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ABSTRACT

Modeling of 3D curves is normally based on parametric curves. The method requires that
curve parameters are changed in manipulating a curve shape. The manipulation requires skill that
is quite different from real-life object sculpturing or manipulating by human hands. This results in
a steep learning curve. This thesis presents a 3D curve direct manipulation technique using a VR
device. The shape of a 3D curve is defined based on user’s hand location and orientation, as well
as certain shape parameters. This thesis proposes a pseudo-physical simulation method for 3D
curve manipulation. The technique uses a combination of arc-length and curvature in defining a
virtual curve shape. In addition, to obtain greater flexibility in manipulating a curve shape, a 3-
segment curve model was also developed. Experiments were performed with this 3-segment
model to evaluate the ability of the model in creating 3-D curve with a variety of shapes. The

evaluation was based on an average of shape difference throughout the entire curve.
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, An eloctro

A ‘technique of 3D direct manipulation has been proposed
for various virtual reality and simulation applications, to
provide a more natural human computer interaction. This can
result in reduced lcarning time. Currently, many VR devices
have been developed for 3D direct manipulation techniques.
ic glove is perhaps the most widely used VR device

gains fexibility and efficiency in manipulstion an object. The
model is described for a Bexler curve
other

for such purpose becsuse it allows gesture-based interaction to
be performed. It is this type of VR device that is applicd for
our study.

In addition to an interaction technique used, a mathematical
model of a virtual object also affects how natural the
interaction experience is. To allow virtuzl objects to react more
naturally to user manipulation action, physically based rules
may be applied in performing shape manipulation [1-2]. In [1],
2 virtual spring model is used to make object manipulation
more realistic. In [2], a different physically based model is
applied so those virtual 3D objects behave more like a real
object. In [3), direct manipulation using physically based
sculpting with B-spline surface is developed to simplify object
manipulation However, such physically based simulations
genenally require high computation, and may be inappropriate
fwnﬁtﬁmmbﬁhﬂhaﬂ&hm.nﬂphynu]mh
imposc a rigid constraint on how virtual objects are
manipulated, and thus reducing design flexibility.

hhmmnftpﬂwbmd!bdneumqmm
technique in combination with a psewio-physical simulation
model is proposed for 3D-curve modcling. Gesture-based
interaction has been proposed for 3D-curve manipulation [4-5].
For example, in [4]), a specialized input device called
ShapeTape is used to obtain a shape of a tangible stripe object
in controlling a computer-generated curve. Such approach is,
however, inflexible for its degree of freedom is limited by the
input device physical characteristics. Instead, an electronic
glove is adopted in this paper to achieve more flexibility in
performing  object manipulation. The pscudo-physical
simulation method is applied in defining the shape of a
manipulated curve. The model used is composed of two
pscudo-physical constraints imposed on a curve object With
this simulation model, by varying the model parameters, 3D
curves can behave differently to the same manipulation to
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mimic different types of string material (such as robe or wirc).
The technique can also be extended 10 model 312 surface object
shapcs by using the skelcton technique [6].

The rest of the paper is organized as follows. In scction 2, a
2D direct manipulation technique for Bezier curve modeling is
described. In section 3, a 3D direct manipulation technique for
Bezier curve is given. In section 4, detail of the pscudo-
physical simulation method is provided. The modeling tools
developed under the proposed method with results are
explained in section 5. The paper ends with some concluding
remarks. :

II. 2D DIRECT MANIPULATION OF A BEZIER CURVE
A. Bezier curve
Bezier curve is defined by control points, which in tum
define shape and characteristic of a curve. Four control points
are used here for a Bezier curve. Such cubic Bezier curve will
refer to simply as a Bezier curve. Points on the curve can be
obtained according to the following equation.

R(0)=(1-t PPy + 30 1-t ¥P, + 3°( 1-1 )Py + OPy

/7’ * g > 7 )
)

‘

1)

Figure 1. mmmdnmmnw
performed by a drawing ool

From the equation, Py P; P, P, are four control points
(which are represented here as vectors from the origin).

B, Direct manipulation of a Bezier curve

Usually direct manipulation of a Bezier curve is performed
at its control points. In 2D dircct manipulation, s pointing
device (e.g., 2 mouse) is used to manipulate the control points.
Figure 1 illustrates how a Bezier curve is typically manipulated
in a 2D graphic drawing tool.

C. Multiple-segment Bezier curve
Bezier curve can be used to represent many shapes.

!P— . 'A\Pa.,-l
SCRmMCNl S8,
j =
/‘ ‘\
i
/
i P"r-‘

scgpmend = 5,

Figure 2. Preserving continuity st the intersection of two Bezier
segments.

