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Definitions

* A sensor is a device that measures a physical quantity
« IMU
* Light sensor
* Temperature sensor

* An actuator is a device that modifies a physical quantity
* Heater
* Motor
« Speaker




Sensor Transform Quantity into an Electric

Signal

« Sensors generate analog signal proportional to physical
quantity

* Then, microcontrollers can interact with analog signals

* How to generate an electrical signal?

« Ohm’s law: V = I"R (voltage = current * resistance)
* Vary any one of these three, an analog signal is created




Resistive Sensors

 L: length of the conductor
 A: area of the conductor
* p: resistivity of the conductor material

* Notice, various materials have resistivity that changes based on
« Temperature, light, strain, etc.
* (Can be a double-edged sword!)




Understanding the Sensor Voltage

* Once you get the voltage, what do you do with it?

* Need to understand the transfer function between voltage and
the sensed quantity
 Examples: accelerometer, magnetometer

* Hopefully, the function is linear




Understanding the Sensor Voltage

* Once you get the voltage, what do you do with it?

* Need to understand the transfer function between voltage and
the sensed quantity
 Examples: accelerometer, magnetometer

* Hopefully, the function is linear
e Usually, itis NOT




Sensor Model

F(x) =ax+ b
e X Is the quantity being sensed
* F(x) is a voltage proportional to that quantity

« Parameters
* a: sensitivity, units volts/quantity
« Change in voltage per change in quantity

* b: bias, units volts
 Offset in voltage for zero of the quantity



Bias and Sensitivity Example
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SPECIFICATIONS

Read the Datasheet!

« ADXL330 low power, complete 3-axis accelerometer

Ta =25°C, Vs = 3V, Cx = Cy = Cz = 0.1 pF, acceleration = 0 g, unless otherwise noted. All minimum and maximum specifications are
guaranteed. Typical specifications are not guaranteed.

Table 1.
Parameter Conditions Min Typ Max Unit
SENSOR INPUT Each axis
Measurement Range +3 +3.6 g
Nonlinearity % of full scale +0.3 %
Package Alignment Error +1 Degrees
Inter-Axis Alignment Error +0.1 Degrees
Cross Axis Sensitivity' +1 %
SENSITIVITY (RATIOMETRIC)? Each axis
Sensitivity at Xour, Your, Zour Vs=3V 270 300 330 mV/g
Sensitivity Change Due to Temperature? Vs=3V +0.015 %/°C
ZERO g BIAS LEVEL (RATIOMETRIC) Each axis
0 g Voltage at Xour, Your, Zout Vs=3V 1.2 1.5 1.8 Vv
0 g Offset vs. Temperature +1 mg/°C
NOISE PERFORMANCE
Noise Density Xour, Your 280 ug/vHz rms
Noise Density Zour 350 ug/VHz rms
FREQUENCY RESPONSE*
Bandwidth Xour, Your® No external filter 1600 Hz
Bandwidth Zour® No external filter 550 Hz
Rrur Tolerance 32+ 15% kQ




Read the Datasheet!

« MLX90393 magnetometer

* How noises change with ADC conversion time?
* Improve the sensing accuracy by tuning the sampling frequency
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Outline

* Recap on Sensing Principles

* Type of Sensors
* Temperature
* Light
* Pressure
» Others




Digital Temperature Sensor

» Thermostat (1&,525)
» Heat bends a strip of two
different metals

» Switches circuit on/off based on
the temperature

Electrical ‘ o
connection Bi-metallic strip
L / «— Higher Metal Strip
Electrical Contacts «— Lower Metal Strip
Closed
Electrical = [ Electrical
Contacts connection

Contact
Electrical Contacts Movement
open due to Heat
e Ad ﬁ_‘ Open circuit
T T condition
Fixed

Point HEAT




Digital Temperature Sensor

« Thermocouple (FRAEE1E)

« Generates a voltage based on
temperature

« Can be used to harvest energy
to run system

« Science
 Thermoelectric effect (FER N,

)

Ji

Iron
The measuring
(Hot) Junction
Constantan J2

Vout

A T T 4 The reference
(Cold) Junction

$O+2+0

The voltage output
beingthe temperature
difference between the
two dissimilar junctions

(Vou=V1-V2)



Resistive Temperature Sensing

 Thermistor (FYE(EE[H): Thermal + resistor
 Varies resistance based on temperature

« Advantage 300
» Extremely cheap and easy to use § 250

- Disadvantage 8 150 "
. . 8
 Non-linear transfer function $ 100
¢ 50
0

-100 0 100 200 300
Temperature (C)




Outline

* Recap on Sensing Principles

* Type of Sensors
» Temperature
e Light
* Pressure
» Others




Measuring Light

e Lux: unit of illuminance
« 18N HT = 1 TR K =
| REER-BREmESAEA K (11x
=1 Im/m2=1cd-srrm-2)

Illuminance
0.002 lux

0.2 lux
0.27 - 1 lux
3.4 lux

50 lux
80 lux
100 lux

300 - 500 lux

1,000 lux

10,000 -
25,000 lux

32,000 -
130,000 lux

Example

Moonless clear night sky

Design minimum for emergency
lighting (AS2293).

Full moon on a clear night

Dark limit of civil twilight under a
clear sky

Family living room
Hallway/toilet
Very dark overcast day

Sunrise or sunset on a clear day.
Well-lit office area.

Overcast day; typical TV studio
lighting

Full daylight (not direct sun)

Direct sunlight



Resistive Light Sensing @

» Photocell (Photoresistor, JtEEE[H) Clear coating over

Electrodes entire top surface

Photoconductive
material over
top surface

Cold weld
contacts

Ceramic

\

—— Wire terminals




Photodiodes

Light
* Photodiodes (J6EB 1Kk 'E) leak p s
current based on light levels @ Anodgﬁ,_qp . kﬁgodem
* How it works Ve
» When voltage applied in reverse to an s s T L
ideal diode, no current flows - Dark Current -
* But, some small amount of current 100 L 100
leaks for real-world diodes, it is 150
proportional to light levels 900 Lux 200

250

Fully llluminated
1500 Lux 300

la (uA)




L i g ht CO I O r S e n S i n g PHOTODIODE SPECTRAL RESPONSIVITY
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Passive Infrared (PIR) Sensor

o« WO Zl IME g

* Detect movement in the
environment
* By detecting change in IR levels

* |t often come with plastic lens
cover to improve field of view and
range




Outline

* Recap on Sensing Principles

* Type of Sensors
» Temperature
* Light
* Pressure
» Others




Strain Sensing

« Strain gauge (M2 F): a device used to
measure strain on an object

* The resistance change is usually

measured by a Wheatstone bridge (&
HTm EE )
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« Compression of the material
generates a voltage

* How it works
* Piezoelectric effect (I
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Outline

* Recap on Sensing Principles

* Type of Sensors
» Temperature
* Light
* Pressure
* Others




Other Sensors

* Environment: pressure, humidity, air velocity, air quality
 Distance: ultrasonic, lidar, or radar

* Biometric: pulse oximeter, heart rate

 Agricultural: soil moisture
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