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Background and Objectives

~

 Visualization of sets of scalar fields (e.g. time

series or simulation ensembles).
» Computational comparison of scalar fields

Mathematical Model

* Discrete scalar fields can be viewed as n
where n Is the number of grid points.

 Similarity or distance functions (metrics)
(and have been) defined for such points.

D points

can be

~

Ensemble Summary View

E.g. mean by color and standard
deviation by dot de
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A Few Well-established Measures

Manhattan Distance: the sum of the magnitudes of
the differences of all the scalars. d(":b)zz; a,—b|

Mean Squared Error: mean of the sq

differences of all the scalars. d(a,b):lz:lz1 la,—b]

uared

n

Cosine Distance: one minus the cosine (in [-1,1])

between two scalar fields in nD space.

a-b

d(a,b)=1-cos(s(a,b))=1-r
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/Scalar Field Signature

\ 0.6410

What we call a scalar field signature for a single scalar field given by an array of scalars x is obtained by sorting
the elements of x In ascending order resulting In a new array y. This can be interpreted as samples of a
monotonically nondecreasing function from the set of grid point indices {1,...,n} to the original range of scalars.

* Works for any kD domain.

* Works for any number of discrete data
points.

» X-axis: some linearization of the original
domain.

* y-axis: original image space.

* The range of values can be read.

* How often which value (bin of values)
occurs can be read (approximately).

* Multiple scalar field signatures can be
plotted in the same figure (e.g. for an
ensemble).

» Can easily be animated (e.g. for time
series).

» Certain similarity measures can be
estimated.

» Used for a set of scalar fields, it can be
enriched with the signature of the
mean.

* The shape of the curve represents
statistical characteristics of the field
(e.g. roughly a Gaussian distribution of
the scalars as it Is the case In this

\figure).
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run 0
run /
run 3
run 6
run 9
run 1

e T, e e S o ST == , BN W e e N T W= = = E
IR e RN R rmelin T Tty mpmedE L T = g
NS R A A =, By b Sl IR0 I O N N = S SN NI S S = 3
> ST T | o CEETTIERRY GG N T s R s | (RN e Ve o, g2 \ e
R " R D oY R R o s e \?{33 v e N A 9% { oy /\g%fj +11
(G R T S sy Ty M s = { v e WS L2y YW Y e S m Rt9.167
) ; 8] Y A N [ e - g4 — o FEREYIN -_ /v‘; = — A (& s ) J (e gl < )
oo s S SNE) - S \oF U sy cer ] A B0/ Y B o | / WA RN - S 1 e NG | B47.333
fm%f; ngﬂ e = L DA @zj) <&g;/§ ST e 7 % & o S 0 < ;\\Q&:—ﬂg\v{f o e 5 - «i ;hg:\:\?: === oo - v =
o e B e e T S SRRSO S == I e =~ S, e — | @ P e e '
— T o - = == S 1 ] e | == eSS T TR BT | M43.667
-+1.833
run O run 1 run 2 run 3 run 4 I
--1.833
e ST S = ) ! B e P ro o e o | e e T P - e = e o~ = | gr-3.067
St L ST Bl o s R B AL ST N B il T i A o 05,
YO e SR NS TR S S ey, T TR s NI WS i N B N e RN S B e v SR — %Y S = VR e gt '

i /(;L : oQC\);fod /’,T—S_z—tz:_‘;, ‘Her:Zij\“‘ “J’/p T . :;( {_, ‘jj"’u\;\_ff?g - j”dczg:, — o Ry ST /U\ﬁg; %\ I J‘:’UQ@; (Lrv /d o /’i’itﬁg& = )Aﬁj;’m - 0L // R J)&tﬁpﬁgg . jﬁdép_ ‘? 333
PNEN - S Vj\ — o = o S, W N a Q\__v\\t o — — a8 \ e ' = =7 g a : N \;—: o .
B S A e T = el PRGN NP 2 N, VR I A e e e R9.167

S ’“ét? =< Vel R \? ¢ Ve o = xx? \@ - \Je o «2| | 0 v — Ve o= | T—> { \7, e Ve =T l'l

xxxxxx -y A N . y s e - (& N N S | 4 ’ ) o SN -

R =N Fah-= R S R = S~ AN X I U { VAL LU« ) [ N NV Y A A i) = 0 S NCD
B Lb ¢ o= e 7 s = TR 735/;;\@; < - _ T : = Cfiﬁ - = T2 of;“b Ldg Q\ :{/%j e o s ::“ = - C pf
= 1 aaFmeT femmd o u T g = =S ) =R S e e = %
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On the right one can see a distance run O 1 2 3 4 O 0 /Neighborhood Graph \
matrix for the data set shown above. The O 0.4360/0.8104 0.5786 0.5423 0.6538 0.3208 | HIN for the Manhatten distance
lower left part contains the values for the =~ 10-3191 0.411 0B Oigas Dlhod « d < ¥ = dark blue edge
cosine distance and the upper right 20:60580.4057 0.6542 0.2105 0. 0.5540 SRt
shows the values for the Manhattan 30.3044/0.2052 0.4271 0.4050(0.6191 0.4216/0.4416 0.5153 0.3621 g 9
Stance. In both cases the values have 4 100072 0.2846 0.2922 0.22300.5845 0.4734.0.4360 0.3115 » else: no edge
5 ' ized f . 01 50.4866 0.52150.4304 0.3544 0.4622 0.5364 0.4138

een normalized from [min,max] to [0,1]. ¢ 0.4804/0.2480 0.5140|0.7201 0.3489 0.3805
A b_Iue-whlte-red colormap has been 7 0.3914/0.6640
applied to the values so that extreme g _ 0.7575
values can be spotted more easily. 9 0.32210.5282 0.2816 0.4303
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D Example

run 8
run 4
run 5
run 2
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