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PCA

The basic formula for PCA is equation S1, which can be performed by solving the
generalized eigenvalue problem:

where A is a matrix of correlation coefficients (Equation S2)
€11 €12 " Cin
C C coe C
] | (82)
Cn1 Cn2 " Cpn
cab 18 a correlation coefficient between sensors a and b (c11 =c2 = ... = cm= 1), n is the
maximum dimension number (i.e., the number of sensors: 8 in this study), vj (vi, V2, ..., Va)
are eigenvectors, and 4; (41, A2, ..., An) are eigenvalues (41 > 42 > ... > /n). Eigenvector v;j is
a matrix of n rows and 1 column (Equation S3):
vlj
vzj
vi=| | (S3)
Unj

Standardization values obtained from sensor responses by Equation 2 in the manuscript
are converted into the PCA scores by the eigenvectors (Equation S4):

!
x' = xv, (54)
where x’ is a matrix of PCA scores, X is a matrix of standardization values (Equation S5)
X111 X217t Xma
X12 X2 Xn2
x=|_ ' . ' S5

X1k Xok v Xpk | (55)
XiN  X2Nn 7 XanN

v is a matrix of eigenvectors (Equation S6)

Vi1 Viz2 0 Vin
Uy1 Va0 Vo

V= : : . ) (S6)
Unt Vn2 *° VUnpn

and N is the maximum of data number k£ (676 in this study). One data point includes xix,
X2k, o, Xnk.
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Figure S2. Schematic of the flow apparatus for measuring sensor responses.
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Prediction label
Figure S3. Confusion matrices of predicted and true labels from 1 min data of sensor array C. Datasets analyzed using ANN are from (a) single gas

[total: 676 data], (b) highest concentration of double gases [total: 4056 data], and (c) second highest concentration of double gases [total: 4056 data].
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Prediction label
[total: 676 data], (b) highest concentration of double gases [total: 4056 data], and (c) second highest concentration of double gases [total: 4056 data].

Figure S4. Confusion matrices of predicted and true labels from 1 min data of sensor array L. Datasets analyzed using ANN are from (a) single gas
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Figure S5. Confusion matrices of predicted and true labels from 12 min data of sensor array C. Datasets analyzed using ANN are from (a) single gas
[total: 676 data], (b) highest concentration of double gases [total: 4056 data], and (c) second highest concentration of double gases [total: 4056 data].
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Figure S6. Confusion matrices of predicted and true labels from 12 min data of sensor array L. Datasets analyzed using ANN are from (a) single gas
[total: 676 data], (b) highest concentration of double gases [total: 4056 data], and (c) second highest concentration of double gases [total: 4056 data].

71713



0.3F

o
@
T

N
s
w

o
o
T

Ind
=)
o
N
T

151

I3
T

=3
T
o
o

oS
N}

05

Predict concentration [ppm]
o
»
Predict concentration [ppm]
o
(3]
Predict concentration [ppm]
Predict concentration [ppm]
Predict concentration [ppm]

o
o
T

=
o
T
=
o
T

. .
0.0 0.2 04 0.6 0.8 00 05 10 15 20 25 00 05 10 15 20 0.0 0.1 0.2 0.3 00 05 10 15 20 25
True concentration [ppm] True concentration [ppm] True concentration [ppm] True concentration [ppm] True concentration [ppm]

o
o
o
=)

0.8

9 10

o
INd
(&

20} 6 . of 7 8

£ £ Taf T 20} T
g &sf g g2° Sos
c 15F c c c c
51.0- 53' :EQ' 21.0- EM
8 8 8 8 8
B 05F 2 5 2f 3 8 B 02
3 3 I g 05r i
a a1f a . a a
00 _. of ° ore 0.0 0.0
0:0 0:5 1:0 1?5 2:0 2;5 [I) 1I é 1|3 4\t é é (IJ i é Cli ci é OjO 0?5 1:0 1.I5 2:0 2?5 OTO 0;2 Of4 OTG 0?8
True concentration [ppm] True concentration [ppm] True concentration [ppm] True concentration [ppm] True concentration [ppm]
. 05 a R? MAE MSE
o8 12 i 13 i 1 0990 0994 000352 0.000109
g g 0.4r g 2 1.00 1.00 0.00240 2.81e-05
504 503 501 3 0999 0.999 0.00420 0.000187
8 s 5 4 0992 0.970 0.00388 5.85e-05
8 02l 5 0999 0.999 0.00366 0.000172
302r 8 38 6 0992 0998 0.00621 0.000303
3 g o1 3 7 0996 0.998 0.00438  0.00251
. & 00 & 0ol 8 0999 0.994 0.00636 0.00256
" ;)IO 0z 04 06 - 00 01 02 03 04 05 00 o1 9 0999 0999 000367  7.63€-05
. True c.oncentratio;l [ppm] . . Tl.'ue con.centration [ppl:n] ) . True cuncentra.tion [ppm] 10 0.993 0.990 0.00370 0.000102

11 0979 0.976 0.00448 0.000149
12 0986 0.986 0.00387 8.02e-05
13 0912 0.920 0.00345 3.71e-05

Figure S7. Relationship diagram between true and predicted concentrations for each target gas using 1 min data on sensor array C. Plot colors are
black: single gas, blue: highest concentration component of double gases, green: second highest concentration component of double gas, and red: other
double gases. Identity of target gas: see Figure 1.

