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Infrared (NDIR) Sensors: A
Comprehensive Guide

Infrared (NDIR) sensors, orNon-Dispersive Infrared Sensors, are critical components used for gas detection and analysis in various
industries. These sensors operate based on the principle that gas molecules absorb infrared light at specific wavelengths. NDIR
technology offers high reliability, selectivity, and accuracy for detecting gases likecarbon dioxide(CO;),methane(CH,), carbon
monoxide (CO), andrefrigerants.

Today, NDIR sensors are vital in sectors like environmental monitoring, industrial safety, HVAC systems, automotive, and medical
diagnostics. This article delves deeply into the principles, design, applications, advantages, limitations, and emerging trends
associated with NDIR sensors.

What are Infrared (NDIR) Sensors?

Non-Dispersive Infrared (NDIR) sensors are gas sensors that detect the concentration of
a specific gas in an environment by measuring the amount of infrared light absorbed by
gas molecules.

The term "non-dispersive" indicates that the sensor does not use a dispersive element
like a prism or diffraction grating to separate the light spectrum. Instead, it uses optical
filters to focus on a specific wavelength absorbed by the target gas.
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Infrared (NDIR) sensors, or Non-Dispersive Infrared Sensors, are critical components used
for gas detection and analysis in various industries. These sensors operate based on the
principle that gas molecules absorb infrared light at specific wavelengths. NDIR technology
offers high reliability, selectivity, and accuracy for detecting gases like carbon dioxide (CO2),
methane (CHa4), carbon monoxide (CO), and refrigerants.

Today, NDIR sensors are vital in sectors like environmental monitoring, industrial safety, HVAC
systems, automotive, and medical diagnostics. This article delves deeply into the principles,
design, applications, advantages, limitations, and emerging trends associated with NDIR
sSensors.
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Non-Dispersive Infrared (NDIR) sensors are gas sensors that detect the concentration of a
specific gas in an environment by measuring the amount of infrared light absorbed by gas
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The term "non-dispersive" indicates that the sensor does not use a dispersive element like a
prism or diffraction grating to separate the light spectrum. Instead, it uses optical filters to focus
on a specific wavelength absorbed by the target gas.

NDIR sensors are considered non-contact measurement devices, meaning they do not
chemically react with the gas, contributing to their longevity and stability.
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2. How Do NDIR Sensors Work?
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The basic working principle involves three main steps:

2.1 Infrared Light Emission

An infrared light source (usually a tungsten filament or IR LED) emits broadband IR radiation.

2.2 Gas Absorption

The infrared light passes through the gas sample contained within an optical chamber. Specific
gas molecules absorb IR light at characteristic wavelengths.

For example:

CO:2 absorbs strongly at ~4.26 um.
CHa4 absorbs around 3.3 pm.
CO absorbs at ~4.6 um.

2.3 Detection

A detector with a narrowband optical filter measures the intensity of light at the specific
absorption wavelength. The amount of absorbed light correlates with the gas concentration,
based on Beer-Lambert’s Law:
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Where:

| = transmitted intensity
|_O = initial intensity

k = absorption coefficient
C = gas concentration

| = path length

The reduction in light intensity provides a direct measure of the gas concentration.

3. Components of an NDIR Sensor
An NDIR sensor typically consists of:

Infrared Light Source: Emits broad-spectrum IR light.

Optical Chamber: The gas sample path where absorption occurs.

Optical Filters: Narrowband filters tuned to the gas-specific absorption wavelength.
Photodetector: Measures the amount of IR radiation that passes through the sample.
Signal Processing Unit: Interprets signals and outputs gas concentration.

Calibration Reference: To ensure long-term accuracy.

Some modern NDIR sensors also include microcontrollers and compensation mechanisms for
temperature and humidity variations.

4. Gases Detected by NDIR Sensors

NDIR sensors are selective but versatile, commonly used for detecting:

Gas Wavelength (approx.)
CO2 4.26 ym



Gas Wavelength (approx.)

CHa4 3.3 um
(610) 4.6 um

HC (Hydrocarbons) 3.3-3.5 um
NO (Nitric Oxide) 5.3 um
SFe (Sulfur Hexafluoride) 10.6 um

Refrigerants (R-134a, R-1234yf, etc.) 7-10 ym range

5. Key Advantages of NDIR Sensors
5.1 High Selectivity

NDIR sensors are highly selective because each gas has a unique IR absorption spectrum,
reducing cross-sensitivity.

5.2 Long Lifetime

Since there are no chemical reactions or consumable parts, NDIR sensors can last over 10
years under proper conditions.

5.3 Stability

They offer excellent baseline stability over time, ensuring consistent performance.

5.4 Low Maintenance

Unlike electrochemical sensors, NDIR sensors require minimal calibration and servicing.

5.5 Wide Measurement Range

They can measure from very low ppm (parts per million) levels to high percent concentrations.

5.6 Non-Consumptive

They do not consume the gas being measured, making them suitable for closed-loop systems.

