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Abstract Photoacoustic spectroscopy has been widely used in gas detection because of its high sensitivity, strong
reliability, and fast response. Because the high-reflectivity coating on the inner walls of integrating spheres can
greatly increase the optical path, integrating spheres are often adopted in absorption spectroscopy to improve
detection sensitivity. In this paper, an integrating sphere is applied to gas detection by photoacoustic spectroscopy.
With the integrating sphere gas cell as the absorption pool, an aluminum tube is attached to the sphere as a resonant
cavity to form a coupled acoustic system. The actual resonance frequency of the system is obtained through
simulations and experiments. At this frequency, the LED light source is modulated, and the gas is stimulated to
generate photoacoustic signals. Embedded technology is integrated to collect the signals of the two microphones on
the ball and at the end of the aluminum tube for data processing, analysis, uploading and display. NO, gas is
employed in the experiments and the experimental results show that the signal values at the end of the aluminum
tube can effectively invert the NO, gas concentration, and the minimum detection concentration (volume fraction) is
3X10 °.
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Fig. 2 Structural diagram of integrating sphere chamber
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Table 1 Gas detection results
Preparation concentration /10 ° 3 8 16 20 35
Detection concentration /10 ° 3.16 7.58 16. 49 20. 25 33.83
Absolute error /10 ° —+0.16 —0.42 +0. 49 +0.25 —1.17
Relative error /% +5.33 —5.25 +3.06 +1.25 +3.34
. enhanced absorption spectroscopy and photoacoustic
4 élj:': e spectroscopy for human breath analysis [ ] ].
ﬁi‘l"T—a&*ﬁ%ﬂ:%%%%ﬂ%iﬁEﬂ%E@Xféﬁé\‘&l&*ﬁ Iritzernaztizolr?—alzzj;_urnal of Thermophysics, 2014, 35
e ST NO, L:ALM:E’:J'E%EKJ\{N ° fﬁﬂ%*ﬂﬁﬂ? [7] I((Os)t(;rcv ; A, ?I:ittcl F K, Serebryakov D V, et al.
DA WS 3580 T ' A WO A . R By BR Applications of quartz tuning forks in spectroscopic
égfﬁi@ﬁﬁ%% JWER T ﬁlﬁﬁgrﬁ‘% o éﬁﬁ"ﬁjﬁlﬁ;’; gas sensing [J]. Review of Scientific Instruments,
o Wik T LED R0 i HE VA L TR 5 ROR 2005, 76(4): 043105,
ﬁmrgﬁg NO, ’ﬁﬁii&ﬁﬁﬁ”z,ﬂl%%%%ﬁﬂ%ébﬂ [8] Zhao Y D. The research of novel resonant quartz-
HARE B LR P FE L 252 B0 L 724 A G 0 4 A,
FROW 3X107 " axfiR 2N —2X10 *~2X10" ", H 2017: 24-28.
XRZEN —62%0~600, Aid ik AXER G H L B AR TR AR A 0 8 38R K 7 O 3% B R BT 5% (D).
A%k B AT LSS B S R 5 R 5, S 2k AT LLGE A R ERRE R K, 2017 24-28.
S e YA I At S A [9] Huszar H, Pogdany A, Horvath L, et al. Ammonia
sensor for agricultural applications using diode laser
s = ¥ o based on photoacoustic spectroscopy[J]. Geophysical
Research Abstracts, 2006, 8: 06765.

[1] Zayakhanov A S, Zhamsueva G S, Tsydypov V V, et [10] Wang Q Y, Wang ] W, Li L, et al. An all-optical
al. Automated system for monitoring atmospheric photoacoustic spectrometer for trace gas detection
pollution [J]. Measurement Techniques, 2008, 51 [J]. Sensors and Actuators B: Chemical, 2011, 153
(12): 1342-1346. (1): 214-218.

[2] XuXM, LiBR, Yang BC, et al. Gas measurement [11] Dong L, Yin X K, Zheng H D, et al. Nitrogen
system of NO and NO, based on photoacoustic Dioxide detection by use of photoacoustic
spectroscopy [J]. Acta Physica Sinica, 2013, 62 spectroscopy with a high power violet-blue diode laser
(20): 200704. [C]//CLEO: Science and Innovations 2017, May 14-
VRS, SRR, R, . SETOLAOLIE ORI 19, 2017, San Jose, California United States.
NO, NO, SHAHALIFE[J]. #H¥4R, 2013, 62 Washington, D.C.: OSA, 2017: SF2M.7.

