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Brightness Temperature
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Measuring
thermal
noise




Thermal noise




Power and
temperature
eguivalence

@ -
——
— 0o

(b) Resistor at temperature T




Power and
temperature
eguivalence --
also for system
with an antenna
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Enclosure

Antenna
Antenn(l Py t kTB
pattern A |,—°

Absorber

(a) Antenna inside a blackbody enclosure

(b) Resistor at temperature T

Figure 6-5: The power delivered by (a) an antenna
placed inside a blackbody enclosure of temperature T is
equal to the power delivered by (b) a resistor maintained
at the same temperature.



Measuring the radiation

We add an antenna:

Radiated energy is
directly related to
temperature T+

)

I= oT?

Stefan—Boltzmann law

2m° ki
Aalto University o=
School of Electrical 15h3 c2

Engineering




However, we can only
measure a certain
frequency with antenna.

Radiated energy as a

\\\ function of frequency.

3
A
fo cr W
ekl —1
h - Planck constant
Planck’s law k - Boltzmann constant
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Planck’s I
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=— Wavelength (m)

Figure 6-1: Planck’s radiation law [adapted from Kraus, 1966].
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Rayleigh—Jeans’s law

The Rayleigh—Jeans approximation is very
useful in the microwave region: it is
mathematically simpler than Planck’s law
and yet its fractional deviation from
Planck’s exact expression is less than 1% if

AT > 0.77m K,
or equivalently,
f/T < 3.9%x108 Hz K.

2kT

~y

If"’@
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Brightness 7y [(W/(m? Hz sr)]
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Ravleigh-Jeans law ’
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'
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Planck’s law
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Figure 6-3: Comparison of Planck’s law with its low-
frequency approximation (Rayleigh—Jeans law) at 300 K.



Blackbody concept

A blackbody is defined as an idealized, perfectly opaque
material that absorbs all the incident radiation at all
frequencies, reflecting none.

A body in thermodynamic equilibrium emits to its
environment the same amount of energy it absorbs from its
environment. Hence, in addition to being a perfect
absorber, a blackbody also is a perfect emitter.

Aalto University
School of Electrical
Engineering



Measuring Blackbody temperature

v O

With ideal radiometer
and ideal backbody we
can measure
temperature of the body.




Gray body, perfect absorber is not realistic

Real body cannot absorb everything, because they also reflect and
transmit something! If absorbing is not 100%, also emitting cannot be
100%.

g D

— 4 — 4
[black_ ol @ / gray — eO—Treal
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Gray body

Simplest approximation for real body is gray body, a body which
emits and absorbs less than black body, scaled by a simple

parameter € emittance. This allows reflectance and transmittance!

g g,
[black O-T4 @ @ — @O-Treal4

Aalto University
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Graybody brightness temperure

2keT
;2L 2k

A 12 12

Appears like a
blackbody with

measure apparent
temperature of the body and

I blackbody :eT,,ea; emissivity, if we know the real
temperature!

temperature 1’ B \
» \\ With ideal radiometer we can

Aalto University
School of Electrical T

Engineering real



Brightness temperature — the temperature of an
imagined black body would emit to match the
measurement.

Often noted as Tg or TB. Sometimes also

pronounced TB.

[t 1s easier to use temperature than brightness. Therefore, radiometer community
talks about brightness temperature while they are meaning irradiance.

Aalto University
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How emissivity is connetced to
electromagnetic properties??

Because emissivity is dependent oni reflectivit
and transmissivity, it depends on di i
properties of the medium, as well as on many

other parameters

1,(0) = e(0, f%/l DT,
|




Reminder, reflectivity depends on
dielectric properties

. . X
Reflection coefficient for H and V £ i
polarizations: ‘

cos @, —n, cos O 0,19
2 1 1 2 -
1> 1
cos 6, +n, cos &
2 1 1 2

€ Hy

_ 1, co86, —n, cos b,
n, cos @, +n, cos b,

Py

|2 E,

For power quantities: R, = |0,

v

Aalto University
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Emissivity

The ratio of the brightness
intensity I(0,¢) of the material to

that of a blackbody at the same o T
temperature is defined as the B(0; ¢) = e(0, ¢)
e(ﬂ,qf)) _ I(?tj}) _ Temperature T’
bb

Aalto University
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Table 6-1: Standard units, symbols, and defining equations for fundamental radiometric quantities.

