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FOLLOWER METHOD FOR THREE DIMENSIONAL IMAGES

BACKGROUND OF THE INVENTION
Field Of The Invention

[0001] The present invention relates to the field of three-dimensional
computer models and more particularly, to computer—based methods and software

that enable a user to interact with a three-dimensional image.

Description Of The Related Art

[0002] There are, of course, many different tools used by computer
applications that operate on three-dimensional models or images to perform various
tasks. In some applications, a pointer may used to follow a surface. For example,
in an application developed by the common assighee, Seemage, Inc., a pointer or
cursor in the shape of a “toy top” indicates the normal to the surface on which the
pointer is moving. This “top” pointer may be used to position a tool (for example, a
cutting plane) which will be placed orthogonally to the axis of the pointer, or to
position a viewpoint along the axis of the pointer.

[0003] Although these methods are very useful methods of interacting with
three-dimensional computer models and images, these applications assume that the
view of the part on which the point rests is unimpeded or unencumbered by other
parts or assemblies located in front of the part which the user wishes to follow or to
otherwise interact. More specifically, in the method described above, when the “toy
top” pointer encounters the surface of another part in front of or otherwise blocking
the selected part on which the pointer located, the pointer “jumps” to the surface of
the part or assembly obstructing the view of the originally, selected part and does not
remain on the surface of the original part.

[0004] Current methods of viewing three-dimensional, objects such as
piping also include using two-dimensional drawings in attempting to follow the entire
piping line. However, when many lines are present or where there are other
obstructions, following a particular line is no longer a practical possibility.

[0005] Another method of somewhat related interest is disclosed in U.S.
Patent No. 5,182,775 to Matsui et al and involves performing differential analysis on

a radiographic image of a pipe to detect the defects in the welding of the pipe.
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However, among many other differences, this approach is not interactive and uses
differential analysis to provide a picture of the defects.

[0006] Other patents of potential interest include US Patent Nos.
5,467,441; 5,617,114; 5,729,704; and 5,818,455 and European Patent Specification
EP 0 636 971 B1. For example, the first of these patents discloses a method for
operating on an object-based model data structure from which a first image has been
produced wherein the object-based model data structure is used to produce a
second image having added, replaced or deleted objects. In the latter instance,
objects can be deleted to reveal otherwise hidden objects. The second patent
relates to a user interface having click-through tools that can be composed with other
tools. The tools include click-through buttons with visual filters.

[0007] Reference is also made to commonly assigned, co-pending
Application Serial No. 10/532,305, which is hereby incorporated by reference in its
entirety and for all purposes. This patent application discloses a device that enables
newly defined attributes to “locked” so that they are retained during subsequent
modifications of the camera position. The device is advantageously equipped with a
“following mode” by means of which a zone of influence in two dimensions follows

the locked object when the camera position is modified.

SUMMARY OF THE INVENTION

[0008] According to one aspect of the invention a method is provided
which affords a user with the ability to view, interactively, a selected part in its
entirety, or to view elements of a part, when other objects, parts or assemblies would
otherwise have obstructed such viewing and as the part is being followed throughout
a portion or the whole of the extent thereof. It should be understood that merely
extracting the part and making invisible the surroundings of the part is not an
adequate solution to the basic problem to be solved here. In this regard, it is usually
necessary to provide the context or background associated with the selected part so
as to enable immediate recognition and ready understanding of the place of the
selected part in the assembly. Moreover, particular problems are presented in
attempting to follow a part throughout the extent thereof in that new view obstructing
objects may be encountered and, in addition, a screen boundary may be reached

that inhibits further following of the part.
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[0009] As will appear, embodiments of the invention can be used in many
types of domains and platforms. For surfacic three-dimensional models,
embodiments can be used for all types of models (e.g., NURBS, other b-rep defined
surfaces, polygonal models, etc.) In AEC, embodiments can be used, for example,
to enable a user to follow pipes, conduits, air ducts, and wires within a building. For
aerospace and discrete manufacturing applications, embodiments enable the user to
follow hydraulic or pneumatic tubes and conduits, cables, electrical wires, and the
like, which are part of harnesses. In oil exploration, oil exploitation, and chemical
production and for applications such as oil refineries and chemical plants,
embodiments of the invention enable following pipes obscured by other pipes,
processing units, or other constructions.

[0010] For volumetric models, embodiments of the invention can be used
for mining applications wherein the user is enabled to follow shafts, vents, and
dykes, in oil exploration and oil field exploration as mentioned above, wherein the
user is enabled to follow drilling paths, rock strata, and boundaries of geological
formation and in medical applications, wherein embodiments enable a user to follow,
for example, veins, arteries, lymph and bile ducts, the nervous system, and surfaces
of organs.

[0011] Another use is following flow in applications using scalar fields or
vector fields (e.g., fluid flow, etc). While another use is in following a sequence, such
as a series of weld points or weld lines.

[0012] Embodiments of the invention also enable viewing a three-
dimensional model or image in conjunction with the physical objects made from that
model or from a model derived from a physical object. This can accomplished
through direct viewing in situ or through remote viewing. Embodiments also enable
the user to look at the physical objects and at the model and decide on any action to
be taken. This feature is very useful in many domains, including, for example,
firefighting, chemical, and security applications, servicing and repairs, and medical
and surgical procedures. Simple examples include determining where to make a
hole in a wall from the outside of a building in order to provide access to a given
object (a pipe, electrical box, or the like), or where to dig to provide access to a

buried object.
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[0013] In accordance with one aspect of the invention, there is provided a
method for following a geometrical feature of a selected part in a three-dimensional
computer model including the part, said model being displayed on a computer
screen and said method comprising the steps of:

[0014] selecting a part from a three-dimensional computer model; and

[0015] following the part along a geometrical feature thereof while (i)
simultaneously and automatically removing any obstacles in the three-dimensional
model that impede viewing of the part so as to permit viewing of the part as the part
is being followed and (ii) repositioning the model on the computer screen so as to
display a further portion of the model that was not previously displayed and that is
located in the direction in which the part is being followed to thereby enable the
feature to be followed further in that direction.

