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Visualization of High-dimensional Sensor Data and Analysis of their Class Structure Using

Nonlinear Map

Hideki Satoh*, Member, Masako Satoh™*, Non-member, Yoshifumi Takao™*, Non-member
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An algorithm that constructs a nonlinear map from a high-dimensional feature space into a low-dimensional space

was developed to enable analysis of the structure of data with high-dimensional characteristic features and their class

information obtained using various sensors and analyzers. First, a nonlinear map is defined by summing nonlinear

basis functions, and their optimal combination is derived using a genetic algorithm to avoid the “curse of dimension-

ality.” Next, the coefficients of the basis functions are derived using the Nelder-Mead method to flexibly cope with the

various demands for the map that cannot always be expressed using statistics of the characteristic features. As a result,

nine-dimensional sake data can be mapped into a two-dimensional space so as not only to discriminate the classes but

also to preserve the order of distances between classes as much as possible.
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i, 3WIC, 5V TR, KU ITADT =540, BTF—%
200 DIEXRT— & X7 MVEESE T, IEEHRIGHT
(CDA)® & Algorithm 3 @ H B E W AEREIZ S 2 5
WER WD, 22T, EARF— 413, Table 1 1253 T—HE
AL X DB E L, ZO50 i Fig.2 Ol TH b, F
72, Table 1 ® U(a,b) i, a5 b O—kELETH 5,

Table 1.
tal data.

Uniform random variables used for experimen-

class 5
U(1.0,1.3)
U(1.0,1.3)
U(0.0,0.3)

class 4
U(0.0,0.3)
U(0.0,0.3)
U(1.0,1.3)

class 3
U(0.0,0.3)
U(0.6,0.9)
U(0.0,0.3)

class 2
U(0.6,0.9)
U(0.0,0.3)
U(0.0,0.3)

class 1

x1 | U(0.0,0.3)
x2 | U(0.0,0.3)
x3 | U(0.0,0.3)

axis
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class1
class2
class3
class4
classS

Fig.2. Three-dimensional distribution with five classes.

Table 2. Difference between CDA and Algorithm 3 (linear)
due to objective function.

method objective function | rejass[%] | Edist
CDA Ay and A, 6.5 1
Algorithm 3 (linear) Eclass 0 3
Algorithm 3 (linear) | &class + WaistEdist 0 0
< 4% E
@)
Q
0 N
/)
° AR 2
- 00 2 INREN BT
O
th O classl
O class2
v YVVVV A class3
VW v classd
< classS
Y1

Fig.3. Map of three-dimensional distribution on two-
dimensional space obtained by Algorithm 3 (linear) (ob-
jective function: &¢jass + WaistEdist)-

CDA & Algorithm 3 % ILiX9 % 72012, REITIE, Algo-
rithm 3 25 b3 % 54513 CDA L AERICHIE ((3-4)HiZ
M) 4% (LUF, Algorithm 3 (linear) X 509). ¥ 72, Al-
gorithm 3 @ HIUBIEIZ BT 5 g4 DRITEMFEET 5 72012,
Algorithm 2 @ Step(2-4) 125V C, F(MID,N, Z) = Serase
ELT (FThbb, HABEE cass & L0 Fotass & Edist X8
5o ZOFES, Table 212777 &£ 912, Algorithm 3 (linear)
T2 O HIEE O WTNOGE T ross = 0% TH
212b3H 5, CDA Tid 6.5% & % -720 %72, Algo-
rithm 3 1I2BWT, HREEIZ ggiq ZEATAH I EI2LD,
Eaist D335 0 1ZIRA L7z HIBEE % suass + WaistEdist &
L C Algorithm 3 (linear) |2 & W 55 N7z E(%~N2 bV
A% Fig. 3 12”7,

MO % 2R T — & R N VRSN L ClRfE R £k %
ITo7245R, Algorithm 3 @ rue 28 0% O¥AETH, CDA

128

O classl
O class2
A class3

Fig.4. Nonlinear three-dimensional distribution with
three classes.

