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• Limb sounding gives much higher vertical resolution than nadir 

sounding, but its line of sight is often obstructed by clouds 

below the mid-troposphere. 

 

Limb Sounding Technique 



• Limb sounding gives much higher vertical resolution than nadir 

sounding, but its line of sight is often obstructed by clouds 

below the mid-troposphere. 

• The atmospheric layer at the tangent point contributes most of 

the atmospheric signal. 

• The tangent point of the line of sight moves towards the 

observer for higher scan angles. 

 

Limb Sounding Technique 



ALiSS:  

Atmospheric Limb Sounding Small satellite 
• ALiSS will provide high vertical and horizontal resolution measurements of the 

Upper Troposphere / Lower Stratosphere region (UT/LS) to specifically address the 

looming gap in limb profiling data for science and, in near real time, for operational 

systems 

 

 

 

 

 

 

• A unique contribution of STEAMR will be to extend the ALiSS measurement range 

into the UT, including convective regions important to troposphere-stratosphere 

exchange e.g. the Asian Monsoon region, where cirrus clouds are ubiquitous 

– Clouds opaque to IR, transparent at mm-wave  

– Sideband-separating SHIRM mixers, a high priority option from the PREMIER 

study, will improve the accuracy of trace gas retrievals in the UT by minimizing  

spectral confusion and allowing the spectral dependence of continua to be 

determined  



Mm-wave Receiver  

Technology 
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SHIRM:  

Sub-Harmonic Image-Rejection Mixer 
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• SHIRM Optimised performance 
– Sideband rejection: 15 dB min. (>20 dB nom.), IF BW = 2-14 GHz 

– SSB receiver noise temperature: ~3000 K 

 

• Devices employ planar Schottky diode technology from RAL Space 

Phasing Topology 1 Phasing Topology 2 

SHIRM development at RAL, Astrium, supported by CEOI 
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Technology – Calibration Targets 

• Metal-cored black body calibration loads 
for radiometer calibration: 

– Ground-based (ALMA) 

– Airborne (MARSCHALS, ISMAR) 

– Space 

– Lightweight aluminium or magnesium 
alloy core 

– Wide temperature range 77-370k 

 
 

• Wideband performance 

– Typically better than 50dB return loss from 
100GHz to at least 700GHz 

– Can be optimised for other frequency ranges 

245mm diameter mg-alloy-cored calibration load 
for ISMAR airborne radiometer 

Return Loss of ALMA prototype load 
 at 600GHz 
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Breadboard Sideband-Separating  

High Resolution Radiometer (CEOI 5th Call) 
• Development of total-power radiometer comprising 

– 340 GHz sideband-separating receiver 

– 2x WBS II units providing 4 GHz bandwidth 
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Wideband Spectrometer II 

STAR Dundee 
• Two ADCs sampling at 3 Gsamples/s 

– I & Q sampling  

– Resulting signal bandwidth > 2 GHz 

• Custom Fast Fourier Transform (FFT) chip design 
– Windowing 

– 2048 point complex FFT at 3 Gsamples/s 

~ 1.5 MHz resolution 

– Power detection and accumulation 

– Zero dead-time between data acquisitions 
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Wideband Spectrometer II 
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Dimensions 

L= 165 mm 

W= 220 mm 

H= 30 mm 

Signal fed into I input, Q input = 0 

Averaged for 10,000 spectra 

Primary signal at 600 MHz (spurs at ~200, 400 & 800) 

Clock breakthrough is low (@ 100 MHz) 



Instrument CAD Model 
 

© 2014 RAL Space  

WBS 

Motor 

Power supply 

Eurotherm 
Ref. Osc. 

SHIRM Receiver 

Sub-reflector 

IQ down-conversion 

Hot cal. target 

Cal. mirror 

Synthesizer 

Bias & Control 
Electronics 

USB-to-serial hub 

USB-TEMP USB-3101 



Complete Instrument 
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Field-Test of SHIRM 

Receiver at Jungfraujoch (3.5 km) 
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The microFTS:  

Miniature Fourier Transform Spectrometer. 

Low mass, low power, imaging Fourier 

Transform Spectrometer (FTS) with no 

moving components 

. 
•Spectral performance: 

    2 to 20µm @ 16cm-1 FWHM     

    200 to 1100nm @ 0.5nm FWHM 

 

•Low mass spectrometer: 1.56kg 

 

•Compact: 350 x 300 x 50mm 

 

•Low power:0.5mW (average) 

The microFTS operational principle  



MicroFTS spectrometer 
The microFTS is limited by the 

detection limits of the detector 

array used. The microFTS has 

been demonstrated in the UV, 

Visible, NIR, Mid and Far IR.  