8/13



o
@
T
N
o
T

-
N
w

o
12
T
N
o
o
N
T
N
=}
T

3
T
o
T
5
T

o
T
o
3
T

=)
T

Predict concentration [ppm]
o o ,
N ES
T T
Predict concentration [ppm]

i
o
T

Predict concentration [ppm]
Predict concentration [ppm]
Predict concentration [ppm]

I
3
o
o
T

o
o
T

o
o
T

.
=4
o
o
=)
=3
=}
T

1 1 1 1 1 1 1 1 1 1 L - 1 1 1 1 1 I 1 i 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 00 05 10 15 20 25 00 05 10 15 20 0.0 0.1 0.2 00 05 10 15 20 25
True concentration [ppm] True concentration [ppm] True concentration [ppm] True concentration [ppm] True concentration [ppm]

10

N
<]
T

»

-7 - 8

o
IN

E E E E E
g i g g20f goser
= 15+ o o =4 =4
S S S af S S
5 5 4 5 5 15 5
£ £ £ £ £ 04
S 10fF 83 8 A 3 3
g g g § 10 g
g S $ g g
S osf 2 g1 o5t T
= = 1 = = N f=
a a a a a
L [ 0.0 .
0.0 1 L 1 L 1 0 1 L 1 1 L 1 L 0 L L 1 1 1 0 O 1 1 1 1 L 1 1 L L 1 1
0.0 0.5 1.0 15 2.0 0 1 2 3 4 5 6 7 0 1 2 3 4 5 00 05 10 15 20 25 0.0 0.2 04 0.6 0.8
True concentration [ppm] True concentration [ppm] True concentration [ppm] True concentration [ppm] True concentration [ppm]
2
. a_ R MAE MSE

1 0996 0.999 0.00215 2.52e-05

£ i £ oer 12 £ 13 2 0996 100 000222 2.72-05
04l ‘s 03 ‘01 3 1.00 1.00 0.00269 2.76e-05
I s s 4 0994 0.995 0.00184 9.48e-06
802 5 1.00 1.00 0.00240 2.21e-05
g o2 3 38 6 0.997 1.00 0.00239 2.40e-05
3 g o 3 7 1.00 0.999 0.00259 0.000589
& . o e ® ool 8 0.998 1.00 0.00302 0.000143
°? ;1'0 02 0z 06 » 00 : o1 02 03 04 00 o1 2 1.00 100 0.00248  3.49-05

. True c;)ncentratior; [ppm] } ‘ Tr\lle concéntratior.\ [ppm] . ’ True concentratiz;n [ppm] 1 0 1 00 0997 000222 2766'05

11 0996 0.999 0.00150 7.70e-06
12 0997 0.996 0.00225 2.49e-05
13 0967 0.968 0.00199 1.48e-05

Figure S8. Relationship diagram between true and predicted concentrations for each target gas using 1 min data on sensor array L. Plot colors are
black: single gas, blue: highest concentration component of double gases, green: second highest concentration component of double gas, and red: other
double gases. Identity of target gas: see Figure 1.
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Figure S9. Relationship diagram between true and predicted concentrations for each target gas using 12 min data on sensor array C. Plot colors are
black: single gas, blue: highest concentration component of double gases, green: second highest concentration component of double gas, and red: other
double gases. Identity of target gas: see Figure 1.
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Figure S10. Relationship diagram between true and predicted concentrations for each target gas using 12 min data on sensor array L. Plot colors are
black: single gas, blue: highest concentration component of double gases, green: second highest concentration component of double gas, and red: other
double gases. Identity of target gas: see Figure 1.
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Table S1. Fourteen effective components and their approximate amounts in aroma essential oils.

No. Name Approximate amount in aroma essential oil

1 Terpinen-4-ol Primary component of tea tree oil (approx. 40%)
2 a-Terpinene Primary component of tea tree oil (approx. 10%)
3 y-Terpinene Primary component of tea tree oil (approx. 20%)
4 a-Terpineol Secondary component of tea tree oil (approx. 3%)

Primary component of eucalyptus oil (approx. 75%)
5 Eucalyptol i
Secondary component of tea tree oil (approx. 3%)

6 d-Limonene Secondary component of eucalyptus oil (approx. 5%)

. oPinene Secondary component of tea tree oil (approx. 2%)
Secondary component of eucalyptus oil (approx. 9%)

8 [-Pinene Secondary component of tea tree oil (approx. 1%)

9 p-Cymene Secondary component of tea tree oil (approx. 3%)

10 Linalool Primary component of lavender oil (approx. 40%)

11 Linalyl acetate Primary component of lavender oil (approx. 40%)

12 Citronellal Primary component of melissa oil (approx. 10%)

3 Neral (Citral) Primary component of melissa oil (approx. 20%)

Geranial (Citral) Primary component of melissa oil (approx. 25%)
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