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[57} ABSTRACT

A method and apparatus for direct manipulation of 3-D
objects on computer display. This method and apparatus
provides for a 3-D bounding region wherein the 3-D bound-
ing region has sensitive areas which the user can select with
a reference pointer such that when the user manipulates the
reference pointer after selecting a sensitive area the 3-D
bounding region and the object within it are manipulated
with direct kinesthetic correspondence between the user’s
manipulation of the reference pointer and the bounding
region and object manipulation.

94 Claims, 17 Drawing Sheets

ROTATE 407
Y
405
- ROTATE
401 X
SCALE poTaTE /
MOVE
ROTATE
N MOVE
N SCALE
ROTATE~_|_
ROTATE
k—\
™~ U SCALE 109
SCALE _/ \ MOVE
JOUE = SCALE
ROTATE X
ROTATE U
2




5,588,098

Sheet 1 of 17

Dec. 24, 1996

U.S. Patent

01

I *31q

AV1dSId
OoddlIA

TdTTIOYINOD
LNJINI

61

5

St

SHATIA XIS1d

LINMN
AJONWHN/ NdD

AAVOLdAH

w

L1

5

1T

5

€1




U.S. Patent Dec. 24, 1996 Sheet 2 of 17 5,588,098

p X

Fig. 2

>~ <




U.S. Patent Dec. 24, 1996 Sheet 3 of 17 5,588,098
303 N




5,588,098

Sheet 4 of 17

Dec. 24, 1996

U.S. Patent

v Old
J

ﬁ
O\
7

ENN

\ ﬂ 7
1% // AT V10
X EE@ANK N INON
IS (T
P son— || | YL
60¥ S 1= \/J/ N
AUVL0d /
: T aLvi0¥
TN ™ 3905 RN
~ /\/ INON \
VL0
™ FNOW
L \ 11710 E—
X L0¥

AIVIOH

L0v JLVLOY



U.S. Patent Dec. 24, 1996 Sheet 5 of 17 5,588,098

mouse button pressed at (x,y) |~ 501

v

transform x,y into ray from eyepoint 503
into screen at x,y —

v

transform ray into modelspace | ~ 505
find nearest intersection of bounding 507
box with the ray —
509
was any face
of the box hit?
determine active zone on face 511
that was hit —

face (translate)
zone?

edge (rotate)
zone?

rotate

tracker
scale

tracker

Fig.5



U.S. Patent Dec. 24, 1996 Sheet 6 of 17 5,588,098

translate
tracker

setup: remember plane 601
of hit face & hitpoint on plane P~

mouse button 603
still down?
transform ray through eye |~ 605
& current mouse x,y into model space
607

intersect ray with the plane [~

:

calc difference between 609
original and current hitpoint |~

v

transform difference into 611
scaled, rotated coordinates P~

'

add transformed difference 613
to translation transform L~
redisplay object and 615
bounding box —

Fig. 6



U.S. Patent Dec. 24, 1996 Sheet 7 of 17 5,588,098

rotate
tracker

setup: remember plane perpendicular 701
to hit plane through hitpoint and L
original hitpoint in that plane

703
mouse button

sit down?

transform ray thru eye 705
& current mouse X,y into model space [~

:

intersect ray with the plane |~ 707

:

scale original & current
hitpoint by scale transform |~

y

calculate angle between
original and current hitpoint |~

|

rotate rotation transform 713
by this angle/axis —

|

redisplay object and 715
bounding box —

709

711

Fig. 7



U.S. Patent Dec. 24, 1996 Sheet 8 of 17 5,588,098

scale

tracker

setup: remember plane of hit
face & hitpoint on plane | 801

mouse button 803
still down?
transform ray thru eye & 805

current mouse X,y into model space

!

intersect ray with the plane |— 807

:

calculate ratio of original
and current hitpoint

I

multiply scale 811
transform by this ratio

I

redisplay object and
bounding box

809

| 813

Fig. 8



U.S. Patent

Dec. 24, 1996 Sheet 9 of 17

create cumulative
transform M from
separate scale, rotate _— 901
and translate transforms

'

display object by
transforming each
object vertex by
multiplying with M
and drawing lines
betweeen vertices

v

display bounding
box by transforming
each bounding
box vertex by
multiplying with M
and drawing lines
between vertices

Fig. 9

5,588,098



5,588,098

Sheet 10 of 17

Dec. 24, 1996

U.S. Patent

01 *Stq

(€19 99s) a1y (€12 998) 913y (118 99s) a1y
saBueypd sardde sa8ueypd sarjdde saBueyp sarpdde
I3¥oeI)} Je[suern Ipoen ajejor I9XOeI} 3[EdS
2001 S00t €001 1001
\ \/
adedg prrom aoedg pareog aoedg [9poN

uLIojsuer;
uorje[suel],

WLIOJSue)
uonejoy

(urrojsuel} aApe[NWND)

LS = N

wiIoJsuer;
aess



U.S. Patent Dec. 24, 1996 Sheet 11 of 17 5,588,098

Fig. 11



U.S. Patent Dec. 24, 1996 Sheet 12 of 17 5,588,098
1205

Y \ Y4
T RAY
LESSER FACE
VALUE .
(POLARITY=0) — X

GREATER FACE
VALUE
FIG. 16 2 (POLARITY=1)



U.S. Patent Dec. 24, 1996 Sheet 13 of 17 5,588,098
Y
A
44— Left —p4——Middle—P4—Right—p|
/ max
TLC TE TRC
(Top Left Top Right :
Corner) (Top Edge) (Coli'neg / Ymax - inset
LE C RE
(Left Edge) (Center) (Right Edge) /Ymin + inset,,
BLC BE BRC
{Bottom Left Bottom Edge (Bottom Right Y. -
Corner) ( ge) Corner) / min
X X X x
X min X min+ inset Xmax - insetx Xmax

[INSETy = (Xmax - Xmin ) * FACELINE PERCENTAGE]

[INSETY =(Y max - Ymin ) * FACELINE PERCENTAGE]

Fig. 14



U.S. Patent Dec. 24, 1996 Sheet 14 of 17 5,588,098

TLC TE TRC Top 4(0100)
6 4 5
LE C RE Vertical 100 >"UP-D0WN"
5 Center bits
0 1
BLC BE BRC Bottom 8 (1000)
10 8 9 d
Left Horizontal Right
Center
2 0 1
10) (00) (01)
\V4
"SIDEWAYS"
bits

Fig. 15



U.S. Patent Dec. 24, 1996 Sheet 15 of 17 5,588,098

Fig. 17



5,588,098

Sheet 16 of 17

Dec. 24, 1996

U.S. Patent

8L °

urguro

114

3

x0q Surpunoq
JO UOT}09S SSOID

SIM220 uorjejor yorym ur auerd

317




5,588,098

Sheet 17 of 17

Dec. 24, 1996

U.S. Patent

ur3uio

3

x0q 3urpunoq
Jo a0¥]

112 q

SIND20 uoneIoI Yorym ut auerd

61 314




5,588,098

1

METHOD AND APPARATUS FOR DIRECT
MANIPULATION OF 3-D OBJECTS ON
COMPUTER DISPLAYS

This is a continuation of application Ser. No. 08/329,695,
filed on Oct. 26, 1994, and now abandoned, which is a
continuation of the prior application Ser. No. 07/796,198,
filed on Nov. 22, 1991, and now abandoned.

FIELD OF THE INVENTION

The present invention relates to the field of manipulation
of 3-D objects on computer displays. More specifically, the
present invention relates to the field of manipulation of a 3-D
object displayed on a computer display with kinesthetic
feedback to the user directing the manipulation.

BACKGROUND OF THE INVENTION

Many prior art computer systems include computer con-
trolled display systems which utilize bit-mapped displays
which typically present a graphic image to the user of the
computer system. In these computer controlled display
systems, a bit-mapped image appears on a display means,
such as a cathode ray tube (CRT) or liquid crystal display
(LCD); the bit-mapped image is typically generated and
stored in a frame buffer which acts as a memory for the
display system. In these display systems, the user typically
interacts with the computer system by manipulating a cursor
control means, such as a mouse. The user uses the mouse to
position a cursor on the bit-mapped image to select options
which are displayed under the control of the computer
system on the display means.

Advances in computer graphics have extended the range
of capabilities for the user. Objects can now be displayed in
three-dimensional (3-D) representation, for example in wire-
frame, solid and/or shaded forms.

While 3-D trackball input controller devices (or other 3+
dimensional input controller devices) have been utilized for
manipulating objects displayed in 3-D representation, they
are generally complex and expensive.

Various techniques utilizing two-dimensional (2-D) input
controllers such as a mouse have been developed for
manipulating objects displayed in 3-D representation.

A known technique utilizes graphically displayed X, Y,
and Z sliders which are adjusted by the user (for example,
with an input controller such as a mouse) to indicate the
amount of rotation about each axis independently. Typically,
only one slider is adjusted at any given time.

Another known technique involves the menu selection of
the axis about which rotation is desired. An input controller
such as a mouse is then moved in one dimension to indicate
the amount of rotation.

Still another technique involves holding down one of
three buttons on a mouse or a keyboard to select the axis of
rotation, and then moving a mouse in one dimension to
indicate the amount of rotation.

A still further technique involves selecting the object by
clicking on it with the mouse pointer and again using the
mouse pointer to drag a handle on the selected object in
order to move, re-shape, re-size, or rotate the object. Often-
times, with 3-D objects, only one or two dimensions can be
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An even further technique involves selecting a 3-D object
by clicking on it with the mouse pointer, using the mouse
pointer to make a menu selection as to a predefined type of
movement option desired and again using the mouse pointer
to drag a handle on the selected object in order to define a
movement of the selected predefined type of movement.
Typically, with 3-D objects, only one predefined type of
movement is available at a time in what is commonly known
as a modal form of operation.

