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Radiometry Lab

 Wednesdays, 6-9pm, Room 3125
* Lab website

e This Wednesday:
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Radiometry Lecture Overview

 What is Radiometry?
 What is Photometry?
 Radiometric / Photometric Definitions

e Sources
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What is Radiometry?

e Measurement or characterization of EM
radiation and its interaction with matter

wavelength [um]

Millimet
er
Microwa

25 14.3 9.1 . 0.5 '0.01
wavenumber = 10-3

Key [ cm1]
UV - Ultraviolet VIS - Visible

NIR - Near infrared SWIR - Shortwave infrared

MWIR - Midwave infrared LWIR - Longwave infrared
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What iIs Photometry?

« Measurement or characterization of EM
radiation which Is detectable by the human eye

wavelength [um]

Millimet
er
Microwa

0.5 '0.01
wavenumber = 10-3

[ cm1]
UV - Ultraviolet VIS - Visible

NIR - Near infrared SWIR - Shortwave infrared
MWIR - Midwave infrared LWIR - Longwave infrared
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Why develop these concepts?

e Given an optical system, for example

e Can calculate how much radiation gets to the
detector array or film in the image plane

e Can calculate the value of the Signal-to-Noise
(SNR) or exposure

Digital Imaging and Remote Sensing Laboratory




Radiometry Definitions: Summary

e Units can be divided into two conceptual areas

Energy, Q (joule or [J])
Power or flux, @ (watt or [W] )

Irradiance, E [W/m?]
Exitance, M [W/m?]
Intensity, | [W/sr]
Radiance, L [W/m? sr]
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Photometry Definitions: Summary

e Units can be divided into two conceptual areas

Energy, Q (lumen second or [Im s] or Talbots)
Power or flux, ®@, (lumen or [Im] = [cd sr] )

llluminance [Im/m? = |ux or IX]

Emittance [Im/m? = lux or IX]

Intensity [Im/sr = or cd]

Luminance [Im/m? sr = cd/m? = nit]
— Sometimes called Luminosity

Digital Imaging and Remote Sensing Laboratory




Systeme International d’'Unites (Sl)

Kilogram [kg]
Second [s]
Meter [m]
Ampere [A]
Kelvin [K]
Mole [mol]
Candela [cd]

Previous slide radiometric definitions are all S| derived
units
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Radiometric Definttions

 Photon Energy, q
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Radiometric Definttions

. Radiant Energy, Q

* Frequency or wavelength of the photons, v or A
« Number of photons, n of a particular v or A

Q=) ¢, = Z nhv, [joules]
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Radiometric Definttions

 Radiant Flux or Power, ®
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Radiometric Definttions

 Radiant Flux or Power, ®

[+ = watt or W ]
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Radiometric Definttions

 |rradiance, E (flux density)
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Radiometric Definttions

* Projected Area

cos 6 = Adj/Hyp = E_./ E,

E..=E,cos 0O
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Radiometric Definttions

 Radiant Exitance, M
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Radiometric Definttions

« Radiant Intensity, |

| = I(6’,¢)=3—Z [wsr]

“steradian”
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Radiometric Definttions

e Plain angle or linear angle, 6

e radian

For any s

S m __
Q—F[ﬁ_rad]

271 radians in a full circle
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Radiometric Definttions

e Plain angle or linear angle, 6
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Radiometric Definttions

e Solid angle, Q

For any A

2

dQ=— m—Z:sr]

2 tm

47 steradians in a sphere
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Radiometric Definttions

e Solid angle example

| :di)[wsr'll
dQ2

dd=1dQ
dd = (1) (47 sr)
O =47 =13watts
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Radiometric Definttions

e Radiance, L

L do  dO®
dQdA dQ(dA cosh)

Where dA = dA, cos 0 is the projected area

Derive Expression In Class
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Radiometric Definttions

e Radiance, L

L d°®
dQdA

|

W
srm?

|

Element of
Flux d?2 @

Element of
Solid Angle dQ

Element of
Area dA
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Radiometric Definttions

Element of

 Radiance, L T

Element of

Area in the Element of
Surface dA, ' Solid Angle dQ

Q\Element of

d 2(D S Projected Area dA = dA, cos 6

0 (dA, cosb)

The “area” in the units (m2) is now with respect to the projected area dA.

R-I-T Digital Imaging and Remote Sensing Laboratory




Constancy of Radiance

- A basic principle in optics
- Assume a beam of energy with constant radiance across the profile
- Assume lossless media

Sensor
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Constancy of Radiance

- How is the radiance at surface 1 (L) related to the
radiance at surface 2 (L,)?

— d 2cI)1
dAcos6,dQ,,

- Radiance from the Earth, p,

Digital Imaging and Remote Sensing Laboratory




Constancy of Radiance

- How is the radiance at surface 1 (L) related to the
radiance at surface 2 (L,)?

- Radiance at the sensor, p,

d’®,
L, =———
dA, cos,dQ,,
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Constancy of Radiance

d’d, d20,

- L =— " "2
L dA,cos6,dQ,, > dA, c0s6,dQ,,

- Let “r" be an arbitrary distance between p, and p,

dA, cosd,

r2

dA cosé,

r2

7, =dA cos6dQ,, =dA cosé,

T, =dA, cos6,dQ,, =dA, cosb,

- We see that,
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Constancy of Radiance

- Re-write radiance using this information

- This tells us that radiance along a ray is constant over distance
In a lossless media
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