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Context Methodology
« Metal-oxide (MOX) gas sensors are widely used in various gas Study the dimensionality (ID) of two datasets with different
sensing despite their low selectivity complexities :
« Solution: use sensor arrays to benefit from an enhanced  Dataset 1 [22 MOX-sensors] is from an indoor activity
response detection experiment [2].
* Applications often use more than 10 sensors, but in air  Dataset 2 [4 MOX-sensors] is from a VOC metrological
quality monitoring only 2 to 4 sensors are generally used [1] qualification set; e ——
 Features from datasets: J
:2.3 Rg
- Why do small MOX sensor arrays work effectively for air » Average sensor measurement; . |
[ - - g 2t | ]| ]|
 quality monitoring? y - Normalized relative response Ry i~
— mw— R
R. — Rg —Ro i and iii: no activity / clean air ' °\
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/ What is Intrinsic Dimensionality (ID) ? \ S Ro * 1 activity / target gas injection y
The Dataset dimenSionality ID estimation for different data sub-set —_2.6 Dat t 1
represents the number of (C?);Toelex)
parameters measured i.e. the F‘:atu:_es
apparent dimensionality, D. The _ " (NDtatasetlz : oo
. . . . . - ot compliex
Intrinsic dimensionality (ID), d, §; L
@ 1.6 Present in Target pollutant
Often I ower than D , MEeasures @ - B S ieree Dataset 1 Dataset 2 (according to datasheet)
degrees of freedom and g, | CCS 801 X X C,HsOH + CO + C;Hg
iy . . . e 5y - COM 31 X CO
perceived dimensionality”. 1 GM 1028 X NO,
GM 302B X Alcohol
ID Estimation Methods mainly used: — 2 S
« PCA: Number of components explaining >90% variance. — 2 s
Tends to overestimate due to linearity. BN aT > e
2
 MLE [3]: Finds dimension d that best fits k-nearest MIE SIS A N
_ _ o ) MICS 5524 X X CO + C,H:OH + H, + NH, + CH,
neighbor distance distributions (k=20). MICS 5914 X X NH, + C,H-OH + H, + C,H, + C,Hq
_ SB 5100 X H,S
» GP [4]: Slope of log C(r) vs log r, where C(r) counts pairs SBAQ 106 X VOCs
ey s . . . . GS CO
within distance r. Multiple stable regions possible. — > T CHON T e
TGS 2602 X VOCs (toluene + ethanol)
TGS 2603 X C,H-:OH + C,H,N + CH,S + H,S + H,
TGS 2620 X VOCs
: : TGS 8100 X X C,H:OH +H, + CO + C,H
Results and discussion voen 31 . LA o

» Estimators show higher ID for Dataset 1 than Dataset 2, reflecting _“
complexity differences in sensor count and measured phenomena. m Dataset 1 (D = 21 Dataset 2 (D = 4

- Relative response (Rs) captures temporal information, yielding OEELE Average
higher ID than average response values. PCA Linear 5 3 4
+ PCA overestimated ID except for Rs in Dataset 1. Further H 8.5 i 28

GP (Non-linear 3,2 3.50r5.8 14 o0r24 2,5

« Air quality applications target few specific gases (like Dataset 2), resulting in low complexity requiring fewer sensors,
explaining why 2-4 sensors suffice.

iInvestigation needed.
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