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;Como podemos medir la temperatura?
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Transferencia de calor

(Liquidos y gases)
Convection
movement of a hot fluid

Conduction (Solidos)
transfer of energy between adjacent molecules

/
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Radiation
emission of

electromagnetic rays

sciencenotes.org

La conduccién requiere contacto. La conveccién requiere flujo de fluido. La radiacién no requiere ningtin medio.



Viboras: pitones, boas y
serpientes de cascabel

Sensores térmicos en la naturaleza




1. Imagenes Térmicas



Infrared light discovery (Frederick W Herschel in 1800)
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Herschel’s “spectrum of heat”
converted to wavelength
(assumes a prism of crown
glass with 60-degree angle)
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at local noon in late February
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https://www.americanscientist.org/article/herschel-and-the-puzzle-of-infrared
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Importancia de la Atmostera
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Resolution decreases with longer wavelength






Iméagenes térmicas

e Un termograma es una representacion digital de la radiacién térmica emitida por los objetos
e Las camaras termograficas permiten detectar esta radiacion en forma de luz infrarroja
e Una imagen térmica nos permite detectar de forma remota la temperatura de un objeto



Iméagenes térmicas
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http://www.youtube.com/watch?v=jvuBe6b2iVk

ool stuff



http://www.youtube.com/watch?v=w5hJpyszZnc

Las alas se enfriaron mas rapido (heat capacity, humedad)




Afuera de casa Dentro de casa




Metales reflejan luz y pueden ser dificiles de medir
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Los vidrios son opacos en el rango térmico
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Aplicaciones en Salud

<A%

Normal Breast







Efecto de resolucion




2. Luz y radiacion



Radiation

Radiosity, J

Reflected + Emitted radiation)
Incident

radiation
G, W/m? Emitted radiation

€ Epa

By first law of thermodynamics
(conservation of energy):

Gabs + Gref + Gtr =G

\ a+p+t=1 J

o= absorbed radiation G

absorptivity : abs 0<a<l
rptivity incident radiation G
Absorbed iati G
reflectivity : = r.eﬂ.ected rad}a‘t.lon = 0< p<l1
oG incident radiation G
Seml-ftransparent transmissivity : = Er; ns.rnltted ra.dle.ltlon = G 0<r<l1
material incident radiation G
Transmitted _ _
G Kirchhoff’s law: %~ 1—17, Transparent (p = 0)

a =1-—p, Opaque (r = 0)

The radiation energy incident on a surface per unit area per unit time is called irradiation, G.




Blackbody radiation

* Atafix T and A, no surface can emit more energy than a blackbody
* Einstein: “Energy of a photon is inversely proportional to its wavelength”
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Incandescencia

Lava 700 - 1,200 °C Superficie: 5600 °C; Centro: 15.000.000 °C



Irradiancia Solar
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Emissivity de materiales comunes

Metal

Bare aluminum
Gold
Copper
lead
Brass
Nickel

Emissivit_y

0.02-04

0.02-0.37
0.02-0.74
0.06-0.63
0.03-0.61
0.05-0.46
0.07-0.85
0.04-0.08
0.01-0.07
0.02-0.28

N'E)n-metawlﬁ

Concrete
Uough)
(Hass

VVVood

Carbon

Plastic

Rubber
Water
Sand

Emissivity
0.93-0.96

0.76-0.94
0.8-0.95
0.96
0.98
0.7-0.95
0.8-0.95
0.86-0.94
0.67-0.96
0.76-0.9



3. Imagenes Espectrales Térmicas



EmiSSiVity depends on }\ @ oo ratonoy
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HITRANonline ~_

Atmospheric transmittance
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HITRANonline  ~_

Atmospheric attenuation
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HITRANonline  ~_
Atmospheric attenuation by gas composition
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Photons/s/m?/sr/nm

Emissivity through air

lel7 Light at position (0,0)

8 1 —— Source emissivity through air
—— Blackbody source (T=330K)
| — Blackbody air (T=288K)

. Object Class
& Temp
61
2 Distance
il Ep 2(Ts = 330K)
Ep 2 (T, = 288K)
34
21

g4 _%Ax
g I =10710 (2,5, ; (T)) = Ey s (To) ) + Ep 1 (To)
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Range variation

ol Fixed object and temperature
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Temperature variation

<107 Fixed object and range
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Emissivity variation
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Theinternational journal of science /27 July 2023

4. Thermal & CV

=
Thermal physicsand Al |
combine to let machines
seeinthedark

TurinEpoint Aplaceoutofthesun Parasite restrained
Thet forb Why planning f Asustainable wa
https://www.nature.com/articles/s41586-023-06174-6 waystolestthe. = ESshanbtoNEy tokeeiE tasRigHEShalls behird

intelligence of chatbots - cool in hotgitiés schistosomiasis



https://www.nature.com/articles/s41586-023-06174-6

TeX Vision: Temperature, emissivity, teXture
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Ghosting effect ,~ Hyperspectral Temperature
(TeX degeneracy)

HADAR perception

heat cube TeX-Net
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a Inverse decomposition

T

{Input)
Hyperspectral
heat cube

b Forward rendering

> Conv

\

Res-1

\

Res-2

\

Res-3

!

Res-4

ZiIn

Unwanted

FI-(DZI

.
Environment

@&

Sensor

X

TeX-Net

Spectral
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Spectral
attention
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Feature
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attention

Sky

Texture distillation

ng = e,(mg) B, (Ty)
; ) 41, = ev(maz)]Xm:

Decoder

gg Physics-based loss
res = ||Sz — Sa||

Decoder

£ {Output)
TeX vision

Decoder
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Forward texture distillation procedures:

(1) §,.,= {Sﬁvlb’ﬂn ¥ = sky

V2 0, otherwise

‘ ) Spo=[1-es(m)] V4,50 B #sky

e

Mimicking (3) Xaw = ZgVapSpo

av _daylight signal

(4) X, =2.X,, ®res



HADAR: Fundamental limits in ranging

€ Optical imaging

a Thermal imaging

TS
far, = R
E-_:AL_. — ;"i.-"',""'" VD ey

Ground truth



driven perce

b HADAR percepii

Emissivity e

B Fabrics ® Glass

B Paint spray Rubber
B Paint on aluminium Steel
Skin




& Thermal vision + Al

Thermal
Semantic
Segment.

(DANet

Fu, J. et al. in CVPR
3146-3154, 2019.

mloU:
pixelwise mean mioU %
intersection
over union.

Thermal vision + Al

TeX vision + non-Al

state-of-the-art

D HADAR semantics (this work

d Ground truth semantics

Pavement Building

25 69

84
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http://www.youtube.com/watch?v=TSqmR7zEEt8
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https://docs.google.com/file/d/12hxCiizAn7dRU2irH0Jn3JPTiStqq1eP/preview

5. Hands-on:
Thermal Imaging

., colab

python




Computational image formation and ana1V51s

Segmentation

—unlabeled points
—trees
mostly grass
mixed ground surface
dirt/sand
—road
—water
—building shadow
—buildings
—sidewalk
yellow curb
—cloth panels

-> Temperat.
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https://github.com/GatorSense/MUUFLGulfport
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Actualicemos el repositorio!

¥ main -~ ¥ 1Branch 0 Tag Q Goto file t Add file ~ <> Code ~

This branch is

i1 Contribute -~ ) Sync fork «




Actualicemos el repositorio!

x_, This branch is out-of-date

G

Update branch




Actualicemos el repositorio!

¥ main -~ ¥ 1Branch 0 Tag Q Goto file t Add file ~ <> Code ~

This branch is

i1 Contribute -~ ) Sync fork «