An important consideration with known techniques for
manipulating displayed objects represented in 3-D form is
the lack of kinesthetic correspondence (or stimulus-response
compatibility) between the movement of the input controller
device and the object movement or direction of object
rotation. That is, the required movement of the input con-
troller device does not provide the sense of directly manipu-
lating the displayed object. Stated differently, known tech-
niques for manipulating displayed objects represented in
3-D form typically lack direct manipulation kinesthetic
correspondence whereby the 3-D displayed object being
manipulated continuously moves (is continuously re-dis-
played) with the mouse controlled pointer directing the
manipulation so that the pointer may remain on the same
location of the displayed 3-D object throughout the manipu-
lation.

A still further consideration is the inherent limitation of
the modal form of 3-D object manipulation which further
separates the user’s expectations regarding moving a real
world 3-D object from the experience of moving an image
of the 3-D object on a computer display due to having to
either select between alternative manipulation modes and/or
operate in different windows each containing different views
of the object to be manipulated.

SUMMARY AND OBJECTS OF THE
INVENTION

An objective of the present invention is to provide an
improved technique for manipulating objects displayed in
3-D representation with 2-D input controller devices which
provides for kinesthetic correspondence between input con-
troller motion and displayed object movement.

Another objective of the present invention is to provide an
improved technique for intuitively manipulating displayed
3-D objects such that the displayed 3-D object manipulation
emulates physical 3-D object manipulation.

A still further objective of the present invention is to
provide an improved technique for manipulation of dis-
played 3-D objects which provides for de-coupled object
rotation, both homogenous and non-homogenous object
scaling and object translation on a plane of the 3-D space.

An even further objective of the present invention is to
provide an improved technique for manipulation of dis-
played 3-D objects which provides for seamless transition
from one type of object manipulation to another type of
object manipulation whereby explicit manipulation tools
need not be selected between the object manipulations.

Another objective of the present invention is to provide an
improved technique for manipulation of displayed 3-D
objects which provides the user with visual clues as to the
manipulations available and to the means to facilitate such
manipulations.

The foregoing and other advantages are provided by a
method for manipulating an object displayed in three-di-
mensional representation on a computer controlled display
system having a computer and a display coupled to the
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computer, the method comprising the steps of providing a
user actuated input controller for selectively positioning a
reference indicator on the display, positioning the reference
indicator over the displayed object and signaling the com-
puter to activate a control movement mode, providing a
three-dimensional representation of a bounding region, posi-
tioning the reference indicator over a portion of the bound-
ing region sensitive to the presence of the reference indica-
tor, signaling the computer to activate a predefined control
movement type specified by the sensitive portion of the
bounding region under the reference indicator and reposi-
tioning the reference indicator to define a movement of the
predefined control movement type, and re-displaying the
displayed object in accordance with the defined movement
of the predefined control movement type.

The foregoing and other advantages are provided by an
apparatus for manipulating an object displayed in three-
dimensional representation on a computer controlled display
system having a computer and a display coupled to the
computer, the apparatus comprising means for positioning a
reference indicator over the displayed object and signaling
the computer to activate a control movement mode, means
for generating a three-dimensional representation of a
bounding region, means for signaling the computer to acti-
vate a predefined control movement type specified by the
sensitive portion of the bounding region under the reference
indicator and repositioning the reference indicator to define
a movement of the predefined control movement type, and
means for re-displaying the displayed object in accordance
with the defined movement of the predefined control move-
ment type.

Other objects, features, and advantages of the present
invention will be apparent from the accompanying drawings
and from the detailed description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example
and not limitation in the figures of the accompanying
drawings, in which like references indicate similar elements,
and in which:

FIG. 1 depicts a generalized block diagram of a computer
system as might be used by the present invention;

FIG. 2 depicts the object model coordinate system as used
by the present invention;

FIG. 3 depicts a 3-D representation of an object and some
alternative embodiments of an object surrounded by a
bounding box;

FIG. 4 depicts the active zone layout of the preferred
embodiment of the present invention and some of the object
and bounding box manipulations supported by the present
invention;

FIG. 5 is a flowchart depicting the sequence of steps
preparing to handle a user manipulation;

FIG. 6 is a flowchart depicting the translation manipula-
tion sequence of steps;

FIG. 7 is a flowchart depicting the rotation manipulation
sequence of steps;

FIG. 8 is a flowchart depicting the scaling manipulation
sequence of steps;

FIG. 9 is a flowchart depicting the sequence of steps to
re-display a manipulated object and bounding box;

FIG. 10 depicts the transformation relationships of the
present invention;
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FIG. 11 depicts the further visual dues of a changing
pointer as provided by alternative embodiments of the
present invention;
FIG. 12 depicts the further visual clues for a rotation
manipulation as provided by alternative embodiments of the
present invention;

FIG. 13 depicts the further visual clues for a translation
manipulation as provided by alternative embodiments of the
present invention;

FIG. 14 depicts the active zone layout and determination
of which active zone was selected by the user;

FIG. 15 depicts the indexing scheme of the active zone
layout and determination of which active zone was selected
by the user;

FIG. 16 depicts the polarity of the selected bounding box
face of the present invention;

FIG. 17 depicts the translate-pull manipulation alternative
embodiment of the present invention;

FIG. 18 depicts the rotation manipulation determination
of the preferred embodiment of the present invention; and

FIG. 19 depicts the scaling manipulation determination of
the preferred embodiment of the present invention.

DETAILED DESCRIPTION

The present invention generally involves the manipula-
tion of a computer displayed object represented in three-
dimensional form, and it would be helpful to provide a brief
discussion of the pertinent computer environment. FIG. 1 is
a generalized block diagram of an appropriate computer
system 10 which includes a CPU/memory unit 11 that
generally comprises a microprocessor, related logic cir-
cuitry, and memory circuits. A keyboard 13 provides inputs
to the CPU/memory unit 11, as does two-dimensional input
controller 15 which by way of example can be a mouse, a
2-D trackball, a joystick, a stylus, a touch screen, a touch
tablet, etc. Disk drives 17, which can include fixed disk
drives, are used for mass storage of programs and data.
Display output is provided by a video display 19.

Referring now to FIG. 2, the object viewed on the video
display 19 can be referenced for convenience relative to an
orthogonal coordinate system (having X, Y and Z axes)
called the model coordinate system (or model space) that has
its origin at the center of rotation of the object.

For ease of understanding, the following discussion will
be in the context of using a two-dimensional input controller
15 that is 2 mouse (used in the preferred embodiment of the
present invention), but it should be readily appreciated by
those skilled in the art that the disclosed techniques can be
implemented with other 2-D or 3-D (or even greater num-
bers of dimensions) input controller devices.

A mouse controls the position of a mouse pointer (e.g., a
reference indicator such as a cursor) that is displayed on the
video display. The pointer is moved by moving the mouse
over a flat surface, such as the top of a desk, in the desired
direction of movement of the pointer. Thus, the two-dimen-
sional movement of the mouse on the flat surface translates
into a corresponding two-dimensional movement of the
mouse pointer on the video display.

A mouse typically has one or more finger actuated control
buttons. While the control buttons can be utilized for dif-
ferent functions such as selecting a menu option pointed to
by the pointer, the disclosed invention advantageously uti-
lizes a single mouse button to select a 3-D object and to trace
the movement of the pointer along a desired path. Specifi-
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cally, the pointer is located at the desired starting location,
the mouse button is depressed to signal the computer to
activate a control movement mode, and the mouse is moved
while maintaining the button depressed. After the desired
path has been traced, the mouse button is released. This
procedure is sometimes referred to as dragging the mouse
pointer. It should be appreciated that a predetermined key on
a keyboard could also be utilized to activate dragging the
mouse pointer.

In the present invention, when a 3-D object displayed on
a visual display of a computer system is selected by the user,
a 3-D “virtual box” or “bounding box” appears on the visual
display such that the bounding box completely surrounds the
3-D object. One might view the bounding box as a glass box
enclosing the selected object. The bounding box thus signals
the user that the 3-D object has been selected. Further, the
bounding box allows for direct manipulation of the enclosed
3-D object as will be explained below. Note that it is well
within the scope of the present invention to provide a
bounding region having a shape other than a generally
rectangular or box shape. Such a bounding region could be
of any of a great number of shapes including oblong, oval,
ovoid, conical, cubic, cylindrical, polyhedral, spherical, etc.

Direct manipulation of the 3-D object, which manipula-
tion generally comprises moving, scaling, or rotating the
object, can be accomplished in different ways depending
upon which embodiment of the present invention the user
has chosen and which implementation is supported by a
given computer system.

Referring now to FIG. 3, a 3-D representation of an object
301, in this case a wing back chair, is shown as displayed on
the visual display of a computer system. When the user
selects chair 301, by moving the mouse until the pointer 302
is on the chair and clicking on the chair by pressing the
mouse button (or using a keyboard equivalent), the chair is
surrounded by a bounding box 303. Alternative embodi-
ments include a bounding box 305 with hands, a bounding
box 307 with handles, and a bounding box 309 with active
zones (or hot zones), as is explained more fully below.

In the preferred embodiment of the present invention, the
bounding box 303, which appears as a result of the user
selecting the 3-D object 301 and as was stated above, is a
3-D transparent box which completely surrounds the
selected 3-D object 301. The bounding box 303 is thus, at a
minimum, a visual clue to the user that the 3-D object has
been selected.

