Sensors!

by Vidya Ramesh



Sensor = device which detects events
or changes in its environment
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Main characteristics of sensors in general 
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Which ones we use in this class: line and near and far IR 

Line- to follow lines 
Proximity – to detect walls and help robot map and know when to turn 
Treasure sensor

IR vs noise – noise for each where does it come from etc. 
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Pull up/down resistor -  “when the button is released, the pin is connected to nowhere, aka "floating", and will be exposed to noise, and the software will read HIGH and LOW in an erratic way.��So the solution is to use a so-called pull-up or pull-down resistor. Such a resistor ensures that the pin is always connected to GND or VCC, directly or via the resistor, depending on the button position.”

Debouncing: push button fluctuates between being open/closed when pressed because of mechanical issues- could be read as multiple presses – simplest fix is to introduct a delay before you read the value; probably won’t be an issue, and there’s an Arduino tutorial for it : https://www.arduino.cc/en/Tutorial/Debounce


Tutorials: 
https://learn.sparkfun.com/tutorials/pull-up-resistors – how to choose value of pull up 
https://www.arduino.cc/en/tutorial/pushbutton
http://www.instructables.com/id/Arduino-Button-Tutorial/
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How IR sensors work 

Line following and proximity sensors are active, treasure sensor is passive 

Based around measuring the amount of radiation reflected back and hitting the receiver 

Susceptible to noise from other IR sources- sun, fluorescent light – will look at ways to handle noise later on 
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Line sensors: basic intro how they work, digital vs analog output 

 When you apply power to the VCC and GND pins the IR LED inside the sensor will illuminate. 
A 100Ω resistor is on-board and placed in series with the LED to limit current. 
A 10kΩ resistor pulls the output pin high, but when the light from the LED is reflected back onto the phototransistor the output will begin to go lower. 
The more IR light sensed by the phototransistor, the lower the output voltage of the breakout board. Tx and Rx

Demo with the line sensors 

Proximity sensors work the same way but detect changes in the EM field or return signal– involves additional signal processing  
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Proximity sensors: 


Line of receiving sensors – can tell which one is hit by the greatest amount of light and using that and back calculating with angles you can calculate distance 
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IR treasure sensor:

Example demo

Issues detecting the signal– noisy, weak signal 




High-pass filter

<>
Py
Cl<>

jot

H(jo) = ve = 42
V., 1+ jot

Low-pass filter

R

A A .
v C——
| |
V ]
H I : F\O :
(ja)) V 1+ jort



IIw.I'

z.Z,

v,
v

" Z2Z.+Z,(Z,+Z)+2Z.Z,



LT Spice Demo:
High Pass Filter:

Cutoff Frequency: 7000 Hz

R =1k

C =0.0002u

ACamp=1

Decade Sweep with 20 pt resolution from 1 to 2MEG
Change y axis to log scale showing voltage with max of 2
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LT Spice Demos 

Type of sweep- x axis of bode plot 
Points per– refers to resolution 
Dotted line is phase shift 
Solid is magnitude 


Design for 660 Hz cutoff

High pass – for treasure 
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Elecret microphone 

Demo 

Amps and filters 

Filters for microphone- want to isolate 660 Hz  bandpass 



analog filter wizard
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Demo with filter wizard – text hyperlinked 

Values without Q errors for example: 

Passband: Gain = 2 V/V, -3 dB, 20 Hz 
Stopband: -30 dB, 40 k hz 
Center Frequency = 660 hz 



tolerance of a resistor is the deviation that a resistor may vary from its nominal value resistance, measured at 25°C with no load applied.

http://www.analog.com/designtools/en/filterwizard/
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Limited number of analog pins – solutions: Schmitt trigger/ analog mux 
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Adding a Schmitt trigger: what does it do? Use the video?

http://www.pcbheaven.com/wikipages/The_Schmitt_Trigger/


The Schmitt Trigger is a type of comparator with two different threshold voltage levels. Whenever the input voltage goes over the High Threshold Level, the output of the comparator is switched HIGH (if is a standard ST) or LOW (if is an inverting ST). The output will remain in this state, as long as the input voltage is above the second threshold level, the Low Threshold Level. When the input voltage goes below this level, the output of the Schmitt Trigger will switch.

Can build a Schmitt trigger using transistors, op amps, buy an ic chip with it – easy to google 
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Different ways to implement Schmitt triggers- here simple symmetrical version using op amp, online calculators for asymmetrical 

Experiment to find cutoffs and then simulate with LP Spice

Cadence/ Spice to model ?

http://www.pcbheaven.com/wikipages/The_Schmitt_Trigger/
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