GAS SENSING APPLICATION NOTE

for a better world

ANO14: OPERATION OF AUTO-ZERO

ABSTRACT

All Gas Sensing sensors are calibrated for accuracy at the factory at multiple different gas
concentrations and temperatures. In use, the sensor reference level will change, due to changes in
the optical surfaces, accumulation of dirt in the sensor and other degradations. Although the
wavelength of the light being emitted by the LED is not affected, the impact of these changes will be
to reduce the signal level received by the photodiode in the sensor.

The relationship between CO; concentration and measured CO; remains linear over time. However,
the reference levels may change compared to those stored in the sensor when it was shipped from
the factory.

The change in reference level of the sensor can be cancelled out using a process known as zero-
setting, sometimes known as baseline correction. This process resets the sensor to a defined
concentration level. The sensor zero-point can be reset by the user, or in some circumstances, the
sensor can operate fully autonomously and periodically ‘auto-zero’ without user intervention.

This application note describes how the auto-zero function works in the CozIR family of CO, sensors.
Each member of the family has an auto-zero function that is enabled by default.
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BASIC PRINCIPLES FOR ALL COZIR® FAMILY SENSORS EXCEPT COZIR®-BLINK
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After the sensor is powered on, it automatically starts taking CO, measurements. The sensor can
output raw CO, measurements and a filtered version of the raw data, referred to in this document as
a reading. The filter is a customer defined variable but is set to 16 by default.

The exception to this modus operandi is the CozIR®-Blink. It automatically takes a series of
measurements, filters them and outputs a single reading. It will not take any more measurements
until it is power cycled, where power is switched off and back on again. It will only take one set of
measurements per power cycle.

An internal counter keeps track of the number of measurements that have been taken, or as in the
case of the CozIR-Blink, the number of power cycles. Once the counter has exceeded the minimum
threshold value, an auto-zero sequence is actioned. The timing of the auto-zero sequence is a
variable, with recommended default values for all CozIR family sensors.

All CozIR® ambient sensors have the auto-zero function enabled by default although it can be
switched off. The auto-zero function is re-enabled by sending them an auto-zero period value.
Assuming the auto-zero function is active, an auto-zero sequence is triggered when the counter
equals or exceeds the minimum counter threshold value and the auto-zero value has been reached.

In the CozIR family of sensors, there is a minimum value for the initial auto-zero period, listed below.

UART Mode Minimum Counter Threshold (Excluding CozIR-Blink)

Auto-Zero Period | Minimum Value | Maximum Value | Default Value Resolution
Initial Auto-Zero | 0.1 days 37.9 days 1 days 0.1 day
On-Going Auto- 0.1 days 37.9 days 8 days 0.1 day
Zero

12C Mode Minimum Counter Threshold (Excluding CozIR-Blink)
Auto-Zero Period | Minimum Value | Maximum Value | Default Value Resolution
Initial Auto-Zero | O hrs 65535 12096 1
On-Going Auto- 0 hrs 65535 13824 1
Zero

In I2C mode, the time-period is calculated as follows.

e On-going Auto-Zero IC Value = Interval Time x 72 (hours)

e Initial Auto-Zero I°C Value = (Interval Time — Initial Time) x 72 (hours)

All 1C times are expressed in hours.
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CozIR®-Blink Minimum Counter Threshold

For the CozIR®-Blink, the auto-zero minimum threshold value is set to 50 power cycles. If the auto-
zero value is set to 50, the auto-zero is done on the 51 power cycle and actioned before the filtered
reading is made available by the sensor. Itis recommended that the time period between auto-zero
events is set to a minimum of several days to ensure consistent performance.

STORING THE LOWEST CO; READING IN AUTO-ZERO MEMORY

All Gas Sensing sensors keep an internal record of the lowest measured CO, reading in internal
sensor memory (Ziowest) as long as auto-zero is enabled. The sensor also keeps a record of the last
CO; reading.

For the CozIR®-Blink, to improve performance, every time the sensor calculates a new reading, the
previous and current values are filtered to create a new value (Znew).

Zcur — Zprev
Znew = R E— + Zprev

If the value of Z,w value is lower than the stored Ziowest, Ziowest is updated.

For all CozIR® sensors, the operation of these processes is completely automatic and done on-board
the sensor if auto-zero has been enabled. Auto-zero must be enabled before the sensor will start
recording the lowest value. Note that except for the CozIR®-Blink, the Zjowest value is not retained
after a power down.
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AUTO-ZERO SEQUENCE

When the auto-zero function is run, the sensor will reset the fresh-air zero point using Ziswestand the
pre-programmed auto-zero value. The value used by the sensor for this fresh-air zero-point is user
programmable. The sensor default value for CO;in fresh air is 400ppm.
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At the appropriate time, or after the pre-programmed power cycle count in the case of the CozIR®-
Blink, the sensor will run the auto-zero sequence. The auto-zero sequence is a mathematical
function designed to re-baseline the sensor. It is not a separate CO, measurement sequence. For
the purposes of illustration, this application note assumes the relationship between the sensor
reading output and the gas concentration input is defined by the linear equation as follows.
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Y=mx+c