With the bounding box 305 with hands embodiment, the
user is given further clues as to what manipulations are
possible with the selected object. Not only is the user
informed that the 3-D object 301 has been selected, but the
user is also given indications as to what manipulation
operations might be possible with the selected object. The
top hand 311 of the bounding box 305 appears to be pulling
the bounding box up (or pushing down or both) and thus
indicates to the user that the 3-D object can be lifted. The
hands 313 around the base of the bounding box 305 appear
to be pushing or pulling the bounding box around in a circle
and thus indicate to the user that this 3-D object can be spun
around if so desired.

A similar situation exists with the bounding box 307 with
handles. Again, the user is given clues as to what manipu-
lation operations might be possible with the selected object.
The top handle 315 of the bounding box 307 appears to be
available for grabbing and pulling the bounding box up
(and/or pushing the bounding box down) and thus tells the
user that the 3-D object can be lifted up or down. The
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handles 317 around the base of the bounding box 307 appear
to be available for pushing or pulling the bounding box
around in a circle and thus tell the user that this 3-D object
can be spun around if so desired.

With the bounding box 309 with active zones, the user is
given different clues (and, as will be explained below, some
of these clues are user selectable to thus lessen any visual
clutter which may exist with the visible active zones). Again,
the bounding box tells the user that the 3-D object has been
selected. Further, additional lines on the bounding box tell
the user that there are different active, or hot, zones available
to be used. .

Placement of manipulation controls directly on the bound-
ing box in positions which mirror those places one would
touch a similarly shaped object in the real, physical world
makes interaction with the displayed 3-D object more intui-
tive. In the preferred embodiment of the present invention,
the location of the rotation controls along the edges of the
bounding box (where two faces meet) provides users with
particularly intuitive rotation control based on the user’s real
world experiences. It is common to turn real world objects
by grabbing onto a good “hand-hold” such as an exposed
corner and pushing or pulling the objects around in a desired
direction. The edges of a real box shaped object thus
function as hand holds for rotation. Similarly, the edges of
the bounding box function as intuitive “cursor holds” for
rotation. Users intuitively “push” or “pull” on the edges of
the displayed bounding box with the reference pointer to
achieve object rotation.

Still further embodiments of the present invention would
further support spring-loaded object manipulations (as is
explained below) by providing additional manipulation
clues to the user. FIG. 11 shows the pointer changing to a
curved arrow indicating rotation manipulations in the case of
a rotation active zone selection, to crossed arrows indicating
the plane of movement in the case of a translation active
zone selection and to an enlarging arrow indicating that
dimensions are to be affected in the case of a scaling active
zone selection. FIG. 12 shows a selected object’s bounding
box 1201 of an alternate embodiment of the present inven-
tion displaying a circle 1203 (or ellipse when the object and
bounding box are in a perspective view) when a rotation
active zone is selected to thus indicate the rotation possi-
bilities with a given rotation active zone. The displayed
circle 1203 could further display a curved arrow 1205
around a portion of the circumference of the displayed circle
1203 to thus signal the user as to the manipulations possible
with the selected, rotation active zone. Similarly, with trans-
lation manipulations, FIG. 13 shows a translucent plane
1301 which would be displayed to thus indicate the plane of
translation available with a given selected translation active
zone. Again, with spring-loaded active zones (further
explained below), whenever the user stops pressing the
mouse button the manipulation icon or rotation circle would
no longer be displayed and the original pointer would again
be displayed.

Referring now to FIG. 4, a bounding box with active
zones 401 is shown. It should be appreciated by one with
ordinary skill in the art of the present invention that although
the preferred embodiment of the present invention utilizes a
bounding box represented as a wireframe with no back lines
visible and with the object remaining visible within the
bounding box (e.g., bounding box 309 in FIG. 3), the back
lines of the bounding box could also be displayed or the
bounding box could even be displayed as a solid (no back
faces or lines visible) with the object inside either visible (a
transparent solid bounding box), not visible (an opaque solid
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bounding box), visible yet faint or greyed out (a translucent
solid bounding box), etc., all as alternative embodiments
which could be user selectable. Note, however, that no
object is shown within the bounding box in the figure so as
to avoid any potential visual clutter (which option could be
user selectable in a still further alternative embodiment of
the present invention).

In the preferred embodiment of the present invention,
each face of the bounding box with active zones 401 is
divided into 9 active zones. Clicking the pointer in any one
of these active zones and dragging will result in moving,
rotating, or scaling the bounding box (along with the 3-D
object within the bounding box) depending upon which
active zone is selected.

The bounding box 401 with active zones allows various
paradigms for 3-D object manipulation. To scale the 3-D
object the user grabs a corner of the bounding box and pulls.
To rotate the 3-D object the user grabs an edge of the
bounding box and turns the bounding box. To move (trans-
late) the 3-D object the user grabs a face of the bounding box
and slides the bounding box.

And again, with a bounding box, the user need not worry
about where within an active zone to grab a particular 3-D
object (regardless of object shape) in order to perform any
one of the desired manipulations because the bounding box
provides a consistent user interface across all object shapes.
For example, if the 3-D object is a floor lamp, the user need
not worry about whether it is “proper” to pick up the lamp
by the shade, the base, or the pole. This is because the
bounding box consistently defines the available actions and
‘means to perform those actions. In other words, when faced
with individual objects of varying shapes and contours, each
user has a different idea of how the object should be
“touched” with the reference pointer in order to directly
manipulate the object. By allowing the user to control any
object by directly manipulating the object’s 3-D bounding
box upon selection, the user need only learn how to interact
with that one simple box shape. This provides for a consis-
tent approach and interface to controlling any object shape.
Furthermore, the interface is reinforced by each object
manipulation.

Still further, the use of a 3-D bounding box improves user
perception of the virtual 3-D screen space in which objects
are displayed. When viewing 3-D projections of objects on
a flat 2-D screen space, it is oftentimes difficult for users to
perceive the depth and volume of objects. The wire frame
bounding box has a contour that is more easily understood
as a 3-D object by the user than are other more complex or
subtly shaped objects.

The bounding box with active zones 401, as shown in
FIG. 4, shows the manipulations possible by clicking and
dragging in the various active zones. The chosen operation
(scale, rotate, or move) is determined by the active zone in
which the user clicks. The axis or axes along which the
bounding box is scaled, rotated, or translated is/are chosen
according to the particular active zone and face which is
clicked on.

Further, it is important to note that these manipulations are
not limited to only one face of the 3-D object but rather are
available for each visible face (which can range from one to
three faces depending upon the current orientation of the
3-D object). It is also important to note that the particular
manipulations for each active zone (as well as the number
and type of active zones) could be user selectable such that
the corner active zones, for example, perform rotation
manipulations instead of scaling manipulations as is shown
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in the embodiment of FIG. 4. Furthermore, in the preferred
embodiment of the present invention, the visible lines delin-
eating the active zones on the bounding box are optionally
drawn a user settable distance or percentage in from each
face edge of the bounding box (the “inset” as is explained
more fully below) thus providing users with an explicit view
of the active zone layout as well as allowing users to alter the
relative sizes of the active zones. It should be appreciated by
one with ordinary skill in the art that alternative active zone
layouts and locations as well as having greater or fewer
active zones (or to not show the active zones on the
bounding box) is well within the scope of the present
invention.

Bounding box with active zones 403 shows some of the
move or translate manipulations available by clicking and
dragging on the move active zone of the left front face of
bounding box 401. The move manipulation allows moving
the bounding box along with the 3-D object inside across the
plane of the chosen face of the bounding box. Note that the
bounding box 403 with active zones can be moved anywhere
within the chosen plane and is not limited to the direction of
the arrows in the figure.

Note that in an alternative embodiment object translation
would occur relative to the location of another 3-D object.
In this way, manipulation of a 3-D object in a room model
space would be performed relative to the object’s “resting
plane” which would be the floor of the room in the case of
a chair object but would be a wall in the case of a hanging
picture object. Furthermore, in this alternative embodiment,
translations would be limited to sliding in two dimensions
parallel to the resting plane and lifting would be limited to
a path perpendicular to the floor.

Bounding boxes 405 and 407 with active zones show
some of the rotate manjpulations available by clicking and
dragging on the rotate active zones of the front, top, or right
side faces of the bounding box 401 with active zones. The
rotate manipulation allows rotating the bounding box along
with the 3-D object inside around one of the three axes of the
bounding box and the object within it. Bounding box 405
depicts rotation around the object’s Y axis using the left or
right active zones. Bounding box 407 depicts rotation
around the object’s X axis using the top or bottom active
zones. Note that the rotation active zones are arranged so
that clicking on either side near an edge will result in
rotations around the same axis which makes the selection
less sensitive to minor locational inaccuracies by the user
and also provides for greater user interface consistency.

The preferred embodiment of the present invention pro-
vides for decoupled rotations about the three (X, Y and Z)
axes. De-coupled rotations require rotations to occur around
a single axis at a time. In many 3-D object manipulation
tasks (for example, arranging a scene containing a number
of objects), rotating objects around a single axis at a time can
be more inmitive than dealing with a coupled rotation
around an arbitrary axis in 3-D space because rotating
objects around a single axis at a time provides a more
predictable object orientation manipulation.

Bounding box 409 with active zones shows some of the
scaling manipulations available by clicking and dragging on
the scaling active zones on the front face of bounding box
401. The scaling manipulation allows re-sizing the bounding
box along with the 3-D object inside across one or two
dimensions of the chosen face of the bounding box. Of
course, re-sizing the bounding box along with the 3-D object
it contains across one or two dimensions of the chosen face
alters the relative dimensions of the bounding box and object
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and is thus a non-homogenous scaling operation. An alter-
native embodiment of the present invention (user selectable
by e.g., depressing a key on the keyboard, making a menu
selection, setting a preference option, etc.) provides re-
sizing (as opposed to re-shaping) the bounding box along
with the object it contains across all three dimensions thus
maintaining the relative dimensions of the bounding box and
object and is thus a homogenous scaling operation. Please
note that homogenous scaling operations would also tolerate
greater user active zone selection inaccuracies because the
same re-sizing operation would result from selecting any
one of the up to three (depending upon bounding box
orientation) displayed scaling active zones of a given bound-
ing box corner.