[0016] Preferably, selection of the part includes initially automatically
removing any obstacles from the three-dimensional model that impede viewing of the
selected part. In one preferred embodiment, selecting the part from the three-
dimensional model comprises using a cursor to select the part. In another preferred
embodiment, selecting the part from the three-dimensional model comprises
selecting the part from a directory tree structure. In another preferred embodiment,
selecting the part from the three-dimensional model comprises filtering out all layers
of the three-dimensional model except a layer containing the part. In an
advantageous implementation, the step of following the part comprising
automatically following the part at a predetermined speed selected by the user.

[0017] Preferably, the step of following the part comprises using a cursor
to follow the selected part on a screen displaying the three-dimensional image.

[0018] In one preferred embodiment, wherein the part is represented by a
parametric curvilinear model, a viewpoint for viewing the curvilinear model is
provided within a viewing plane normal to a line tangent to the curvilinear model.
Advantageously, a new tangent is established for each change in the geometry of
the curvilinear model.

[0019] In another preferred embodiment, a plane normal to a selected
surface of the selected part is computed, and a point of view, from which the
selected part is viewed in the three-dimensional computer model, is defined with

respect to the normal plane.
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[0020] Preferably, the step of following the selected part comprises moving
a cursor along the selected part while constraining movement of the cursor to the
selected part. Advantageously, in constraining the movement of the cursor to the
selected part, movement of an input device for controlling the cursor effects
movement of the cursor so long as a component of the movement of the cursor is
within the limits of the selected part.

[0021] In one preferred embodiment the selected part comprises an
assembly of sub-parts. Advantageously, in one implementation, the assembly of
sub-parts is defined through a merge operation. In another advantageous
implementation, the assembly of sub-parts is based on a common property of the
sub-parts. In another preferred embodiment, the selected part supply comprises a
single discrete part.

[0022] In a preferred embodiment, wherein the three-dimensional
computer model comprises a volumetric model, the selected part is followed using a
cursor and movement of the cursor is constrained to the selected part using values
within one of a scalar field, a vector field and a tensorial field.

[0023] In an advantageous implementation, an audio output is used in
association with the following of the selected part. In one preferred embodiment, a
cursor is used in following the selected part, and the audio output comprises a
continuous tone that is produced so long as the cursor is following the selected part.

[0024] In another implementation wherein an audio output is used, a
cursor, constrained to the selected part, is used to follow the part, and wherein the
audio output is used to provide an indication as to when the selected part is not
followed. Preferably, the audio output comprises an audible alert produced when the
selected part is not followed.

[0025] In a further preferred embodiment, the audio output comprises an
audible alert produced in response to an incongruity encountered during in the step
of following of the selected part.

[0026] In one preferred implementation, a series of points is used in
representing the geometrical feature of the selected part. As discussed below, this
implementation is useful in connection with following a series of weld points or the
like.
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[0027] Preferably, orientation of the point of view of the three-dimensional
model presented to a user is varied such that an angle defined between a line
coincident with the direction of view and a tangent to the geometrical feature remains
constant.

[0028] In a preferred embodiment, wherein the geometrical feature is a
surface of the selected part, an angle between a line coincident with the direction of
view and a line normal to the surface is maintained constant.

[0029] Preferably, when there is a change in the continuity of the selected
part the computer model is immediately moved to a new orientation from the
orientation prior to the change in continuity. An alert is preferably provided to the
user when a said change in continuity occurs.

[0030] In a further preferred embodiment, a cursor moving within a
viewport in which the three-dimensional model is viewed is used in following the
selected part, and, when the cursor moves to a point at a boundary of the viewport,
the viewport is translated so as to enable the cursor to continue to follow the
selected part.

[0031] In an advantageous embodiment, information based on calculations
made with respect the selected part is also presented to a user. This feature is
discussed in more detail below.

[0032] In accordance with a further aspect of the invention, there is
provided a computer-based method for enabling a selected part of a three-
dimensional image on a screen to be followed throughout the three-dimensional
image, said method comprising the steps of. selecting a part included in a three-
dimensional image on a viewing screen; removing any obstacles included in the
three-dimensional image that impede viewing of the selected part; moving a cursor
along the selected part while constraining movement of the cursor to the selected
part; and while moving the cursor, automatically removing, in a selected area of the
screen, any further obstacles appearing in front of the part that impede viewing of the
part during moving of the cursor along the part so that the cursor can follow the
geometry of the part, and thereby provide a user with an unimpeded view of the
selected part in said selected area of the screen during said moving of the cursor in

following the geometry of the part.
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[0033] In one preferred embodiment, the selected area comprises a
selected portion of the screen including at a part of the three-dimensional image.
Alternatively, the selected area comprises the entirety of the screen.

[0034] In one preferred embodiment, the selected part is selected using a
tree structure. In another preferred embodiment, the selected part is selected by
filtering using an identifier associated with the part. In one implementation, the
identifier comprises a name of the selected part. Alternatively, the identifier
comprises a property of the selected part.

[0035] Preferably, in the automatically removing step, obstacles that are
removed are completely removed from the screen. In alternative preferred
embodiment, in the automatically removing step, obstacles that are removed remain
as ghost images on the screen.

[0036] Preferably, the selected area follows a projection of the cursor onto
a geometrical feature of the part. In a preferred implementation, the geometrical
feature comprises one of a surface curvature, an edge and a vertex.

[0037] In a preferred embodiment, the selected area comprises a circle
centered on the nearest point of a line of selection appearing on a curved
geometrical feature of the selected part.

[0038] In one preferred embodiment, the user is provided with a static
point of view in viewing the image. In an alternative preferred embodiment, the user,
in viewing the image, is provided with a point of view that is always centered on the
cursor. In another alternative preferred embodiment, the user, in viewing the image,
is provided with a point of view that changes when the cursor nears a boundary of
the viewing area.

[0039] As indicated above, the selected part may comprise a plurality of
sub-parts, i.e., may be a subassembly of parts rather than a single discrete part.

