generate the
geometry of the sheet metal part. The processing of the straight lines 216, 218 and 220
is described with reference to Fig. 2(d) to Fig. 2(h).

In an example, for processing the straight lines, the geometry generation module 110
may insert a vertex between two neighboring vertices of the straight lines such that
deviation of the straight lines from the pixel points is smaller than a predefined error
threshold. This is illustrated in Fig. 2(d). For the purpose of the description herein, the
low-speed points 208, 210, 212 and 214 may be referred to as vertices 208, 210, 212
and 214. A vertex may be defined as a point at which two straight lines meet or a
straight line terminate. As shown in Fig. 2(d), a vertex 222 is inserted between two
initial neighboring vertices 212 and 214, such that the deviation of straight lines
between the vertices 212 and 222 and between the vertices 222 and 214 from the pixel
points is smaller than the predefined error threshold. Similarly, as shown in Fig. 2(d), a
vertex 224 is inserted between two neighboring vertices 212 and 222, such that the
deviation of straight lines between the vertices 212 and 224 and between the vertices
224 and 222 from the pixel points is smaller than the predefined error threshold.

After inserting the vertices, in an example, the geometry generation module 110 may
adjust each vertex of the straight lines such that the each vertex is at a maximum
deviation from two vertices neighboring to the each vertex. This is illustrated in Fig.
2(e). As shown in Fig. 2(e), the vertex 210 is adjusted to a new position as a vertex
210" such that the deviation of the vertex 210" from the two vertices 208 and 212
neighboring to the vertex 210" is maximum. The vertex 212 is adjusted to a new
position as a vertex 212" such that the deviation of the vertex 212" from the two vertices
210" and 224 neighboring to the vertex 212" is maximum. Also the vertex 222 is
adjusted to a new position as a vertex 222’ such that the deviation of the vertex 222’
from the two vertices 224 and 214 neighboring to the vertex 222" is maximum. The
vertices 210', 212" and 222' may be referred to as peak points.

After adjusting the vertices, in an example, the geometry generation module 110 may

replace two neighboring vertices by one vertex in between the two neighboring
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vertices such that deviation of the straight lines from the pixel points is smaller than a
predefined error threshold. The vertex that replaces the two neighboring vertices may
be identified as a peak point. That is, the deviation of the identified vertex from two
vertices neighboring to the identified vertex is maximum.

[0043]  In an example, the geometry generation module 110 may also replace three
neighboring vertices by two vertices such that deviation of the straight lines from the
pixel points is smaller than a predefined error threshold. The two vertices that replace
the three neighboring vertices may be identified as peak points. For three neighboring
vertices Pi, Pi+1, and Pi+2, the first vertex is identified as a peak point based on Pi-1
and Pi+2, and the second vertex is identified as a peak point based on Pi and Pi+3. The
concept of replacement of three neighboring vertices with two vertices can be extended
in a similar manner to replace more than three vertices by one less number of vertices.

[0044]  In an example, the geometry generation module 110 may also remove a vertex and
check if the deviation of the straight lines from the pixel points is within a predefined
error threshold. This is illustrated in Fig. 2(f). As shown in Fig. 2(f), the vertex 222" is
removed and the vertices 224 and 214 are joined by a straight line 225.

[0045]  After such vertex processing which results in a reduced set of vertices, the geometry
generation module 110 may adjust the vertices again such that each vertex is at a
maximum deviation from its neighbors. This is illustrated in Fig. 2(g). As shown in
Fig. 2(g), the vertices 210", 212" and 224 are adjusted to 210", 212" and 224", re-
spectively. The vertices 208, 210", 212" and 224" and 214 are joined by straight lines
226, 228, 230, and 232, as shown in Fig. 2(g). The process of adjusting the vertices
210" 212" and 224 to the vertices 210", 212" and 224" is similar to the adjusting
described earlier with respect to vertices 210, 212, and 222.

[0046]  After processing the straight lines as described above, the geometry generation
module 110 may orient one or more of the straight lines to horizontal lines when the
one or more straight lines are inclined at an angle with respect to a horizontal axis
smaller than a predefined inclined angle threshold. The geometry generation module
110 may also orient one or more of the straight lines to vertical lines when the one or
more straight lines are inclined at an angle with respect to a vertical axis smaller than a
predefined inclined angle threshold. The result is illustrated in Fig. 2(h). As shown in
Fig. 2(h), the straight line 230 is oriented to a vertical line 234. The other three straight
lines 226, 228, and 232 are oriented to horizontal lines 236, 238, and 240, respectively.
It may be noted that the straight lines 236 and 238 overlap each other, but are distinct.

