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Abstract - The effect of a reference band pass filter (BPF) on the output signal of a non-dispersive infrared (NDIR) analyzer 
was investigated in this study. The BPF wavelength was 3.95 m with a half band width of 90 nm. The frequency of the 
filter wheel was 10 Hz and the optical pathlength was 10 m with Aluminum-coated mirrors. The IR source power was 20W. 
A pyro electric detector was used to detect the variation of IR intensity. Zero gas, CO, NO, NO2, SO2, CO2, humid air (H2O) 
and Toluene were respectively introduced into the gas chamber. It was found that there was a statistically significant 
difference at the 95.0% confidence level between the means of the detector signal associated with CO2, SO2, Toluene, H2O 
and those of zero gas. It indicated that the output signal related to the reference BPF was not stable and consistent. Therefore, 
it seems to be the bias of analytical results occurred. Hence, other reference methods need to be applied. 
 
Index Terms - Reference band pass filter, NDIR, Interference, Gas analyzer, Mid-IR. 
 
I. INTRODUCTION 
 
As an application of infrared spectroscopy, non-
dispersive infrared (NDIR) gas measurement started 
in the late 1930’s in the United States. The NDIR 
technique for gas measurement targets the 
wavelength absorption in the infrared spectrum as a 
way to identify particular gases. NDIR technology is 
amenable to the detection of air pollutants emitted 
from emission sources such as carbon monoxide 
(CO), carbon dioxide (CO2), sulfur dioxide (SO2), 
nitrogen oxides (NOx), nitrous oxide (N2O), 
ammonia (NH3), hydrogen chloride (HCl), hydrogen 
floride (HF) and methane (CH4), etc. (Stuart, 2004). 
A typical NDIR analyzer consists of a light source, a 
light chopper, a gas cell, and a detector (Wong, 
2012). One advantage of NDIR compared with other 
spectroscopy techniques is its low energy 
consumption. IR source with wavelengths in the 
range of 1 – 15 µm can operate at a lower 
temperature than other sources (Lillesand et al., 
2004). 
The technical foundation of NDIR gas analyzers is 
based on the Beer-Lambert law: 
Log (I0/I) = kCL (1) 
where I0 is the initial radiation beam intensity, I is the 
beam intensity after traversing the gas to the detector, 
k is an absorption coefficient, C is a gas 
concentration, L is the sample optical path length 
defined typically by the effective sample chamber 
length of the analyzer. 
To maintain drift free and baseline of the analysis, I0 
values should be consistent. Typical method to 
produce a stable I0 was using reference gas chamber 
(Fig. 1). The gas chamber contains only N2 gas so 
that the output detector signal is maintained constant 
(Wong, 2012). However, using two gas chambers in 

an analyzer leads to the increase of the analyzer price 
as well as the analyzer dimensions. To solve this 
issue, a reference solid band pass filter (BPF) was 
applied and commercialized instead of the reference 
gas chamber. The reference wavelength is 3.95 m. 

 

 
Figure 1: A typical NDIR analyzer with reference chamber. 

 
This study was conducted to investigate the effective 
of the reference BPF on the operation of a NDIR 
analyzer. 
 
II. EXPERIMENTAL METHOD 
 
The experimental set up is presented in Fig. 2. 

 
Figure 2. Experimental set up 
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An NDIR analyzer consisted of an 20W IR source 
(IR-Si253, Hawkeye Technologies Inc., USA), a 
pyroelectric detector (LMM-335, Infratec GmbH, 
Germany), a gas chamber with aluminum-coated 
mirrors and a wheel to attach BPFs. The optical 
pathlength of the gas chamber was 10 m. The 
reference BPF’s wave length was 3.95 m with half 
band width of 90nm. 
The gas flow rate was 0.8 L/min. The gas cell 
temperature was maintained at 45C. The room 
conditions were 25C ± 1C and RH = 40% ± 5%. 
Zero gas (99.999%), CO (180 ppm), NO (180ppm), 
NO2 (180 ppm), SO2 (180 ppm), Toluene (200ppm), 
CO2 (22.5%) (Rigas Co., Republic of Korea) and 
humid air (RH = 40%) were respectively introduced 
into the NDIR analyzer to observe the output signal 
of the reference channel. 
Each experiment was replicated with relative standard 
deviation < 0.5%. ANOVA test (p ≤ 0.05) of detector 
signal was conducted using STATGRAPHICS 
Centurion XV software with ver. 15.2.05 (Statpoint 
Technologies Inc., Warrenton, VA USA). 
 