[0040] In accordance with a further aspect of the invention, there is
provided a method for following a geometrical feature of a selected part-in a three-
dimensional computer model displayed on a viewing screen of a computer device
including a keyboard, said method comprising the steps of:

[0041] accessing a part to be selected by removing any.obstacles in the
three-dimensional model that impede viewing of the part in response to depressing a

first key of the keyboard;
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selecting the part using a second key;

moving a cursor along a geometrical feature of the selected part so as to
follow the geometrical feature; and

[0042] while moving the cursor, automatically removing any further
obstacles appearing in front of the part that impede viewing of the part during moving
of the cursor along the part so that the cursor can follow the geometrical feature of (
the part and thereby provide a user with an unimpeded view of the selected part
during said moving of the cursor,

[0043] wherein as the cursor is moved, the view of the model displayed on
the screen is changed so as to display a further portion of the model located in the
direction of cursor movement that was not previously displayed.

[0044] Preferably, the view is changed when the cursor is moved to a
boundary of the viewing screen in following the geometrical feature, and the view of
the model provided on the viewing screen is moved so that the further portion of the
model is a portion of the model that was previously outside of the boundary in the
direction of the cursor movement.

[0045] Advantageously, the view is changed each time that the cursor is
moved to a boundary, and the view of the model displayed on the screen and the
position of the cursor on the screen are moved such that the position of the cursor on
the screen is returned to a central area of the screen, whereby further movement of
the cursor in following the geometrical feature continues from said central area.

[0046] Preferably, said removing of further obstacles comprises presenting
the obstacles in ghost lines so as to enable viewing of the part through the obstacles.

[0047] Other features and advantages of the present invention will be set
forth in, or apparent from, the detailed description of preferred embodiments that

follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] Figure 1 is a flow chart of a follower method in accordance with one
preferred embodiment of the invention;

[0049] Figures 2(a) and 2(b) are highly schematic front elevational views of
a viewport and selected part, used in explanation of aspects of the follower

operation;
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[0050] Figures 3(a) and 3(b) are highly schematic front elevational views
similar to those of Figures 2(a) and 2(b), used in explanation of further aspects of the
follower operation;

[0051] Figure 4 is a highly schematic top plan view used in explanation of
a further aspect of the follower operation;

[0052] Figure 5 is a highly schematic perspective view used in explanation
of a further operational feature;

[0053] Figures 6(a), 6(b) and 6(c) are highly schematic perspective views
illustrating further operational aspects;

[0054] Figures 7(a), 7(b) and 7(c) are highly schematic perspective views
used in explanation of three different implementations or embodiments of the
follower method; and

[0055] Figure 8 is a flow chart of a follower method in accordance with a

further preferred embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0056] As indicated above, according to an important aspect of the
invention, a computer-based method is provided which enables a selected part or
assembly to be followed throughout a three-dimensional image or computer model.
As an initial step, the user selects the desired part to be followed and viewed. In
preferred embodiments, to enable the viewing of the desired part, the method
provides for automatically removing other objects, layers, or other obstacles or
obstructions that prevent direct viewing of the part. For example, if the part to be
followed is a particular wiring conduit, pipe or duct in a building, or in part of a
building, the method provides for removing from the image as viewed, from the point
of view or perspective of the user, all objects, such as walls, insulation, and the like.
This enables the user to initially view and then follow the selected part directly in the
three dimensional representation. In following the part, other objects and obstacles
to viewing of the selected part are automatically removed as the part is being
followed. In preferred embodiments, the removal of obstacles or impediments to
viewing the part is limited to an area around a center point defined by the projection
of the point of view or chosen perspective onto the selected part. As indicated

above, the method may also be used to follow an assembly of individual parts. The
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method may be implemented as a stand-alone tool or mode, or as a non-exclusive
mode in conjunction with another modeling tool application, wherein the navigational
tools provided by the application are constrained by the method.

[0057] Referring to Figure 1, there is shown a block diagram flow chart of a
method in accordance with one preferred embodiment of the invention. Different
preferred embodiments and implementations of the method of the invention, wherein
steps shown in Figure 1 are omitted or modified or different steps are employed, are
discussed below. In the method illustrated, a three-dimensional image or model of a
construct, object or other assembly is viewed by the user on a screen and, as
discussed, many different images or models in many different fields can be
employed.

[0058] As shown in Figure 1, in a first step 10, a user selects a particular,
desired part, or assembly of parts, within the three dimensional image the route,
course, or extent of which the user desires to follow throughout the three-
dimensional image. The user may select the desired part by using one of several
different techniques. For example, in one embodiment, the user selects the desired
part manually and interactively by selecting the part with a cursor or other selecting
icon provided on the viewing screen. The user may also select the part by using a
menu or directory tree structure. In this embodiment, each part or assembly of parts
contained in the image is provided an associated identifier included in a directory
tree structure and correlated with the parts of the three-dimensional image on the
screen. In selecting the part, the user selects the identifier associated with the
desired part or assembly from the directory tree. In another embodiment, the user
selects the desired part by filtering out the undesired parts. For example, by using
the directory tree, the user may select a filter feature to eliminate the parts,
categories of parts, or other assemblies included in the three-dimensional image that
the user does not wish to follow. As indicated above, in surfacic 3D models, rather
than select a single discrete part, a further option is for the user to select an
assembly of parts, i.e., the “part” selected may actually be an assembly of sub-parts.
This assembly can be defined through a merge operation by a virtue of a common
property of the selection or using another method.

[0059] As indicated by block or step 12, in a preferred embodiment, other

parts are automatically removed in an initial step when the desired part is selected.
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The parts that are removed may completely disappear or may remain on the screen
in ghost so that the user has an unimpeded view of the selected part but can also
view the selected part in context, i.e., in relation to adjacent parts or surroundings.
Further, the parts removed may be only those parts in front of the selected part in a
chosen or selected area of the screen, or may be all of the parts on the screen.
Thus, in the former case, the user may select the size of an area of the image in
front of the selected part in which obstacles or impediments are to be removed so
that a corresponding area of the selected part can be viewed.

