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Smart Sensor

• “Catchy” term for a sensor that detects a physical quantity 
and generates digital output (number) ready to work with. 
E.g.
– Current in [mA] (INA219)
– Temperature in degrees Celsius
– Pressure in mBar
– Relative humidity in percent
– Distance in meters (LIDAR)

• Can be quite involved
– E.g. temperature calibration

• Usually interfaced via I2C (SPI, OneWire, UART, …)
– Software driver
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“Not” Smart Sensor

• Transduce physical quantity into something “electrical”

• E.g. strain gauge:
– Mechanical strain à resistance change

• User builds interface, e.g.
– Convert resistance change to voltage
– Voltage to digital (ADC)
– Implement error correction, 

e.g. temperature compensation

• Later in EE49
– Today’s focus is “smart”
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Parts

• Many

• Keep getting better 
– Lower power
– Better accuracy
– Driven by automotive and consumer (smartphone) markets
– Tactical and industrial units

• Examples:
– InvenSense MPU9250, ICM-20848
– Bosch BNO055
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Interfacing

• I2C Bus

• Driver
– https://github.com/micropython-IMU/micropython-mpu9x50
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MPU9250 MicroPython Driver
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9 Degrees of Freedom Inertial Sensor
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3D Acceleration
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Angular Rate
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Magnetometer
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What can we do with it?

• Examples:
– Compass
– Inclinometer
– Navigation
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Compass
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Magnetic Heading Errors

• 25 … 65 µTesla
– vs ~ 1 Tesla (rare earth magnet)

• Magnetic declination
– Magnetic north != true north
– Berkeley: ~ 14o 16’ E

• Bigger problem:
– Stray magnetic fields
– Earth magnetic field distortion
– Dominates in urban environments
– Requires calibration
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Inclinometer (Tilt)
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http://www.analog.com/media/en/technical-documentation/application-notes/AN-1057.pdf



B. E. Boser 15

Inclinometer
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Dual Axis Tilt Sensor
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Triple Axis Tilt Sensor
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Disturbances

• Moving platform (e.g. quadcopter)
– Additional sources of acceleration
– Not just gravity
– à Incorrect tilt calculation

IoT49: Smart Sensors



B. E. Boser 19

Solution: Sensor Fusion

• Gyroscope
– Compute angle from rate
– Problem:

• Fix

• Fusion
– Complementary filter
– Kalman filter
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Complementary Filter
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Navigation

• Principle:
– Gyroscope à Heading
– Accelerometer à Distance

• Challenges
– Relative
– Integration à drift 

• Fuse with GPS
– Coordinate systems
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Navigation Coordinates
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Attitude and Heading Reference System (AHRS)

• https://www.youtube.com/watch?v=fOSTOnQzZCI
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Accelerometer, Gyroscope, Magnetometer Fusion

• http://scottlobdell.me/2017/03/video-tutorials-outlining-
inertial-measurement-unit-imu-implementation-sensor-
fusion-gps/
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Accelerometer, Gyroscope, Magnetometer Fusion

• IMU outputs à
a) Pitch, yaw, roll angles
b) Absolute acceleration North, East, Down
c) Correct for gravity

• MicroPython Library
– https://github.com/micropython-IMU/micropython-fusion

• GPS fusion for absolute position 

• References
– https://en.wikipedia.org/wiki/Inertial_navigation_system
– http://www.olliw.eu/2013/imu-data-fusing/
– http://scottlobdell.me/2017/03/video-tutorials-outlining-inertial-

measurement-unit-imu-implementation-sensor-fusion-gps/
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GPS

• Many modules to choose from
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Smart Sensor Choices

• Lots … search

• Examples …
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Temperature / Pressure / Humidity

• E.g. BME280
– Temperature: ± 0.5 deg C
– Pressure: 0.2 Pa rms (1.7cm)
– Humidity: ± 3%

• MicroPython driver

• BME680 adds VOCs
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Contact-free Temperature Sensing
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Ultrasound Ranging
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Now:



B. E. Boser 31

Time-of-Flight Distance
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VL53L0X Laser Distance Sensor (Lidar)
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Breakout Board

• https://www.adafruit.com/product/3317
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Sound

• Microphones

• Amplifiers, speakers
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I2S output 
(digital)

analog output 
(ADC)

I2S input 
(digital)

analog input (DAC)
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Liquids … Flow, valves, level
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Liquid level … resistive output
Lidar might work, too?

Solenoid valve … 
use H-bridge (or similar) to drive Flow sensor, digital pulses out

Pulse counter …



B. E. Boser 36

Summary

• Smart sensors
– “Easy” to use: 

• Complicated stuff is inside
– Many choices
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