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Why water vapour radiometry?
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Source: S. M. Walker, T. Stander, A. C. de Villiers, "Simulation approach to WVRs using an RF system simulator,” Proc. SPIE 11450,
Modeling, Systems Engineering, and Project Management for Astronomy [X, 1145004 (13 December 2020)
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Water vapour radiometry
Water emission line at 22.235, 183.31, 380.197, 464,925, 547.676
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and 556.936 GHz RSN
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Source: Westwater, E.R., Crewell, S. and Matzler, C., 2005. Surface-based microwave and millimeter wave radiometric remote sensing of the
troposphere: A tutorial. IEEE Geoscience and Remote Sensing Society Newsletter, 134, pp.16-33.
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Water vapour radiometry
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In the case of a total power radiometer, DC output
voltage Is proportional to input noise temperature

Noise —) — —— ) DC Output
temperature | "™ [ >_'>_’[£ % ;J_*h“““““! voltage
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Water vapour radiometry

V1=A(G(T1+Tsys)) + B

V1
DC output
voltage (V) .
A: responsivity of the power detector
B: DC offset of the power detector
. G: Gain of the receiver
i >» . .
T1 Tsys:. Noise temperature of the receliver
Input noise
temeprature (K)
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Water vapour radiometry
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V1=A(G(T1+Tsys)) + B

V1

DC output

voltage (V)
A
b Temperature and device

. g G tolerance dependent
T I'sys
Input noise
temeprature (K)
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Water vapour radiometry
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Vh
Tc and Th are known
Vi Ve, Vh and V1 are measured
DC output
voltage (V)
Vc
r1= (2 Ve (Th—Tc) + T
— — 1C C
Vh —Vc
— 1 | )
Tc T1 Th
Input noise
temeprature (K)
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Viewing black-body noise source of know noise temperature LT AT TET
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Source Tc 1s the physical temperature of the
\’/ noise source ~ 310 K

Th 1s not known exactly but ~ 700 k
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Calibration

WVR3 Is a tipping curve radiometer s st
23 GHz channel
30 - X
fx,
< 25 - X
% 20 A :i,%zx
215 - ,.-52’
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Cosmic background Tc = 2,7 K 2 e
s 7
0.0 0.5 1.0 15 2.0
. 1 . . /’A
Airmass = — where 0 is the elevation angle B
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Calibration
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Y
[Acquire Tc and assume Th]

y

Calculate T1 for multiple
elevation angles

_v [ Th=Th+
[ Plot tipping curve ] T
Y ..
Extrapolate_& the line t‘D] [Errgr — Y_intercept -27 ] DIVIde by 10 tO preve nt
Zero airmass :
1 A over correction and
[ Does the line pass possibly an infinite loop
through Tc = 2.7 K? | no

l yes

Radiometer is
calibrated
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Data format

The data is stored in a csv file called “T240312.csv”, which is
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data taken on 12 March 2024 at the H.E.S.S in Namibia

2024-83-11 23:59:
2824-83-12 198 :
2824-83-12 198 : 2,
2824-83-12 198 :
2824-83-12 190 :
2824-83-12 % 3
2824-83-12 91
2824-83-12 91
2824-83-12 'E?"‘
B , 2024-83-12 090:82:
1, 2024-83-12 90:83:
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Each tipping curve consists of 8 different elevation angles

~—

Processing WVR3+ Tipping Curves 6
UNIVERSITEIT VAN PRETORIA 13

UNIVERSITY OF PRETORIA

v YUNIBESITHI YA PRETORIA




Data format

NN WN =

©

10.
1.
12.
153
14.
19.
16.

. Index
. Date - Time [YYYY-MM-DD hh:mm:ss]

. ELV (Elevation angle [deg]) O
. VRF31 (Cold [V])

VRF31 (Hot [V])

. VRF31 (Antenna[\i]/ Ve

VRF23 (Cold [V] Vh
(

. VRF23

)
Hot [V]) /
VRE23 (Antenna [V]) < V1

TN23 (Noise Source [K]) =" I'c
TA23 (Plate [K])

TN31 (Noise Source [K])

TA31 (Plate [K])

TWS (Ambient Temperature [K])

HWS (Relative Humidity [%])
PWS (Barometric pressure [mbar])

Note that 'Date - Time' are merged into a single column.
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Note that there are two
channels, 23 GHz and 31
GHz. Both can be processed
iIndependently using tipping
curves.
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Activity

23 GHz channel
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30 -
xf
| | | 2 25 -
Using the supplied data files, g R
T240312.csv, process the data 5 20 * A
= A
to produce the 23 GHz sky 2 15- >
brightness temperature at /
. . <= i g
Zenith, 90 degrees elevation £
angle >
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