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A CO, measurement system with high accuracy based
on ray tracing approach

WU Lei, ZHANG Xuedian, WANG Yesheng , YU Xilong , LI Jingzuan, YAN Zefan
(School of Optical-Electrical and Computer Engineering, University of Shanghai
for Science and Technology, Shanghai 200093, China)

Abstract: In this paper, a development of a non-dispersive infrared (NDIR) CO, gas
measurement system with an optical path length of 31 mm is described. The system improves
its accuracy by optimizing the optical path and the light efficiency. Firstly, the ray tracing
approach is used to simulate the light path of the chamber, so the light efficiency can be
calculated. Secondly. based on the simulation result of the sensor that every different optical
path length has its own contribution to the measurement, the optimized optical path length for
CO, measurement in the wavelength of 4. 26 ym is 31 mm. Then the CO, volume fraction
measurement system is designed and tested by measuring the standard gas whose concentration
is in the range of 20X107 %~ 1 500 X 107%, and the experimental results show that the
measurement accuracy of the system can reach 50 X108,
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Fig. 1 Light transmission and receiving in Zemax
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Tab.1 Measured results xX10~¢
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20 10 11 12 11 10 11
50 29 32 33 32 28 31
RER R vy WERE 0 & 83 79 8 82 83
. 150 120 121 117 122 120 120

200 186 178 177 177 174 188
500 479 478 485 481 488 482
1 000 988 980 987 993 986 987
1500 1490 1489 1485 1480 1478 1484
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Fig. 4 Measurement system of the experiment
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