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Abstract—  In this paper, we propose a powerful and convenient querying model, "Queryball", for users to query in
immersive VR systems. Queryball is a new style of querying model for intuitive and heuristic query interaction. Queryball,
which is a translucent ball, is defined as a quadruple of area specification, search condition, and two types of display methods.
The search condition can be applied only to the virtual objects inside of the Queryball. The query results are shown to the
user according to the display method. The position and radius of the Queryball changes when the user moves the Queryball

interactively with observing the query results.

1. Introduction

In recent years, visualization systems for scientific
data are becoming indispensable. 3D visualization is
used in various application fields because users can
watch objects from various viewpoints by “walking
through” to understand intuitively[3]. Especially,
immersive VR systems are expected as an important
visualization tool for intuitive understanding by
virtual experience where users enter into 3D
visualized space to look around the visualized
objects[2].

Besides the effective presentation tool, immersive
VR systems are also expected as a visual data
mining[4] tool,  which explores unreachable
knowledge by vision ‘and intuition. Interactive
analysis process is the key part for visual data mining
since new knowledge is explored by human vision
and intuition. In an interactive analysis process, a user
tries to discover new knowledge from 3D visualized
simulation or real data by changing his/her viewpoints
and applying other visualization methods
interactively, intuitively, and freely. Such user
interactive operations can be considered some query

interaction. Thus, database query interaction in
immersive VR systems is very useful and essential for
the interactive analysis process. However, useful
query interaction tools are not provided for immersive
VR systems. Without typical input devices for
computers such as keyboard and mouse, it is difficult
to ask the immersive VR systems for queries with easy
operations using a pair of data gloves or a stylus.

We propose a powerful and convenient query
model “Queryball” for users to query in an immersive
VR system. Fig.1 shows an image of a tool using
Queryball. Queryball, which is a translucent ball, is
defined as a quadruple of area specification, search
condition and two types of display methods. The
search condition can be applied only to the virtual
objects inside of a Queryball. The query results are
visualized according to the specified display methods.
By locating a Queryball on the region of inferest, a
user can observe just the objects he/she is interested
in with emphasizing them and having other objects
disappear. He/she can change the region of interest by
changing the area specification of the Queryball
interactively.

Furthermore, the of

by simple operations



overlapping multiple Queryballs, users can make a
more complicated query that corresponds to his/her
intention interactively.

In this paper, we define the Queryball query model
and describe a prototype system. In section 2, we
describe a prototype system as the first step for the
query model using Queryball with some examples of
query interaction by Queryball. In section 3, we give
formal definitions of the Queryball query model.

Fig. 1. Overview of Queryball System

2. Prototype System

Although Queryball makes a most sense for
immersive VR systems, Queryball is effective for
simplified VR applications (not immersive, no special
input devices) such as Web3D. We implement the
first prototype system using a simplified VR
application. We call the prototype system Queryball
system for non-immersive VR. We have implemented
this VR application by JAVA3D, and we use
objectstore PSE for JAVA, which is an
object-oriented database system, as the back-end
DBMS.

2.1 Query Interaction by using Single Queryball

*In this example, we assume a virtual world of
5x5x5 green boxes. On the back-end database, we
define a class schema for the boxes as shown Fig.2.
Each box class object has the attribute of pos, which
means the center position of the object, and the
attributes of val and val2. There are some boxes of
which attribute val is more than ten while the attribute
val of the other boxes is less than or equal to ten. Fig.
3 shows the state of query interaction by a single
Queryball, which shows the boxes whose attribute val
is more than ten with emphasizing the boxes by
coloring red. We can see the state change that the
other boxes, of which attribute val is less than or equal
to ten, disappear in the Queryball.

2.2 Query Interaction by Overlapping Several
Queryballs
Next, we show an example of query interaction by
multiple Queryballs. We show an example that a big
white box “Tbox” covers the 125 green boxes of the

previous example. The class definition of Tbox is the
same as the Box class. We prepare three Queryballs as
follows:

(1. Transparentize the part of Tbox that covers
green boxes. In order to peer the green boxes
without transparentising the whole figure of
Tbox, the search condition is sent toward the
surface of Tbox. Transparentize all surfaces
inside the 0.

