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WA [, i =1, ..., n.
BiEEhA, § = 1,

e, .
e - AEER G loc(Di), 0=loc(Di)=<nh.
Bahe 8 loc(Ai), 0=loc(A;)<nh
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fori=1tondo
G=gp

forj=1tomdo
if dist(4,, D) = Min ..., dist(4, D) then
Gi‘ = Gia UA]
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for every pair of axis group G, and G, do
di = Min seq, dist(D, A)
du = Min 4q dist(Ds, A)
dist(G, Gy = Min (dy, du, 7/2)
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SO BREBEEHANLE -
fori=1tondo
for each 4 € G.do
if dist(4, D, ) < dist (4, D,.,+) then
loc(4) = loc(D,) — dist(4, D)
else
loc(4) = loc(D;) + dist(4, Dy)
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fori=1tondo
foreach 4 € G..do
if (A - D,.)<0then

sign(A)= — 1
else
sign(A)= + 1
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‘Main.java public class Main extends Applet
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ParallelMgr.java public class ParallelMgr extends Canvas
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ParallelPnt.java public class ParallelPnt extends Object
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AxesMgr.java public class AxesMgr extends Object
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Axis.java public abstract class Axis extends Object implements Observer

. : FITRHREIER
DimAxis.java public class DimAxis extends Axis implements Observer

3 FIEERIBUAIE
‘AttrAxis.java public class AttrAxis extends Axis implements Observer
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controlPnl.java public class ControlPnl extends Panel
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Abstract

Product perceptual space, which can be constructed by using Multidimensional Scaling
(or MDS), is often applied at the design analysis stage in product design. One of the problems
with applying MDS is the visualization and analysis of a perceptual space that requires more
than three dimensions to represent. This research proposes a new model for visualizing
multidimensional perceptual space based on Parallel Coordinates.

The basics of Parallel Coordinates, including the conversion to and from Cartesian
Coordinates and the elegant duality properties between the two kinds of coordinates, are
reviewed. By examining the characteristics of a perceptual space generated by MDS, special
requirements for integrating multidimensional representations and perceptual spaces are
identified. To facilitate analyzing and interpreting a multidimensional perceptual space, an
integrated structure combining dimensional axes and attributive axes is developed in a Web-
based environment. When using Parallel Coordinates, the parallel axes need to be carefully
ordered so that important relationships among the axes can be recognized immediately.
Finding an optimal ordering of axes, which minimizes the distances between adjacent axes, is

formulated as a Hamiltonian Path problem in Graph Theory. Optimal ordering of parallel
~ axes can then be found by using discrete optimization techniques. In addition, by taking
angles among nearby axes into account, the optimal distances between axes can be computed
automatically as a default layout, in which strongly correlated axes are placed close together.
Finally, this paper demonstrates the analysis and visualization model by using Java
programming language to implement a WW W-based system.

The goal of this research is to propose an integrated model to visualize and analyze the
perceptual space. The developed system will be a subsystem of WebMDS, an integrated,
intuitive, and interactive environment to designers for analyzing and visualizing
multidimensional perceptual space. '

Keywords: Multidimensional Scaling (MDS), Perceptual Space, Multidimensional
Visualization, Parallel Coordinates, World Wide Web (WWW).





