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1.6 Sensor Calibration Techniques

1. Introduction to Calibration

« Definition: Calibration is the process of adjusting a sensor to ensure its output is accurate

and consistent with a known standard.
e Purpose: Ensures that measurements are accurate and reliable over the sensor’s

operational range.
2. Calibration Methods

Direct Calibration

« Definition: Involves comparing the sensor output directly with known reference values.

e Process:
1. Apply Known Input: Subject the sensor to a known and precise input signal.
2. ' Record Output: Measure the sensor’s output corresponding to the known input.
3. Adjust Calibration: Adjust the sensor’s output to match the known standard.

o Application: Commonly used for sensors with straightforward calibration requirements,

such as temperature sensors.

Comparative Calibration

o Definition: Involves comparing the sensor output to another calibrated sensor (reference
sensor) under the same conditions.

e Process:
1. Place Sensors Together: Install the sensor and reference sensor in the same

environment.
2. Compare Outputs: Measure the output of both sensors for the same input.

3. Adjust Sensor: Modify the sensor’s output toralign with the reference sensor.
e Application: Useful for sensors that are difficult to calibrate directly or require
comparison with a high-precision standard.

Zero-Point Calibration

« Definition: Establishes a baseline or zero point for the sensor.

e Process:
1. Apply Zero Input: Expose the sensor to a condition where the input is zero.

2. Record Output: Measure the sensor’s output.
3. Adjust Offset: Correct any deviation from the zero point to ensure accurate

baseline readings.
« Application: Important for sensors where an accurate zero reading is critical, such as

pressure sensors.
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Span Calibration

o Definition: Adjusts the sensor’s response across its full range.
e Process:
1. Apply Known Extremes: Expose the sensor to the minimum and maximum
expected input values.
2. Record Outputs: Measure the sensor’s output at these extremes.
3. Adjust Span: Calibrate the sensor to ensure that its output corresponds accurately
to the known extremes.

« Application: Ensures that the sensor’s full measurement range is accurate.
Multi-Point Calibration

« Definition: Involves calibrating the sensor at multiple points within its range for higher
accuracy.
e Process:
1. 'Apply Multiple Inputs: Subject the sensor to several known input values across
its range.
2. Record Outputs: Measure the output for each input value.
3. Create Calibration Curve: Adjust the sensor response to create a calibration
curve that maps input values to output readings accurately.
o Application: Used for sensors requiring high accuracy across a wide range, such as

analog sensors.
3. Calibration Equipment

Reference Standards

« Definition: High-precision instruments or devices used as the benchmark for calibration.
o Examples: Certified reference thermometers, pressure calibrators, or voltage sources.

Calibration Software
« Definition: Software tools used to facilitate the calibration process, record data, and
apply corrections.
« Importance: Enhances accuracy and efficiency in calibration.

Test Equipment

« Definition: Devices used to generate known inputs and measure sensor outputs.
o Examples: Signal generators, pressure pumps, or temperature baths.
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4. Calibration Procedures
Preparation

e Check Sensor Specifications: Understand the sensor’s range, sensitivity, and accuracy
requirements.

e Setup Calibration Environment: Ensure a stable and controlled environment to
minimize external influences.

Calibration Execution

e Apply Known Inputs: Use reference standards or test equipment to provide known
inputs to the sensor.

e Measure Outputs: Record the sensor’s output for each known input.

o Adjust Calibration: Modify the sensor or calibration parameters to align the output with
the known standards.

Verification

o Check Accuracy: Re-test the sensor.at known inputs to verify calibration accuracy.
o Document Results: Record calibration results and-adjustments for future reference and
compliance.

Maintenance

o Regular Calibration: Schedule periodic recalibration to ensure ongoing accuracy.
« Monitor Performance: Regularly check sensor performance and adjust calibration as
needed.

Summary

Sensor calibration is crucial for ensuring accurate and reliable measurements. Techniques
include direct calibration, comparative calibration, zero-point calibration, span calibration, and
multi-point calibration. Effective calibration requires the use of reference standards, calibration
software, and test equipment. -Proper calibration procedures involve preparation, execution,
verification, and ongoing maintenance to ensure sensor performance and accuracy over time.
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