[0060] Once the user selects the part to be followed, in one preferred
embodiment of the invention, the user may select a perspective or point of view from
which the model is viewed and presented on the screen. Preferably, several
different modes or options are available to the user. For example, in one mode, the
point of view is not changed automatically. In a further mode, a cursor is used and
the point of view is always centered on the cursor. In another mode using a cursor,
the point of view is changed when the cursor comes close to a boundary of the
current view being provided.

[0061] In the embodiment of Figure 1, the user follows the part manually
by moving a cursor along the part. In an alternative embodiment, an automatic
following option is provided. By selecting an automatic following option, the user
views an image or an animation from a chosen perspective or point of view, and the
part is automatically followed throughout the three-dimensional image. In this
embodiment, controls are preferably provided that enable the user to control the
following speed, pause the process, and the like. As discussed in more detail below,
if the manual (cursor) option is selected, the cursor is preferably constrained in
movement to the selected part to be followed.

[0062] As discussed above, in a preferred embodiment, any obstacles that
impede the view of the selected part within the three-dimensional image are
automatically removed in a first step. In one implementation, any view-impeding
obstacles or objects are removed, down to the selected part, as determined from the
perspective or point of view initially selected by the user. The viewing areas may
follow the projection of a cursor or other indicator onto the geometry of the part that

is of interest, i.e., a surface, curve, edge or vertex. For example, for a curve, the
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selected viewing area may be a circle centered on the point nearest the picking line
on the curve.

[0063] After the part is selected, in a next step, as indicated in step 14, the
user moves a cursor, pointer, or some other icon (hereinafter referred to as a
cursor), along the selected part, so as to follow the part throughout the three-
dimensional image or model. As indicated above, the viewing area or viewport
provided may encompass a section of the screen or the entire screen.

[0064] As shown in step 16, if, during this movement of the cursor
indicated in step 14, other obstacles in the three-dimensional image block viewing of
the selected part, or otherwise impede viewing thereof as the user moves the cursor
along the selected part, the obstacles impeding the view of the part are automatically
removed. This enables the user to view of the selected part as the cursor is moved
therealong. As indicated above, in one preferred embodiment, the “removed”
obstacles may still be shown in ghost.

[0065] As is also indicated by block 16, the screen image display is
repositioned to display a further portion of the model that is located in the direction of
cursor movement and that was not previously displayed so as to enable the cursor to
follow the image beyond an initial screen display. This feature, and further aspecis
thereof, are discussed in more detail below in connection with Figure 8.

[0066] Various known methods may be used in removing or eliminating the
obstacles blocking viewing of the selected part. For example, one method concerns
testing the depth of the pixels in the area surrounding the selected part by using
what is generally referred to as a z-buffer, i.e., a buffer memory of depth z. The use
of the z-buffer technique allows revealing of the selected part when hidden, through
the use of a memory capacity with dimensions of the image in two-dimensions.

Thus, on the 3-D image, a pixel being tested is replaced only if the preceding z value
in memory (the depth value) is more than the current z value of the tested pixel. This
procedure is usually referred to as a depth test.

[0067] Returning to step 14 of the preferred embodiment shown in Figure
1, in this embodiment, as indicated, the cursor is constrained to the part, i.e., the
movement of the cursor on the screen is constrained to move only within and along
the selected part and the cursor disappears or cannot be moved when the control

device (mouse) provides for movement off of the part. Thus, in a preferred
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implementation, when the user moves the cursor, the cursor can only move along
and within the desired part to be followed. For example, in following a pipe, if the
cursor is positioned on the pipe in the middle of the pipe, and the movements of the
cursor are restricted to the pipe, the cursor thus will be able to move to the right or
left to the ends of the pipe, and up or down for half the diameter of the pipe. Further,
in a preferred embodiment, in following the selected part, the movements of the
associated input or control device, such as a mouse, will be applied to position of the
cursor so long as (i.e., only when) a component of that movement of the input device
produces movement of the cursor within the constraints of the pipe, i.e., movement
of the mouse will not result in movement of the cursor if such cursor movement
would be outside of the confines of the pipe.

[0068] In accordance with a further preferred embodiment, an audio output
is provided which continually sounds while the cursor is moved along the selected
part and which ceases when the part is no longer followed. The feature can be used
when the cursor is not directly constrained to the part or in combination with such
constraint. In other words, in one preferred embodiment, an audio output is
employed to constrain movement of the cursor by alerting the user that the cursor
has moved off on the selected part. In this regard, a simple audio alert can be
provided if the cursor moves off of the part. In another implementation, an audio
alert is provided whenever the cursor encounters a discontinuity or an unwarranted
condition occurs.

[0069] It will be understood that in some instances, a series of points are
sufficient to describe the geometry of the part. For example, in welding points
between parts, for reference points on a vehicle, and for a path for a procedure, a
series of points may be sufficient.

[0070] In cases where the part to be followed has a small cross section
(e.g., wherein the part is a wire, a vein, or another elongate shape), the geometry
may be defined by a parametric curvilinear model (as represented by x=f(t), y=f(t),
z=f(t)). In such cases, in accordance with one advantageous embodiment, in order
to determine the viewing plane, the tangent to the curvilinear model is determined,
and the viewing plane is defined as a plane orthogonal to the tangent. The viewpoint

of the user will thus be included in that viewing plane.
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[0071] In cases where the selected part, such as a pipe, is sufficiently
large, the normal to the surface of the selected pipe part from the viewpoint of the
user can be directly computed. Thus, there are a number of different ways in which
the selected part can be represented, and a number of different ways in which the
viewpoint of the user can be determined.

[0072] In preferred embodiments, where the part is defined using a
curvilinear model, the orientation of the computer model moves in such a way that a
constant angle is maintained between the view or viewpoint and a tangent to the
curve. Preferably, where the geometry of the selected part to be followed is a
surface, the angle between the viewpoint and a normal to the surface is maintained.
On the other hand, where the geometry of the selected part is simply a point, the
view is not automatically changed.

