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1.7 Sensor Outputs - Signal Types 

1. Introduction 

 Definition: Sensor outputs refer to the type of signal generated by a sensor that represents 

the measurement of a physical quantity. 

 Importance: Understanding the different signal types is crucial for selecting the right 

sensor for specific applications and for integrating sensors with data acquisition systems. 

2. Types of Sensor Outputs 

 Analog Signals 

 Definition: Continuous signals that vary smoothly over a range and are proportional to 

the measured quantity. 

 Characteristics: 

o Voltage Output: Represents measurements as a varying voltage. 

 Example: A thermocouple providing a voltage output proportional to 

temperature. 

o Current Output: Represents measurements as a varying current. 

 Example: 4-20 mA current loop sensors used in industrial applications. 

 Advantages: 

o Direct representation of physical quantities. 

o Simplicity in signal processing. 

 Disadvantages: 

o Susceptible to noise and signal degradation over long distances. 

 Digital Signals 

 Definition: Discrete signals that represent measurements as distinct values, typically in 

binary format (0s and 1s). 

 Characteristics: 

o Pulse Output: Represents measurements as pulses with varying frequency or 

width. 

 Example: Encoders providing pulse counts to measure rotational position. 

o Frequency Output: Represents measurements as a varying frequency. 

 Example: A frequency output sensor used in speed measurement. 

o Serial Communication: Uses communication protocols like UART, SPI, or I²C 

to transmit measurement data. 

 Example: Digital temperature sensors using I²C protocol to communicate 

with microcontrollers. 

 Advantages: 

o Immune to noise over long distances. 

o Easier integration with digital systems and microcontrollers. 

 Disadvantages: 

o Requires conversion to analog signals for certain applications. 
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 Analog-to-Digital Conversion (ADC) 

 Definition: The process of converting an analog signal into a digital format. 

 Characteristics: 

o Resolution: Determines the smallest change in input that can be detected. 

Measured in bits (e.g., 8-bit, 16-bit). 

o Sampling Rate: The rate at which the analog signal is sampled to produce digital 

values. 

 Importance: Essential for interfacing analog sensors with digital systems and data 

acquisition systems. 

 Digital-to-Analog Conversion (DAC) 

 Definition: The process of converting a digital signal into an analog format. 

 Characteristics: 

o Resolution: Determines the accuracy of the analog output. Measured in bits (e.g., 

8-bit, 12-bit). 

 Importance: Used when digital systems need to produce analog signals for various 

applications. 

 Analog Signal Types 

 Voltage Signal: Varies as a continuous voltage level. 

o Example: Temperature sensors with voltage outputs. 

 Current Signal: Varies as a continuous current. 

o Example: 4-20 mA sensors used in industrial processes. 

 Digital Signal Types 

 Binary Code: Represents data as sequences of 0s and 1s. 

o Example: Digital pressure sensors outputting data in binary format. 

 Pulse Code Modulation (PCM): Represents data as pulses with varying width or 

frequency. 

o Example: Encoders generating pulse trains for position feedback. 

3. Signal Conditioning 

 Amplification 

 Definition: Increasing the amplitude of the sensor output signal. 

 Importance: Enhances signal strength for better accuracy and processing. 

 Filtering 

 Definition: Removing unwanted noise or interference from the signal. 

 Importance: Improves signal clarity and accuracy. 
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 Linearization 

 Definition: Correcting non-linear sensor outputs to produce a linear relationship between 

input and output. 

 Importance: Ensures accurate measurements across the sensor’s range. 

 Signal Conversion 

 Definition: Converting between different signal types (e.g., analog to digital). 

 Importance: Facilitates integration with various data acquisition and processing systems. 

Summary 

Sensor outputs can be classified into analog and digital signals. Analog signals vary continuously 

and include voltage and current outputs. Digital signals represent measurements in discrete 

values, including pulse, frequency, and serial communication outputs. Analog-to-digital and 

digital-to-analog conversions are crucial for interfacing between analog sensors and digital 

systems. Signal conditioning techniques such as amplification, filtering, and linearization are 

important for improving signal accuracy and clarity. Understanding these signal types and 

conditioning techniques is essential for effective sensor integration and data acquisition. 

 