6. Limitations of NDIR Sensors



6.1 Cost

NDIR sensors are generally more expensive than simple chemical or electrochemical gas
sensors due to complex optics.

6.2 Size

Though miniaturization is improving, traditional NDIR sensors can be bulky compared to MEMS
gas sensors.

6.3 Sensitivity to Optical Contamination
Dust, water vapor, or other contaminants can affect optical components, reducing accuracy.

6.4 Limited Gas Types

They can only detect gases that have strong IR absorption bands. Gases like Oz and N2 cannot
be detected by NDIR.

7. Applications of NDIR Sensors

7.1 Environmental Monitoring

Air Quality Stations: Monitor CO2, CH4, and CO emissions.
Greenhouse Monitoring: Regulate CO:2 concentrations to optimize plant growth.

Climate Research: Tracking greenhouse gas levels globally.

7.2 Industrial Safety

Leak Detection: For refrigerants and combustible gases.

Confined Spaces: Ensuring safe levels of CO2 and Oo..

7.3 HVAC Systems

Demand-Controlled Ventilation (DCV): Adjusting fresh air intake based on CO: levels to
optimize energy use and comfort.

7.4 Automotive Industry

Cabin Air Quality: Monitoring CO: for driver alertness.
Emission Testing: Measuring exhaust gases like CO and hydrocarbons.
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7.5 Medical and Healthcare

Capnography: Monitoring CO:z in exhaled breath during surgery or critical care.
Respiratory Analysis: Detecting metabolic changes through breath gas composition.

7.6 Food and Beverage

Storage Monitoring: Controlling CO: levels in storage areas for fruits and vegetables.

8. Design Variations of NDIR Sensors

8.1 Single-Channel NDIR

Measures IR absorption at a single wavelength specific to the target gas. Suitable for controlled
environments.

8.2 Dual-Channel NDIR

Uses a reference channel alongside the measurement channel to compensate for drift and
external factors.

8.3 Multi-Gas Detection

Advanced NDIR sensors with multiple filters can detect and quantify several gases
simultaneously.

9. Recent Technological Developments

9.1 MEMS-Based NDIR Sensors

Micro-Electro-Mechanical Systems (MEMS) technology has enabled the development of
compact, low-power NDIR sensors suitable for portable and loT applications.

9.2 LED-Based NDIR Sources

Replacing traditional filament lamps with IR LEDs extends sensor lifetime, reduces power
consumption, and miniaturizes sensor size.

9.3 Smart NDIR Sensors



Integration of wireless communication, cloud connectivity, and machine learning algorithms for
predictive maintenance and analytics.

9.4 Low-Power Designs

Emerging designs allow battery operation for years, ideal for remote or wearable applications.

10. Case Studies
10.1 Smart Buildings

Modern office buildings use NDIR CO:2 sensors to optimize ventilation, improving air quality
while reducing energy costs by up to 40%.

10.2 Agricultural Greenhouses

Greenhouse operators use NDIR sensors to maintain optimal COz2 levels, improving crop yields
by up to 30%.

10.3 Refrigerant Leak Detection

Supermarkets install NDIR refrigerant sensors to detect leaks early, preventing costly product
loss and regulatory fines.

11. Comparison with Other Gas Sensing Technologies

Technology Selectivity Cost Maintenance Lifetime
NDIR Sensors High Medium-High Low Long
Electrochemical Sensors Moderate Low High Short
Catalytic Sensors Low Medium Medium Medium
Photoacoustic Sensors ~ Very High  High Low Long

NDIR sensors are the preferred choice for applications requiring accuracy, selectivity, and
longevity.



12. Calibration and Maintenance

While NDIR sensors are low-maintenance, regular calibration ensures optimum accuracy.
Calibration procedures usually involve:

Zero calibration with pure nitrogen or clean air.
Span calibration with a known concentration gas standard.

Routine cleaning of optical windows and checks for contamination are also recommended.

13. Environmental and Sustainability Aspects

Energy Efficiency: New designs prioritize low power operation.
Extended Lifetime: Reduces electronic waste compared to shorter-lived sensors.

Recyclability: Many manufacturers now focus on designing sensors with recyclable
materials.

NDIR technology aligns with the growing global emphasis on sustainable and eco-friendly
innovations.

Conclusion

Infrared (NDIR) Sensors are a powerful, reliable, and accurate technology for gas detection
and analysis across numerous sectors. Their ability to detect gases without chemical reactions,
combined with high selectivity and stability, makes them indispensable in modern applications
from environmental monitoring to healthcare.

Despite higher costs compared to other sensor technologies, the advantages of longevity,
minimal maintenance, and superior accuracy make NDIR sensors a long-term, cost-effective
solution.

As advancements in MEMS, LEDs, smart analytics, and miniaturization continue, NDIR sensors
are poised to become even more ubiquitous in the rapidly evolving landscape of connected
devices and environmental consciousness.
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