Microwave Optical Defining

terminology terminology Symbol  equation LUnit Abbreviation
Energy Radiant energy E joule J
Power Radiant flux P P=dE& /ot wall W
Power {or flux) density  Radiant flux 5 §=dP/dA wall per square meter Wm—2
Brightness intensity Radiance | [=a3?P/dQ dA  watt per steradian per square meter W sr 'm?
Ermssivity Emssivity € £ = .F_,.-".fhm_fkhm}. {unitless)
Reflectivity Reflectance I Ir=p/m {unitless)
Absorptivity Absorptance i a=pPo/p {unitless)
Transmissivity Transmittance T T=pF/P {unitless)

Superscripts: 1 = incident, r = reflected, a = absorbed, and t = transmitted.

From: Microwave Radar and Radiometric Remote Sensing, by Ulaby and Long, 2014, with permission.
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Antenna temp

The antenna temperature T' is
the brightness temperature
reduced to the antenna
location.

An ideal and lossless antenna
would deliver this temperature
to receiver.
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Generic
Radiometer
system
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Brightness temperature

distribution
Ts (6, ¢)
+
*
'
r
[
. Radiometer Veut
. Pw receiver
“
+
*
»
-
» ~ -
/\_’-
f Calibration
* curve
; Radiometer o7 &
P— =~
a

Figure 6-8: The power received by an antenna is
equivalent to the noise power delivered by a matched
resistor.



Antenna temperature: the brightness temperature a lossless

antenna would deliver to receiver.
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Beam
efficiency and
sidelobes

e
3

Mo = :
'Q'P

Ty = Mo + (1 — 1p) TsL.

Aalto University
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: TA
Antgﬁna pattern 4
Brightness N 9, 9) (
temperature .
distribution .

Sidelobe

____..--V‘
Tg(0, ¢) » contribution

Mainlobe
contribution

Mainlobe

(6.36) solid angle Q,,

SL
L

( 6 37) Terrain

Figure 6-9: Ty and Tsp are the mainlobe and sidelobe
contributions to antenna temperature 7 .



S /2
P=[ Prdf=A9 | I df.
fi i

Receiving

aperture -

Figure 6-2: Geomelry for power received from a blackbody source.

From: Microwave Radar and Radiometric Remote Sensing, by Ulaby and Long, 2014, with permission.



Figure 6-11: Examples of
configurations of interest in
radiometric remote sensing;:
(a) upward-looking
radiometer, and downward-
looking radiometer with

(b) smooth-surface boundary,
(c) rough-surface boundary,
and

(d) two-layer terrain.

Atmosphere Atmosphere
Downwelling —Ta
TpN £ atmospheric ‘
J radiation
Th= ;‘/ Smooth surface
Terrain Homogeneous terrain
(a) (b)
Atmosphere Atmosphere T
—Ta N

‘ /

Snow layer

Rough surface

Terrain Homogeneous terrain

(c) (d)

From: Microwave Radar and Radiometric Remote Sensing, by Ulaby and Long, 2014, with permission.



