From Signal to Insight:
Sensing Fundamentals
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High Level Definition QJ

* A sensor is anything which outputs a signal to
describe part of [physical] reality.

— A sensor can only detect what is present.

* Sensors respond with a signal that we can interpret
elsewhere through the use of a logger, model,
analysis, etc., or a combination of these things.

— A sensor is useless if the signal cannot be interpreted.
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Question
Ahat Do You Sense? Time!
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Describe Environment

6CO,+6 H,0C,H,,0,+60,

2
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2 Than One Tool

Hygrometer, Pyranometer,
Rain Gauge, Photodiode,
Humistor, CMOS,
Conductivity Colorimeter
Thermocouple Barometer,
Thermometer, Piezometer,

Thermistor Flex sensor
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ors For Computers
* Most sensors work as modules for a computer.

* Signal processing happens at the computer.

* Model and analysis may happen at a computer, but it
may be “dumb.” Consider microcontrollers.
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ernatives o Computers Ql

* Not every sensor must be an electronic component.

* One example is pH paper.

* Signals are recorded by observer, but it requires a
special logger...
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Question
Detect Earthquake Time!

https://science.nasa.gov/resource/cutaway-of-seis/

https://www.hackster.io/mircemk/extremely-sensitive-cheap-homemade-seismometer-175231

https://commons.wikimedia.org/wiki/File:A_seismogram_of 2011 T%C5%8Dhoku_earthquake _and_tsunami.jpg
honeycutt@ou.edu https://commons.wikimedia.org/wiki/File:EastHanSeismograph.JPG

Last edit: Feb 25, 2025 https://commons.wikimedia.org/wiki/File:Anatomy_of the_Human_Ear_blank.svg 9


mailto:honeycutt@ou.edu
https://science.nasa.gov/resource/cutaway-of-seis/
https://www.hackster.io/mircemk/extremely-sensitive-cheap-homemade-seismometer-175231
https://commons.wikimedia.org/wiki/File:A_seismogram_of_2011_T%C5%8Dhoku_earthquake_and_tsunami.jpg
https://commons.wikimedia.org/wiki/File:EastHanSeismograph.JPG
https://commons.wikimedia.org/wiki/File:Anatomy_of_the_Human_Ear_blank.svg

Imans As Sensors Ql

* We are quite good as detectors, if not so great at
quantifying.
* Humans can detect “complex” things like patterns.

— This can be dangerous.

e Simple detection is often driven by evolutionary
imperatives. (g

:
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Question
Time!

LOW
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Q)
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Time Hertz

* How fast do you need to measure?

* Can you average over a time period?

* How fast can your equipment run?

honeycutt@ou.edu
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iIndowing Time
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Spot Price ($)

Sampling and Averaging the Stock Market

$280.00 | Running
== Running Average (5)
Running Average(10) Ave I‘age .
= Average Every (5) Overpredicts
== Average Every (10)
$230.00 & input (VTI)

Low Freq.
Sustained

$180.00
$130.00 Running
Average
Underpredicts
$80.00
YOO PP RRADELRRLIIEROAN D E P PP

Month of Recording 15
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Q)

naracterization: Basics
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* Systematic Error —
Predictable deviations
based on the system
which acquires data.

e Random FError —

Unpredictable deviations.
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lon And Quantification

Measurement
Blank LOD LOQ

50% chance
false-negative

1% chance
false-positive
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Sensitive And Specific Ql

Sensitivity Specificity

Lir:nit Limit

*<honeycutt@ou.edu Falsg /\/ \/\PFa!S_e
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Apother Look At Selectivity

Absorbance
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1950

Time!

Question

If your sensor can
only measure

this much

in one sample\;
Where do you
measure the |3JH8IZ?

The ORANGE?

Adapted from: Mihaylov, Mihail & Lagunov, Oleg & Ivanova, Elena & Hadjiivanov, Konstantin. (2011).
Determination of Polycarbonyl Species on Nickel-Containing Catalysts by Adsorption of CO Isotopic Mixtures.
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Reporting Sensitivity

666
420
8675.309
10000
10000
0.0067

honeycutt@ou.edu
Last edit: Feb 25, 2025 22


mailto:honeycutt@ou.edu

1.0+0.5
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ncertainty Propagates

W:2.438 m L: 6.058 +.0023 m
H: 2.591 m W: 2.438 + .0023 m

H: 2.591 £.0023 m
V = LxWxH

0.0023%, ,0.0023*, ,0.0023°
o=V X + +
\/( 6.058° + 2.438% + 2.591° )

38.27 £ .05 m?

