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Machine Vision Platform for High-Precision Detection of Disease VOC Biomarkers
Using Colorimetric MOF-Based Gas Sensor Array
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Abstract

Gas-sensor technology for volatile organic compounds (VOC) biomarker detection offers significant advantages for non-

invasive diagnostics, including rapid response time and low operational costs, exhibiting promising potential for disease

diagnosis. Colorimetric gas sensors, which enable intuitive analysis of gas concentrations through changes in color, present
additional benefits for the development of personal diagnostic kits. However, the traditional method of visually monitoring
these sensors can limit quantitative analysis and consistency in detection threshold evaluation, potentially affecting diag-

nostic accuracy. To address this, we developed a machine vision platform based on metal-organic framework (MOF) for col-
orimetric gas sensor arrays, designed to accurately detect disease-related VOC biomarkers. This platform integrates a CMOS
camera module, gas chamber, and colorimetric MOF sensor jig to quantitatively assess color changes. A specialized machine
vision algorithm accurately identifies the color-change Region of Interest (ROI) from the captured images and monitors the

color trends. Performance evaluation was conducted through experiments using a platform with four types of low-con-
centration standard gases. A limit-of-detection (LoD) at 100 ppb level was observed. This approach significantly enhances
the potential for non-invasive and accurate disease diagnosis by detecting low-concentration VOC biomarkers and offers a

novel diagnostic tool.
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(b)

— Line LED

Fig. 1. (a) Line LED configuration for planar illumination inside the
gas chamber. (b) Individual components of the developed
machine vision platform. Images of the colorimetric gas sen-
sor jig and gas chamber (c) before and (d) after coupling.
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Dye

PCN-222(Sn) | 15
PCN-222(Fe) | 16

M-Cresol purple
Nitrazine yellow

1 | PCN-222(Mg) | 9 PCN-222(Sn)

2 | PCN-222(Co) | 10 PCN-222(Sn)

3 | PCN-222(H) | 11 PCN-222(Sn)

4 | PCN-222(Zn) | 12 | Malachite green oxalate
5 | PCN-222(Al) | 13 Rosolic acid

6 | PCN-222(Cu) | 14 Thymol blue

7

8

Fig. 2. (a) Example of a colorimetric gas sensor using a viscose fiber
absorbed with a dye. (b) Initial color of the fabricated col-
orimetric gas sensor before reaction. (c) Types of dyes
applied to each fabricated colorimetric gas sensor.

552 ALttt A2 MOF 714F 8] 712 AlA o] -85
MOF Y&+ PCN-222(Mg), PCN-222(Co), PCN-222(H), PCN-
222(Zn), PCN-222(Al), PCN-222(Cu), PCN-222(Sn), PCN-
222(Fe), PCN-222(Ni), PCN-222(Eu), 12 3 PCN-222(Pd)S.
Z 115°]t}. =3 Malachite green oxalate, Rosolic acid, Thymol
blue, m-Cresol purple, Z2]3 Nitazine yellow2] H&E A}&-3}
o A& dE 79 B]A 7R2AlA 5% A2kt MOF 3
A& AE 79 v 7E2AIA A Z G A] o] ] & 2 ATt
A E8E A T2 2710 B E 98 F/E Fig 2
o Holt} Fig. 2(a)E YT 2 fol S35 ARl os) A
2 4 Qs B ZRRAIA o A] ofu]R]oltt, ThAe]] WEE-EHA]
22 v TEAM = FdAE HR wet 7)o e A
gA HaL, FH 7k FEe] weEt RSt vhg-S Bl v
7EEAA Wil R A S8 AT 0] &
Z edol| wje} dEe] Mol opd Ao FRE= FYo
SANGTE, 2 AFoA] Tk B0 S8 H]A TRRAIA o
ole] 27] A olvA] Bl 7 M| 88 I8 TR/RE Fig.

2 (b)9} Fig. 2 (c)ollA 242+ Bolc),

¢

3.2 DU 20E|FE 0[S v 7tAMM ROT



Machine Vision Platform for High-Precision Detection of Disease VOC Biomarkers Using Colorimetric MOF-Based Gas Sensor Array

RGB Color Extraction 2023-05-16 2% 5:17:32

a3 uH ua

YA B
/Y 88

l % th 05 B ]

aiun 000112 RGB Color Extraction 2023-05-16 2% 51832
= = = =
= = = =
= - = =
= m = =
= = Bl 0 O ERE——1B
= = L] =

™ m [ wm " m " =
= = = -

a 3
£ th 8 K

Fig. 3. (a) Main manu of GUI for ROI designation and real-time
RGB value monitoring. (b) real-time RGB value monitoring
graph
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Fig. 4. Gas concentration-dependent color change images of each

colorimetric gas sensor
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