Absolute calibration of VHF radars
using a calibrated noise source and an ultrasonic delay line
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Introduction Volume reflectivity n
(Hocking and Réttger, RS, 1997)

Determination of antenna parameters

Most of the system parameters can
| bemeasured.

Total directive gain for$ = 0°

Observations from VHF radars at different locations are often compared
on the basis of relative signal strengths or signal-to-noise ratios. This is
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_ . The determination of antenna
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1 parameters requires modelling.
0 ] The Numerical Electromagnetic
gle O 10152035 Code (NEC) is used for the analy-

Total directive gain for ¢ = 45° S1S:

radars usually archive the received signal power in units (tpu) based on
the A/D converter output . However these parameters are dependent on P X X

e L. . . P = received signal power [W]
the individual radar characteristics (transmitting power, antenna gain, G, — gain of transmit antenna
and receiver band width) and the experiment configurations (coherent G = gain of receive antenna
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; = transmitted peak power [W]

] e numerical solution of integral
] equations for the currents
induced on the structure by

. L ya sources or incident fields
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or° e consideration of material prop-

integrations, code, pulse width). = radar wave length
. . . . = efficiency
The use of absolutely received echo power instead of e.g. signal-to-noise - = half power half width of

ratios allows the determination of a system independent parameter like transmit antenna

. P r = range to volume center Total directive gain for ¢ = 90° .
the rac.iar backscatter cross section 6 or th.e volume reﬂectnflt.y 1. Inorder 2In(2) = beam correction factor ,  ertiesoftheantenna
to derive radar reflectivity from the received radar signal it is necessary c = speed of light g 1 e consideration of the soil char-
to determine the system parameters as well as the relation between the T = pulse width z acteristics of the ground
)
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received signal in physical units and the digitized data in arbitrary units.
The latter procedure is in general called absolute calibration.
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Calibration with noise source

Calibration with ultrasonic delay line

P[W]=c, Ppu]

An acoustic device called delay line
realizes a delay of 100 ps corresponding
toarange of 15 kmat 53.5 MHz.

Inserting delayed signals with different
amplitudes into the receiver results in a

The noise power fed into the receiver can be
described by its equivalent noise tempera-
ture T,,,,. The relation between the inserted

noise signal P [W] and the noise power
P [tpu] measured at the receiver output is

Power / tpu
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The calibration setup with delay line allows e 3 ‘ semad singal-to-noise ratio and signal power P,
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mination of the system’s zero delay. }gg £ 1 10 T 10 : : ‘ T
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VHF radars at Andenes/Norway, Kiruna/Sweden, Resolute Bay/Canada, Kiithlungsborn/Ger- I receiver ¢ P [tpu] P[W]
many and Davis/Antarctica have undergone absolute calibration using both methods and iden- T 90 P ' SNR SNR
tical equipment. The table below shows the system parameters and experiment configurations E gl E P[W]= P ltpu]-c, -;M N7 =P[W] Y
used for PMSE observations which results in different system and signal calibration factors. P ’ ’
Especially the product M- has an important impact on the minimum detection limit of radar ER ; P[W]=c, P[tpu]
volume reflectivity. The figure shows estimated radar reflectivities of Polar Mesosphere < 75f !
. . . ! —7_ (signal power)
Sur?mer E.choes obs.erved a}[th I({leioiﬂute Bagfl, Ku}(lllungsborn, Kiruna, Andenes and Davis in re- 2o : M = total number of coherent interations
cent years in comparison with data from other radars. i e (1e1/8m) _
6yt N = number of code elements
Radar ALWIN | ESRAD | OSWIN | VHF-Radar| VHF-Radar -18-12-6 0 6 12 18 24 30 36 42 48 54 60
Site Andenes | Kiruna Kborn David RS-Ba [ " PokérFlat 50 MHz | ' ' ] Power /dB —
Coordinates 69°N; 16°E [ 68°N: 21°E [ 54°N; 11°E| 69°S.78°E | 75°N: 95°E| | | Kelly and Owick, 1985
System parameter [EISCAT Tromso, 234 MHz
Radar wavelength 5.6m 5.8m 5.6m 5.5m 5.8m Hocking and.Roettger, 1997
Peak power 36 kW 72 kW 60 kW 41 kW 12 kW r ]
Gain of main antenna arra 28.3 dBi 31.5dBi 28.3 dBi 28.9 dBi 24.0 dBi [ 1
Half-power beam widih 3 42° 6 & % r Es% 1 Summary
Gain of SA receiving antenna array 20.6 dBi 23.8 dBi 20.6 dBi 21.0 dBi [ i . . . . . . .
Eifciency 058 057 038 049 009 i ] Absolute calibration of VHF radars is necessary for comparison of results obtained with differ-
Effective Pulse width 300m 600 m 300m 450 m 750 m [ : : ; ] . . . .
SA system factor ¢ 2.1E-08 2.3E-09 1.3E-08 1.8E-08 .
" i e ] ept radars. The use of an m.depe'ndent calibrated noise source or a delayed t.ranSI.mtted
DBS system factor e, _36E-09 | 38F-10 | 24609 | 30B09 | 43807 ]| | S signal for absolute calibration gives very accurate and convertible results which might be
Xperiment paramter M ESRAD(SA)2004 | - . . .
Numberof spesent tegrrons 17— 556 % 0 |t s : more reliable than a method using cosmic noise.
Number of code N 16 8 16 s i F . . . . .
MN 512 2048 320 532 6 i ' Five VHF radars from different locations in the northern and southern hemisphere have been
eceiver gain / 6 . [ il : 1 . . . . . . . ..
Rocetver pain /4B ___ o o o 5 o |ls g 45 ar 15 3 4T G0 5 % absolutely calibrated \fv1.th identical teghmcal equipment using both methods. A minimum
SA signal power factor ¢,| 23E-19 | 9.1E-20 | 29E-21 | LSE-20 Reflectivity log(n) / m’! detectable radar reflectivity has been derived for all radars.
DBS signal power factor ¢,| 3.8E-20 15E-20 | 4.8E-22 | 4.8E-22 4.5E-22