Tsg = Surface emission
Tpn = Atmospheric downward emission

Tup = Atmospheric upward emission Tg(0, ¢)
Tgg = Surface scattered radiation I |
- Atmosphere Ti@_» o, [ Ta(6. ) F(6. ¢) d
. A 4r
o 4 T up * *
r
Brightness temperatures ( Ta(Tsg + Tss) Antenna
dl;qt régu;;?n i @ Atmospheric temperature 73
B transmissivity
Atmosphere +|Tsg

Terrain

Terrain
(b) Block diagram

(a) Emission by surface and atmosphere TB brightness temperature distribution

From: Microwave Radar and Radiometric Remote Sensing, by Ulaby and Long, 2014, with permission.
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Power and
temperature
eguivalence

From the standpoint of an ideal
receiver of bandwidth B, the
antenna connected to its input
terminals is equivalent to a
resistance R_,;, called the
antenna radiation resistance.
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Enclosure

Antenna
Antenn Py, =kTB
pattern E——

A |I—0

r Absorber

(a) Antenna inside a blackbody enclosure

(b) Resistor at temperature T

Figure 6-5: The power delivered by (a) an antenna
placed inside a blackbody enclosure of temperature T is
equal to the power delivered by (b) a resistor maintained
at the same temperature.



Power received by

dn

%g s goothont

antenna

dP; = IKAJF(0,0) dQ.

//ffF(e ¢0) dQ df,
/_fff ¢) dQ df.
i

B=(fr—f)

(polarized antenna)

Pbb—kTB—//

A

By, = kTB.
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M_f_wha fﬂ_fl"{—cﬁn

(6.15)

(6.16)

(6.17)

(6.19)

(6.22)

Figure 6-4: Blackbody spectral brightness /5 incident
on an antenna with effective aperture A, and radiation
pattern F(8,¢).



Brightness temp and brightness
intensity

Because of the one-to-one correspondence between the
brightness temperature

Tx(0,0) ~1(0,¢) often Ty is used instead of intensity I.
Ty means usually intensity!

Tx(0,¢) is called brightness temperature distribution.



Simple
Radiometer
system
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Brightness temperature

distribution
Ts (6, ¢)
+
*
'
r
[
n .
" Radiometer Vout
- P receiver
i )
*
+
*
»
-
., ..
Calibration
* curve
! Raliomete Lo Vo
P— =~
T—

Figure 6-8: The power received by an antenna is
equivalent to the noise power delivered by a matched

resistor.



Generic radiometer system

The radiometer - o .| G B
— antenna collects radiation ] _

from the target ] > AN [tV
— amplifies (G=gain) and filters g \/) ~

(B=bandwidth) the collected
signal

— detects the signal intensity, i.e.
the noise power coming from

the antenna.
I/::rz.rr _k@TTSYS Vﬂ :kG(TA @'BJFVO
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Measured signal is thermal noise

v" The measured signal is
electromagnetic noise, i.e.
it’s a composition of all the
possible polarizations and
phase states.

v' Measurement of a noisy
signal is noisy, i.e.
inaccurate. Averaging of the
result helps.

Aalto University
School of Electrical
Engineering

A

T[K],

change in the

signal level Gaussian

deviation of the
signal

ittt
VUG ||" | rﬂ

f * 4]



Signal is weak

» As predicted by Planck’s law, level of the
measured signal is LOW (1013 — 1014 Watts.
Also, bandwidths reserved for passive use are V
reasonably narrow. out

» In order to detect the incoming power high

gain is required.

» High gain causes problems like crosstalk,

coupling, thermal instability etc.. Ys%
/—\ %

Aalto University
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Measurement accuracy

v" The best accuracy which

be achieved b TK], ~ changeinthe Gaussian
can be achieved by a signal leve deviation of the
measurement of a signal
radiometeris called | A\

Radiometric Resolution:

T

AT = C 2585 S}S LR _ ___________________________
N BT
Tsys system temperature T
bandwidth > 1[5]
T integration time
C Constant depending on receiver
type

Aalto University
School of Electrical
Engineering



Receiver generates and amplifies it’s
own noise as well!

v As predicted by Planck’s law, also all > |> D | Rv L
electrical components create noise. ~
v" This noise mixes with the noise from T, Tina  Top  Tp e
the antenna. In order to solve the
noise from antenna, receiver’s own
noise needs to be characterized.
v' Receivers equivalent noise
temperature TR reduces all the noise
components to the input of the Tz T3
receiver. ITp =11 + + +...
G GG,