(2 Display the boxes whose attribute val is more
than ten and emphasis the boxes by coloring
red. '

(s: Display the boxes whose attribute val2 is less
than fifty and emphasis the boxes by coloring
red. ~

Fig. 4 shows the state of the virtual world during
applying 01, 02 and 0.

When Q) is overlapped on the Tbox, the surfaces
inside of the (O, are transparentized, and we can see
several green boxes inside of Tbox. Next, O is
overlapped on the ;. Several boxes are emphasized
by coloring red and the other boxes are
transparentized.  Furthermore, when Qs is
overlapped on the Oy and O,, O3 narrows down the
search condition of one of O, the boxes whose
attribute val is more than ten and attribute val2 is less
than fifty are emphasized while the other boxes are

transparentized.
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Fig 2 Class Hierarchical for Box object

Fig.3 Query interaction using single Queryball



Fig.4 Superposing Multiple Queryballs Q;, Q; and Qs k

3. Definitions for Queryball

3.1 Queryball

Queryball Q is defined by a quadruple Q =
(B.S,Ps,Pu), where B is area specification, S is search
condition, Ps is a display method for the objects
which are explored with S, and Pu is a display method
for the objects which are not explored with §.
Queryballs are distinguished by subscript numbers as

Qi=(B:;, S Ps, Puy).

Area specification B; is represented as
dist(pos,0,)<r; where O;is the center position of O, 7;
is the radius, pos is the center position of an object in
the virtual world. Search condition S; describes the
way to issue to a back-end database system. The query
descriptions are written with a first order logic. To
query the Box objects of which attribute “val” is
larger than 10, §; is described as

, (?b)(Boxes(b) \b.val>10). 1)

Ps and Pu describe the way to display the objects
that are explored and not explored with the search
condition, respectively. Each method is a user or
system defined procedure. Our prototype system
provides the following system defined procedures.

emphasize(col): emphasize the objects by

changing their color to col
transparency(alpha): set transparency value of the
objects to alpha

wireframe(): display the objects by a wireframe

model.

For example, Queryball O;, which is represented as
description (2), emphasizes the explored objects
whose attribute "val" is larger than 10 by coloring red,
with displaying the other (non-explored) objects by
wireframe.

Q,=(dist(pos,0)<r; (?b)(Boxes(b) /\b.val>10),
emphasize(255,0,0),wireframe()) )

3.2 Superpose two Queryballs

Multiple Queryballs can be superposed to
interactively narrow and/or expand explored objects.
Namely, combinations of primitive operations
(superposing multiple Queryballs) make the users
obtain more complicated query results by interest.

" For example, a user superposes a Queryball Qs ona
Queryball Oy so that he/she can narrow down the
search condition of Op by the search condition of Oa,
or he /she can overlap the query result of Q4 and Us.

A query region is a set of the objects that are
explored by one or more superposed Queryballs.
When @, is superposed on (;, we define 0;% ,0; as
0:° L0 =(Q Q) UNION(Q;-0) UNION(Q:° » 0)) 3)

where O-0;, 0;-0iand Q;* Q;correspond to Fig.5
(a), (b), (c), respectively. Note that 6 represents
disjunction( V') or conjunction(/\).

Query region R is formally defined as a list of an

area specification and some pairs of a search
condition and a display method.

R=(B, (S.,P1),... (Su-t,P01),(T80,Pn)) “@

The region R; which is given by a Queryball Q;=(B;,
Si, Psi, Pu;)is expressed as:

R=(Bi,(Si,Ps),(Si.Pw)). (%)

0 ® , O; expresses a superposing relationship

between Queryballs. The relationship can be

illustrated as a tree structure.

Queryball O,

Q Q.
Fig5 Q°uQ
As described above, 0,7 ,Q; consists of three parts
of query regions: O0;— 0, Q; - O, and Q,? ,0;. These
three regions have the following area specifications,
search conditions and display methods.
e 00
»  area specification: B;/\ —B;
» pairs of search condition and display
method: (8, Ps).(—8,Pu;)
e O ¢ e

»  area specification : B, /\B;




There are two cases for pairs of search condition
and display method: 8 =V, and 6 =A\.