In the preferred embodiment of the present invention, the
bounding box with active zones thus provides what might be
termed nine degrees of freedom: movement in three direc-
tions (up to two concurrently); rotation about any one of the
three axes; and scaling along three directions.

Note that displaying the active zones of bounding box 401
(and bounding box 309 of FIG. 3) could be user selectable.
Displaying the lines delineating the active zones could be
used as a beginner mode which the user could turn off after
becoming more experienced. In this way, when the user has
become more proficient with 3-D object manipulation via
bounding boxes with active zones, visually delineating the
separate active zones could be turned off and the bounding
box with active zones could be displayed as merely a
bounding box as in 303 of FIG. 3. A more proficient user,
who would likely be working with more complex 3-D
objects, could thus choose simpler bounding boxes without
delineated visible active zones.

An advantage of the bounding box with active zones
(whether visible or not) is its lack of fixed modality. With the
active zone bounding box implementation (and also with the
alternative embodiments depicted in FIG. 3), it is not
necessary to explicitly enter a “rotation mode,” a “scaling
mode,” or a “move mode,” via special commands, key-
strokes, or palette selections. Instead, each transient “mode”
is merely a temporary condition which is entered “on-the-
fly” by clicking on one of the active zones (or handles in the
alternative embodiments) and is exited by releasing the
mouse button and might thus be termed “spring-loaded.”
Thus the particular manipulation “mode” chosen is only
active while the mouse button remains pressed down.

This lack of fixed modality can speed up user interaction
because a translation (move) can immediately follow a
rotation, for example, without requiring extra user actions
that might break the flow of interaction or the user’s train of
thought. Obviously, the less the user has to stop and think
about how to do that which the user wishes to do, the more
intuitive, seamless and simple it is for the user to complete
the desired task. Furthermore, the preferred embodiment of
the present invention allows these various sequential
manipulations of the selected object to all be performed
within a single window on the computer’s display. In this
way, the user need not worry about whether the current
window is the right window for a particular manipulation
type.

Still further, the bounding box provides direct manipula-
tion capability which further increases its intuitiveness.
Because the manipulation, be it moving, scaling, or rotating,
is constrained to only one or two of the three possible axes
of the 3-D object, every position on the box specifies exactly
one particular movement, rotation, or scaling value. If the
user keeps the pointer “pinned” to the spot on the bounding
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box originally clicked, the bounding box will appear to
smoothly track the pointer movement. This thus further
provides the desired kinesthetic feedback of direct locational
coupling between the user motion and the 3-D object display
motion which thus increases user intuitiveness.

Still further, it should be appreciated that the manipula-
tions of the present invention are performed in an absolute
sense rather than in a relative sense. An absolute manipu-
lation bases the current object position on the difference
between the current object position and the original object
position. Stated differently, the transformation for an abso-
lute manipulation is a gross determination of the current
position versus the original position of all of the object
movements made by the current manipulation. Conversely,
relative manipulations determine the current object position
as an incremental difference from the previous object posi-
tion. Stated differently, the transformation for a relative
manipulation is an incremental determination of the current
position versus the last position, or each small incremental
object movement made by the current manipulation. The
importance of using absolute manipulation determinations is
the improved user intuitiveness. The improved user intu-
itiveness is due to the result of absolute determinations
wherein when a user returns the pointer to the original
location in an object manipulation, the object is returned to
its original orientation because the gross difference is zero.
Conversely, if relative determinations were used, the user
could return the pointer to the original location in an object
manipulation yet the object might not return to its original
orientation because the incremental differences might not be
zero. The ability of the present invention to always return the
object being manipulated to its original orientation if the
user returns the pointer to the starting point of the manipu-
lation thus provides greater user intuitiveness. Therefore,
absolute manipulation determinations provide an “on the
fly” undo capability because the user is able to undo an
object manipulation by merely returning the pointer to its
starting point.

Generally, in the art of the present invention, the object to
be manipulated is either in world space coordinates or in
model space coordinates which are passed through trans-
forms in order to reach world space coordinates as is
explained more fully below (and either way the object must
also pass through a viewing transform as is well known in
the art) in order to be displayed. In the preferred embodi-
ment of the present invention, the object is stored in model
space coordinates in order to facilitate more efficient
manipulation calculations. Therefore, the object must first
pass through a transformation, which translates the object to
world space, before being displayed on the computer dis-
play.

In the preferred embodiment of the present invention, this
transformation from model space to world space is repre-
sented as three separate transformations; one for scaling, at
least one for rotation (alternative embodiments support
multiple rotation transforms, as is explained more fully
below), and one for translation. The concatenation (in this
order, as will be explained below with reference to FIG. 10)
of these three transforms forms the complete transformation
from model space to world space.

The scale and translation transforms, in the preferred
embodiment of the present invention, are separately stored
as 3-D vectors and the rotation transform is stored as a 3x3
matrix. Storing the transforms separately allows changing
any component of the three separate transforms without
affecting the other transforms. The alternative (storing a
single transformation matrix) is less efficient because it
would require additional matrix computations.
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As was explained above, in the preferred embodiment of
the present invention, after an object has been selected and
the bounding box is displayed the user can manipulate the
bounding box and the object it contains by clicking on one
of the spring-loaded active zones and dragging the bounding
box in the desired direction of manipulation. Referring to
FIG. 5, the user manipulation steps will now be described.
After the object has been selected and the mouse button is
again pressed 501, the next determination that needs to be
made is whether the user is selecting an active zone in order
to manipulate the bounding box and object or, alternatively,
the user is deselecting the bounding box. The x and y
coordinates of the pointer location when the user pressed the
mouse button down are used to create a ray from the
eyepoint into the screen at that x,y pointer location 503.

Please note that creation of such a ray is well known in the
art and utilizes a basic formula that many ray tracing image
generation schemes use. In those schemes, the screen plane
is scanned and a viewing ray is created for each pixel of the
image. In the preferred embodiment of the present invention,
such a ray is created after each mouse button click when an
object is selected.

Then, because the object is maintained in model space and
the calculations in the preferred embodiment of the present
invention are performed in model space (which is compu-
tationally more efficient), the ray is transformed into model
space 505. The ray is defined by its origin, which is equal to
the camera position or “eyepoint,” and its direction. The
direction vector of the ray is constructed by concatenating
the vector (x,y,vd) with the 3x3 submatrix of M, where vd
is the viewing distance (the distance from the projection
plane to the eyepoint of the virtual camera) and M is the
transpose of the 4x4 viewing matrix of the virtual camera.
The ray is then transformed into the object’s local coordinate
system (model space) by multiplying both the ray’s origin
and direction with the inverse of the current transformation
matrix (formed by concatenating the three transforms, one
for each of scale, rotate and translate, as is explained more
fully below).

Once the ray from the eyepoint into the screen at x,y is
transformed into model space it can then be determined
whether the user had the pointer placed over the bounding
box when the mouse button was pressed (to thus perform a
manipulation). This is accomplished by finding the nearest
intersection of the bounding box with the ray 507. Given a
viewing ray (origin and direction) in 3-D space, a 3-D
axis-aligned bounding box (where the planes/faces of the
bounding box are perpendicular to the coordinate axes; note
that this is also known as “canonical”) with extents given by
boxMin and boxMax (the coordinate-wise numerical
minima and maxima, respectively, of the bounding box), and
a 4x4 modeling transformation on the bounding box (in the
preferred embodiment of the present invention a concatena-
tion of a scaling, a rotation and a translation transformation
as was explained above and as will be further explained
below), finding the intersection of the ray with the nearest
face of the bounding box is a relatively simple matter which
is well known in the art (see e.g., “Fast Ray-Box Intersec-
tion” by Andrew Woo, in Graphics Gems, Andrew Glassner,
ed., Academic Press, 1990, or “Essential Ray-Tracing Algo-
tithms” by Eric Haines, in An Introduction to Ray Tracing,
Andrew Glassner, ed., Academic Press, 1989).

In the preferred embodiment of the present invention and
as was explained above, instead of intersecting the original
viewing ray with a plane of the transformed bounding box,
the viewing ray is inverse-transformed into the model space
of the axis-aligned bounding box. This causes intersections
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to then occur with axis-parallel planes which thus simplifies
the calculations. In the preferred embodiment of the present
invention, a 3-D version of the Woo algorithm described in
Graphics Gems (citation above) is used. Furthermore, only
those faces of the box visible to the virtual camera need to
be tested for intersection. Thus, there is at most one inter-
section between the visible faces and the viewing ray. The
position of this intersection point, as well as a number of
other variables as discussed below with respect to particular
manipulations, is then recorded. Please note that in an
alternative embodiment the dimensions of the face planes
are extended slightly outward when the intersection calcu-
lations are performed because some users might expect to hit
a bounding box edge even when they hit dose to the edge yet
are still just outside the bounding box.

If no face of the bounding box is hit by the ray (no
intersection is found between the viewing ray and any
visible face of the bounding box), which merely means the
user moved the pointer to another area of the screen before
pressing the mouse button, then in the preferred embodiment
of the present invention the object is de-selected and the
bounding box would disappear (“‘stop” at step 509).

