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Basics of Measurement

* Measurement is the process of assigning a numerical value to a
physical quantity. It involves comparing a quantity with a predefined
standard unit of the same kind. For example, measuring the length of
a table involves comparing its length to a standard unit like a meter.



Key Components of Measurement

e Quantity: The physical property to be measured (e.g., length, mass,
time, temperature).

e Unit: A standard quantity used for comparison (e.g., meter, kilogram,
second, degree Celsius).

* Instrument: A device used to perform the measurement (e.g., ruler,
scale, stopwatch, thermometer).

e Error: The difference between the measured value and the true value
of the quantity.



Types of Measurement

e Direct measurement: Involves a direct comparison with a standard
unit (e.g., using a ruler to measure length).

* Indirect measurement: Involves measuring related quantities and
using formulas to calculate the desired quantity (e.g., calculating the
area of a circle by measuring its radius).



Measurement Systems

* S| (International System of Units): The most widely used system,
based on seven base units (meter, kilogram, second, ampere, kelvin,
mole, candela).

* Imperial system: Primarily used in the United States and a few other
countries.



Measurement Errors

e Systematic errors: Consistent errors that affect all measurements in
the same way (e.g., a faulty measuring instrument).

* Random errors: Unpredictable errors that vary from measurement to
measurement (e.g., human error in reading a scale).



What is a Sensor?

* A sensor is a device that detects a physical stimulus (like light,
temperature, pressure, etc.) and converts it into an electrical signal.
This signal can then be processed and used for various applications.



How Sensors Work

1.Sensing Element: This is the core part of the sensor that interacts
with the physical quantity being measured. It responds to changes in
this quantity by producing a corresponding change in its own
properties (like resistance, capacitance, or voltage).

2.Signal Conditioning: The output from the sensing element is often
weak and needs to be amplified, filtered, or converted into a suitable

format for further processing.

3.0utput: The conditioned signal is then outputted in a form that can
be easily understood and used, such as digital or analog voltage,
current, or frequency.



Key Characteristics of Sensors

* Sensitivity: How much the sensor's output changes for a given
change in the measured quantity.

* Accuracy: How close the sensor's output is to the true value of the
measured quantity.

* Precision: How repeatable the sensor's measurements are.
* Range: The limits of the measurable quantity.

* Response Time: How quickly the sensor can respond to changes in
the measured quantity.

e Output: The type of signal produced by the sensor (analog, digital,
etc.).



Types of Sensors

* There are countless types of sensors, each designed to measure a
specific physical quantity. Some common types include:

* Temperature sensors: Thermocouples, RTDs, thermistors

* Pressure sensors: Piezoresistive, capacitive, strain gauge

* Light sensors: Photodiodes, photoresistors, CCDs

* Motion sensors: Accelerometers, gyroscopes, proximity sensors

e Gas sensors: Catalytic combustion, electrochemical, semiconductor
* Force sensors: Strain gauges, load cells



Applications of Sensors

* Sensors are used in a wide range of applications, including:
* Industrial automation

* Automotive systems

* Medical devices

* Environmental monitoring

e Consumer electronics



Other Important Parameters

* Sensor Calibration: This process ensures that the sensor output
accurately reflects the measured quantity.

* Signal Conditioning: This involves amplifying, filtering, and converting
the sensor output into a usable format.

* Data Acquisition: This is the process of collecting and storing sensor
data.

 Data Analysis: This involves processing sensor data to extract
meaningful information.



Errors in Sensors

Errors in sensor measurements can significantly impact the accuracy
and reliability of data.

Primary Categories of Errors

Systematic Errors

* Consistent and repeatable errors that can be identified and corrected.
Offset Error: A constant deviation from the true value.
Gain Error: A proportional deviation from the true value.

Nonlinearity Error: Deviation from a linear relationship between input and
output.

Hysteresis Error: Difference in output for the same input depending on the
input history.




Random Errors:

e Unpredictable variations in measurements that follow a statistical
distribution.

e Caused by noise, fluctuations in environmental conditions, and
internal sensor components.

e Can be reduced but not eliminated.



Gross Errors

* Large, sporadic errors often caused by human mistakes, equipment
failures, or external disturbances.

e Can be identified and excluded from data analysis.



Other Types of Errors

e Calibration Errors: Discrepancies between the sensor's output and
the true value due to incorrect calibration.

* Repeatability Errors: Variations in output for the same input under
identical conditions.

* Reproducibility Errors: Differences in output for the same input when
measurements are taken at different times or locations.

 Stability Errors: Changes in sensor output over time due to aging,
temperature variations, or other factors.



Reducing Errors

To minimize the impact of errors, several techniques can be employed:

e Calibration: Regularly calibrate sensors to establish a known relationship
between input and output.

* Data Filtering: Apply mathematical filters to remove noise and other
unwanted signals.

* Averaging: Take multiple measurements and calculate the average to
reduce the impact of random errors.

* Error Compensation: Use mathematical models to correct known
systematic errors.

* Sensor Selection: Choose sensors with appropriate specifications for the
application.
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