[0047]  The predefined inclined angle threshold depends on the length of the straight line. In
an example, the predefined inclined angle threshold for small lines may be 20° and the
predefined inclined angle threshold for long lines may be 10°. A straight line refers to a

large line when the x-component and the y-component of the straight line are more
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[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

than a predefined factor times the thickness of the sketch associated with that straight
line. A straight line refers to a small line when the x-component and the y-component
of the straight line are less than a predefined factor times the thickness of the sketch as-
sociated with that straight line. In an example, the predefined factor may be 3.5.

In an example implementation, the straight lines may include lines that are inclined at
an angle above the predefined inclined angle threshold with respect to a horizontal axis
or a vertical axis. Such straight lines are retained as inclined straight lines. In an
example implementation, the geometry generation module 110 may adjust one or more
vertices of the straight lines such that the angles for the inclined straight lines are
rounded to multiple of a predefined angle value. This predefined angle value can be 5°,
10°, 15°, or more.

After orienting the straight lines as horizontal or vertical lines, the geometry
generation module 110 generates a mirror image of the processed straight lines about
the axis of symmetry 204. Fig. 2(i) shows the mirror image 242 of the processed
straight lines about the axis of symmetry 204.

After generating the mirror image, the geometry generation module 110 adds a
thickness to the straight lines and bends between the straight lines to generate the
geometry that depicts flanges of the sheet metal part. The thickness may be added
based on a default value of thickness. The default value may be 1.0 mm. In an example
implementation, the geometry generation module 110 may receive a user input for the
value of thickness. The thickness of the geometry is then set according to the user input
for the thickness. Fig. 2(j) shows the geometry 244 of the sheet metal part generated by
the geometry generation module 110. The geometry 244 includes a horizontal
hemming 246. The detection and generation of a horizontal hemming in the geometry
is described later in the description.

Further, Fig. 2(k) shows various dimensions of the geometry 244 as captured by the
geometry generation module 110. As shown, the directing of bending between the
adjacent flanges and the bend angles of 90° are captured. In addition, lengths of the
flanges are also captured. The lengths may be captured based on a drawing scale that
may be selected by the user 106.

It may be noted that Fig. 2(a) to Fig. 2(k) are shown to illustrate the transitioning of
the sketch 202 on the display unit 104 of the computing device 102 to the geometry of
object 244. The details shown through Fig. 2(b) to Fig. 2(i) may not be displayed on
the display unit 104. The display unit 104 may display only the sketch 202 and the
geometry of object 244.

In an example implementation, the geometry generation module 110 allows the user
106 to provide one or more dimensions to generate an intended geometry of the object.

The dimensions include inner and outer dimensions of flanges, bend angles between
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[0054]

[0055]

[0056]

[0057]

adjacent flanges, and inner radius of bend between adjacent flanges. In an example, the
geometry generation module 110 may provide a keyboard on the display unit 104 for
the user 106 to enter a value of a dimension. In an example, the geometry generation
module 110 may allow the user 106 to write a value of a dimension on the display unit
104 using a pointer, for example, a finger or a stylus. In another example, the geometry
generation module 110 may allow the user 106 to provide a value of a dimension
through a voice-based command.

In an example, the user 106 can select a flange from the geometry and provide inner
and outer lengths of the flange. For this, the geometry generation module 110 provides
a toggle button depicting "IN/OUT" to switch between inner length mode and the outer
length mode. The user 106 may select the toggle button to switch between the inner
length mode and the outer length mode for providing the inner and the outer lengths of
the flange.

Further, in case two adjacent flanges have an acute angle in between, the user 106
can provide the inner and the outer lengths of the two adjacent flanges based on bend
deductions in intersection OUT mode, in intersection IN mode, in tangent OUT mode,
or in tangent IN mode. For this, the geometry generation module 110 provides a toggle
button depicting intersection IN mode and intersection OUT mode, and a toggle button
depicting tangent IN mode and tangent OUT mode. The user 106 may select the toggle
buttons to switch between any one of the modes for providing the inner and the outer
lengths of the two adjacent flanges having an acute angle in between. It may be noted
that in the intersection OUT mode, the lengths of the two adjacent flanges may be
provided based on intersection of the outer lines of the two adjacent flanges. In the in-
tersection IN mode, the lengths of the two adjacent flanges may be provided based on
intersection of the inner lines of the two adjacent flanges. Further, in the tangent OUT
mode, the lengths of the two adjacent flanges may be provided based on the tangents
from the outside of the bend between the two adjacent flanges. In the tangent IN mode,
the lengths of the two adjacent flanges may be provided based on the tangents from the
inside of the bend between the two adjacent flanges.