Conversely, if a face of the bounding box is hit by the ray
(there is an intersection between the viewing ray and a
visible face of the bounding box), then in the preferred
embodiment of the present invention the intersection points
in the 2-D coordinate space of the face that was hit are used
to determine which and what type of active zone was hit.

In the preferred embodiment of the present invention each
face of the bounding box is subdivided into nine active zone
rectangular subregions which thus makes it a simple matter
to determine in which of the nine regions the hitpoint lies
511. In the preferred embodiment of the present invention,
an index scheme is used to indicate which active zone was
selected. Referring now to FIG. 14, because it is already
known that a face of the bounding box was hit, in the
preferred embodiment of the present invention determining
which particular active zone is selected uses the following
steps for each coordinate axis of the hit face:

ZONE = 0 (0000 in binary);
For the X axis:

is X > Xmin + inset,?

yes: is X > Xmax — inset,?

yes:  hitpoint is in right portion of hit face

ZONE = ZONE + 1 (01 in binary)
hitpoint is in middle portion of hit face
ZONE = ZONE + 0 (00 in binary)
hitpoint is in left portion of hit face
ZONE = ZONE + 2 (10 in binary)
For the Y axis:

no:

no:

is Y > Ymin + inset,?
yes: is Y > Ymax — inset,?

yes:  hitpoint is in top portion of hit face
ZONE = ZONE + 4 (0100 in binary)
hitpoint is in middle portion of hit face
ZONE = ZONE + 0 (0000 in binary)
hitpoint is in bottom portion of hit face
ZONE = ZONE + 8 (1000 in binary)
Please note that X and Y in the above determinations should
everywhere be replaced by appropriate indices determined by the
coordinates of the current hitface, as was stated above.

no:

no:

Referring now to FIG. 15, by either logically OR’ing or
numerically adding the resulting values, an index value is
generated which indicates which particular active zone was
selected. For example, if the bottom left corner active zone
(scaling, in the preferred embodiment of the present inven-
tion) is selected, then the X axis determination would yield
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a value of 2 (10 in binary) and the Y axis determination
would yield a value of 8 (1000 in binary). In that case, the
resulting index value of the selected active zone hitpoint
would be 10 (1010 in binary). Similarly, if the right edge
active zone (rotation in the preferred embodiment of the
present invention) is selected, then the X axis determination
would yield a value of 1 (01 in binary) and the Y axis
determination would yield a value of O (0000 in binary). In
that case, the resulting index value of the selected active
zone hitpoint would be 1 (or 0001 in binary).

The classification (which manipulation type: scale, rotate
or translate) of which of the nine active zones of the
preferred embodiment of the present invention was hit is
stored. Also stored, as is well known in the art, is the index
of the axis that is perpendicular to the face that was hit. By
assigning each axis to an index value (X=0, Y=1 and Z=2),
it is a simple matter to determine the other two axes given
any one of the three by merely adding 1 and 2 respectively
to the index of the given axis and taking the result modulo
3. Finally, a flag specifying which of the two parallel faces
of the box along this axis was hit (the “polarity™) is stored.
Referring now to FIG. 16, the polarity refers to the face, of
the two parallel faces, of the bounding box having the
greater face value along the axis perpendicular to the hit
face. Please note that determination of the axis perpendicular
to the hit face, determining the polarity of the hit face, and
using indices for coordinate axes are techniques well known
in the art. Together, these three variables completely deter-
mine the active zone that was hit (note that in total there are
9 active zones per box face and 6 box faces and therefore a
total of 54 active zones in the preferred embodiment of the
present invention).

If a translation zone was hit by the viewing ray then a
translation manipulation will be caused by any further
movement of the mouse while the user continues to hold the
mouse button down. This is discussed below with reference
to FIG. 6. However, if a rotation zone was hit by the viewing
ray then a rotation manipulation will be caused by any
further movement of the mouse while the user continues to
hold the mouse button down. This is discussed below with
reference to FIG. 7. Lastly, if a scaling zone was hit by the
viewing ray then a scaling manipulation will be caused by
any further movement of the mouse while the user continues
to hold the mouse button down. This is discussed below with
reference to FIG. 8.

Referring to FIG. 6, the translation sequence will now be
described. Again, as was stated above, the calculated active
zone classification, the perpendicular axis and the polarity
are stored. The original three separate scaling, rotation and
transliation transforms (at the time the mouse button was first
clicked on the active zone) are also remembered. Finally, the
indices of the two axes of the face that was hit are also
stored. This is because in a translation manipulation the
bounding box, and the object it contains, will be moved
along the hit plane of these two axes.

After first determining that the user is still pressing the
mouse button down 603 (whereas if not then the translation
manipulation is exited) then a ray through the current cursor
x,y location is transformed into model space 605. In other
words, as long as the user is still pressing the mouse button,
it must next be determined what effect any movement of the
mouse as indicated by a change in pointer location would
have on the bounding box and the object it contains. This is
accomplished by first creating a ray from the eyepoint
through the current mouse pointer x,y location and translat-
ing that ray into the model space of the object. This ray
translation, as was explained above with reference to the
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active zone selection, is achieved by an inverse transform
which thus simplifies the following calculations because all
box-planes are axis-parallel in model coordinate space.

Then it is determined where the translated ray intersects
the plane of the selected face and active zone 607. The
equations for the planes through the hit face are simple in
model coordinates:

axis perp. to hit face plane equation (in normal, distance form)

x n=[100],d=-IP,
y n={010],d=-IP,
z n=[001],d=-IP,

where IP is the 3-D intersection point of the original
(“mouse-down”) viewing ray which selected the bounding
box active zone in model space coordinates. To intersect a
plane (n,d) with a viewing ray in model space coordinates
(origin', direction’), one must first calculate the parametric t
along the ray where the intersection occurs:

t=—(n*origin'+d/nedirection’)

where * denotes the dot product. Please note, however, that
in the preferred embodiment of the present invention, full
dot products are not necessary because the plane normals n
are very simple because the zeroes cancel out and hence
two-thirds of the calculations need not even be made. To get
a 3-D intersection point, t must merely be back-substituted
into the ray equation such that:

IP=origin+t+direction’

Now IP is the new intersection point in model space
coordinates. Again, in the preferred embodiment of the
present invention, only two of the three coordinates of the
new IP need to be calculated because the third coordinate
stays constant as the bounding box and the object it contains
moves in the chosen plane.

This thus provides two intersection points in the plane the
bounding box and the object it contains are to be translated
in: the original hitpoint that was stored in step 601 and the
current hitpoint just now determined in step 607. Next the
difference between these two hitpoints is calculated 609.
This difference, which represents the amount of movement
or translation the user has indicated via movement of the
mouse pointer, is then transferred into scaled, rotated coor-
dinates 611. This is done in order to operate in translate
space (as is explained more fully below with reference to
FIG. 10).

The new translation is added to the original translation
transformation and the translation transformation is set to
this sum 613. In other words, the new translation is added to
the original translation transformation in order to create a
new combined translation transformation which includes the
user’s latest manipulations.

Now that the translation transform includes the latest user
manipulation, the bounding box and the object it contains
can be re-displayed 615. Referring now to FIG. 9, re-
displaying the bounding box and the object within it is
achieved by first creating a cumulative transform M from the
current three separate scale, rotate and translate transforms
901. Then the object is re-displayed, in the preferred
embodiment of the present invention, by transforming each
vertex of the object from model space to world space by
multiplying the vertices by M, passing the transformed
object vertices through a viewing matrix V (which defines
where the camera is located, where the camera is pointed,
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the focal length of the lens, and the camera screen geometry;
please note that these techniques are well known in the art)
and drawing lines between the transformed object vertices
903. Finally, to re-display the bounding box, in the preferred
embodiment of the present invention, each vertex of the
bounding box is transformed by multiplying the vertices by
M and the viewing matrix V and drawing lines between the
transformed bounding box vertices 905.

Referring again to FIG. 6, after re-displaying the object
and bounding box 615, the mouse button is again checked
603 to determine whether the user has finished all current
translation manipulations. If the user has finished all current
translation manipulations, the user will no longer be press-
ing the mouse button. However, if the user has not yet
finished all current manipulations then the user will still be
pressing the mouse button and the same sequence of steps
605 through 615 will be followed. In this way, the bounding
box and the object within it will appear to the user to
continuously move, or translate, across the screen as the user
moves the pointer with the mouse while continuing to hold
the mouse button down. These continuous movements will
only pause while the user stops moving the mouse and will
only stop when the user stops pressing the mouse button
down.

In an alternative embodiment, a gridding capability is
provided whereby movements would be constrained along
box coordinate system axes so as to stay on the intersections
of a three-dimensional grid. In a further embodiment, the
gridding is enabled after the intersection point is trans-
formed into world space, resulting in gridding in world
space which would thus not be affected by the orientation of
the bounding box in model space. In a still further embodi-
ment, a constrain mechanism is triggered by, for example,
the user holding down a particular (e.g., shift) key (or
making a menu selection or setting a preference option)
when pressing the mouse button to select an active zone and
manipulate the bounding box and object within. The shift-
constrain mechanism would constrain the bounding box and
object to movements which lie along the one axis which has
the larger translation component at the time the shift key is
pressed. A still further alternative embodiment would limit
translation to a specified volume in 3-D space. For example,
when moving a chair in a room on the visual display the
chair would be limjted by the room boundaries.

A further embodiment still, referring now to FIG. 17,
provides a translate manipulation with one degree of free-
dom where this one degree of freedom is perpendicular to
the two degrees of freedom enabled by the translate-slide
manipulation. This one degree of freedom is perpendicular
to the selected face of the bounding box and is known as a
“translate-pull” manipulation. In the translate-pull manipu-
lation, invoked by holding down the option key while
clicking the button when the pointer is positioned over a
translate active zone, the bounding box and the object within
it are moved in a direction perpendicular to the chosen face
in order to provide a direct lifting action. Please note that this
embodiment could be an alternative default setting rather
than being enabled by holding down the option key.