Aalto University
School of Electrical
Engineering



A 13 Ascending S5MI 189y GHz AT for Julion day 177, 2003
§ I T | ]
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Radiometer
systems
pes

Chapter 7 in the course book

Image by SSMI radiometer
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Radiometers

Noise-injection radiometer

Dicke-type radiometer

Total power radiometer



Simple radiometer

The radiometer - T, G B
— antenna collects radiation from

the target > { :? — Vot
— amplifies (G=gain) and filters :

(B=bandwidth) the collected
signal

— detects the signal intensity, i.e. 1 Recewer — T%/s
the noise power coming from

the antenna.
p:mr:k‘GITS}fS‘B@:k.G.(TA +TR).B@

—
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Total power radiometer

The name emerges from the fact that the receiver simply detects
the total power that is propagated through the receiver chain.

Vi =k G-Tyys - B+v,

T >HE rHDHAHd— [ —
1 2 4 5
Antenna i front-end mixing 5 IF-part Detection

Aalto University
School of Electrical

Engineerin g



................. . TREC
Transmission |; I
line Tsys

T

J

Input noise
temperature Tppc

(] i

. : Noise-free
' ! predetection
7 : section;

: _ fRE gain G,

' Ao Mixer : bandwidth B
] (::}_“ 1XECr

v Local obcﬂlalur(T)f i

' Predetection ;

, section :

 Gain G :

' Bandwidth B :

______________________ (]
Square-law

detector G‘; I

Uout
Figure 7-13: The representation in (b) replaces the :
. . 7 o o Integrator f
predetection section with a noise-free equivalent and 5
refers the receiver noise to the antenna terminals. l
Ugut

(a) Total-power receiver (b) Equivalent receiver

From: Microwave Radar and Radiometric Remote Sensing, by Ulaby and Long, 2014, with permission.



Total power radiometer

V. =k-G-(T,+T,) B+v, & T, =2

out

» In order to calculate T, from the detected output voltage V,,,, one
needs to know G, B, v, and Tx.

» Solving of these by some means is called RADIOMETER
CALIBRATION, and accuracy of it determines the accuracy of the
radiometer. This, because error in any of the parameters
propagetes directly to the error of T,.

» Radiometric resolution of the total power radiometer is (C=1):

Typically e.qg.:

TSYS
AT = 222 T+ys=600 K; ~
NBT 88:920 MHz: AT ~0.13K
T=1s

Aalto University
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Total power radiometer

V —v
_k G T B T — _out 0
om‘ ( T ) ‘|‘V0 = A kGB

» In practice, the gain (and Tg) is the most unstable parameter in
radiometers. Changes in gain propagate to errors in T,. In the case
of a total power radiometer this influences Tgys:

— TR

AT = Vour_vo AG__I/:mr_VO AG: &
A kG B kGB G "G
e.g. 600 K

» Typically AG/G=102.103, so, AT,~<10K.. This dominates the
radiometric resolution. This is the weakness of total power
radiometers.

Aalto University
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Dicke Radiometer

 Dicke Radiometer measures the antenna the first half of the
integration period, and a reference load for the second half.

« This is implemented using so-called Dicke-switch

Aalto University
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Dicke Radiometer
V1, = kBG(Ty +T,) +v,

i

Vour =Vou_t, =Vour_r, V1, = kBG(T, +T,) +v,

o

out




Dicke Radiometer

V !

« Solving the antenna temperature from this doesn’t require
calibration of receiver noise temperature TR or voltage offset vO.