Table 3. Uniform random variables and equations used
for experimental data.
axis class 1 class 2 class 3
x| o =D+ -2 | (- D>+ (x3-1)>+0.5 | U1.0,1.2)
X U(0.0,1.6) U(0.0,1.6) U(1.8,2.0)
x3 U(0.0,2.0) U(0.0,2.0) U(0.9,1.1)

Table 4. Difference between Algorithm 3 (linear) and
Algorithm 3 (nonlinear) for nonlinear distribution.

method objective function | rejass[%] | Eaist
Algorithm 3 (linear) Eclass T WdistEdist 20.2 0
Algorithm 3 (nonlinear) | &gjass + WaistEdist 0 0

TIE0% L b wWERH o7z LA L, TOHOFIIH
BRI TIE RO TV TS DRERED D, egus 2 H
HRE % & LT\ % Algorithm 3 (&, FEHIZS) & BINZS O
o BEUA,) #HWEELE LT3 CDA &L T,
7T AGEERRDEN TV L 2 E gD o7 72, edis
FHMERIEAT A LX), rgus ZHELESEL L
% < Eouss XFHETE D T LW 72

4-2) FFERHHRBEEONROMEIE  Algorithm 3 DI
ML REL OB R Z TR T 572012, Fig. 4 \RT L9 %
IV TE AT H & RO T — & o5 % F T Algo-
rithm 3 Z 5l L 720 AR 7 — % #4613, Table 3 1I/R T —%k
AL FRERIC I DIER S, 3L, 37 TR, £7FAD
T—=5$200 Th b, TOFEH%, Table 4 |2/R"7, 2T,
Table 4 (235> T, Algorithm 3 (linear) |&{4- 1) &i & [Al4£(2
Algorithm 3 12 & 2 #Ji#{b %, Algorithm 3 (nonlinear)
1 Algorithm 3 12 & 2 IEMI B (AR RIL gimax = 2. B
BRI D T RNE Ny = 8, ZHRER DR p, = 1073) %
F3, Table 4 550005 & 912, W& EAL & IEHTE i E
OB L D egig =0 TH Do F72, BIRBLICLDE
BT Fepass EIERIZREWVIZO D S, IR ELT
1 Fetass = 0% 12725 T\ b, S 512, Fig. 5123 L7z JE#R
BBl & DS NN, S S, Figd lIIRT L9
HIERI ISR AL A  FEOEAR T — F EHEVPE NS
HELTWDLZENWGhb, IbOREENS, Algorithm 3
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O classl
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A class3

Ya

Y1

Fig.5. Map of nonlinear three-dimensional distribu-
tion on two-dimensional space obtained by Algo-
rithm 3 (nonlinear).

Table 5. Difference between Algorithm 3 (linear) and
Algorithm 3 (nonlinear) for sake data.

method objective function | rejass[%] | Edist
Algorithm 3 (linear) Eclass T WlistEdist 5.9 2
Algorithm 3 (nonlinear) | &cjass + WdisiEdist 0 3
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Fig.6. Map of nine-dimensional sake data on two-
dimensional space obtained by Algorithm 3 (nonlinear).
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app. Table 1.
of sake.

Definitions of brewing method and taste

Label
Alten

Junmai

Definition

includes brewer’s alcohol

made from only rice and water

Tousan | includes brewer’s alcohol, saccharides, organic acids,

amino acid salts

L-RPR

H-RPR
Dry

Sweet

ginjo-shu or daiginjo-shu; rice-polishing ratio below 60%
rice-polishing ratio greater than 60%

AV=Glc.-TA < 1.0

AV=Glc.- TA > 1.0

app. Table 2. Classes and numbers of samples of sake.

Class information
Class No. | Combination of brewing method and taste Number of samples

1 Alten * L-RPR * Dry 5
2 Alten * H-RPR - Sweet 7
3 Alten *+ H-RPR * Dry 10
4 Junmai * L-RPR * Dry 13
5 Junmai + H-RPR - Dry

6 Tousan * H-RPR - Sweet 3
7 Tousan - H-RPR * Dry 5

N
f(x) = Z Qi)+
i=0
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dy
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