Referring to FIG. 7, the rotation sequence will now be
described. Again, as was stated above, the calculated active
zone classification, the axis and the polarity are stored. The
original three separate scaling, rotation and translation trans-
forms—at the time the mouse button was first clicked on the
active zone—are also saved 701. Finally, the index of the
axis around which rotation will occur is also stored. This is
because in a rotation manipulation the bounding box and the
object it contains will be rotated around this axis. Please note
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that in the preferred embodiment of the present invention the
center line of the bounding box, which passes through the
origin of the mode space coordinate system, is the axis of
rotation. Alternative embodiments support moving the axis
of rotation elsewhere within the box, for instance to an edge
of the bounding box, and even to an axis outside of the
bounding box. Furthermore, in an alternative embodiment of
the present invention, an indicator such as a cross-hair or
visible rotation axis line would be displayed when a rotation
manipulation was selected to thus inform the user of the
current axis of rotation.

After first determining that the user is still pressing the
mouse button down 703 (whereas if the user has stopped
pressing the mouse button down then the rotation manipu-
lation is exited) then a ray through the current mouse x,y
location is transformed into model space 705. Please note
that this is accomplished in the same marner as step 605 in
the translation manipulation sequence.

Then it is determined where the translated ray intersects
the plane of the selected face and active zone 707. Please
note that this is accomplished in the same manner as step
605 in the translation manipulation sequence. This thus
provides two intersection points in the plane the bounding
box and the object it contains are to be rotated in: the original
hit point that was stored in step 701 and the current hit just
now determined in step 707.

Next, both the original hitpoint A and the current hitpoint
B are inverse-transformed through the scale transform 709.
Please note that it is important to include the scaling
transform (as was stated above) when calculating the inter-
section points A and B. This is because non-homogenous
scaling transforms would change the angles, so in the
preferred embodiment of the present invention angle o
(explained below) is calculated in scaled space. Please note
that because all operations can now be performed in model
space with axis-aligned planes, calculating this angle is
essentially two-dimensional and is thus computationally
more efficient than using a full 3-D algorithm. Referring
now to FIG. 18, two lines are formed from the origin 711 of
the bounding box, one line through the original intersection
point A of the original viewing ray with the bounding box
and one line through the intersection point B of the current
viewing ray with the rotation plane. The angle between them
is then determined by the equation:

o = arctangent (—A X B/A ¢ B)
if (A* B < 0), then
if (AxB<0)
a=0+7

else oa=oa-mn

where * is the dot product and x is the cross product.

Referring again to FIG. 7, this angle o is used to construct
a rotation matrix which is then preconcatenated into the
original rotation matrix (earlier stored, as was discussed
above with reference to step 701) and the rotation transform
of the bounding box is then set to this compound transform
713. Please note that this is explained more fully below with
reference to FIG. 10.

Lastly, now that the rotation transform includes the latest
user manipulation, the bounding box and the object it
contains cah be re-displayed 715. Please note that this is
accomplished in the same manner as step 615 in the trans-
lation manipulation sequence (and thus follows the sequence
of steps discussed above with reference to FIG. 9).

After re-displaying the object and bounding box 715, the
mouse button is again checked 703 to determine whether the
user has finished all current rotation manipulations. If the
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user has finished all current rotation manipulations, the user
will no longer be pressing the mouse button. However, if the
user has not yet finished all current rotation manipulations
then the user will still be pressing the mouse button and the
same sequence of steps 705 through 715 will be followed. In
this way, the bounding box and the object within it will
appear to the user to continuously move, or rotate, on the
screen as the user moves the pointer with the mouse while
continuing to hold the mouse button down. These continu-
ous movements will only pause while the user stops moving
the mouse and will only stop when the user stops pressing
the mouse button down.

In an alternative embodiment, the rotation manipulations
are constrained to increments of multiples of a predefined
angle. For instance, increment angles would be constrained
to multiples of 45 degrees when the shift key is held down
during rotations. To constrain the angle, the rotation trans-
form of the bounding box would be stored as three succes-
sive rotation angles, one of which would be added to o to
constrain the resuit. In a still further embodiment of the
present invention, if the rotation transform was stored as
three successively applied rotation angles around the X, Y
and Z axes respectively, then the rotation angles could be
limited or gridded separately for each of the three axes. This
would provide for simulating certain joint styles such as an
elbow joint or a shoulder joint which have limited ranges of
rotation or even no range of rotation along some axes and
would also provide for a “ratchet wheel” simulation where
rotation angles are guantized to specified multiples of an
angle.

Referring to FIG. 8, the scaling sequence will now be
described. Again, as was stated above, the calculated active
zone classification, the axis and the polarity are stored. The
original three separate scaling, rotation and translation trans-
forms—at the time the mouse button was first clicked on the
active zone—are also saved 801. Finally, the index of the
plane in which scaling will occur is also stored. This is
because in a scaling manipulation the bounding box, and the
object it contains, will be scaled in a single plane in the
preferred embodiment of the present invention.

After first determining that the user is still pressing the
mouse button down 803 (whereas if the user has stopped
pressing the mouse button down then the scaling manipu-
lation is exited) then a ray through the current mouse x,y
location is transformed into model space 805. Please note
that this is accomplished in the same manner as step 605 in
the translation manipulation sequence.

Then it is determined where the translated ray intersects
the plane of the selected face and active zone 807. Please
note that this is accomplished in the same manner as step
605 in the translation manipulation sequence. This thus
provides two intersection points in the plane the bounding
box will be scaled in: the original hit point A that was stored
in step 801 and the current hitpoint B just now determined
in step 807 as can be seen with reference to FIG. 19.

Next, the ratio of the original hitpoint A and the current
hitpoint B is determined 807. Note that neither of these
points needs to be inverse transformed before this calcula-
tion can be made because they are both already in the same
space and because they are both only one transform away
from mode! space. In other words, because both the original
hitpoint A and the current hitpoint B are only the scaling
transform away from model space, they are in the same
relative space and scaling calculations can be made directly
on them.

Referring again to FIG. 8, these 2-D points A and B are
then used to update the scaling transform 811. The ratio of
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B/A is then multiplied into the current scaling transform to
yield a new scaling transform. Please note that in the
preferred embodiment of the present invention scaling along
the one axis that is not involved remains unchanged by these
computations.

Lastly, now that the scaling transform includes the latest
user manipulation, the bounding box and the object it
contains can be re-displayed 813. Please note that this is
accomplished in the same manner as step 615 in the trans-
lation manipulation sequence (and thus follows the sequence
of steps discussed above with reference to FIG. 9).

After re-displaying the object and bounding box 813, the
mouse button is again checked 803 to determine whether the
user has finished all current scaling manipulations. If the
user has finished all current scaling manipulations, the user
will no longer be pressing the mouse button. However, if the
user has not yet finished all current scaling manipulations
then the user will still be pressing the mouse button and the
same sequence of steps 805 through 813 will be followed. In
this way, the bounding box and the object within it will
appear to the user to continuously scale on the screen as the
user moves the pointer with the mouse while continuing to
hold the mouse button down. These continuous movements
will only pause while the user stops moving the mouse and
will only stop when the user stops pressing the mouse button
down.

In an alternative embodiment, and similarly to an alter-
native embodiment of the translation manipulation as dis-
cussed above, scaling is gridded or constrained. This would
prevent objects from becoming smaller than a predefined (or
user settable) minimum size and would prevent a negative
scaling manipulation which would otherwise cause an object
to flip around within itself.

Referring now to FIG. 10, the relationships between each
of the three separate transforms—scaling, rotation and trans-
lation—will now be explained. One way an object in model
space 1001 can reach world space 1007 is to pass through a
single combined transformation M. The other way an object
in model space 1001 can reach world space 1007 is to first
pass through a scaling transformation to reach scaled space
1003, then pass through a rotation transformation to reach
scaled/rotated space 1005 and then pass through a transla-
tion transformation to reach scaled/rotated/translated space
which is world space 1007. In the preferred embodiment of
the present invention, these three separate transforms (scal-
ing, rotation and translation) are separately stored so as to
allow individual modification to each without affecting the
others. In other words, the present invention stores each of
the three transformations depicted in FIG. 10 separately
rather than store a single transformation M.

It is important to note that this sequence of a scaling
transformation, followed by a rotation transformation, fol-
lowed by a translation transformation is necessary because
the transformations do not, generally speaking, commute. In
other words, if the order of the transformations were altered,
subsequent manipulations could skew or distort the shape of
the object. Therefore the order of the transformations is
constrained to scaling, then rotation, then translation.

The fact that transformations do not generally commute is
why the scaling sequence of steps applies changes to the
scaling transform and thus deals with the object in model
space 1001 and why the rotation sequence of steps applies
changes to the rotation transform and thus deals with the
object in scaled space 1003 and why the translation
sequence of steps applies changes to the translation trans-
form and thus deals with the object in scaled/rotated space
1005. Furthermore, this is why the sequence of moving into
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and out of different spaces is slightly different in each of the
three manipulation transformations discussed above with
reference to FIGS. 6-8.

A further consideration arises when, due to the camera
position (the user’s viewpoint) and the physical display size
or area available for object display (e.g., the object could be
in a window on the display which window is smaller than the
total display area), the object to be manipulated is larger than
the area available to the user. In this case, generating a
bounding box which encloses the object would thus cause
the bounding box to also be larger than the available viewing
area and as such the user would not be able to view all of the
normally visible faces of the bounding box and thus the user
would potentially not have access to some or all of the
normally available object manipulations.