(20): 200704. [12] Yin X K, Wu H P, Dong L, et al. Ppb-level

[3] Zheng H Q. Detection for trace gas concentration photoacoustic sensor system for saturation-free CO
based on photoacoustic spectroscopy [ D]. Harbin: detection of SF; decomposition by use of a 10 W
Harbin University of Science and Technology, 2017: fiber-amplified near-infrared diode laser [J]. Sensors
1-8. and Actuators B: Chemical, 2019, 282: 567-573.
U4 HE TGO I Uk R e M U B R D R [13] Zhang L L, Liu J X, Zhu Z Z, et al. Detection of
W5 (D). WERIE . W /RIEH TR, 2017: 1-8. trace sulfur dioxide gas using quartz-enhanced

[4] Duval M. A review of faults detectable by gas-in-oil photoacoustic  spectroscopy [ J . Laser &
analysis in transformers [ J]. IEEE Electrical Optoelectronics Progress, 2019, 56(21): 213001.
Insulation Magazine, 2002, 18(3): 8-17. REE, XNFREE, Kz, & T AEBELFOE

[5] Statheropoulos M, Sianos E, Agapiou A, et al. W) H, SIS BFST (1], 06 5oth et
Preliminary investigation of using volatile organic J&, 2019, 56(21): 213001.
compounds from human expired air, blood and urine [14] Jin HW, HuR Z, Xie P H, et al. Photo-acoustic
for locating entrapped people in earthquakes [J]. technology applied to ppb NO, detection by using low
Journal of Chromatography B, 2005, 822(1/2): 112- power blue diode laser [J]. Acta Physica Sinica,
117. 2019, 68(7): 070703.

[6] Wojtas J, Tittel F K, Stacewicz T, et al. Cavity- ARG, A, whah e, & ST ppb Y NO,

1612002-7



[15]

[16]

[17]

[18]

[19]

[20]

[21]

EILL
R AR D) R OE R L AR [T]. YR
iz, 2019, 68(7): 070703.
detection

Research on the of SF;

non-resonant

Luo Jing.
decomposition products based on
photoacoustic spectroscopy [D]. Beijing: University
of Chinese Academy of Sciences, 2013: 1-5

fed . JET RS IR O R OB BOR 19 SF 43 i 44 K
WMITEFELD] . dbat: P EREBERY, 2013: 1-5.
Wang X N, Chen K, Zhou X L, et al. Design and
realization of trace gas detection experiment based on
LJJ.
Technology and Management, 2019, 36(8): 45-48, 56.
FWEs, BRI, A, . R TORAORIE MM R
WA S et 5] TR BRSE R, 2019,
36(8): 45-48, 56.

Saarela J, Sand J, Sorvajiarvi T, et al. Transversely

photoacoustic  spectroscopy Experimental

excited  multipass  photoacoustic  cell using
electromechanical film as microphone [J]. Sensors,
2010, 10(6): 5294-5307.

Hodgkinson J, Masiyano D, Tatam R P. Using
integrating spheres as absorption cells: path-length
s law [J].
Applied Optics, 2009, 48(30): 5748-5758.

Hawe E, Lewis E, Fitzpatrick C. Hazardous gas

distribution and application of Beer’

detection with an integrating sphere in the near-
infrared[J]. Journal of Physics: Conference Series,
2005, 15(1): 250-255.

Condron T P, Heinisch R P, Lovell D J. Integrating
sphere performance in the 0.3 to 8 pum spectral region
[J]. Proceedings of SPIE, 1976, 0062: 135-140.

Du B B, Zhang P, Gao W H, et al. Long optical path
gas detection based on MEMS infrared light source
[J]. Spectroscopy and Spectral Analysis, 2014, 34
(4): 977-981.

FEMME, SRS, miSCE, S5 SR T ROMLAE RS LA E

[22]

[23]

[24]

[25]

[26]

[27]

1612002-8

413 516 #1/2021 £ 8 B/ FER
PR ROE R AR [T] . LA 5otk a6, 2014,
34(4): 977-981.
Chen K, Yuan S, Gong Z F, et al. Ultra-high
sensitive photoacoustic spectrometer for trace gas
detection based on fiber-optic acoustic sensors [J].
Acta Optica Sinica, 2018, 38(3): 0328015.
MRET, 20, BRI, 4. JETOUL A L B
FREECF LR MO SRR [T . Je iR, 2018,
38(3): 0328015.
Weber C, Kapp J,
photoacoustic detection of NO, with an LED based
sensor[J]. Proceedings, 2018, 2(13): 1036-1040.
Santiago G D, Gonzdlez M G, Peuriot A L, et al.
Blue light-emitting diode-based,

Schmitt K, et al. Resonant

enhanced resonant
excitation of longitudinal acoustic modes in a closed
pipe with application to NO, [J]. Review of Scientific
Instruments, 2006, 77(2): 023108.

Lang B H, Cai L Y. Design of multi gas detection
system based on STM32 [J]. Computer & Digital
Engineering, 2016, 44(3): 552-554, 561.

REgede, ZERT0E . LT STM32 19 Z IR & 4 ik
U] HEHLSBFE TR, 2016, 44(3): 552-554,
561.

Tang L F, Yu H S, Wang Z L.
fiber optic gas sensor detection based on STM32

System design of

microcontroller[J]. Modern Computer, 2019 (17):
94-96, 100.

Wik, Tasil, ERR. AT STM32 B R MG LR
A GBI I]. BT, 2019(17): 94-96,
100.

Zhang T. Multi-channel data acquisition based on
DMA mechanism of STM32 MCU[J]. Heilongjiang
Science and Technology Information, 2013(30): 27.
SR . BT STM32 5 HL DMA HL i ity 2 38 i %4
RAED]. BIETRHEMEE, 2013(30): 27.