[0073] Considering an example of the changes in the position and
orientation of the view provided to a user, and referring again to the example of a
pipe, considering the case wherein the pipe is being followed to left as viewed and
there is a bend or turn in the pipe of ninety degrees away from the user (e.g., a 90°
elbow), the model will rotate to right as the cursor moves around the bend and will
cease to rotate after the ninety degree rotation has been completed.

[0074] The point of view is also adjusted when discontinuities are
encountered. For example, when a ninety degree turn is encountered in a conduit or
pipe, there will be a rapid movement in the orientation of the model from the current
orientation to a new orientation. In one preferred embodiment, the user is alerted to
a discontinuity by audio signal or by an alert on the screen so as to alert the user that
a decision needs to be made and thus assist the user in making the proper decision.

[0075] In a preferred implementation, should a discontinuity occur wherein
the part being followed divides or separates into multiple parts or paths (e.g.,
wherein a wiring cable separates into three different smaller cables), a pie chart with
the possible choices may be superimposed over the discontinuity so as to enable the
user to decide which part or path to follow.

[0076] As indicated above, in preferred embodiments, when the cursor
comes to a point at the boundary edge of the viewing area, the viewing area
presented will automatically be adjusted to bring the next adjacent portion of the

image or model into view. Thus, referring to Figures 2(a) and 2(b), a curvilinear part
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20 to be followed is shown in Figure 2(a) in dashed lines outside of a viewing area or
viewport 22 and shown as solid line within viewport 22. As indicated in Figure 2(b),
the viewport 22 will translate to left along the part 20 as the part is followed. A new

({9} ]

(“n”) position of the viewport along part 20 is shown at 22°. Thus, in these
embodiments, the perspective or point of view translates to the left as the cursor
approaches or comes to point at the left boundary of the viewport.

[0077] Similar translations of the viewport 22 are shown in Figure 3(a) for a
different part 24, i.e., a part of a different curvature, and in Figure 3(b), for a similar
part 26, but with a view normal to the part 26, as indicated.

[0078] Figure 4 is a plan view showing movement of a viewport 28
between a first position (at the left) and a new “n” position along a selected part 30
so as to enable viewing of two different portions of part 30. These parts are again
shown in solid lines.

[0079] Figure 5 shows a cubic model 32 and illustrates how the position of
a viewport 34 abruptly changes from a first position, indicated at 34a, in front of a
first face 32a of the cubic model 32 to a second position, indicated at 34b, in front of
the adjacent face 34b of the model 32. In embodiments described above, this
occurs when a cursor comes to the right edge (as viewed in Figure 5) of face 32a of
model 32.

[0080] In preferred embodiments, using a cursor, in the case of an edge,
the orientation of the model follows the bisector plane of the “angle” formed by the
two faces at the point of a cursor.

[0081] For the case of vertex discontinuity, in one implementation, when
the cursor nears a vertex, the movement of the cursor is determined by the
intersection of the constraints on the vertex and the movement of the mouse or other
control device controlling the cursor. The face or edge that is selected will be that
which is closest to the movement of the mouse. In the case where only one face is
visible and the other faces are hidden, an exception is made, and a movement
outside the vertex away from the visible face will be interpreted as a movement
towards one of the neighboring hidden faces. The face selected will be the one
having the highest unconstrained component of the movement.

[0082]  Turning now to an example regarding the alignment of a camera

used in providing the 3-D image, and, in particular, regarding the positioning and

-15-



WO 2008/045934 PCT/US2007/080937

change in orientation of the view provided by such a camera, let C represent the
coordinate system of the camera expressed in the world coordinate system (WCS)
so Cx is the x-axis of the camera view, Cy is the y-axis of the camera view and Cz is
the viewing direction of the camera (the z-axis of the view). C determines, in WCS,
the point of view and the orientation of the view. It will be appreciated that the
projection of the camera may be perspective or orthographic. In addition, let P
represent the picking line (a line in three-dimensions line drawn through the cursor)
and Up the absolute vertical of the world.

[0083] Now considering R, a point on the curve of the selected part defined
in three-dimensional coordinates (R.Vx, R.Vy, and R.Vz), R.Origin is defined as the
nearest point of the Cz axis on the curve, and R.Vx equals T, where T is the tangent
of the curve at R.Origin. If T is colinear with Up, then R.Vy is an arbitrary axis non-
colinear with T. Otherwise, R.Vy is Up. R.Vz is the cross product (R.Vx, R.Vy).
Considering Rcursor, a three-dimensional coordinate system computed around the
cursor, Rcursor.Origin is the nearest point of P on the curve; Rcursor.Vx equals
Tcursor where Tcursor is the tangent of the curve at Rcursor.origin. If Tcursor is
colinear with Up, then Rcursor.Vy is an arbitrary axis non-colinear with Tcursor.
Otherwise, Rcursor.Vy equals Up. Rcursor.Vz is the cross product (Rcursor.Vx,
Rcursor.Vy).

[0084] In order to compute the new position of the camera which follows
the curve, the following method is used: search to compute Cnew, the three-
dimensional coordinate system expressed in WCS which defines the position of the
camera necessary to follow the curve. Ctemp is C transformed from the world
coordinate system to the R coordinate system. Ctemp is now considered as being
expressed in Rcursor, and the “reverse” transformation is computed to express
Ctemp in the world coordinate system. Thus, Cnew equals Ctemp as transformed
from Rcursor to the WCS. Ccursor determines the new point of a view in the world
coordinate system and the new orientation of the view.

[0085] In another embodiment, the displacement is “smoothed” and an
intermediate point between R.Origin and Rcursor.Origin on the curve is considered.
Where the geometry of the part is a surface, the method is the same but T is

replaced by N, which is the normal to the face near the cursor.
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[0086] Referring now to Figures 6(a) and 6(b), and referring first to Figure
6(a), a perspective view is provided of a three dimensional image or computer model
36, showing the part to be followed, in the form of a curved line 38, as well as the
current viewpoint 40 and a viewport or screen 42. In Figure 6(a), the follower system
with the not enabled and the selected part, viz., curved line 38, is not visible to the
user. In Figure 6(b), the follower system is enabled and the selected part 38 within
the three-dimensional image or computer model is visible through the screen of
viewport 42. In this embodiment, the curve is visible over the entire screen 42.
Further, the view follows the cursor only with respect to the orientation of the user, as
indicated in Figure 6(c) which is similar to Figure 5 described above.