To address this issue, an alternative embodiment would,
- upon noting an object size larger than the available viewing

area, provide a reduced size bounding box thus still provid-
ing the user with complete access to all of the available
object manipulations. The implementation of such an alter-
native embodiment would be readily apparent to one of
ordinary skill in the art based upon the teachings of the
present invention (e.g., a scaling factor could be applied to
the object dimensions to fool the bounding box generation
means into thinking that the object is smaller than it actually
is).

Providing a bounding box which is not of equal size with
the dimensions of the object to be manipulated provides
further capabilities. For instance, if the user wished to
manipulate multiple objects as a single group, a reduced size
bounding box based on a space size which encompasses all
of the objects desired to be included in the group could be
used. Stated differently, objects (for instance furniture in a
room or scene) could be individually selected thus providing
a finite sized bounding box. This embodiment would thus
provide object manipulation. Alternatively, a scene of
objects (for instance a room containing furniture) could be
selected thus again providing a finite sized bounding box,
albeit reduced in size to provide user access to all of the
available manipulations, but one which properly acts as if it
encloses all of the objects which are included in that scene.
This embodiment would thus provide manipulation of the
camera geometry. Still further, a mathematically infinite
space such as world space could be manipulated by provid-
ing at least one finite small bounding box that completely fits
within the viewing area. All objects defined in the infinite
space being manipulated would then be manipulated accord-
ingly. This embodiment would thus provide manipulation of
an arbitrary mathematical space including world space and
camera space.

In the foregoing specification, the invention has been
described with reference to a specific exemplary embodi-
ment and alternative embodiments thereof. It will, however,
be evident that various modifications and changes may be
made thereto without departing from the broader spirit and
scope of the invention as set forth in the appended claims.

_ The specifications and drawings are, accordingly, to be
regarded in an illustrative rather than a restrictive sense.

What is claimed is:

1. A method for manipulating an object displayed in
three-dimensional representation on a computer controlled
display system having a computer and a display coupled to
the computer, comprising the steps of:

a) providing a user actuated input controller signal for
selectively positioning a reference indicator on the
display;

b) positioning the reference indicator over the displayed
object and signaling the computer to activate a control
movement mode;
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c) providing on the display a three-dimensional represen-
tation of a bounding region including at least two
portions which specify respective predefined control
movement types, one of said types being rotation
around an axis paralle] to the portion which specifies
rotation around that axis;

d) positioning the reference indicator over one of said
portions;

e) signaling the computer to activate a predefined control
movement type specified by the portion of the bound-
ing region under the reference indicator, and while the
reference indicator is over said portion, repositioning
the reference indicator to define a movement of the
specified type; and

f) re-displaying the displayed object in accordance with
the defined movement of the specified type.

2. The method of claim 1 wherein the three-dimensional
representation of a bounding region is a generally rectilinear
bounding box, and wherein the step of re-displaying further
comprises re-displaying the bounding box in accordance
with the defined movement of the predefined control move-
ment type.

3. The method of claim 1 wherein the bounding region is
reduced in size relative to the displayed object.

4. The method of claim 1 wherein the input controller
signal is from a mouse.

5. The method of claim 4 wherein the reference indicator
is a pointer displayed on the display.

6. The method of claim 5 wherein the step of signaling the
computer to activate the control movement mode includes
the step of activating a switch.

7. The method of claim 6 wherein the step of activating a
switch comprises pressing a button on the mouse.

8. The method of claim 6 wherein the step of signaling the
computer to activate a predefined control movement type
includes the step of activating a switch.

9. The method of claim 8 wherein the step of activating a
switch comprises pressing a button on the mouse.

10. The method of claim 1 further comprising, in step (e),
after signaling the computer to activate a predefined control
movement type, changing the shape of the reference indi-
cator and thus indicating, to a user of the method, a type and
direction of available object manipulations.

11. The method of claim 1 wherein the portion of the
bounding region is an active zone.

12. The method of claim 1 wherein the portion of the
bounding region defines a handle which graphically distin-
guishes said portion from the remainder of the bounding
region.

13. The method of claim 12 wherein the handle indicates,
to a user of the method, a type and direction of available
object manipulations.

14. The method of claim 12 wherein the handle extends
outwardly from the bounding region such that the outwardly
extending handle presents an appearance of being available
to be selected by the reference indicator.

15. The method of claim 12 wherein the handle is shaped
like a rod. )

16. The method of claim 12 wherein the handle is shaped
like a cube.

17. The method of claim 12 wherein the handle is shaped
like an arrow.

18. The method of claim 1 wherein the portion of the
bounding region is an image of a hand.

19. The method of claim 18 wherein the hand indicates to
a user of the method a type and direction of available object
manipulations. \
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20. The method of claim 18 wherein the hand looks like
a human hand.

21. The method of claim 20 wherein the hand appears to
be grabbing the three-dimensional representation of a
bounding region.

22. The method of claim 18 wherein the hand looks like
a mechanical hand.

23. The method of claim 22 wherein the hand appears to
be grabbing the three-dimensional representation of a
bounding region.

24. The method of claim 1 wherein the predefined control
movement type is a translation of the displayed object.

25. The method of claim 24 wherein the translation of the
displayed object is along model space coordinate axes.

26. The method of claim 25 wherein the translation of the
displayed object in model space is parallel to a plane of a
face of the bounding region.

27. The method of claim 25 wherein the translation of the
displayed object in model space is perpendicular to a plane
of a face of the bounding region.

28. The method of claim 24 wherein the translation of the
displayed object is performed by determining a difference in
model space between a position of the reference indicator
when the translation operation was activated and a current
position of the reference indicator, and transforming the
difference into scaled and rotated coordinates using a scale
transform and a rotate transform, and adding the transformed
difference to a translation transform to create a new trans-
lation transform, and wherein re-displaying the displayed
object on the video display is in accordance with the scale
transform, the rotate transform and the new translation
transform. .

29. The method of claim 24 wherein translation of the
displayed object is parallel to a plane of a face of the
bounding region and is limited to a predefined range of
translation manipulations.

30. The method of claim 1 wherein the axis of rotation of
the displayed object is paralle] to model space coordinate
axes.

31. The method of claim 30 wherein the rotation of the
displayed object in model space is around an axis of the
bounding region.

32. The method of claim 31 wherein the axis of rotation
is a center line of the bounding region.

33. The method of claim 31 wherein the axis of rotation
is an edge of the bounding region.

34. The method of claim 33 wherein the axis of rotation
is around a bounding region edge opposite from the portion
of the bounding region under the reference indicator.

35. The method of claim 30 wherein the axis of rotation
is outside of the bounding region.

36. The method of claim 1 wherein the rotation of the
displayed object is performed by transforming a position of
the reference indicator when the rotation operation was
activated by a scale transform, and transforming a current
position of the reference indicator by the scale transform and
determining an angle created thereby versus a center point of
the displayed object, and concatenating a rotation matrix of
the angle into a rotation transform to create a new rotation
transform, and wherein re-displaying the displayed object on
the video display is in accordance with the scale transform,
the new rotation transform and a translation transform.

37. The method of claim 1 wherein a second of the
predefined control movement types is a scaling of the
displayed object.

38. The method of claim 37 wherein the scaling of the
displayed object is along model space coordinate axes.
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39. The method of claim 38 wherein the scaling in model
space is parallel to a plane of a face of the bounding region.

40. The method of claim 38 wherein the scaling is
homogenous.

41. The method of claim 37 wherein the scaling of the
displayed object is performed by determining a ratio of a
position of the reference indicator versus an origin of the
bounding region when the scaling operation was activated
and a current-position of the reference indicator versus the
origin of the bounding region and muitiplying the ratio with
a scale transform to create a new scale transform and
wherein re-displaying the displayed object on the video
display is in accordance with the new scale transform, a
rotate transform and a translation transform.

42. The method of claim 41 wherein scaling of the
displayed object is parallel to a plane of a face of the
bounding region and is limited to a predefined range of
scaling manipulations.

43. A method for manipulating an object displayed in
three-dimensional representation on a computer controlled
video display system having a computer, a video display and
a mouse, comprising the steps of:

a) selecting the displayed object by using the mouse to
position a pointer over the displayed object and press-
ing a button on the mouse;

b) displaying a three-dimensional representation of a
bounding box having at least two active zones which
specify respective available movement types, one of
said types being rotation around an axis parallel to the
zone which specifies rotation around that axis, when
the displayed object is selected;

c) defining a movement of a type predefined by one of the
active zones by using the mouse to position the pointer
over an active zone, pressing the button on the mouse,
and, while the pointer is over the active zone, reposi-
tioning the pointer with the mouse; and

d) re-displaying the bounding box and the displayed
object in accordance with the defined movement.

44. The method of claim 43 wherein the available move-

ment types further comprise translation and scaling.

45. The method of claim 44 wherein if the predefined
movement type is translation then the translation of the
displayed object and the bounding box is performed by
determining a difference in model space between a position
of the pointer when the pointer was positioned over the
active zone and the mouse button was pressed and a current
position of the pointer, and transforming the difference into
scaled and rotated coordinates using a scale transform and a
rotate transform and adding the transformed difference to a
translation transform to create a new translation transform,
and wherein re-displaying the bounding box and the dis-
played object is in accordance with the scale transform, the
rotate transform and the new translation transform.