CLASS II: £2.30 mm

honeycutt@ou.edu
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5.5 Electrical Characteristics: Vpp =2 V for TLC555C, Vpp = 3 V for TLC555I

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS!) MIN TYP MLAX UNIT

TLCS55C 0.95 1.33 1.63

25°C
TLCS5551 1.6 24

Vi Threshold voltage W

TLCS555C 0.85 1.75

Full range
TLCS5551 1.5 25

5 Specifications
5.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)!"

Voltage

honeycutt@ou.edu
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https://www.ti.com/lit/ds/symlink/tlc555.pdf

Supply, Vpp ¢

Input, any input

Discharge

25
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Sensing Spatially Ql

v
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PS And Precision
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N/S, E/W hemisphere

Only exists for longitude Just because
1000 km (continent)

111 km (country/state) the computer

1.1 km (town) :

110 m (farm) those decimals

1 (parce) does not mean
cm

1.1 cm (limit of GPS) you should use

1.1 mm them!

110 microns

aaaaaaaaag 28
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Dllection And Storage

Transmission
to computer

Bells Arduino

https://science.nasa.gov/resource/cutaway-of-seis/

https://www.hackster.io/mircemk/extremely-sensitive-cheap-homemade-seismometer-175231

https://commons.wikimedia.org/wiki/File:A_seismogram_of 2011 T%C5%8Dhoku_earthquake _and_tsunami.jpg
honeyCUtt@Ou-edu https://commons.wikimedia.org/wiki/File:EastHanSeismograph.JPG

Last edit: Feb 25, 2025 https://commons.wikimedia.org/wiki/File:Anatomy_of the_Human_Ear_blank.svg 29
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le Ring Buffer

buffer = []
for 1t in range(0, 100, 1): .
buffer.append(i) $ python3 ring_buffer.py

if len(buffer) == 10: [0 1, 2, 3,4, 5,6, 7,8, 9]

[10, 11, 12, 13, 14, 15, 16, 17, 18, 19]

Erkgt(bffgﬁr) [20, 21, 22, 23, 24, 25, 26, 27, 28, 29]
_ AUUEE = [30, 31, 32, 33, 34, 35, 36, 37, 38, 39]
print(done) [40, 41, 42, 43, 44, 45, 46, 47, 48, 49]

[50, 51, 52, 53, 54, 55, 56, 57, 58, 59]
[60, 61, 62, 63, 64, 65, 66, 67, 68, 69]
How you do this can impact [70, 71, 72, 73, 74, 75, 76, 77, 78, 79]

the time series data [80, 81, 82, 83, 84, 85, 86, 87, 88, 89]

collection. Remember the [90, 91, 92, 93, 94, 95, 96, 97, 98, 99]
running averages? done

honeycutt@ou.edu
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Analysis

We won’t discuss how to analyze your data in this
discussion. It must follow everything we discussed here.
* A well-framed problem;

* Appropriate sensor choice;

* Recording which logs faithfully;

e Near truth, with little noise;

e Sensitive and selective;

* Spatially and temporally meaningful;

* Represents a meaningful sample of the logs.

honeycutt@ou.edu
Last edit: Feb 25, 2025 33
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Question
Time!

ment

mmarize This Experl

ik = Aluminum Elasticity
\ Sample | Elasticity
(ksi)
1 10600
L 2 10600
3 10400
Al Alloy 4 10300
5 10500
These are measured elasticity values for a cast 0 10700
aluminum alloy. How would you use the data to ! 10000
describe this alloy? 8 10100
e Vi o oLl S revente o | 10000
Last odit. Feb 25, 2025 S el Eranei Cates Lsors oSy Oevars edearavens, | 10| 10700 | 55
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How Did You Do?

* A well-framed problem;

* Appropriate sensor choice;

* Recording which logs
faithfully; _

e Near truth, with little noise;

e Sensitive and selective;

* Spatially and temporally  °
meaningful;

* Represents a meaningful

sample of the logs.

s<h [1]del Rosario, Z., 2024, “Neglected, Acknowledged, or Targeted: A Conceptual Framing of Variability, Data Analysis, and Domain
oneycutt@ou.edu OCé)flsgequences,” Journal of Statistics and Data Science Education, 32(4), pp. 432—-443. https://doi.org/10.1080/26939169.2024.23
Last edit: Feb 25, 2025 :

Aerospace

Civil

Mechanical

Other

Q1 ElasticityllQ2 Strength Q3 Strength Q4 Density Q5 Elasticity Q7 Strength Q9 Poisson
Describe Describe Design Design Design Design Describe
no EQ no EQ no EQ no EQ yes EQ yes EQ no EQ

Interview Task

35
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* A well-framed problem;

* Appropriate sensor choice;

* Recording which logs faithfully;

e Near truth, with little noise;

e Sensitive and selective;

* Spatially and temporally meaningful;

* Represents a meaningful sample of the logs.

honeycutt@ou.edu
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