[0087] Referring to Figures 7(a) to 7(b), three different embodiments are
illustrated wherein the follower system is enabled. Figures 7(a) to 7(b) are similar to
Figures 6(a) and 6(b) and like elements have been given the same reference
numerals. In Figure 7(a), the view 40 of the screen 42 follows the cursor from a first
position (at the right) to an “n” position, and the curve 38 is visible over the entire
screen 42. '

[0088] In the embodiment of Figure 7(b), the follower system is again
enabled, but the view 40 does not follow the cursor on the screen 42. Instead, a
cutaway area 44 on the screen 42 follows the cursor as the cursor moves along the
part 36 so that different portions of the part 38 are shown through the associated
cutaway 44 on the screen 40.

[0089] Inthe embodiment of Figure 7(c), the follower system is again
enabled, and, as in Figure 7(a) the view 40 follows the cursor so that the view 40

[P 1)

changes from a first position (at the right) to an “n” position, as indicated in Figure
7(c), but in contrast to Figure 7(a), the part (curve) 38 is only visible in the area of
cutaway 44.

[0090] Referring to Figure 8, there is shown a flowchart of a follower
method in accordance with a further embodiment of the invention. In this
~ embodiment, in a first step 50, a monitor key (e.g., a TAB key) is used in accessing a
part or object (e.g., a pipe) to be selected by removing the obstacles (e.g., other

parts or objects) in front of the part or object so as to permit viewing thereof.
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[0091] In the next step, step 52, the part is selected using further monitor
key, and, as indicated by step 54, a feature of the part (e.g., the extent thereof) is
followed throughout by moving a cursor along the part.

[0092] As indicated by block 56, while the cursor is moved along the part,
any obstacle (other part, object, etc) appearing in front of the part that prevents
viewing of the part is removed or otherwise negated so as to enable continued
viewing and following of the part. As described above, this removal or negating of an
obstacle can be achieved either by actually removing the obstacle completely from
the screen image or by showing the obstacle in ghost or phantom lines so that the
part can be viewed through the obstacle. Preferably, if, as the cursor continues to be
moved along the feature, the obstacle no longer impedes viewing of the part in an
area of he cursor, the obstacle (further part or object) is restored and reappears as
before, i.e., as a solid part or object.

[0093] In accordance with a further feature of this embodiment, as the part
is being followed, the view, i.e., the image of the model on the monitor screen, is
changed to reveal more of the complete model in the direction of cursor movement
so that the part can continue to be followed. In one preferred embodiment, as
indicated by block 58, as the cursor is moved along the part, the view of the model
displayed on the screen is changed so as to display a further portion of the model
located in the direction of cursor movement that was not previously displayed.
Further, as is also indicated by block 58, in a preferred embodiment, when the
cursor, in following the feature, is moved, i.e., repositioned, to a central area of the
screen when the view is repositioned. In one embodiment, such repositioning occurs
when the cursor encounters a screen boundary (e.g., one edge of the monitor
screen). In other words, when the cursor reaches the screen edge, the cursor is
repositioned (e.g., recentered) on the screen so that continued cursor movement can
take place and will continue from this new, more central position. In a preferred
embodiment, the repositioning or recentering of the cursor occurs simultaneously
and automatically with the repositioning (recentering) of the view as the cursor
moves in a given direction, and this repositioning of the view and cursor is not
dependent on the cursor encountering a screen boundary.

[0094] In accordance with a further feature of some preferred

embodiments, information of interest is displayed during the follower operation, i.e.,
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while the selected part is being followed. Typically, measurements are carried out in
spatial xyz coordinates and not in a curvilinear coordinate system. In one
advantageous embodiment, the length of the curve on the surface, or the length of
an edge, is computed and displayed. For example, a measurement may be made of
the length of a pipe, or the length of a portion of pipe, from the point of pipe entry up
to a position at which an obstruction within the pipe may have occurred.

[0095] In another implementation, marks are provided along the selected
part showing, for example, the length of the curvature along the pipe or the surface
to each specific point. This information will again be displayed.

[0096] In accordance with a further advantageous feature, follower
markers are provided on the 3-D scene to enable the follower operation, i.e., to
determine when the follower system is to be enabled and when the system is to be
disabled. For example, 3D or 2D markers may be created on the scene, such as 3D
rings disposed at a particular position on a curve. A relatively large number of
markers may be created at different abscissas of curves, or placed directly on 3D
faces, or 3D points. For example, in one implementation, if the user presses the left
mouse button when the cursor is on a marker, the follower system is enabled with
respect to the linked geometry (i.e., the curve or surface under the marker), and
when the user releases the left mouse button, the follower system is disabled, and
the marker is displaced to a new position for later use.

[0097] Other features of a preferred method include computing
measurements of the surfaces and other aspects of the part based on the above
calculations. In an advantageous embodiment, the method may compute distances
and lengths using curvilinear measurements.

[0098] In another advantageous implementation using markers, the user
may also apply markers to specific points to compute the distances between the
selected points. The user may create markers at different curve abscissa, or place
then directly onto three-dimensional faces or points. For example, if a user
depresses the left mouse button when the cursor is on a marker, the follower is
enabled on the linked geometry (the curve or surface under the marker), and when
the user releases the left mouse button, the follower mechanism is disabled, and the

marker is displaced to the new position for later use.
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[0099] As indicated above, obstacles impeding following of the selected
part may be removed from the entire screen or only part of the screen. Provision is
preferably made for the user to define the size and shape of the area from which
obstructions or obstacles are removed. Thus, while the area may be the entire
screen, the area may be limited to a circumscribed area around the selected part,
depending on the application and the wishes of the user.

