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UNCLET is a new vector primitive that represents any 3-D geometrical objects. The
quantized vector structures of UNCLET are efficient for transmitting and rendering 3-D
scenes on the Internet. In the 3-D vector represented animation, a moving sequence can be
described compactly by the group of Bézier control vectors.
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Volume Rendering.



1  Unified Vector Modeling

For remote visualizations with massive 3-

D data, an effective compression and a fast

rendering algorithm are required. There are
several models that represent 3-D objects such
as lines, NURBS, polygons, voxels, particles,
and QNV.[ !
transmission and Level-of-Detail control would
be key features that the upcoming 3-D models

For that purpose, we

The functionality for progressive

must confront with.
have developed a new vector-based modeling
that measures the characteristics of 3-D features:
line length, surface area, and volume quantity.
The traditional representations generally use 3-D
geometrical models. While, UNCLET (UNiversal

CloudLET) representation encodes 3-D -objects -

as a set of vectors. Fach vector represents
line information, surface information and volume
information. Line vector length is proportional to
the tangential line length. Normal vector length
is proportional to its surface area. Height vector
length is used to calculate the volume of 3D

object element

UNCLET representatlon can be converted‘
from a set of polygons The normal direction’

and the area of each polygon will' be mapped
to Normal vector IN. In other words, IN is
a cross product determined by the selected
two- edges of a trlangle polygon.
choose one edge of a polygon as tangent,lal Line
vector L. The magnitude for Normal vector is

assigned in accordance w1th the covera.ge area of

correspondmg polygon
UNCLET could be intérpreted as'an' approxi-

mation of the fan-shaped primitive with the open-

ing angle ¥ at the selected polygon vertex. The

key point is that we have to neglect. some of -

polygon edges. With this assumption, the variety
of polygons can be unified as a vector set with a
unified data structure (see Flg 1).

- ..algonthms

We can «-

-Fig 1: UNCLET vector attributions.
The vector position P(m,y, z) and the
tangential Line vector L are specified in
Cartesian coordinates, while the surface
Normal vector IV and the volumetric
Height vector H are in polar coordinates.
The volume . classifications of Cylinder-
shape and C’one shape are labeled by the
sigh of H.

“In order ‘to get UNCLET . vectors from

polygons, one can easily start from the uniform

: triangul’ation of surface with- some relaxation

]A vertex position.of a given polygon
corresponds to the UNCLET position P(z,y, 2).
The length of the cross product vector N is

- the area,. and the direction is orthogonal to the

polygon surface. The introduction of Line vector

" L is to get distinct line features in a rendered

image. Defining the length of H with the value

“of the volume divided by the*surface area, we
. .can also apply UNCLET. formats to model the
volumetric objects.

There is another advantage of UNCLET rep-

resentation that the rotation matrix which pro-

duces the 3-D configuration from the primitives
located at the origin is descrlbed s1mply by the

vector components as follows
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Fig 2:
cubic:surfaces: single.-model with ¥=360
(upper) and double model with ¥=90

UNCLET representatlons of

(lower).  Semi-transparent . fan-shaped
modelings are applied.

@)
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2 UNCLET Rendering

Each UNCLET
Gaussian opacity profile mapped with a fan-

is assumed to have the

shaped texture. The opaque area is calculated by
the length of Normal vector IN. The opacity value
around the vertex position P(&) is calculated as

a(u,x) = exp (—-|'u, - :B[Q/A) R

(2)

1
(T Ay7?

where  is the texture pixel position.
We apply a modified volume rendering algo-
rithm to this UNCLET rendering.[ * The ren-

dering is achieved by superposing. these semi-

Fig 3: QNV rendering only with Normal
vectors.  Line drawing of vectors IN
(left). ~ Texture mapping on orthogonal
- disks (rlght)

- Fig 4: Line drawing of UNCLET vectors:
N and L (left). UNCLET rendering with |
fan-shaped textures (right). ‘



transparent fan-shaped textures instead of direct
ray casting calculations. As in'Fi‘g.‘2, the fast and
high. quality rendering becomes possible. Anti-
aliasing treatment is not. necessary due to the
smooth profile of the filtering function. In QNV
rendering, the edge: drawing is not expected and
the neglect of some polygon edges causes sparse
areas as in Fig.3. While, in UNCLET rendering,
the wireframe rendering of surface data is possible
by drawing Line vector L. Rendering algorit.hm
is able to control the sparse region by adjusting
the effective area of opacity profile.

For a given 3-D primitive, UNCLET repre-
sentation can conserve the integrated area and
volume independent of the rendering algorithm.
An irregular distribution of sampling points often
- causes error in the in‘te‘rpdla.tbions. But, with the
smooth spatial profile of Eq.(2), robust rendering
of 3-D data is possible for UNCLET." '

| Figure 3 and Fig.4 show the comparison
~of QNV and UNCLET representation for 3-D
surface data. In UNCLET rendering, the distinct
boundary feature appears: at each sampling edge.
While in QNV rendering that uses only Normal
vectors, the rest‘llt"""éhov‘vé‘ the diffuse surface
without outline. The high resolution parts are
similar in both cases. - ‘

It is possible to accelerate the UNCLET
rendering by making use of texture mapping
_ hardwares' *!  Most of the graphics libraries

. have texture “map ‘funictions that specify mIor
“and t'ransp:ﬂ:em:y.: : Fmrihcludmg semn—transpmm
- “surface effects, we um square, Mygﬁu paﬁches
as’ sdrfm‘emﬁas‘ ﬁé}ggndicﬂhr to Normal
- vectors.  Fan-sh transparent textures with
' ‘any opening angle ¥ are mapped on them.