III. RESULTS AND DISCUSSION 
 
Variation of the detector signals associated with 
different gases is shown in Fig. 3. 

 

 
Figure 3: Variation of the detector signals with different gases 

 
It was found that detector signals were not significant 
difference among zero air, CO, NO and NO2. This is 
similar to other research (Sun et al., 2013). On the 
other hand, there was a statistically significant 
difference (p ≤ 0.05) between detector signals of SO2, 
CO2, Toluene, H2O and those of zero air. It indicated 
that the reference band pass filter did not work 
properly all gases. In this study, it is considered that 
CO2 at high concentration (i.e. percent level) might 
be the reason for this bias. In contrast, low 
concentration of CO2 (i.e. ppm level) was not 
detected in the reference channel (Hodgkinson et al., 
2013). In term of humidity, there are a large of H2O 
absorption spectra in the mid-IR range (See Fig. 4). 
Therefore, we think that humidity caused a significant 
effect on the NDIR analysis. 

 
Toluene showed the effect because its absorption 
wavelength was near reference wavelength area. In 
terms of SO2, the reason might be due to its strong IR 
absorption. 

 
Figure 4.  HITRAN spectra of several gases (Hitran, 2016) 

 
Table 1. Reference detector signal in associated with different 

gases. 

Compound 
Mean of  
detector 

signal 
SD RSD 

(%) 

Min. of 
detector 

signal 

Max. of 
detector 

signal 
Zero 3109.85 9.11 0.29 3083.0 3126.0 

CO_180ppm 3100.67 9.81 0.32 3048.0 3118.0 
NO_180ppm 3104.5 10.39 0.33 3053.0 3127.0 
NO2_180ppm 3099.01 10.08 0.33 3048.0 3118.0 
SO2_180ppm 3053.72 11.00 0.36 2999.0 3073.0 
CO2_22_5% 3050.44 10.33 0.34 3001.0 3069.0 

RH_40% 3085.93 10.66 0.35 3033.0 3108.0 
Toluene_200ppm 3081.68 10.37 0.34 3029.0 3100.0 
 
To overcome the reference channel problem, Wong et 
al. developed a Near Zero Drift method (Wong and 
Schell, 2011). The diagram of the reference and 
sample chamber is shown in Fig. 5. In this method, a 
smaller reference chamber was integrated with the 
sample chamber. The length of the reference chamber 
was half of the length of the sample chamber. One IR 
source and two detectors were employed. However, 
the connection of reference chamber and sample 
chamber may cause a same problem as reference 
BPF. Moreover, using two detectors may cause 
different aging problem which leads to the drift of the 
analytical baseline. 

 
Figure 5. Near Zero Drift NDIR sensor (Wong and Schell 

2011). 
 
CONCLUSIONS 
 
The performance of a commercial reference BPF was 
investigated. The optical pathlength of the analyzer 
was 10 m. Zero air, CO, NO, NO2, SO2, CO2, 
Toluene and humid air were introduced into the 
NDIR analyzer to determine the output detector 
signal of the reference channel. It was found that 
detector signals of the reference channel were 
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changed with the presence of CO2, Toluene, H2O and 
SO2. It suggests that the detector signal of the 
reference was not consistent, which leads to the bias 
of analytical results as well as drift of baseline. 
Therefore, reference BPF may not replace the 
reference chamber in all cases. It is suggested that 
studies on reference channel should be conducted in 
the future. 
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