[00100] According to a further feature, the followed path may be used to
generate an animation or AVI. Also, the follower can be combined with a GPS
system as discussed in more detail below.

[00101] In preferred embodiments, the user can use the follower system to
follow a selected part in real time and in its actual location, using a laptop or portable
PC, so as, e.g., to permit a user to follow a buried pipe or a pipe disposed within a
wall. In this example, when the pipe is accessible, a reset to “zero” is carried out so
as to provide a real-location “read” on the 3D image as (i) the position of the pipe
and (ii) the depth at which the pipe is buried. As discussed above, similar
applications can be used in following ducts in buildings, pipes in refineries or
chemical plants and in many other situations.

[00102] As was also discussed above, in preferred embodiments, the model
can turn or rotate to follow a turn or bend in the selected part (e.g., a ninety degree
elbow in a pipe or electrical conduit), and in this case, the three-dimensional image
on the screen will enable a user to reference the current viewing coordinates of the
model with the physical spatial coordinates of the user.

[00103] The follower system can also be used with a six degrees of freedom
device that provides an indication of position and orientation in local or global
coordinates. Devices such as those made by Pohlhemus can be used to provide the
six local degrees of freedom. Global coordinates can also be provided in other ways
such as, for example, coupling a GPS to a triaxial accelerometer.

[00104] In accordance with a further advantageous feature of the follower
system, combined viewing of both the model and the physical objects used
implementing the model is provided. In one implementation, a tablet PC is fitted with
a follower system and the measurements are used to control the viewport of the

software. The tablet PC can be held at a fixed distance (for example, at arms
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length), and the viewport of the software will cover viewing of the obstructed view of
the selected part (such as a pipe) and provide, in situ, the view of the selected part.

[00105] In another advantageous implementation, a small display is
mounted in proximity to one eye of the viewer. This eye receives an image which is,
for example, the unobstructed view of the model of the part, while the naked eye,
with a parallax difference, sees the obstructed view.

[00106] In another implementation, each eye receives respective images
from separate displays. The image generated for each eye is suitably compensated
to provide proper registration, so that the perceived image of the model and the
perceived image of the physical object coincide in position and orientation. The
virtual image of the model and the physical image can be mixed, for example, by
using optical elements with a semi-reflective coating.

[00107] In some embodiments, when the model turns to follow, for example,
a ninety degree elbow in a pipe, a three-dimensional referential object is provided on
the screen which enables the user to reference the current viewing coordinates of
the model with the physical spatial coordinates of the user.

[00108] In a further embodiment, a cutting plane is positioned so as to cut through,
i.e., provide a cross sectional view of, the selected object. This would be useful, for
example, wherein a plurality of pipes are disposed within a larger tube. Such a cutting plane
would be normal to the viewpoint of the user and positioning thereof would follow the

movement of a cursor or the like as described above for previous embodiments.

[00109] While the invention has been described in connection with a
number of preferred embodiments, it is to be understood that the specific methods
and systems which have been described are merely illustrative of different aspects
and principles of the invention, and that various modifications may be made in the
methods and systems described without departing from the spirit and scope of the

invention.
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CLAIMS

We claim:

1. A method for following a geometrical feature of a selected part in a three-
dimensional computer model including the part, said model being displayed on a
computer screen and said method comprising the steps of:

selecting a part from a three-dimensional computer model; and

following the part along a geometrical feature thereof while simultaneously
and automatically removing any obstacles in the three-dimensional model that
impede viewing of the part so as to permit viewing of the part as the part is being

followed.

2. The method of claim 1 further comprising repositioning the model on the
computer screen so as to display a further portion of the model that was not
previously displayed and that is located in the direction in which the part is being

followed to thereby enable the feature to be followed further in said direction.

3. The method of claim 1 wherein selection of the part includes initially
automatically removing any obstacles from the three-dimensional model that impede

viewing of the selected part.

4. The method of claim 1 wherein selecting the part from the three-dimensional

model comprises using a cursor to select the part.

5. The method of claim 1 wherein selecting the part from the three-dimensional

model comprises selecting the part from a directory tree structure.

6. The method of claim 1 wherein selecting the part from the three=dimensional -
model comprises filtering out all layers of the three-dimensional model except a layer

containing the part.

7. The method of claim 1 wherein the step of following the part comprising

automatically following the part at a predetermined speed selected by the user.
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8. The method of claim 1 wherein the step of following the part comprises using
a cursor to follow the selected part on a screen displaying the three-dimensional

image.

9. The method of claim 1 wherein the part is represented by a parametric
curvilinear model, and a viewpoint for viewing the curvilinear model is provided within

a viewing plane normal to a line tangent to the curvilinear model.

10.  The method of claim 9 wherein a new tangent is established for each change

in the geometry of the curvilinear model.

11.  The method of claim 1 wherein a plane normal to a selected surface of the
selected part is computed, and a point of view, from which the selected part is
viewed in the three-dimensional computer model, is defined with respect to the

normal plane.

12.  The method of claim 1 wherein the step of following the selected part
comprises moving a cursor along the selected part while constraining movement of

the cursor to the selected part.

13. A method of claim 12 wherein, in constraining the movement of the cursor to
the selected part, movement of an input device for controlling the cursor effects
movement of the cursor so long as a component of the movement of the cursor is

within the limits of the selected part.

14.  The method of claim 1 wherein the selected part comprises an assembly of

sub-parts.

15.  The method of claim 14 wherein the assembly of sub-parts is defined through

a merge operation.
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16.  The method of claim 14 wherein the assembly of sub-parts is based on a

common property of the sub-parts.

17.  The method of claim 1 wherein the selected part comprises a single discrete

part.

18. The method of claim 1 wherein the three-dimensional model comprises a
volumetric model, wherein the selected part is followed using a cursor and wherein
movement of the cursor is constrained to the selected part using values within one of

a scalar field, a vector field and a tensorial field.

19. The method of claim 1 wherein an audio output is used in association with

said following of the selected part.