Communication -
dependeiice of 3-D primitives is good

enough, the miodel can be rendered progressively
on ‘a remote screen. .Compared with the ordi-
nary polygon data tmnsfer that requires lossless
transmission, the vector representation is robust

3 Effective

_If the independ

Packet (AAL5)
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Fig 5:‘ The elemenﬁs of UNCLET vectors
~ are diseretized in a constant bit ' length to
. ‘be efficient payloads on ATM cells.

against transmission errors.. The polygons or
finite elemehts data usually have the adjaéency
list of vertices. Thus, it is crucial that the network
protocol guarantees lossless transmission. The
UNCLET vector representation gives us a com-
plementary information even with a lack of data.
As the number of transferred vectors increases,
the rendered image becomes clear more and more.

.The UNCLET . vector ‘elgments,- have the
discretized attributions. ‘The record length can
be formatted in accordance with ATM cell size,
quantizing the vector lengths and directions as
in Figh. The record length of each' UNCLET
is 8X2=16 Bytes. = The spatial resolution is
10 bit each ‘and the - direction ‘of vectors are
quaq‘ti‘zed‘ n 6",deg'r,ee, resoluti@n. ' ‘With ‘these
formats, we implemented the quantized vector
eﬁ;’:‘.odgar, decoder and renderer that communicate
on TCP/IP and Native-ATM network. . Tn our

 network system' of ATM-OC3 with 155Mbps

bandwidth, a typical 3-D communication of 0.6
Mvectors/sec was achieved. N
4  Bézier Vector. Axiimation

In the field of numerical analysis or digital
drawings, there are many smoothing methods
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that use the Bézier curvest ) UNCLET vector
representation is also easy to take advantage of
this smoothing algorithm. If there is a series of
‘motion vectors V(t), that is, UNCLET animation
“asin Fig.‘ﬁ, the trajectory of vector sta.rtinyg‘points
and that of ending poinfs can be fitted by two
Bézier curves in space-time. The Bézier curve of
starting points and ending points are reproduced
using two control vectors P and B. Given miotion
vectors are fitted with the Bézier curves in order
to decode the 3-D motion at a time-step .

‘A unit Bézier vector packet [P,B,Vif] is
composed of three quantized UNCLET vector
components: V and the corresponding control
vectors, P, B in addition to time-step tag t.

P = (P, P,P) - (P, P;, P)
B = (B,,B,,B.) - (B;,B,,B;) . (3)
: V = (Va, Vw Vo — (V:v:,! V;;,V;)

The interpolated vector motion in the time
interval of [0,7] is calculated according to the

expression:

v(t) = (agt® + Bot? + st + Va(t = 0),
oyt + Byt* + 1t + Vy(t = 0),

a,t® + B, + 7.t + Vo (t = 0))

— (ol ® + BL17 + 1t + V(= 0),
ot + G+t + V(2 = 0),

ol 4+ B+t + VIt =0))

?

(4)
The coefficients are specified using the compo-

nents of Bézier control vectors.

Yous = 3 Poy,s — Vou,:(t =0))
Boye = 3(Boy,z = Poyz) = Yoy
0y, = Voys(T) = Ve, (0) — Bayz = Yoz
' (5)
In this representation of 3-D animation, a
moving sequence can be described compactly by
the group of Bézier control vectors. In Bézier
vector representation, smooth motion data can

get a higher compression ratio. If the shape
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Fig 6: UNCLET vector morphing motion.

of vectors changes considerably along the time
axis, we have to choose another new set of Bézier
vectors. In Fig.7, two sets of Bézier vectors are
used to represent the abrupt change of motions
at t=10.

The redundancy of the 3-D motion is different
at each 3-D element. In the Bézier vector
transfer for UNCLET animations, the proper
time interval could be assigned to each UNCLET
individually. The slowly changing UNCLET is
represented with the small number of Bézier

vector ‘sets, that means, the long time interval

Fig 7: 'Bézier vector representation of 3-D
-motions. Spatiotemporal interpolations of
.20 time-steps motion are driven with two
sets of Bézier vector packet, resulting 6/20

* compréssion ratio. I



+3-D animation format.

can be decoded with a single set of Bézier
vectors. - Because the Bézier interpolation can
get the UN CLET state at an arbitrary time-step,
a decoding of synchronized animation for plural
UNCLET vectors is also possible.

Some explicit time marching algorithms in
scientific simulation use the small time-steps for
keeping accuracy of numerical integration. The
change is also too small to make a dynamical
We can roughly estimate that the
motion in ten time-steps in simulation is good for
one time-step in animation. Therefore, the sparse

animation.

sampling of simulation could make an animation
data compact. The smooth interpolations from
these sparse sampled data can reproduce and
have little numerical error of the original 3-D
simulation data.

Bézier control vectors are represented in
quantized format similar to the UNCLET vectors.
Each normal and tangential vector components,
N and L, could have the correspondlng Bézier
The data format
and communication protocol for Bézier vectors
could be the same as for UNCLET transfer.
The effectiveness-for ATM network mentioned
above is still valid. Even in the network with

control vectors, respectively.

.the narrow bandwidth, the small number of
Bézier vector transmitted from the sender can
reproduce the large number of UNCLET vectors
in a synchronized way of decoding.

5 Concluding Remarks

' The Bézier interpolation of UNCLET vectors
. méans not only the vectors themselves, but

 -also, that * of the surface and ~volume data

‘»represented by UNCLET. In thls way, the unified

representation of 3D models leads to the unified

The independency and
generahty of UNCLET vector elements make
it possible to apply this representation to 3-D
flow vmuallza,tlons m CFD or the 3-D motion
of finite elements in Computa.tlonal Mechanics.
The vector representations, not polygons are

very natural and easy to apply for those scientific
applications.
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