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Abstract To investigate the variation in indoor carbon dioxide (CO,) volume fractions and their relationship with human
activities, this study designs an open-path tunable diode laser absorption spectroscopy (TDLAS) sensing system to monitor
indoor CO, volume fractions. A distributed feedback (DFB) laser with a central wavelength of 2004 nm is employed as the
excitation light source to measure the R(16) characteristic absorption line of carbon dioxide. The Levenberg-Marquardt
method of nonlinear least squares fitting is employed to fit the measured spectra, allowing for volume fraction
measurements without requiring calibration. Comparative measurements with a commercial XENSIV'™ PAS CO, sensor
yield a high correlation (R*=0. 89). The results indicate that the daily average indoor CO, volume fraction is 4. 63X 10 *,
slightly surpassing outdoor levels, whereas the fluctuation range of indoor CO, volume fraction within a day is 3. 86X 10 '~
5.66>x10"". Indoor CO, volume fraction is volume fractions influenced by ventilation and indoor human activities, and the
daily volume fraction trends are highly correlated with working hours. At a personnel density of 0. 005 persons/m’, the
growth rate of CO, volume fraction is measured at 2.3>X 107" h™'. Therefore, timely ventilation is recommended for
crowded indoor environments to prevent elevated CO, volume fractions that may cause discomfort.
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Fig. 9 Continuous monitoring of indoor CO, volume fraction trends for 8 consecutive days.

(a) TDLAS CO, sensor and

XENSIV™PAS CO, sensor monitored results of CO, volume fraction for 8 consecutive days in laboratory under influence of

personnel changes; (b) daily CO, volume fraction change. Bottom whisker, bottom box line, top box line and top whisker

respectively represent minimum, 25%th, 75%th, and maximum values of CO, volume fraction at the same time. Solid black

line inside box represents median of CO, volume fraction, while black curve represents the average CO, volume fraction

i TDLAS 1% )8 & 48 A XENSIV™MPAS —.
A AR B 1 S 28 T A 5 SR X e A A R, 3 CO,
TR B 8 e AR — B0, 5 3 I A5 00 R AR o ST A
BT, /N T XENSIV™MPAS — 4 £k i 14 &

PR T R R R £3X 1077, T T
GER B OCEE KARSCh TS # TDLAS R 4 5
XENSIV™PAS = 4 b ik 1% J8% 4% 3% 2L 24 h il i = 4
CO MR B B0 25 B A7 43 B1 L R ] 10 () W] 0, DU A5 4

540 470
@ tas ] ®
¢ 510} — TDLAS 460
=
o
% 480 g 450
o
= g50f g 4ot
S 420} 4301
390 420
1 1 L 1 1 1 1 1 1L
0 4 8 12 16 20 24 420 430 440 450 460 470
Time /h PAS /10
F 10 2 24 h CO, S I 0L B 38 0 5 45 S A5G B2 43 81 o (a) TDLAS CO &8 & 48 M i FH XENSIV'™VPAS CO, & 8 #8 i% 2% 24 hilll

1% A COL MR (b) W il 2 SR 25 00 2 445 2R 149 A OC 2 43 A

Fig. 10 Analysis of the correlation between 24-hour indoor CO, measurement results and sensor readings. (a) TDLAS CO, sensor and

XENSIV™PAS CO, sensor continuously measure indoor CO, volume fraction for 24 consecutive hours;(b) correlation analysis

of measurement results from two sensors
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