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Automatic baseline offset correction and forced 

compensation features of XENSIV™ PAS CO2 

Automatic baseline offset correction (ABOC) and forced compensation 

scheme (FCS). 

About this document 

XENSIV™ PAS CO2 is an optical system. Like any other optical instrument, due to mechanical stress created by 

the assembly process, the XENSIV™ PAS CO2 sensor could experience a shift in its characteristics. This 

materializes into a marginal offset error (typically +/-50ppm) which is normally automatically corrected during 
operation thanks to the automatic baseline offset correction (ABOC) feature. This means that it is not required 

to recalibrate the sensor after assembly. If, for specific application use cases, the correction of the offset error is 
required, the device supports forced compensation scheme (FCS) enabling a fast and cost-effective offset 

calibration at the customer assembly line. 

In this document, the implementation of these schemes will be discussed in detail. 

Scope and purpose 

The implementation of FCS and ABOC will be discussed for different application scenarios. Depending on the 

application requirements, either of these two schemes can be implemented. 

Intended audience 

Application engineers, system engineers and system architects of an application where XENSIV™ PAS CO2 will be 
used. Additionally, engineers responsible for XENSIV™ PAS CO2 assembly and installation. 
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1 Offset compensation features of XENSIVTM PAS CO2  

The XENSIV™ PAS CO2 is a real CO2 sensor that overcomes the size, performance and assembly challenges of 

existing CO2 sensor solutions. Designed based on the unique photoacoustic spectroscopy (PAS) concept, the 

sensor comes in an exceptionally miniaturized optical instrument. Therefore, the sophisticated sensor could 

show a shift in its characteristics due to stress generated on the light source during the assembly process. This 
materializes into a marginal offset error (typically +/- 50 ppm) which is normally automatically corrected during 
operation thanks to the sensor’s ABOC feature. 

If, for specific application use cases, the correction of the offset error is required, the device supports forced 

compensation scheme (FCS) enabling a fast and cost-effective offset calibration at the customer assembly line. 

For both schemes, a reference CO2 concentration needs to be considered. The reference value can be read from 

a reference sensor. Alternatively, after assembly, the XENSIV™ PAS CO2 can be exposed to the outside air where 

the average outdoor air CO2 concentration can be considered as 400 ppm. In the following section, these two 

schemes are discussed in detail. 

1.1 Application scenarios using Forced Compensation Scheme (FCS) 

• Scenario 1: Correction of offset error after assembly/reflow 

In this scenario FCS is recommended to be implemented at the assembly site. Before evaluating the accuracy 

of the sensor, it is recommended to perform FCS to minimize the offset shift. 

• Scenario 2: The application conditions do not fulfill the primary condition of the ABOC scheme 

The raw signal of the sensor might drift over time due to aging, and implementing ABOC is the 

recommended mode of operation to mitigate such a drift. However, for applications where the sensor will 

not be regularly exposed to a minimum CO2 baseline concentration during operation, the primary condition 

of the ABOC scheme is not fulfilled. Therefore, for such an application FCS could be used 

1.2 Application scenarios using ABOC 

To correct the initial offset after assembly and slow drifts caused by aging during operation, the device supports 

ABOC. Therefore, for example in an application scenario where the sensor’s sampling frequency is one 

measurement per 60 seconds and generally exposed to outdoor air for at least 30 minutes a week consecutively, 

ABOC should be implemented. Two possible scenarios are discussed below. 

• Scenario 1: If the measurement rate is chosen as one measurement in 30 minutes or less, the sensor needs to 
be exposed to fresh air for at least 30 consecutive minutes within a week for the ABOC to work properly.  

• Scenario 2: Alternatively, if the measurement rate is chosen as one measurement in more than 30 minutes, 
then the sensor should be exposed to the fresh air for at least similar to the measurement rate. For example, 

if the sampling frequency is one measurement per hour, then the sensor needs to be exposed for at least one 

hour. 