Where Y = CO; reading from the sensor

m = Scaling factor, set at the factory, fixed for the lifetime of the sensor
x = CO; gas concentration input

¢ = Zero offset value

120
— 100
>
)
(&}
< 80
€
o
£ 60
C
RS}
Lo
© 40 -
= —@— Calibrated Output (ppm)
O
< Drift +
8 20
~ Drift -
(@)
O 0

0 20 40 60 80 100 120

N
()

Measured CO2 Concentration (ppm)

Each sensor is calibrated and tested in the factory. The scaling factor is defined during factory
calibration and is fixed for the life of the sensor. The scaling factor cannot be changed in the field.
When the sensor leaves the factory, c = 0. However, over time and due to other environmental
factors, the sensor can drift and gives rise to a non-zero offset value for c. The purpose of the auto-
zero sequence is to re-baseline the sensor and reset c to a defined value.

The actual process is significantly more complex than the illustration but uses the same data inputs,
the current zero value, the lowest CO; value over the auto-zero period and the assumed lowest gas
concentration value seen by the sensor over the period, defaulted to 400ppm.

By way of illustration, assume the Zjowest Value stored in auto-zero memory is 450ppm. And assume
the pre-programmed auto-zero value is 400ppm. The sensor calculates the difference between the
Ziowest, and the stored auto-zero value. In this case, the difference is 50ppm and the new value of c =

-50ppm.
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All subsequent on-board sensor measurements will use the new value of c to calculate each new
measurement until the next auto-zero event. The stored Ziowest value is then cleared, and the sensor
begins the process again of recording the lowest measured CO; reading.

SENSOR READINGS AFTER AN AUTO-ZERO SEQUENCE

After an auto-zero sequence, the new zero offset value will be used on the next measurement and
all subsequent measurements until the next auto-zero sequence. Due to the operation of the filter,
the new auto-zero offset value will only affect the latest measurement in the filter calculations.
Even if the auto-zero adjustment is significant, there is typically only a small change observed in the
output reading due to the operation of the filter.

For the CozIR®-Blink, no change is made to the current reading after an auto-zero event. The sensor
will calculate a single reading, and then run the auto-zero sequence. The new zero offset value will
be used on the next set of measurements after a power cycle.

CONCLUSION

The Gas Sensing auto-zero sequence is a completely automatic process that does not require any
host intervention, timing control or data storage. All parameters for the process are defined as part
of the sensor setup configuration and thereafter are stored and calculated on-board the sensor.
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IMPORTANT NOTICE

Gas Sensing Solutions Ltd. (Gas Sensing) products and services are sold subject to Gas Sensing’s terms and
conditions of sale, delivery and payment supplied at the time of order acknowledgement. Gas Sensing
warrants performance of its products to the specifications in effect at the date of shipment. Gas Sensing
reserves the right to make changes to its products and specifications or to discontinue any product or service
without notice.

Customers should therefore obtain the latest version of relevant information from Gas Sensing to verify that
the information is current. Testing and other quality control techniques are utilised to the extent Gas Sensing
deems necessary to support its warranty. Specific testing of all parameters of each device is not necessarily
performed unless required by law or regulation. In order to minimise risks associated with customer
applications, the customer must use adequate design and operating safeguards to minimise inherent or
procedural hazards. Gas Sensing is not liable for applications assistance or customer product design. The
customer is solely responsible for its selection and use of Gas Sensing products. Gas Sensing is not liable for
such selection or use nor for use of any circuitry other than circuitry entirely embodied in a Gas Sensing
product.

Gas Sensing products are not intended for use in life support systems, appliances, nuclear systems, or systems
where malfunction can reasonably be expected to result in personal injury, death or severe property or
environmental damage. Any use of products by the customer for such purposes is at the customer’s own risk.

Gas Sensing does not grant any licence (express or implied) under any patent right, copyright, mask work right
or other intellectual property right of Gas Sensing covering or relating to any combination, machine, or process
in which its products or services might be or are used. Any provision or publication of any third party’s
products or services does not constitute Gas Sensing’s approval, licence, warranty, or endorsement thereof.
Any third party trade-marks contained in this document belong to the respective third-party owner.

Reproduction of information from Gas Sensing datasheets is permissible only if reproduction is without
alteration and is accompanied by all associated copyright, proprietary and other notices (including this notice)
and conditions. Gas Sensing is not liable for any unauthorised alteration of such information or for any
reliance placed thereon.

Any representations made, warranties given, and/or liabilities accepted by any person which differ from those
contained in this datasheet or in Gas Sensing’s standard terms and conditions of sale, delivery and payment
are made, given and/or accepted at that person’s own risk. Gas Sensing is not liable for any such
representations, warranties, or liabilities or for any reliance placed thereon by any person.

ADDRESS

Gas Sensing Solutions Ltd.
Grayshill Road
Cumbernauld

G68 9HQ

United Kingdom
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