46. The method of claim 44 wherein if the predefined
movement type is rotation then the rotation of the displayed
object and the bounding box is performed by transforming
a position of the pointer when the pointer was positioned
over the active zone and the mouse button was pressed by a
scale transform and transforming a current position of the
pointer by the scale transform and determining an angle
created thereby versus a center point of the displayed object
and concatenating a rotation matrix of the angle into a
rotation transform to create a new rotation transform, and
wherein re-displaying the displayed object and the bounding
box on the video display is in accordance with the scale
transform, the new rotation transform and a translation
transform.
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47. The method of claim 44 wherein if the predefined
movement type is scaling then the scaling of the displayed
object and the bounding box is performed by determining a
ratio of a position of the pointer versus an origin of the
bounding box when the pointer was positioned over the
active zone and the mouse button was pressed and a current
position of the pointer versus the origin of the bounding box
and multiplying the ratio with a scaling transform to create
a new scaling transform and wherein re-displaying the
displayed object and the bounding box on the video display
is in accordance with the new scaling transform, a rotate
transform and a translation transform.

48. An apparatus for manipulating an object displayed in
three-dimensional representation on a computer controlied
display system having a computer and a display coupled to
the computer, the apparatus comprising:

a) means for positioning a reference indicator over the
displayed object and signaling the computer to activate
a control movement mode;

b) means for generating on the display a three-dimen-
sional representation of a bounding region including at
least two portions which specify respective predefined
control movement types, one of said types being rota-
tion around an axis parallel to the portion which
specifies rotation around that axis;

¢) means for signaling the computer to activate a pre-
defined control movement type specified by a portion
of the bounding region under the reference indicator;

d) means for repositioning the reference indicator while
the reference indicator is over the portion of the bound-
ing region to define a movement of the predefined
control movement type; and

e) means for re-displaying the displayed object in accor-
dance with the defined movement of the predefined
control movement type.

49. The apparatus of claim 48 wherein the three-dimen-
sional representation of a bounding region is a generally
rectilinear bounding box, and further comprising means for
re-displaying the bounding box in accordance with the
defined movement of the predefined control movement type.

50. The apparatus of claim 48 wherein the bounding
region is reduced in size relative to the displayed object.

51. The apparatus of claim 48 wherein the positioning
means and the repositioning means is a mouse.

52. The apparatus of claim 51 wherein the reference
indicator is a pointer displayed on the display.

53. The apparatus of claim 52 wherein the means for
signaling the computer to activate the control movement
mode is a switch.

54. The apparatus of claim 53 wherein the switch is a
button on the mouse.

55. The apparatus of claim 53 wherein the means for
signaling the computer to activate a predefined control
movement type includes a switch.

56. The apparatus of claim 55 wherein the switch is a
button on the mouse.

57. The apparatus of claim 48 wherein the means for
signaling the computer further comprises means for chang-
ing the shape of the reference indicator when the computer
has been signaled to activate a predefined control movement
type thus indicating to a user of the apparatus a type and
direction of available object manipulations.

58. The apparatus of claim 48 wherein the portion of the
- bounding region is an active zone.

59. The apparatus of claim 48 wherein the portion of the
bounding region defines a handle which graphically distin-
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guishes said portion from the remainder of the bounding
region.

60. The apparatus of claim 59 wherein the handle indi-
cates, to a user of the apparatus, a type and direction of
available object manipulations. )

61. The apparatus of claim 59 wherein the handle extends
outwardly from the bounding region such that the outwardly
extending handle presents an appearance of being available
to be selected by the reference indicator.

62. The apparatus of claim 59 wherein the handle is
shaped like a rod.

63. The apparatus of claim 59 wherein the handle is
shaped like a cube.

64. The apparatus of claim 59 wherein the handle is
shaped like a arrow.

65. The apparatus of claim 48 wherein the portion of the
bounding region is an image of a hand.

66. The apparatus of claim 65 wherein the hand indicates
to a user of the apparatus a type and direction of available
object manipulations.

67. The apparatus of claim 65 wherein the hand looks like
a human hand.

68. The apparatus of claim 67 wherein the hand appears
to be grabbing the three-dimensional representation of a
bounding region.

69. The apparatus of claim 65 wherein the hand looks like
a mechanical hand.

70. The apparatus of claim 69 wherein the hand appears
to be grabbing the three-dimensional representation of a
bounding region.

71. The apparatus of claim 48 wherein the predefined
control movement type is a translation of the displayed
object.

72. The apparatus of claim 71 wherein the translation of
the displayed object is along model space coordinate axes.

73. The apparatus of claim 72 wherein the translation of
the displayed object in model space is parallel to a plane of
a face of the bounding region.

74. The apparatus of claim 72 wherein the translation of
the displayed object in model space is perpendicular to a
plane of a face of the bounding region.

75. The apparatus of claim 71 wherein the translation of
the displayed object is performed by determining a differ-
ence in model space between a position of the reference
indicator when the translation operation was activated and a
current position of the reference indicator and transforming
the difference into scaled and rotated coordinates using a
scale transform and a rotate transform and adding the
transformed difference to a translation transform to create a
new translation transform and wherein re-displaying the
displayed object on the video display is in accordance with
the scale transform, the rotate transform and the new trans-
lation transform.

76. The apparatus of claim 71 wherein translation of the
displayed object is parallel to a plane of a face of the
bounding region and is limited to a predefined range of
translation manipulations.

77. The apparatus of claim 48 wherein the axis of rotation
of the displayed object is parallel to model space coordinate
axes.

78. The apparatus of claim 77 wherein the rotation in
model space of the displayed object is around an axis of the
bounding region.

79. The apparatus of claim 78 wherein the axis of rotation
is a center line of the bounding region.

80. The apparatus of claim 78 wherein the axis of rotation
is an edge of the bounding region.
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81. The apparatus of claim 80 wherein the axis of rotation
is around a bounding region edge opposite from the portion
of the bounding region under the reference indicator.

82. The apparatus of claim 77 wherein the axis of rotation
is outside of the bounding region.

83. The apparatus of claim 48 wherein the rotation of the
displayed object is performed by transforming a position of
the reference indicator when the rotation operation was
activated by a scale transform and transforming a current
position of the reference indicator by the scale transform and
determining an angle created thereby versus a center point of
the displayed object, and concatenating a rotation matrix of
the angle into a rotation transform to create a new rotation
transform, and wherein re-displaying the displayed object on
the video display is in accordance with the scale transform,
the new rotation transform and a translation transform.

84. The apparatus of claim 48 wherein a second of the
predefined control movement types is a scaling of the
displayed object.

85. The apparatus of claim 84 wherein the scaling of the
displayed object is along model space coordinate axes.

86. The apparatus of claim 85 wherein the scaling in
model space is parallel to a plane of a face of the bounding
region.

87. The apparatus of claim 84 wherein the scaling is
homogenous.

88. The apparatus of claim 84 wherein the scaling of the
displayed object is performed by determining a ratio of a
position of the reference indicator versus an origin of the
bounding region when the scaling operation was activated
and a current position of the reference indicator versus the
origin of the bounding region and multiplying the ratio with
a scale transform to creatc a mew scale transform and
wherein re-displaying the displayed object on the video
display is in accordance with the new scale transform, a
rotate transform and a translation transform.

89. The apparatus of claim 88 wherein scaling of the
displayed object is parallel to a plane of a face of the
bounding region and is limited to a predefined range of
scaling manipulations.

90. An apparatus for manipulating an object displayed in
three-dimensional representation on a computer controlled
video display system having a computer, a video display and
a mouse, the apparatus comprising:

a) means for selecting the displayed object by using the
mouse to position a pointer over the displayed object
and pressing a button on the mouse;

b) means for displaying a three-dimensional representa-
tion of a bounding box having at least two active zones
which specify respective available movement types,
one of said types being rotation around an axis parallel
to the zone which specifies rotation around that axis,
when the displayed object is selected; .
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¢) means for defining a movement of a type predefined by
one of the active zones by using the mouse to position
the pointer over an active zone, pressing the button on
the mouse, and, while the pointer is over the active
zone, repositioning the pointer with the mouse; and

d) means for re-displaying the bounding box and the
displayed object in accordance with the defined move-
ment.

91. The apparatus of claim 90 wherein the available

movement types comprise translation and scaling.

92. The apparatus of claim 91 wherein if the predefined
movement type is translation then the translation of the
displayed object and the bounding box is performed by a
means for determining a difference in model space between
a position of the pointer when the pointer was positioned
over the active zone and the mouse button was pressed and
a current position of the pointer, and transforming the
difference into scaled and rotated coordinates using a scale
transform and a rotate transform and adding the transformed
difference to a translation transform to create a new trans-
lation transform, and wherein re-displaying the bounding
box and the displayed object is in accordance with the scale
transform, the rotate transform and the new translation
transform.

93. The apparatus of claim 91 wherein if the predefined
movement type is rotation then the rotation of the displayed
object and the bounding box is performed by a means for
transforming a position of the pointer when the pointer was
positioned over the active zone and the mouse button was
pressed by a scale transform and transforming a current
position of the pointer by the scale transform and determin-
ing an angle created thereby versus a center point of the
displayed object and concatenating a rotation matrix of the
angle into a rotation transform to create a new rotation
transform and wherein re-displaying the displayed object
and the bounding box on the video display is in accordance
with the scale transform, the new rotation transform and a
translation transform.

94. The apparatus of claim 91 wherein if the predefined
movement type is scaling then the scaling of the displayed
object and the bounding box is performed by a means for
determining a ratio of a position of the pointer versus an
origin of the bounding box when the pointer was positioned
over the active zone and the mouse button was pressed and
a current position of the pointer versus the origin of the
bounding box and multiplying the ratio with a scaling
transform to create a new scaling transform, and wherein
re-displaying the displayed object and the bounding box on
the video display is in accordance with the new scaling
transform, a rotate transform and a translation transform.
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