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HiSRAMS: High Spectral Resolution Airborne
Microwave Sounder onboard NRC Convair-580
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HiSRAMS specifications and design

Specification O,-band H,0O-band

49.6—-58.3HorV 175.9-1846 HorV
52 4—572 Hand V| 178.8-183.5 Hand V

RF band (GHz) e Polarized heterodyne receivers

Polyphase FFT filter bank backend

Spec. resolution 305 kHz and multiples Calibrat , N
Rec. temperature 160—270 K 500—760 K alibration every 7 sec wi wo (ho

- and cold) internal SiC-loaded Stycast
Beamwidth 5.20 1.830 ort
Scanning range | (optional) +12° around zenith and nadir absorbers

Integration time sky: (2x5x%) 0.5 s, calib. load: (2%) 1.0 s
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HiSRAMS timeline
2016: first ESA ITT
2017: winning proposal
2018-2021: development
2021: first flight
2022: successful clear-sky validation
2023-2024: warm cloud validation
2025- : ice cloud validation
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Radiometer counts at a channel

Radiometric calibration procedure

Assuming linearity of the radiometer response,

Vsk)y = kBCd (TA, sky L TRAD)

Vior = KBC, (Thot + TRAD)

T,,=~300 K
Tcoig - @ambient Veora = kBC, (Tcald + TRAD)

Then, calibrated brightness temperature is

— Thot+TcoId — Vhot+vcold Thot_Tcold
T Dot Toaa 4 (V ) el eoa

A,sky 2 2 not—V cold

An extra absorber immersed in LN, can be used to
validate absolute calibration.
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Radiometric calibration procedure: LN, validation

Typical for lab. instruments is to introduce an
offset to T, (dashed line)

Three calibration points not forming a line is a
concern

If derived independently, T, ., offsets vary
between channels

Even so, the overall correction doesn’t hold
when operating conditions change:
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Cold Weather Calibration?
February 2025
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Environmental bias investigation (54 GHz)

Bias = HISRAMS T, - simulated T,,
where L1A data is calibrated using the internal loads with no corrections.

Assumptions:
e Simulated T, error is negligible (RTM physics and inputs are accurate)

Available data:

e HiSRAMS spectra from 7 flights in clear sky conditions across 4 flights
campaigns: 49 straight-and-level flight legs in various seasons

e Atmospheric profile data from ERAS, aircraft spirals and/or radiosondes
(*high confidence in temperature profiles)

e For nadir view over water, surface data from buoys/stations and ERAS
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Environmental and other variables

Scalar variables Vector variables

Ambient temperature Channel frequency

Ambient pressure Scene brightness temperature
Altitude

Cold load, hot load temperatures
Hull, baseplate temperatures
Time on task

Internal relative humidity

FPGA temperature

NADC temperature

SADC temperature

FFT temperature

PCB temperature

Raspberry Pi temperature




Overall temperature dependence

Mean Bias

5

20220706
20220805
20230211
20230508
20230622F05
20250130
20250205

A e b b b

Lo

=
o

-15

-20

T

P

| | | | |

R2=0.77

(*) - representative of
gradients in the system

(*) - representative of overall
yoperating temperatures

25

= |
1500 2000

|
2500 000 500 4060 4560 50(”/%00
(Baseplate - Hullpx((Cold Load + 157)

6000

10



Spectral shape of the remaining bias
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Recovering spectral shape of the remaining bias

Bias after temp. correction = A/ Tcene ¥ B*Tecene ¥C
V(A/B) - inflection point V(AB) C
R2=0.92 R2=0.85 R2=0.83
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All exhibit a linear-ish dependency on pressure and some temperature gradients 2




Bias distribution per flight
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Notably reduced variance, although introduced an overall positive bias in some flights. ,
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Attempts at environmental bias investigation:

e Xu et al at MicroRad 2024: neural net approach on limited data

e External LN, calibration in different seasons

e Empirical dependencies of the bias on operating pressure, temperature
and gradients, and bias non-linearity over Tg.cne

e Errorreduced from-4.4+4.7Kto-046+2.77K
(desired uncertainty within 2 K for temp. retrievals)

HiSRAMS status in 2026:

e Collected 100+ hours of flight data
e Testing radiation closure in presence of ice clouds

Natalia.Bliankinshtein@nrc-cnrc.gc.ca
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