D. Bezier curve fragmentation

Fragmentation is an algorithm for splitting one scgment into
two scgments, to realize a more complex curve. From
definition of De Casteljau’s algorithm [7], a polynomial B(f) in
Bemnstein form of degree n can be expressed as

B(t)=)_B"b,,(the[0)] @
=0
where by, is a Bemstein basis polynomial. The polynomial at
point 7 can be evaluated with the following recurrence relation.
B =p,i=0,.n el o)
ﬁrU) =ﬁ.l‘f—'(]'_’)"'ﬁi‘illr i=0,. !"_j;j=lo--n” )
where
B(1)=5; 6
When choosing a point / to evaluate a Bernstein polynomial,
v:i can uwse the two diagomals of the triangle scheme to
construct a division of the polynomial in () into

B(0= Zﬂ.b,,[ }e[ﬂ 1]

(0]

Hma,myoﬁhemmmbewellrepruﬂmdbylmgle and
curve segment. In that case, multiple segments of Bezier curve v 1= fo
are used to represent complex shapes. If two or more segments B,()= Zﬂ _,b,‘_ e[r,,l] 8)
are directly combined, however, it will result in discontinuiry
at the intersection.
Let 5, and 5, be the first and second consecutive segments. 5 o
respectively. Bezier curve is continuous if the following s g
condition is met. -- ';"._ s
P)-I.I—P).l'—_-lpn:.z*”hl) 2) "\ ".// \.‘"
i \’ &/ i
Figure 3. Bezicr cww‘hglm' aliy
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i, 3D DIRECT MANIPULATION OF A BEZIER CURVE

Here. 31D dircet manipulation technique for curve shaping is
performed through an clectronic glove device using gesturc-
based human-computer interaction technique.

A, Gesture-based direct manipulation of a Bezier curve

A gesturc-based dircct manipulation technique  was
developed to model a Bezier curve. By using a (onc or two-
handed) electronic glove device, hand position and orientation
are used to control the curve parameters. In particular, the hand
position is used to control the position of P, (P3), while its
orientation (denoted by unit vectors ¥; ¥3) is used to control
the control point direction. See Figure 4 for illustration.

? P
/,.-“" ’-\‘\\
% ‘ A

of control p of a Bezier curve using

Figure 4. M

This control can be expressed mathematically by the
following cquations.
P,-P,=aV,

Pz_PJ=JBV1

®
(10)

Only the direction part of the above equations is controlled
bythu)doﬁmhﬁm%lmgﬁlparlnm(amdﬂ)m
controlled by the two pscudo-physical constraints to be
explained later.

By substituting (9)10) into (1), we arrive at
R() = (=12 -, + 3(~1)'aV,
+3 (=Y, + 2 (3-2)P,

an

where @ and f§ are control parameters, whose values arc
obtained under the pscudo-physical constrainis o be described
shortly.

B. Collision detection

To perform 3D direct manipulation, collision between an
electronic glove device and the object under manipulation must
be detected. Here, a simple spherical shape with its center at a
user palm is used as a collision proxy. In addition, linc
ugnmumuscdinrendedngofaBm'um'mm.
collision point is calculated by using the method of line
segment-sphere intersection [8]).

From method of line scgment-sphere intersection, R (f) and
R (1y) is start and cnd point of line scgment that collides with
sphere. .

e Curve control parameter mapping

As previously stated, a Bezier curve is manipulated by
changing its control-point parameters. However, it is the hand
oricatation and position that arc measured when gesture-bascd
dircet manipulation is applied. Thercfore, there is a need to
map the measured hand position and orientation to Bezier
curve parameters. To do this, consider first Figure 4. From the
figure and (9) - (10), the comtrol points’ positions and
oricntations are defined by Py, Py, ¥y, ¥, @, and f. The left and
righ(hl.ndpotiﬁoucmbedima}ynnppedtnhnﬂf,.
respectively. In addition, hand orientations can be . directly
mapped to ¥, and Vi

a=(1-0)%(1420) @ =(1-0)>(1+20)

b =34 (l-f;)z b =138 (l-f;)z (12)
e =347 (1-1y) c2 =347 (1-13)

dy =17 (3-21) dy=1" (3-213)

R(n)mdl(r;)mpohﬁm]}czicrwvelhﬂcomdem
user hand(s) using a collision detection method as described in
Section 111-B. From this, the vector ¥; and F;can be calculated
from

1 R() - R +(ag ~ac)F, +(od; —cd)F; 13)

¢
a be,-bg
V= 1 b,R(,)-BR(1,) +(ah —ab)F, +(bd; - bd)P, (14)
B be-be;

With the above equations, all curve parameters except a
uﬁﬂmunppedﬁmmhmdpoﬁﬁmmdorknm
These two parameters arc obtained by imposing pscudo
physical constraints as described next.