In an example implementation, the dimension provided by the user 106 may also
include a width of the sheet metal part. With the width of the sheet metal part, the
geometry generation module 110 may generate a 3-dimensional (3D) model of the
sheet metal part. The 3D model may be generated by sweeping the geometry,
generated by the computing device, along the width. The 3D model may provide a
visual guidance to a user and help in selecting tools for bending a metal sheet while
manufacturing the sheet metal part.

It may be noted that, with the processing of the straight lines as described above, the

geometry generation module 110 is able to detect a horizontal hemming and a vertical
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[0058]

[0059]

[0060]

hemming while generating the geometry of the object. A horizontal hemming can be
detected when two adjacent straight lines about a common vertex are inclined at an
angle smaller than the predefined inclined angle threshold with respect to a horizontal
axis. In this case, the geometry generation module 110 orients the adjacent two straight
lines to horizontal lines that overlap each other about the common vertex. Similarly, a
vertical hemming can be detected when two adjacent straight lines about a common
vertex are inclined at an angle smaller than the predefined inclined angle threshold
with respect to a vertical axis. In this case, the geometry generation module 110 orients
the two adjacent straight lines to vertical lines that overlap each other about the
common vertex. An example of a horizontal hemming is illustrated in Fig. 2(g) and
Fig. 2(h), where the adjacent straight lines 226 and 228 are inclined at an angle smaller
than the predefined inclined angle threshold with respect to the horizontal axis. As a
result a horizontal hemming is detected and the straight lines 236 and 238 are
overlapped about a common vertex. The thickness to the straight lines 236 and 238 and
bends between the straight lines 236 and 238 are added to generate the horizontal
hemming 246 as shown in Fig. 2(j).

In an example implementation, the geometry generation module 110 can also detect
an inclined hemming. The inclined hemming is detected when two adjacent straight
lines about a common vertex are inclined at an angle more than the predefined inclined
angle threshold, and when an angle between the two adjacent straight lines is smaller
than a predefined hemming angle threshold. In this case, the geometry generation
module 110 overlaps the two adjacent straight lines about the common vertex to
represent the inclined hemming.

Fig. 3 illustrates a method 300 of generating a geometry of an object, according to an
example implementation of the present subject matter. The order in which the method
300 is described is not intended to be construed as a limitation, and any number of the
described method blocks can be combined in any order to implement the method 300.
Furthermore, the method 300 can be implemented by processor(s) or computing
device(s) through any suitable hardware, non-transitory computer-readable in-
structions, or combination thereof. Further, although the method 300 is described in
context of the aforementioned computing device 102, other suitable computing devices
or systems may be used for execution of at least one step of method 300. It may be un-
derstood that steps of method 300 can be executed based on instructions stored in a
non-transitory computer-readable medium, as will be readily understood. The non-
transitory computer-readable medium may include, for example, digital memories,
magnetic storage media, such as a magnetic disks and magnetic tapes, hard drives, or
optically readable digital data storage media.

Referring to Fig. 3, at block 302, a sketch corresponding to a cross-sectional profile
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[0061]

[0062]

[0063]

of an object is received by the computing device 102. The sketch is drawn by a user
106 by moving a pointer over a display unit 104 of the computing device 102. At block
304, pixel points correspond to the sketch are obtained by the computing device 102 by
detecting an activated pixel at a predetermined period of time. The pixel points corre-
sponding to the sketch are generated by the display unit 104 of the computing device
102.

After obtaining the pixel points, low-speed pixel points, from amongst the pixel
points, are joined with straight lines, at block 306. As mentioned earlier, the low-speed
pixel points refer to the pixel points at which a speed of drawing of the sketch is below
a predefined speed threshold. After this, at block 308, the straight lines are processed
by the computing device 102 to generate the geometry of the object. As mentioned
earlier, the straight lines are processed based on minimization of deviation of each of
the straight lines with respect to the pixel points.