Note: Both FCS and ABOC can be used very easily using the Sensor2Go kit via GUI. For further details 
please, check the user manual of the Sensor2Go kit from this LINK. 

  

https://www.infineon.com/dgdl/Infineon-Quickstart_guide_PASCO2_Sensor2Go_evaluationkit-UserManual-v01_01-EN.pdf?fileId=5546d4627a0b0c7b017a433923d54823
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2 Implementation of FCS and ABOC 

2.1 Forced compensation scheme  

Before implementing the FCS, the sensor needs to be exposed to the reference CO2 concentration for 3 

measurement points. Reference CO2 concentration can be considered in two methods: 

• Method 1: Expose the sensor to outdoor fresh air and consider the average outdoor CO2 concentration is 400 

ppm. 

• Method 2: Expose the sensor to a known CO2 concentration within a sealed chamber. Reference CO2 

concentration needs to be within 350 ppm and 1500 ppm. A recommended reference sensor will be discussed 

in the next chapter. 

Two registers, CALIB_REF_H and CALIB_REF_L, need to be programmed properly to implement the FCS. When 
FCS is enabled (MEAS_CFG.BOC_CFG = 10b), the device will use the next 3 measurements to calculate the 

compensation offset. It is recommended to wait long enough so that the CO2 concentration is stable in the vicinity 

of the sensor. The ambient temperature and pressure should also be stable. Therefore, at one measurement per 

10 s sampling rate, the device needs to be exposed to the reference concentration for at least 30 s. When the 3 
measurement sequences are completed, the device automatically reconfigures itself with the newly computed 

offset applied to the subsequent CO2 concentration measurement. The implementation technique of the FCS 

scheme is summarized in figure 1. 

Note: The device’s measurement rate must be 1 measurement per 10 s when triggering FCS. After 
implementing FCS, the ABOC data is reset and the device will automatically switch back to ABOC 

mode. 

 

 



  

Application note 4 of 8 V 1.3  

  2022-07-01

  

Automatic baseline offset correction and forced compensation 

features of XENSIV™ PAS CO2 

Implementation of FCS and ABOC 

 

 

 
Figure 1 Process flow to implement FCS. 400 ppm has been considered as the reference 

concentration.  

2.2 Automatic baseline offset correction  

Per default XENSIV™ PAS CO2 is operating in continuous mode with ABOC enabled. Every week of operation, the 
device keeps track of the minimum value recorded over that time. The offset to the reference baseline is 

computed and used to calculate the correction factor to be applied for the week after. The offset update 

frequency is based on the accumulated operating time of the device and independent of the chosen sampling 

frequency. However, the time windows for which the device is powered off completely (VDD3.3 not present) will 
not be considered. The offset computation scheme assumes that the maximum difference between two 
correction factors computed consecutively (week to week) remains within +/-50 ppm. To ensure proper 
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operation of the ABOC scheme please ensure settings for the relevant scheme have been considered, as 
discussed in section 1.2. The implementation of the ABOC has been illustrated using the following figure. 

 
 

 

Figure 2 Operation of the ABOC 

Note: For the very first ABOC update, the capping assumption (maximum difference between two 
correction factors computed consecutively, week to week, remains within +/-50ppm) is not valid. 

The history of readings required for ABOC algorithm is stored in the non-volatile memory after one 

hour of continuous operation.                                         

ABOC can only be used with the continuous mode of operation. If automatic baseline compensation is enabled 

(MEAS_CFG.BOC_CFG = 01b), the latest valid computed correction factor is applied to the measured CO2 

concentration value. The offset correction is calculated based on the reference value programmed in register 
CALIB_REF_H and CALIB_REF_L.  

Note: The default reference CO2 concentration is considered to be 400 ppm. The reference value should 

only be adjusted for a very specific application scenario. 
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3 Recommended reference sensor  

Vaisala GMP343 is recommended as the reference CO2 sensor. Further details of this product can be found on 
the product page. 

 

 

  

https://www.vaisala.com/en
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