20. The method of claim 19 wherein a cursor is used in following the selected
part, and the audio output comprises a continuous tone that is produced so long as

the cursor is following the selected part.

21. A method of claim 19 wherein a cursor, constrained to the selected part, is
used to follow the part, and wherein the audio output is used to provide an indication

as to when the selected part is not followed.

22. A method of claim 21 wherein the audio output comprises an audible alert

produced when the selected part is not followed.
23. A method of claim 21 wherein the audio output comprises an audible alert
produced in response to an incongruity encountered during in the step of following of

the selected part.

24. A method of claim 1 wherein a series of points is used in representing the

geometrical feature of the selected part.
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25. A method of claim 1 wherein orientation of the point of view of the three-
dimensional model presented to a user is varied such that an angle defined between
a line coincident with the direction of view and a tangent to the geometrical feature

remains constant.

26. A method of claim 25 wherein the geometrical feature is a surface of the
selected part, and wherein an angle between a line coincident with the direction of

view and a line normal to the surface is maintained constant.

27. A method of claim 1 wherein when there is a change in the continuity of the
selected part the model is immediately moved to a new orientation from the

orientation prior to the change in continuity.

28. A method of claim 27 wherein an alert is provided to the user when a said

change in continuity occurs.

29. A method of claim 27 wherein a cursor moving within a viewport in which the
three-dimensional model is viewed is used in following the selected part, and
wherein when the cursor moves to a point at a boundary of the viewport the viewport

is translated so as to enable the cursor to continue to follow the selected part.

30. A method of claim 1 wherein information based on calculations made with

respect the selected part is also presented to a user.

31. A computer-based method for enabling a selected part of a three-dimensional
image on a screen to be followed throughout the three-dimensional image, said
method comprising the steps of:

selecting a part included in a three-dimensional image on a viewing screen;

removing any obstacles included in the three-dimensional image that impede
viewing of the selected part;

moving a cursor along the selected part while constraining movement of the

cursor to the selected part; and
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while moving the cursor, automatically removing, in a selected area of the
screen, any further obstacles appearing in front of the part that impede viewing of the
part during moving of the cursor along the part so that the cursor can follow the
geometry of the part and thereby provide a user with an unimpeded view of the
selected part in said selected area of the screen during said moving of the cursor in

- following the geometry of the part.
32. A computer-based method according to claim 31 wherein said selected area
comprises a selected portion of the screen including at a part of the three-

dimensional image.

33. A computer-based method according to claim 31 wherein said selected area

comprises the entirety of the screen.

34. A computer-based method according to claim 31 wherein the selected part is

selected using a tree structure.

35. A computer-based method according to claim 31 wherein the selected part is

selected by filtering using an identifier associated with the part.

36. A computer-based method according to claim 35 wherein the identifier

comprises a name of the selected part.

37. A computer-based method according to claim 35 wherein the identifier

comprises a property of the selected part.

38. A computer-based method according to claim 31 wherein, in the automatically

removing step, obstacles that are removed are completely removed from the screen.

39. A computer-based method according to claim 31 wherein, in the automatically

removing step, obstacles that are removed remain as ghost images on the screen.
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40. A computer-based method according to claim 31 wherein said selected area

follows a projection of the cursor onto a geometrical feature of the part.

41. A computer-based method according to claim 40 wherein the geometrical

feature comprises one of a surface curvature, an edge and a vertex.

42. A computer-based method according to claim 41 wherein the selected area
comprises a circle centered on the nearest point of a line of selection appearing on a

curved geometrical feature of the selected part.

43. A computer-based method according to claim 31 wherein the user is provided

with a static point of view in viewing the image.

44. A computer-based method according to claim 31 wherein the user, in viewing

the image, is provided with a point of view that is always centered on the cursor.

45. A computer-based method according to claim 31 wherein the user, in viewing
the image, is provided with a point of view that changes when the cursor nears a

boundary of the viewing area.

46. A computer-based method according to claim 31 wherein said selected part

comprises a plurality of sub-parts.

47. A method for following a geometrical feature of a selected part in a three-
dimensional computer model displayed on a viewing screen of a computer device
including a keyboard, said method comprising the steps of:

accessing a part to be selected by removing any obstacles in the three-
dimensional model that impede viewing of the part in response to depressing a first
key of the keyboard;

selecting the part using a second key;

moving a cursor along a geometrical feature of the selected part so as to

follow the geometrical feature; and
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while moving the cursor, automatically removing any further obstacles
appearing in front of the part that impede viewing of the part during moving of the
cursor along the part so that the cursor can follow the geometrical feature of the part
and thereby provide a user with an unimpeded view of the selected part during said
moving of the cursor, wherein as the cursor is moved, the view of the model
displayed on the screen is changed so as to display a further portion of the model

located in the direction of cursor movement that was not previously displayed.

48. A method according to claim 47 wherein the view is changed when the cursor
is moved to a boundary of the viewing screen in following the geometrical feature,
and the view of the model provided on the viewing screen is moved so that the
further portion of the model is a portion that was previously outside of the boundary

in the direction of the cursor movement.

49. A method according to claim 47 wherein the view is changed each time that
the cursor is moved to a boundary, and wherein, in response to movement of the
cursor to the boundary, the view of the model displayed on the screen and the
position of the cursor are moved such that the position of the cursor on the screen is
returned to a central area of the screen, whereby further movement of the cursor in

following the geometrical feature continues from said central area.
50. A method according to claim 47 wherein said removing of further obstacles
comprises presenting the obstacles in ghost lines so as to enable viewing of the part

through the obstacles.

51. A method according to claim 47 wherein the further obstacles that have been

removed are restored when the obstacles no longer impede viewing of the part.
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\5

r

As The Cursor Is Moved On The Screen, Changing The View Of
The Model Displayed On The Screen So As To Display A Further
Portion Of The Model Located In The Direction Of Cursor _
Movement That Was Not Previously Displayed, And So That The
Cursor Is Positioned On The Screen In A New, More Central Area
Of The Screen So That Further Cursor Movement Continues From

The New Position
\58

FIG. 8
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