2D Image of Interferogram 

Single Interferogram Line 

UV Transmission Spectra – H2O 
The MicroFTS UV spectrometer 



Technology Development: 

2D Imaging Spectrometer 

Imaging development work links the imaging  

capability with an optically encoded scan mirror  

Detector  Vanadium Oxide  

Microbolometer 

Spectral 

Bandwidth 

2 - 14μm 

Resolution  4cm-1 @ 10μm 

FOV 0.24rad 

iFOV 9.4mrad 

Mass <1.2kg  



Airborne demonstration:  

StratoClim 2016 
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• STEAMR demonstration from M55 

“Geophysica”  

• MARSCHALS upgrade: 

– SHIRM receiver with WBS-III 

spectrometer (see STAR Dundee 

Poster!) 

– MicroFTS? 

MARSCHALS 
Millimetre-wave Airborne Receivers for Spectroscopic CHaracterisation in Atmospheric Limb Sounding 

 
Daniel Gerber2 <daniel.gerber@stfc.ac.uk>, Brian Moyna1, Matthew Oldfield1, Simon Rea1, Richard Siddans2, Brian Kerridge2, Brian Ellison1 

Millimetre-wave Technology Group1/ Remote Sensing Group2   -   RAL Space, Harwell Oxford, Chilton OX11 0QX, United Kingdom 

Abstract 
 

MARSCHALS is an airborne, submillimetre-

wave, limb emission sounder for the 

detection of atmospheric trace gases. It  

closely replicates the observation capabilit ies 

of the proposed Explorer Mission PREMIER. 

MARSCHALS was built on ESA contract at 

RAL Space and has been deployed in three 

ESA measurement campaigns.  

 

 

 

 

 

 

 

 

MARSCHALS mounted in the belly pod of the 

Russian GEOPHYSICA high-alt itude aircraft. 

 

Instrument Description 
 

The main target species O3, H2O, HNO3 and 

CO are detected in three different frequency 

bands by individual heterodyne receivers 

using ambient temperature Schottky diode 

mixers. All three receivers operate in single 

sideband mode. Radiometric calibration is 

carried out using a cryogenically cooled 

target and an ambient target, both featuring  

extremely low reflectivity. An inert ial 

navigation system assures high pointing 

accuracy for the atmospheric limb scans.  

 

 

 

 

 

 

 

 

Drawing of MARSCHALS and its sub-modules. 

 

 

 

 

 

 

 

 

 

 

 

 

Block diagram of the MARSCHALS receivers. 

 

UAMS Upgrade 
 

In 2009 the UAMS project saw extensive 

upgrades to the MARSCHALS instrument. All 

three receivers were rebuilt  and improved. 

The point ing system was made more reliable. 

Thermal stability was improved and 

extensive lab measurements to characterise 

the instrument functions have been 

performed. 

 

 

 

 

 

 

Instrument specifications after the upgrade. 

Science Rationale 
 

MARSCHALS is specifically designed to make 

measurements of climate relevant trace 

gases in the upper troposphere – lower 

stratosphere (UTLS) region of the 

atmosphere. The mission concept exploits  

the fact that cirrus clouds are transparent at 

the observing frequencies of MARSCHALS.  

Simultaneous operation of the infra-red limb 

sounder MIPAS-STR and the infra-red limb 

imager GLORIA-AB from the near-space 

vantage point on the stratospheric aircraft 

GEOPHYSICA  results in a payload that 

closely resembles that of the proposed 

PREMIER Earth Explorer satellite. 

 

 

 

 

 

 

 

 

 

 

 

 

Combining a high resolution infra-red imager 

with a cloud insensit ive millimetre-wave 

sounder (similar to MARSCHALS) is the 

rationale of the PREMIER Explorer Mission. 

 

Campaign Deployment 
 

As of the year 2012, MARSCHALS has been 

deployed in the following flight campaigns: 

 

 

 

 

 

 

 

 

SCOUT-O3 Campaign 2005 
 

The main focus of the SCOUT-O3 campaign 

was the in-situ study of tropical convect ion, 

but a remote sensing flight with MIPAS-STR 

and MARSCHALS took place on the 5th Dec 

2005. On its maiden flight MARSCHALS 

measurements were restricted to Band C. 