 Radiometric resolution of Dicke radiometer is decreased, since the
antenna is measured only half of the integration period (C=2):

V

out

2'715'}’.5'
Al =—2=2
JB | J 4 AG AG
T \ TA ngf AG out (T GT)
kG~B kGB G G

Aalto University S —
School of Electrical
Engineering O &(



Balanced Dicke Radiometer
(n0|se injection radiometer)

A Dicke radiometer with additional noise diode circuitry, from which an additional noise
pulse is coupled into the antenna branch at each integration period

The length n of the injected noise pulse is controlled by a feedback loop so, that the
power from antenna branch equals to the noise power from the reference load.

Vuut Vom Ty aut _T, _kBG(T T ) 0

@ FREQUENCY T; = T?(TA + rNA)_ ( o ??XTA )

COUNTER

SP PULSE UAS [051]
2T GENERATOR VCO
I NA .],
T——) — g'll?l> % g‘ %_[>_|<_+‘,_1_f
A T, 1.1
A e (o)




Balanced Dicke Radiometer
(n0|se injection radiometer)

One integration period of a noise injection
radiometer:

* V,,~0 by definition
« The actual measurement result is the length n of
the injected pulse that is needed to balance the

powers.

TNOISE ‘

TD :77(TNA +TA)+(1_77)TA
r,=1,—-nl,,

Aalto University
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Balanced Dicke Radiometer

(noise injection radiometer)
T,=T,-nT,,

« Measurement of noise injection radiometer is not depending on
Gain, bandwidth, of receiver noise temperature calibration.

« The only variable that needs calibration is the noise power of the
noise injection circuitry, Ty,
« Radiometric resolution is constant, (i.e. Independent on target):

2. (T,,.@f +Thee )

VBt

ATAH

Aalto UnlverS|ty
School fEI ctrical
Engineerin g
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Radiometer calibration

» Calibration means determination of instrument’'s parameters so that the
calculation of the main observable becomes possible:

L=V DT
TOTAL POWER RADIOMETER: I,=~en T G BT vy
DICKE RADIOMETER T, =T, — Lo G;B
kGB
NOISE INJECTION RADIOMETER Iy =1, -nly, T,

Aalto University
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Calibrating with two known
temperatures

» Total power and Dicke radiometers require calibration of receiver’s G and B.

 Linear model with A and B
_Vout

* Requires measurements of two known targets. T, = _T
A R
* Neglects the voltage offset kGB
T4,=AV +B
vV
Calibration curve ( T B Vhot .
hot — GB R
< e
Veold
Teold = ﬁ -7,
A= Thot =Teold
Viot =Veold
B = TeoidVhot = ThotVcold

T Vhot - Vcold




Four point calibration

»Utilizes a tunable attenuator at IF
»Compensates for voltage offset v,

» Four measurements . !
altogether: Two known N %\: ,ﬂ—@ J —>
sources with two IF
attenuator values N
Vaimennin

- Gain and offset are

/ VoVy =V,
Tvcola’ + T;ec) V(?ff - (Vz _21/43)_(11/1 4—V3)

retrieved without the (

knowledge of the absolute V=V +G
V,=V,+G(T,, +T..)

values of the known hot ™ L rec G=_r2=N
G Thot _Tcold
te.mperatures (only the V=V, S +T,) o -
difference matters)! L T, =lcold Thot 27 of
G l-a Vi—V
Aalto Uni it — —_
A7 reortics Vo=V + 7 T+ T r V=T,V

Engineering rec = 1-Y Vl




Calibration of noise injection
radiometer

r,=T,—-nTy, Ty,

»>Only one unknown: only one calibration target (T, xvown) required

>

»>In practice, the stability of T,, (with respect to time/temperature/linearity)
becomes a dominant factor.