For the processing of the straight lines, a vertex is inserted between two neighboring
vertices of the straight lines such that deviation of the straight lines from the pixel
points is smaller than a predefined error threshold. Further, each vertex of the straight
lines is adjusted such that the each vertex is at a maximum deviation from two vertices
neighboring to the each vertex. Further, two neighboring vertices may be replaced by
one vertex in between the two neighboring vertices such that deviation of the straight
lines from the pixel points is smaller than a predefined error threshold. Further, three
neighboring vertices may be replaced by two vertices such that deviation of the straight
lines from the pixel points is smaller than a predefined error threshold. After such
vertex processing, the vertices may be adjusted again such that each vertex is at a
maximum deviation from its neighbors. Further, one or more of the straight lines are
oriented to horizontal lines when the one or more straight lines are inclined at an angle
with respect to a horizontal axis smaller than a predefined inclined angle threshold.
Similarly, one or more of the straight lines are oriented to vertical lines when the one
or more straight lines are inclined at an angle with respect to a vertical axis smaller
than a predefined inclined angle threshold. Further, two adjacent straight lines, from
the straight lines, are overlapped to represent an inclined hemming, when an angle
between the two adjacent straight lines is smaller than a predefined hemming angle
threshold. Further, in case the object is a symmetric object, an axis of symmetry may
be defined by the user 106, and a mirror image of the processed straight lines is
generated about an axis of symmetry.

At block 310, dimensions of the geometry of the object are received by the
computing device 102 from the user 106. In an example implementation, the di-
mensions of the geometry of the object include one or more of inner dimensions of

flanges, outer dimensions of flanges, bend angles between adjacent flanges, an inner
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radius of bend between adjacent flanges, and a width of the object.

[0064]  Further, at block 312, an input (e.g. an electric signal) corresponding to the geometry
of the object is provided to a machine, by the computing device 102, for performing a
work on a raw material by the machine in conformance with the geometry of the
object. In an example implementation, the machine is a sheet bending machine.

[0065]  Although implementations for generating a geometry corresponding to a cross-
sectional profile of an object have been described in language specific to structural
features and/or methods, it is to be understood that the present subject matter is not
necessarily limited to the specific features or methods described. Rather, the specific
features and methods are disclosed and explained as example implementations for

generating a geometry corresponding to a cross-sectional profile of an object.
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Claims

A method for generating a geometry corresponding to a cross-sectional
profile of an object, the method comprising:

receiving a sketch, by a computing device (102), corresponding to the
cross-sectional profile of the object, wherein the sketch is drawn by
moving a pointer over a display unit (104) of the computing device
(102);

obtaining, by the computing device (102), pixel points generated by
the display unit (104), wherein the pixel points correspond to the
sketch;

joining low-speed pixel points, from amongst the pixel points, with
straight lines, wherein the low-speed pixel points are the pixel points at
which a speed of drawing of the sketch is below a predefined speed
threshold; and

processing, by the computing device (102), the straight lines into the
geometry of the object.
The method as claimed in claim 1, the method comprising generating a
mirror image of the processed straight lines about an axis of symmetry,
wherein the axis of symmetry is user defined.
The method as claimed in claim 1, wherein the processing of the
straight lines into the geometry of the object is by minimizing deviation
of each of the straight lines with respect to the pixel points.
The method as claimed in claim 1, wherein the processing of the
straight lines comprises inserting a vertex between two neighboring
vertices of the straight lines such that deviation of the straight lines
from the pixel points is smaller than a predefined error threshold.
The method as claimed in claim 1, wherein the processing of the
straight lines comprises adjusting each vertex of the straight lines such
that the each vertex is at a maximum deviation from two vertices
neighboring to the each vertex.
The method as claimed in claim 1, wherein the processing of the
straight lines comprises replacing two neighboring vertices by one
vertex in between the two neighboring vertices such that deviation of
the straight lines from the pixel points is smaller than a predefined error
threshold.
The method as claimed in claim 1, wherein the processing of the

straight lines comprises replacing three neighboring vertices by two
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vertices such that deviation of the straight lines from the pixel points is
smaller than a predefined error threshold.
The method as claimed in claim 1, wherein the processing of the
straight lines comprises:

orienting one or more of the straight lines to horizontal lines when the
one or more straight lines are inclined at an angle with respect to a
horizontal axis smaller than a predefined inclined angle threshold; and