In the case of Q," ,0), superposing O; on O
by disjunction is regarded as the overlay query
result by O, on the query result by 0. A
straightforward expression for pairs of search
condition and display method is shown below.

(S Ps).(—S,Pu), (S,Ps,),(—S,Pu)
The above expression has two problems: -
1. When an object satisfies Syand not S, the object
is displayed as Pu; to disappear in the most case.
2. When an object satisfies both §; and §;, the object
must be displayed with another method rather
than Ps; and Ps;.
To solve the first problem, the above expression 1s
modified as shown below
(SePs).(S:Ps).(—(S: VS), Pu) ()
This formula applies display method Pu; to the
objects that satisfy neither S; nor §;. To solve the
second problem, formula (6) is extended to formula
).
(S; A=, Ps)(S; A =5, Psy),
(S; NS Psy),(—1(S: VS). Pu) @)
Psy is provided by the system automatically. For
example, suppose Ps; and Ps; emphasize the query
results by coloring red (emphasize (255,0,0)) and blue
(emphasize(0,0,255)), respectively. In this case, the
system automatically defines Psy emphasizing the

query results by coloring yellow
(emphasize(255,255,0)) for the objects that satisfy
both S; and ;.

In the case of Qi nQ;, superposing Q; on Q; using
conjunction is regarded as narrowing down the search
condition Si by the search condition S;. The pair of
search condition and display method is:

SiAS;, Psi) (T(SiAS), Pu)) )

3.3 Superpose more than three Queryballs
In this subsection, we define the overlap of more
than three Queryballs. When n Querybalis overlap,
they generate up to ,C; query regions.
When three Queryballs overlap each other, they
generate the following seven query regions.
Q ’VUQ})A =000 UNION
(OrQr0y UNION (O 0r0) \
UNION ((Q," ,Q)-Qy) UNION ((Q:" ,Q)-0))
UNION ((Q;" »Qv-Q) UNION ((Q," 1) " 1Oy (8)
When more than three Queryballs overlap, we must
give formal definitions for the intersection of multiple

query regions. For example, (&:V n Q) "n Ok is
constructed by superposmg Queryball Oy on the query
region of 0;" nG;

To generalize the deﬁnmons in the previous
subsection, we obtain formal definitions for query
region R ° , R, where R = (B,
(SiPit), - (Sigm-ppPign-)( 7' SmPim)) and R, = (B,
(S P, Sion-pEjin (i Pr).

. Ri —Rj

area specification: B;/A—B;

pairs of search condition and display method:
(Sit.Pin), - (Sicm-1-Lign-1), (T Sims Pim)
bd 19 nR

area spec1ﬁcat10n BiA\B;

In the case of R;” nR,, superposing R; on R using
disjunction is regarded as the overlay query result
by R; on the query result by R;.

RY Ry = BBy, (Su/A (S V.. VSimi)Pit),..., (Simty
A - (S}I V.V Sj(n.))),P](m.u), (Sﬂ A (Siz V.V
Sin-1) Pit), -, Sinety A (St VooV Sigm-i) Pin-12)i(Sit /A S,
Pii),.(Si ASi P (Sim NSjns P ser) (St V.. VS VSt
Vi V83 Pim)) ©

In the case of R,’\nRJ, superposing R; on R; using
conjunction is regarded as narrowing down the search
condition S; by the search condition S;.

R/ Ry =(BABy, (Su/\Sp) Ve V(Su ASimi) Pi)..... ((Sim
ASi) Ve VI Sim-ty ASjpwt) Pigmrs), (VS ASp) V.. V(Su/\
Siona)) Voo V (SiAS Ve V(SimASi)), Pin)) (10)

4. Conclusion
In this paper, we proposed a new style query model

using Queryball. We defined a query model for the

interaction by combination of Queryballs, and
described the first implementation of a prototype
system. This model provides the simplest query that is
intuitionally understandable with non-immersive VR
system users. Especially combination of multiple

Queryballs makes complex search condition and

display quite easy.
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