Aalto University
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Radiometer calibration
Calibration sources

Through the antenna:

»High absorption materials (e~1)
»Liquid Nitrogen cooling

»Cky (CMB+atmoshphere)
»Water

Boresight pointing during the circular fligths

9

DE [degree

0 a0 100 150 2on 230 300 350

Ra [degrees)

A Schaol of Eiscirical
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Radiometer calibration

Calibration so
Without the antenna: / _

Kuuma- / kylmapaate
» Terminated loads —
> Active loads (cool or hot) % >* > ~ g

»Liquid nitrogen cooling

%
1

< >
>

Temperature
controlled “ Tin
housing s, |/ Cables
_ L / ! Insulation
NIR [ r.-—’/Container
R
LY
L ol !
- Mol
----- N2
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Radiometer measurement

T,(0)=e(0,&, 11, )T,

For homogeneous target brightness temperature

e(f) = emissivity, 0<e<I
Ty, = target physical temperature (K)
@ =incidence angle off nadir

Radiometer measured temp ” TB (9, ¢)E1 (9, ¢)dQ
called antenna temperatutre 7, TA — 4z

[1F,(0.4)dC

4

F, = normalized antenna power pattern (value between 0 and 1)

Aalto University
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Calibration the entire system

Measure a target with radiometer => antenna effects are included in calibration

Method 1: Measure with radiometer so called calibration targets

» Absorbing material, whose emissivity = 1 ("blackbody”)
- Then brightness temperature = physical temperature
» Use two calibration targets
- Hot load: high brightness temperature (T ~ 290 K)
- Cold load: low brightness temperature (Ty < 100 K)
=>If radiometer is linear, region 100...290 K is calibrated

Method 2: Measure with radiometer natural targets, whose Tg at desired frequencies,
polarizations and incidence angles is known

« Calm water surface: Ty can be calculated accurately
» Sky (no clouds, normal humidity, avoiding known radio emitters)

« This approach is only used as an additional method to make sure that calibration based on Method 1
is OK

Aalto University
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Fundamental restrictions

Reveiver

» The amount of radiation collected by the antenna is VERY small in
powers (typically in the order of 10-'3 — 10-4 Watts). In order to
detect the signal level amplification is needed.

» Typically, square-law detectors are used. (Output voltage is linear
with input noise power)

» The bandwidth under measurement must be well known for the
sake of

1) Power control
2) Frequency regulations

3) Interference control

Aalto University
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Engineering
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Antennas
and
scanning
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Antenna properties

Beam Efficiency — main lobe related to side lobe

1o

m
=77 -
ﬂF'

Radiation Efficiency — how much losses are in antenna

Ta = EMpTvmL +S (1 —ny)TsL + (1 — ¢ ) To.

Aalto University
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Used antenna types

|
|
|
Horn antenna: Often used :
onboard satellite as feed !
antenna for a paraboloid !
antenna .

Phased array: Many —
elements, each equipped with Horn antenna
a phase shifter => narrow

beam, scanning antenna

Phased array

Paraboloid: Cassegrain feed

mostly used (good cross- \
polarization properties with a rn feed \éubreflector
/
corrugated horn)
_____ Cassegrain
Front feed

Aalto Uni i . . .
A Sehool of Electrical Paraboloid antennas with various feed systems

Engineering



Antenna opening angle and resolution

Opening angle of the antenna determines the
angular resolution. For parabolic antennas one
can estimate:

A

~1.4—
Aap 5

At microwaves, even mediocre resolution requires
antennas in size of tens centimeters to several
meters!

How to form an image?

Aalto University
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Scanning methods in satellite
radiometry

* Conical scanning: antenna moves as along the surface of a cone, eg. at
50° incidence angle off nadir

« Pushbroom techniques: several antennas producing beams next to each
other either along flight direction or perpendicular to it

- Several receivers

« Interferometry: Image formation without mechanical/electrical scanning by
correlating outputs from all antenna pairs

- Several antennas with individual receivers (several receivers)

Aalto University
School of Electrical
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Pushbroom scanning

Data swath _.

©The COMET Progran



Conical

scanning
SMAP
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Scanning antenna

Figure 7-31: Mechanical scanning configurations:
(a) scanning antenna; (b) fixed antenna and oscillating
reflector; (c) fixed parabolic reflector and oscillating
antenna feed.