orienting one or more of the straight lines to vertical lines when the
one or more straight lines are inclined at an angle with respect to a
vertical axis smaller than a predefined inclined angle threshold.
The method as claimed in claim 1, wherein the processing of the
straight lines comprises overlapping two adjacent straight lines, from
the straight lines, to represent an inclined hemming, when an angle
between the two adjacent straight lines is smaller than a predefined
hemming angle threshold.
The method as claimed in claim 1 further comprising receiving, from a
user by the computing device (102), dimensions of the geometry of the
object.
The method as claimed in claim 10, wherein the dimensions of the
geometry of the object comprise at least one of inner dimensions of
flanges, outer dimensions of flanges, bend angles between adjacent
flanges, an inner radius of bend between adjacent flanges, and a width
of the object.
The method as claimed in claim 1, wherein the object is a sheet metal
part, and wherein the cross-sectional profile of the object is repre-
sentative of a bending pattern of the sheet metal part.
The method as claimed in claim 1, wherein the pointer is one of a
finger of a user and a stylus, and wherein the display unit (104) is a
touch screen.
The method as claimed in claim 1 further comprising providing to a
machine, by the computing device (102), an input corresponding to the
geometry of the object, for performing a work on a raw material by the
machine in conformance with the geometry of the object.
The method as claimed in claim 14, wherein the machine is a sheet
bending machine.
A computing device (102) for generating a geometry corresponding to
a cross-sectional profile of an object, the computing device (102)

comprising:
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a processor (108); and
a geometry generating module (110) coupled to the processor (108)

to:

receive a sketch corresponding to the cross-sectional profile of the
object, wherein the sketch is drawn by moving a pointer over a display
unit (104) of the computing device (102);

obtain pixel points generated by the display unit (104), wherein the
pixel points correspond to the sketch;

join low-speed pixel points, from amongst the pixel points, with
straight lines, wherein the low-speed pixel points are the pixel points at
which a speed of drawing of the sketch is below a predefined speed
threshold;

process the straight lines into the geometry of the object; and

provide to a machine an input corresponding to the geometry of the
object, for performing a work on a raw material by the machine in con-
formance with the geometry of the object.
The computing device (102) as claimed in claim 16, wherein the
machine is a sheet bending machine.
A computer-readable medium storing a computer program for causing a
computing device (102) to carry out the steps of: receiving a sketch
corresponding to the cross-sectional profile of the object, wherein the
sketch is drawn by moving a pointer over a display unit (104) of the
computing device (102); obtaining pixel points generated by the display
unit (104), wherein the pixel points correspond to the sketch; joining
low-speed pixel points, from amongst the pixel points, with straight
lines, wherein the low-speed pixel points are the pixel points at which a
speed of drawing of the sketch is below a predefined speed threshold;
and processing the straight lines into the geometry of the object.
The computer-readable medium as claimed in claim 18, wherein the
computer program is causing the computing device (102) to carry out
the step of generating a mirror image of the processed straight lines
about an axis of symmetry, wherein the axis of symmetry is user
defined.
The computer-readable medium as claimed in claim 18, wherein the
processing of the straight lines into the geometry of the object is by
minimizing deviation of each of the straight lines with respect to the
pixel points.

The computer-readable medium as claimed in claim 18, wherein the
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processing of the straight lines comprises:

orienting one or more of the straight lines to horizontal lines when the
one or more straight lines are inclined at an angle with respect to a
horizontal axis smaller than a predefined inclined angle threshold; and

orienting one or more of the straight lines to vertical lines when the
one or more straight lines are inclined at an angle with respect to a
vertical axis smaller than a predefined inclined angle threshold.
The computer-readable medium as claimed in claim 18, wherein the
computer program is causing the computing device (102) to carry out
the step of receiving, from a user, dimensions of the geometry of the
object.
The computer-readable medium as claimed in claim 22, wherein the di-
mensions of the geometry of the object comprise at least one of inner
dimensions of flanges, outer dimensions of flanges, bend angles
between adjacent flanges, an inner radius of bend between adjacent
flanges, and a width of the object.
The computer-readable medium as claimed in claim 18, wherein the
computer program is causing the computing device (102) to carry out
the step of providing to a machine an input corresponding to the
geometry of the object, for performing a work on a raw material by the

machine in conformance with the geometry of the object.
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