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PCA 
 

The basic formula for PCA is equation S1, which can be performed by solving the 
generalized eigenvalue problem: 𝐀𝐯𝐣 = 𝜆௝𝐯𝐣, (S1) 

where A is a matrix of correlation coefficients (Equation S2) 

𝐀 = ൮𝑐ଵଵ 𝑐ଵଶ ⋯ 𝑐ଵ௡𝑐ଶଵ 𝑐ଶଶ ⋯ 𝑐ଶ௡⋮ ⋮ ⋱ ⋮𝑐௡ଵ 𝑐௡ଶ ⋯ 𝑐௡௡൲, (S2) 

cab is a correlation coefficient between sensors a and b (c11 = c22 = … = cnn = 1), n is the 
maximum dimension number (i.e., the number of sensors: 8 in this study), vj (v1, v2, …, vn) 
are eigenvectors, and λj (λ1, λ2, …, λn) are eigenvalues (λ1 > λ2 > … > λn). Eigenvector vj is 
a matrix of n rows and 1 column (Equation S3): 

𝐯𝐣 = ൮𝑣ଵ௝𝑣ଶ௝⋮𝑣௡௝൲. (S3) 

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, (S4) 

where x’ is a matrix of PCA scores, x is a matrix of standardization values (Equation S5) 

𝐱 = ⎝⎜⎜
⎛𝑥ଵଵ 𝑥ଶଵ ⋯ 𝑥௡ଵ𝑥ଵଶ 𝑥ଶଶ ⋯ 𝑥௡ଶ⋮ ⋮ ⋱ ⋮𝑥ଵ௞ 𝑥ଶ௞ ⋱ 𝑥௡௞⋮ ⋮ ⋱ ⋮𝑥ଵே 𝑥ଶே ⋯ 𝑥௡ே⎠⎟

⎟⎞, (S5) 

v is a matrix of eigenvectors (Equation S6) 

𝐯 = ൮𝑣ଵଵ 𝑣ଵଶ ⋯ 𝑣ଵ௡𝑣ଶଵ 𝑣ଶଶ ⋯ 𝑣ଶ௡⋮ ⋮ ⋱ ⋮𝑣௡ଵ 𝑣௡ଶ ⋯ 𝑣௡௡൲, (S6) 

and N is the maximum of data number k (676 in this study). One data point includes x1k, 
x2k,…, xnk. 
 
 



 2 / 13 
 

 
 
 

 
Figure S1. Diffusion tubes (D-tubes). The model numbers are D-02, D-03, D-04, and D-05 from left to right. 
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Figure S2. Schematic of the flow apparatus for measuring sensor responses. 
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(a)                       (b)                        (c) 

  
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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(a)                       (b)                        (c) 

 
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 
[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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(a)                       (b)                        (c) 

  
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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(a)                       (b)                        (c) 

  
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]. 
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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. 
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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 α-Terpinene Primary component of tea tree oil (approx. 10%) 
3 γ-Terpinene Primary component of tea tree oil (approx. 20%) 
4 α-Terpineol Secondary component of tea tree oil (approx. 3%) 

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

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

7 α-Pinene 
Secondary component of tea tree oil (approx. 2%) 
Secondary component of eucalyptus oil (approx. 9%) 

8 β-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%) 

13 
Neral (Citral) Primary component of melissa oil (approx. 20%) 

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

 
 