Fixed antenna
Oscillating
mirror

Flight
direction

" ————_ Flight

direction

L / S Fixed parabolic
Oscillating reflector
antenna

From: Microwave Radar and Radiometric Remote Sensing, by Ulaby and Long, 2014, with permission.



(a)

(b)
Figure 7-33: Radiometric imaging by (a) cross-track
scanning in the plane normal to the direction of flight,

and (b) conical scanning.

From: Microwave Radar and Radiometric Remote Sensing, by Ulaby and Long, 2014, with permission.
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Time-Resolved Observations of
Precipitation structure and storm ! :
Intensity with a Constellation of Smallsats {

MIT Lincoln Laboratory (proposing organization) :
William J. Blackwell, Principal Investig_atnr.' Scott Braun (NASA GSF(_:I, Project Scientist '

-
—

4 . 4 i, . ¢ . K ‘ _/-
‘A constellatlo C rﬂ;@ﬂﬂ C ,17,“ ats prcwlde sounding (left CubeSat has a temperature profile of a simulated Tropical Cyclone (TC) from
a numencal ather prediction pl., model) and 12—channel radiometric i |magery (center CubeSat has simulated radiances frgm NWP.
model and radlauve transfer Gjluﬁarr nd the near right CubeSat raia 5|ig.le-channel radiance image of a TC) with a median rewsrt rate
I approachlng 30 mlnutes to*meet most PATH requirements. Yot ‘ ’-,
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Effect of Antenna in Radiometry

(17,00, (0.1

Definition of antenna (radiometric) temperature

« Atmosphere ignored 4~ ” F; (9, ¢)dQ
4
Effect of main lobe and side lobes™ I I T, (95¢)Fn (0,0)dQ j J’ T, (9,¢)Fn (8,¢)dQ
T, =term1 + term 2 T — main lobe side lobes
T e [Reemn

We define: i i
Main-lobe antenna temperature Ty, : J‘J‘ T, (49, ¢) F (9, ¢)dQ
(actually: effective apparent temperature of the main 7 — main lobe

lobe contribution) ML J' I F, (9, ¢)dQ

main lobe

Side-lobe antenna temperature Tg; :
(actually: effective apparent temperature of the side-lobe I I T, (0, ¢)Fn (9, ¢)dQ

Contribution T. = side lobes
SL —

A Aalto University J.J‘ Fn (9, ¢)dQ

Schpol of_ Electrical side lobes
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Effect of Antenna in Radiometry

We recall: n, = % => *Term 1 =, T\, and Term 2 =9, Tq,
p
Antenna temperature:
. grl;i%g’g;ess temperature modified by lossless T,=n,T,, + (1 -7, )T .
LOSSYANTENNA:
Radiation emitted by passive component |
{angezr:l?l’)cenna attenuation TN B (1 - ZJT;} B (1 B g)];)

» £ = antenna radiation efficiency
« T, = antenna physical temperature

Noise power arriving at the receiver
(attenuated T, + antenna emission)

T, :*’fTA""(l_g)To

T, éanML-l_é:( )SL+(I_§)TO

Final antenna temperature (by employing T,
from above)
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Radiometer Measurement Ambiguity

Introduced mainly by sidelobes

100

oo D
e R
|

b (.80

) o1 ()
2

np = 0.85

o

1 —np

= 0.90

Sidelobe factor 10

— 1= 0.97

0 100 200 300

Tsp (K)
TML = {ITA -+ fJ, (643)
Figure 6-10: Sidelobe factor as a function of the
incident sidelobe brightness temperature 7g; for each of
several values of the beam efficiency 1.
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Tsg = Surface emission
Tpn = Atmospheric downward emission

Tup = Atmospheric upward emission Tg(0, ¢)
Tgg = Surface scattered radiation I |
- Atmosphere Ti@_» o, [ Ta(6. ) F(6. ¢) d
. A 4r
o 4 T up * *
r
Brightness temperatures ( Ta(Tsg + Tss) Antenna
disribution—, @ Atmospheric temperature 73
transmissivity
Atmosphere +|Tsg

Terrain

: Terrain
Mainlobe .
observation area (b) Block diagram
(a) Emission by surface and atmosphere TB brightness temperature distribution

From: Microwave Radar and Radiometric Remote Sensing, by Ulaby and Long, 2014, with permission.