 

 

 

 

 

 

 

 

 

 

MARSCHALS near infra-red cloud monitor 

frames revealing heterogeneous cloudiness. 

 

 

 

 

 

 

 

MARSCHALS spectra showing that spectral 

signatures are visible in cloudy situations. 

PREMIER-Ex Campaign 2010 
 

The PREMIER-Experiment was a dedicated 

ESA campaign to demonstrate the PREMIER 

mission objectives of a synergist ic use of 

infra-red and millimetre-wave limb sounders. 

 

 

 

 

 

 

 

 

 

The GEOPHYSICA outside of the hangar at 

Kiruna (67ºN), Sweden. 

 

The PREMIER-Ex flight of 10th Mar 2010 took 

place in the polar vortex and the vortex 

mixing region, with a short excursion into 

mid-latitude air masses at around 9am UTC. 

The southward facing flight leg was 

characterised by thick clouds up to 10km. 

  

 

 

 

 

 

 

 

 

 

Polar vortex posit ion and flight track of the 

PREMIER-Ex flight of 10th Mar 2010. 

 

Flight cross-sections for ozone, water vapour 

and nitric acid have been retrieved and 

compared to correlat ive measurements and 

model simulations. The infra-red results are 

much better resolved, but the millimetre-

wave results in return are not affected by the 

clouds in the second part of the flight. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ozone retrievals and correlative data for the 

PREMIER-Ex flight of 10th Mar 2010. 

 

 

 

 

 

 

 

 

 

Water vapour retrievals and correlative data 

for the PREMIER-Ex flight of 10th Mar 2010. 

ESSenCe Campaign 2011 
 

The ESA Sounder Campaign saw the first 

deployment of the novel GLORIA-AB infra-red 

limb imager together with MARSCHLAS and 

the infra-red limb sounder MIPAS-STR. 

This payload reflects the proposed 

observation capabilit ies of PREMIER even 

more closely than before. 

 

 

 

 

 

 

 

 

 

MARSCHALS and the novel GLORIA-AB infra-

red limb imager on board the GEOPHYSICA. 

 

Two science flights took place in ESSenCe on 

11th and 16th Dec 2011. The flight of the 11th 

includes sampling of a tropopause fold and 

observations of cirrus clouds. The flight of 

the 16th took place in the cold core of the 

vortex under extremely homogeneous 

atmospheric condit ions. 

 

 

 

 

 

 

 

 

 

 

Meteorological condit ions for the ESSenCe 

Flight of 11th Dec 2011 with Tropopause fold 

and  PSC formation. 

 

 

 

 

 

 

 

 

 

Cloud structures at ~10km, vert ically resolved 

by GLORIA-AB. These clouds will not affect 

the MARSCHALS retrievals at these alt itudes. 

 

The Road Ahead 
 

Several UK activit ies currently address the 

development of sub-harmonic image 

rejection mixers (SHIRM) to be tested and 

deployed on MARSCHALS in conjunction with 

a high resolut ion spectrometer. In addit ion to 

field testing this promising new technology 

for PREMIER, these instrument improvements 

would allow the (improved) detection of the 

biomass burning tracers CO and HCN. 

 

 

 

 

 

 

 

 

Ground-based testing of the new SHIRM 

mixers on the Jungfraujoch (3500 m.a.s.l.)   
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Band B Band C Band D 

Target Species O3 H2O, O3 CO, HNO3, O3 

Band Freq. [GHz] 294.0 - 305.5 316.5 – 325.5 342.2 – 349.8 

Resolution [GHz] 0.2 0.2 0.2 

NEBT / (previous) 6k / (19k) 10k / (18k) 9k / (19k) 

Sideband reject. >30dB >30dB >30dB 

Photo: P.Preusse, FZ Juelich 

Date Campaign Location 

Feb 2005 Test Campaign Munich, Germany 

Dec 2005 SCOUT-O3 Darwin, Australia 

Nov 2009 Test Campaign  Munich, Germany 

Mar 2010 PREMIER-Ex Kiruna, Sweden 

Dec 2011 ESSenCe Kiruna, Sweden 
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Summary 

• Mission opportunity (ALiSS) for combined IR/mm-

wave limb sounders 

• UK well-placed to provide mm-wave receiver 

hardware 

• Novel Micro FTS would be of interest as a complete 

UK instrument contribution 

• Airborne demonstration of sideband-separating 

receiver, Wideband FFT spectrometer (and 

optionally Micro FTS) in StratoClim 2016 
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Thank You! 

• brian.moyna@stfc.ac.uk 
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