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Lecture 6: Sensing!!



- Raspberry CAD on Moodle

- Box details on Notion

Project Updates

The two boxes will be of the following size: 12.5 x 8.5 x 6.5 cm, 0.30 l



This week

• Overview of sensing (8h15-9)
• 9h: Parts and general TA support (SPOT)
• 9h: Guided introduction to microcontrollers and sensors 

(SPOT)



Following Weeks

• Next week: Holiday
• 22/10: Design Review - get advice or feedback from TAs – ask 

questions!



Sensing with a microcontroller

• Many different sensors
• Different input types
• Different transduction 

circuits



Analog vs. Digital



Analog Inputs
What types of sensors are analog?

• Many sensors can provide ADC 
outputs

• Universal method of sensing
• Can require additional 

amplification or transduction



Analog Inputs

Resistive sensors

But how can binary machines (e.g. micro-controllers) 
deal with these analog signals?



Analog Inputs
How do we read analog sensors?

Machines work in binary (1s and 0s) - how do we obtain a binary output?



Analog Inputs
How do we read analog sensors?

Comparators

Voltage Divider

Binary 
output



Analog Inputs
Quantization

Arduino Uno → 10-bit ADC means it will give digital value in the range of 0 – 1023 (2^10)



Analog Inputs: Summary

• Analogue inputs are really useful to acquire data
• Quantization error depends on ADC resolution
• Not a scalable approach – for each sensor you need ad 

additional ADC port
• ADCs can be expensive (for high resolution)
• Sampling rate can be limited
• Sensitive to external noise

How can we deal with more complex 
inputs, and achieve higher scaleability?



Digital Inputs

What would be an example of a digital sensor?



Digital Inputs

Can we use 
temporal/digital 

transmission of data?



Digital Protocols

Sensor
Transduction/
Amplification

Digital 
protocol

Microcontroller



Digital Protocols

• I2C
• SPI
• UART
• CAN Bus



I2C



I2C



I2C



SPI (Serial Peripheral Interface)



• Microcontrollers have dedicated digital 
pins for I2C, SPI, UART

• Can have multiple I2C ports
• Many sensors offer SPI or I2C 

connectivity

Digital Protocols



Digital Protocols

The appropriate sensor + protocol should be 
selected for the application



Why are these digital data protocols useful?

• Scaleability (daisy chain)
• Can configure the sensors (data-rate), what to send 

(e.g. temp/humidity)
• Can switch sensors on/off (reduce power 

consumption)



What do we need to think about when 
incorporating sensors into products?



• Form factor
• Sensitivity
• Protocol (analog, digital protocol?)
• Robustness
• Power draw
• Signal-to-noise ratio
• Cost
• Amount of signal processing required

Sensor Design Selection…



• Form factor
• Sensitivity
• Robustness
• Power draw
• Signal-to-noise ratio
• Cost
• Amount of signal processing required

Sensor Design Selection…

Can be found on data-sheets
- Component websites (mouser, digikey, RS, Farnell etc.)



LM35

https://www.ti.com/lit/ds/symlink/lm35.pdf

Sensors: Data-sheets



https://www.ti.com/lit/ds/symlink/lm35.pdf

Sensors: Data-sheets



• Load Cell
• LDR Based color Sensors
• Photo-dioded based color Sensor
• Distance Sensor
• LDR (analog)
• Conductivity sensor for contact detection
• Switch

Sensors for you to design and explore



LDR: Light Dependent Resistor

• What resistor value 
should I choose?

• What happens if you 
switch the LDR + base 
resistor around?



LDR: Light Dependent Resistor



Color Sensor

Raspberry



Color Sensor



Building your sensor…

• How to shield your LDR from Diode
• What color(s) to use
• What distance to have the sensor from 

the raspberry
• How to package and integrated this 

into your gripper. 



Photo-diode



Switch (digital input)



Conductivity Sensor



Load Cell

→ Resistance changes with strain

Strain gauge Sensors Integrated into a Load Cell

The placement amplifies the 
tension/compression measured



Load Cell

Load Cell Wheatstone Bridge →
Subtract differences

Amplify differences

Load Cell Amplifier HX711



Load Cell

Use the Arduino HX111 library – provides the communication
Good tutorial:
https://learn.sparkfun.com/tutorials/load-cell-amplifier-hx711-breakout-hookup-guide

• Wheatstone bridge
• Amplifier
• Convert to digital
• Communicate over digital protocol
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Distance Sensor



Webcams

• Very powerful (high information content)
• Low cost, high useage 
• Can be used ‘classically’ e.g. detect 

color/shape
• Can be used with learning based approaches.  

Many NN are particularly suited for image data



Although visual data is very useful for humans, it is challenging for machines
- Many different object orientations
- Variability in background light/conditions

→ Either need large training data-sets
→ Or need robust classifiers decision making algorithms

Learning based object detection & classification

e.g. YoLo, 

Threshold/identify colors/shapes

Webcams



Webcams: Classical Computer Vision Approaches

Matlab Computer 
Vision Toolbox



Webcams: Classical Computer Vision Approaches



Webcams: Classical Computer Vision Approaches

Blob detection Segment pixels
→ Get color and size



Webcams: ML Based Approaches
Segmentation & Classification (YoLo): You only look once

Pre-trained networks (YoLos)



Have a great Holiday Week and see you in 2 weeks!

Reminder: Drop in sessions Monday and Friday 
(but not next week)

Send me an email with any questions/problems.




	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113: Color Sensor
	Slide 114: Color Sensor
	Slide 115
	Slide 116
	Slide 117
	Slide 118: Conductivity Sensor
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128
	Slide 129
	Slide 130