Scanning

antenna
¢ s8¢an

radiometer antenna
satellite » /
velocity =0 Gﬂ* satellite velocity

i

nadir path L !

radiometer
antenn

antenna
foot print

(a) conical scanning type (b) cross-track scanning type
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Scanning

{b)

Optical scanner (looking down) Conical scanning (looking forward)

Polarization and incidence angle vary Polarization and incidence angle
preserved from pixel to pixel
A Aalto University_
School of Electrical
Engineering



Example: airborne 5 GHz antenna

< 120 cm >

I_I_I I_I_I
2 Ground planeYI \. Feed

Printed circuit technology

By choosing antenna dimensions vs. frequency properly the main beam direction depends on frequency as shown,
swath at 610 MHz is equal to that at 4.5 to 5 GHz

A
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4.665GHz—%!

4.615GHZz—*iel i

1
1
1
I
I
[
I
)
1

f_\

Uy

)
4.55GHz—*q__
-4

,'H— 4.795GHz

13’

*—— 610 MHz

+7.5 )

¢ 4.975GHz

\

+8

Infrared
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90 ) L} | 1 ) L] 1 1 T

80F | == 0=0° -
Horn antenna

- ) =50°
70 F - ()= 60° 9_00-
Nonporous 6oL | = 0=70° |

hh polarization

Aluminum

/' shield

polyurethane foam

Vent holes

Reflection coefficient (—dB)
wun
(=

30
Aluminum 20
container 10
. O 1 1 1 1 1 1 1 L1
Porus I 15 2 3 4 5678 10
\l’l’l]Cl‘DWEWEE Absorber thickness (wavelengths)
absorber
saturated Figure 7-28: Characteristics of RF absorbers [after
Styrofoam insulation with boiling ~ Emerson, 1973].
cryogen

Figure 7-27: Construction of cryoload for calibration
of radiometer antenna [after Hardy et al., 1974].

From: Microwave Radar and Radiometric Remote Sensing, by Ulaby and Long, 2014, with permission.



[sothermal source

:r

10.9 m -

Perfectly
conducting —
bucket

Receiver

|=—3 m—]

Figure 7-29: The bucket method for measuring the
radiation efficiency of an antenna [after Carver, 1975].

From: Microwave Radar and Radiometric Remote Sensing, by Ulaby and Long, 2014, with permission.



I | Switch driver

Square-wave
generator

s

I
[}
Input switch .
I

MNoise-free

. @ .| predetection section

Gain=G

Bandwidth =8

TREC

Equivalent receiver
input noise source

Reference

load

Synchronous
demodulator

+1

Integrator

Figure 7-16: Functional block diagram of a Dicke radiometer.
From: Microwave Radar and Radiometric Remote Sensing, by Ulaby and Long, 2014, with permission.
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Switch
driver

Square-wave
generator

)

——————

~ A
~ — Predetection section, @ Synchronous Integrator
’ — Dgut
COLIp]El‘ G, B, TREC demodulall)r T
TP:]
|--TR--| Square-wav Vol -
: quare-wave oltage
Pl"?tdﬁ generator controlled |+— FCCdll??:Ck —
Swile r oscillator ampltier
N :
JR
Frequency Recorder
counter
Diode

noise source

Figure 7-19: Balanced Dicke radiometer, using pulsed noise-injection to maintain 7 = Tggr. The output indicator of Ty
is the pulse repetition frequency fg.

From: Microwave Radar and Radiometric Remote Sensing, by Ulaby and Long, 2014, with permission.



