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Introduction

The upcoming Twin ANthropogenic Greenhouse gas

Observers (TANGO) mission comprises two CubeSat

satellites to monitor the emission of CO2 and CH4 from

point sources. It helps to verify the carbon emission goals

set by the Paris Agreement.

A toolbox for end-to-end simulations (TEDS) covering

all aspects of the mission data flow has been developed

to assess the compliance of hardware design to mission

requirements.

Software architecture

TEDS is built on the following concepts:

Each module runs independently or part of a

pipeline.

Python: user-friendly with a target audience of

scientists with at least basic programming skills.

Modularity.

File-based interfaces (NetCDF, YAML).

Scalable in terms of features (whether a new feature

is triggered by fresh calibration data or other inputs)

Emphasis on computational speed and memory

usage in order to faciliate simulations as realistic as

possible.

Open source (BSD).

Interfaces

TEDSmodules have file-based interfaces controlled by

user options. The following is an example of how to

run the instrument module by including all parameters

in a Python dictionary:

from teds.im import run_instrument_model
conf = {

'cal_level': 'l1a',
'detector': {

'exposure_time': 0.017 ,
'nr_coadditions': 10

},
'isrf': {

'tabulated': False ,
'fwhm': 0.456 ,
'shape': 2.91,
'in_memory': True

},
'noise': { 'enabled': False },
'prnu': { 'enabled': False },
'io_files': {

'input': {
'ckd': 'ckd.nc',
'binning_table': 'binning_table.nc',
'sgm': 'lbl_radiances.nc'

},
'output': { 'l1a': 'l1a.nc' },

}
}
run_instrument_model(conf)

Other modules work the sameway and can be chained

together for more complicated workflows.

TANGO end-to-end simulator (TEDS)
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Input:
 • Geometry
 • Sentinel 2 albedo
 • AFGL atmosphere
 • CO2 , CH4, NOx from large-eddy
   model MicroHH
Process:
 • Generate atmosphere
 • Add trace gas concentrations
 • Convolve atmosphere with SEDF
 • Radiative transfer
Output:
 • Line-by-line radiances

Input:
 • CKD
 • Line-by-line radiances
 • Navigation data
Process:
 • Instrument processes (like
   L1B but in the opposite
   direction, "uncalibrate")
 • Attach navigation data
Output:
 • L1A product

Input:
 • CKD
 • L1A product
Process:
 • Calibrate L1A detector images
 • Geolocate
Output:
 • L1B product

Input:
 • L1B product
 • CKD (ISRF)
 • Solar spectrum
 • AFGL atmosphere
Process:
 • Non-scattering XCO2 and XCH4
   from Gauss-Newton retrieval
 • Derive XCO2 proxy and
   XCH4 proxy
Output:
 • L2 product

Input:
 • L2 product
 • 3D wind field data
Process:
 • Detect plume
 • Compute emission strength
Output:
 • L4 product

Input:
 • CKD
Process:
 • Simulate orbit
 • Attitude quaternions
 • Geolocation
Output:
 • Geometry
 • Navigation data

Case study: temperature sensitivity

Example of a sensitivity study:

Use normal (room temperature) CKD in L1B processor

Use CKD that slightly deviates from RT in the IM

Compute L2 product error as a function of temperature mismatch (incomplete knowledge)

Result: mK requirement on temperature stability!

Case study: stray light

Using geometry and scene generation modules, line-by-line TOA spectra over a 30 × 30 km2 area over

Jaenschwalde.

Generate an L1A product using instrument module.

Generate L1B from the L1A product using L1B module. Switch off stray light correction.

Result: stray light induced error is largest at bright-dark albedo boundaries.

Result: stray light induced XCO2 error is less in proxy (0.218 ppm) than in the non-scattering (0.419 ppm)

product due to error cancellation.

Acknowledgements

TANGO is realized by a consortium of ISISpace, TNO, SRON, and KNMI within ESA’s SCOUT programme. We

acknowledge the support of the Netherlands Space Office (NSO).

https://www.isispace.nl/projects/tango Living Planet Symposium, 23-27 June 2025, Vienna, Austria r.laasner@sron.nl

https://www.isispace.nl/projects/tango
mailto:r.laasner@sron.nl