D.  Peudo physical cometroirts
Alnowd.amdpmtwoampumkﬁwuwmd
to any hand paramecters. Here, these remaining curvc
pummdcﬁnedbymmﬂo-phyﬁalmﬁnn.
Theoonstninumimpooedmamobjecthmimic
pbysiedptopﬂﬁuofdiﬂ'umm—!ypeobjecu(m“
clastic rope and wire cic.). These coastraints are described
below. :

1) Length constramt: this constraint imposes a limit on how
aumlensﬂimnryﬁominuisimlwhn.mele.a
wire has a strong length constraint so that it tends to being
bended sharply in response to a shape manipulation, to retain
its original length.
J)Bcnding-nglccm:im:thhmhﬁmpmnlimit
on how much a bending angle is allowed for a curve. For
example, an clastic rope has a strong bending comstraint.
Therefore, it tends to stretch in response to a shape
mip\ﬂlﬁon.wlvoidlh!pba:d.

E Mok comt Mok
In direct manipulation of multiple-scgment Bezier curve, we
can choose from different manipulation modes to affect the
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object’s shape differently. Firet let ¥, and ¥y represents
control vectors as described in Figure 5(a). If both sizes and
dircctions of 1> and Vs, arc cqual, the Bezier curve is
continuous over multiple (two) segments. 1f the two have
opposite direction with arbitrary sizes, the two scgments form
G' continuity. If the two have arbitrary sizc and dircction, the
two curves can be manipulated independently. In summary.
manipulation modes of mulup[e—scpnenl Bezier curve
supported by the sy are G* d, G' ted and
G® connected (Split) mode. ’

———-———.-— -..._,_,__,___ m

Co L Jy

Fms.(l)MMntﬁw“&)wwwno’
conmected mode; (c) Bezier curve in G’ conmected mode

Figure 6. (d) Multiple-segment Bezier curve; (c) Bezier curve in G
conmected mode; (f) Bezier curve in G°* connected mode

IV. PSEUDO-PHYSICAL SIMULATION
A pscuao-physical simulation technique .~ rplied here to
provide a physical-like property to 2 3D virtual object. The
technique is much simpler than a common physically based
method. The two types of constraints as explained in Section
111-D are combined into the following cost function

(1%

where C is a cost value to minimize, w, and w; are user
definable parameters. From the same equation, AL is a
normalized length difference as defined by

AL=ﬂ

C=wAL +wy(l - cos b, )

(16)

From (15) and (16), L is the current curvature length, and L, is
the original length. In addition, 8, is the largest bending
angle along the curve. From Figure 7 the angle is obtained by
finding the angle &(¢) between the vectors R R, and Ry R,
Then, cosf,, is obtained from

b I m(—li—J—[“ Rit *RraRe) (13
1=0—1 IRIRI l+lRt
VLR
]

Figure 7. Calculation of a bending angle along a Bezier curves.

From (15) and (16), L is implicitly a function of a and f.
Also, from (11) R, is ~upucitly a function of a and B. Therefore,
O ey and C are all the functions of a and .

From (15) - (17), we can calculate C (a, f) from w, wy, AL
and M. and C must be minimized with respect to aand A As a
result, a and £ arc obtained from.

(cnin s Broia )= 208 minC(a, ) s

V. SOFTWARE PROTOTYPE AND RESULTS

Figure 8. Software prototype

Aaoﬂwmpmtotypewdewiopedumg"mulCHmd

(CyberGlove®) configurations. Different values of w; and w;
were tested. Figure 9 shows the result of the manipulation.
Figure 10 compares the shapes obtained using different sets of
wy and wy.
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Figure 9., (l)mmﬂnmcw@)ﬂﬂ(c)mm
translation by hand gesture; (d)

Mmm(e)mmmmm
auto-fragmentation operated in the non-continuous mode; (f) the

final shapo

" Figure 10. (g) Paoudo-physical constzaints wing differeat
mm)mhim::‘wwmﬂnd

Figure %a shows a normal Bezier curve before manipulation.
The manipulated curve shown in Figure 9b and 9¢ was
obtained by translating the curve end-point with gesture-based
manipulation. Using gesture-based manipulation with pseudo-
physical constmint with w; = 1.0 snd w; = 1.0, the
manipulation result is shown in Figure 9d. By using auto-
fragmentation operated in the non-contimious mede, a more
complex shape was obtained as shown in Figure Se. Flgnmlo
shows the same curve undergone similar manipulation, but
with different set of constraint parameters (w; = 0.3 and w; =
14.0).

V1. CONCLUSION

In this paper, a pscudo-physical simulation method for 3D
dlrwtmampulmonofl30mhubemducribed. Th:
method features the case of use of a 3D direct
metaphor, and a simulated real-object behavior of a virtual
object. Unlike a physically based simulation approach, with its
simple equation the proposed ical method can
reduce processing time and offers more flexibility in designing
. 3D curves. Software tool has been developed based on the
proposed method and was applied to manipulate simple and
complex curve shapes.
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