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The MAMAP-2D & CAMAP Pushbroom Instruments Functional Layout 

CAMAP spectrometer channel. All CAMAP channels are of
similar design and comprise of a fiber coupled front optical
telescope, an entrance slit, dioptric collimator and camera
optics, a grating and a detector unit.

Measured Atmospheric Spectra

CAMAP System and CAMAP Aircraft Accommodation

MAMAP-2D Spectrometer Unit

Field of View and 2D-Slit Homogenizer

Summary and Conclusion

• MAMAP-2D is currently assembled and first characterization measurements of the optical
performance were accomplished. First flight of the MAMAP-2D system are planned for 2026.

Modular design of the MAMAP-2D spectrometer. Left: NIR (top) and SWIR-1 (bottom) OBMs of the MAMAP-2D spectrometer channels
mounted on a common baseplate without vacuum housing. Right: Open modular MAMAP-2D vacuum housing (heat shield installed).

Spectrometer Parameters

Parameter Unit
Instrument /
Requirement

NIR SWIR-1 SWIR-2

Spectral range nm
Inst. 745.3 - 774.6 1590 - 1687 1990 - 2095

Req. 747 – 773 1590 – 1675 1990 - 2095

Spectral resolution
(FWHM of ISRF)

nm

Inst. < 0.1 (M) < 0.36 (M) ≈ 0.37 (E)

Req.
0.24 (T)
0.12 (G)

0.5 (T)
0.3 (G)

0.5 (T)
0.3 (G)

Spectral sampling ratio
(FWHMISRF / pixel pitch)

Inst. ≈ 3 ≈ 3 ≈ 3

Req. 3 3 3

SNR at Lref

(after co-adding and binning)

Inst. 390 650 460

Req. 260 345 245

GSD (ACT) m
Inst.

95   (baseline)
152   (WFOV front lens)

Req. 100 – 200

GSD (ALT) m
Inst. ≈ 200

Req. 100 – 200

Swath width m
Inst.

3515  (baseline)
5624  (WFOV front lens)

Req. 6000

Instrument size mm
Inst.

1 Spectrometer Unit: 1140 x 970 x 610 (CAMAP)
1 Spectrometer Unit: 680 x 970 x 610 (MAMAP-2D)
1 Falcon Rack: 652 x 562 x 979
1 GSM 4000 with front-optics: 615 x 530 x 400

Req. Compatible with DLR Falcon-20 aircraft

Instrument mass
(incl. mountings (E))

kg Inst.

Spectrometer: ~285 (CAMAP), ~190 (MAMAP-2D)
RF-20 Rack: ≈ 145
GSM 4000 with front-optics: ≈ 50
Batteries: ≈ 84 (CAMAP), - MAMAP-2D
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Spectrometer in vacuum housing

Parameter
Baseline 

front lens
WFOV 

front lens
Requirement

Swath width on 
ground
at 8000 m flight 
altitude

3515 m 5624 m 6000 m

Field of view 24.8° 38.7° 41.1°

GSD (ACT) at 
8000 m flight 
altitude

95 m 152 m 100 - 200 m

Slit-like arrangement of
5-meter-long rectangular
fibers. These fibers serve
as two-dimensional slit
homogenizers (2DSH).
Thirty-seven individual
fibers are placed in the
focal plane of the front
optics enabling 37
distinct viewing
directions. An additional
fiber for zenith reference
measurements is aligned
in the center.

→ spectrometer slit

front optics  37 fibres

reference fibre

38 fibres

Left: Main optical and mechanical MAMAP-2D (NIR + SWIR-1 only) and CAMAP (NIR, SWIR-1 and SWIR-2) parameter. Right: Measured
ISRFs (instrument spectral response functions) and full width half maxima (FWHM) of the assembled NIR+SWIR-1 spectrometer channels.

CAMAP functional layout. The instrument consist of a fiber
coupled front optical unit, a vacuum housing comprising the
spectrometer OBM’s and a power and instrument control unit
comprising also an UPS system. MAMAP-2D comprises only the
NIR and SWIR-1 spectrometer channels. Decoupling the
spectrometer unit from the front optical unit using glass fibers
enables flexible accommodation within different aircraft.

For CAMAP, the existing modular MAMAP-2D spectrometer design - featuring NIR and SWIR-1 channels - was extended under ESA
contract by adding an additional SWIR-2 channel to the airborne spectrometer. The spectral characteristics of the existing MAMAP-2D
NIR and SWIR-1 bands have been modified to closely match the spectral properties and performance of CO2M. The modified 3 channel
CAMAP vacuum housing is on the left. The open CAMAP vacuum housing with the NIR and SWIR-1 spectrometers optical benches in
front of the system is shown in the center. On the right, a potential installation configuration of the CAMAP system including the
electrical support rack unit and the gyro stabilized front optical system, in DLR’s Falcon RF-20 aircraft is shown.

Reflected solar radiance spectra as measured with the assembled MAMAP-2D/CAMAP NIR and SWIR-1 optical benches.
Left: O2A (a) absorption spectrum (NIR). Right: CO2 (b) and CH4 (c) absorption spectra (SWIR).
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b c

• The new CAMAP system comprises the NIR and SWIR-1
channels of MAMAP-2D, complemented by an additional
SWIR-2 spectral band.

• The optical characteristics of the MAMAP-2D bands have
been modified to closely align with the spectral specifications
of CO2Ms.

• Integration of CAMAP is planned to be finished in 2026.

• The MAMAP-2D (Methane Airborne
MAPper-2D) and CAMAP (CO2 And
Methane Airborne maPper) systems are
passive airborne remote-sensing imaging
spectrometers, building on the heritage of
MAMAP [1] and MAMAP-2D Light [2, 4].

• The systems are designed to retrieve
atmospheric column enhancements of
methane and carbon dioxide to locate
and quantify local and regional
greenhouse gas fluxes.

• The CAMAP design is based on the two-
band (NIR + SWIR-1) MAMAP-2D system,
complemented by an additional SWIR-2
band, improving the detection of CO2
w.r.t. aerosol and cirrus.

• CAMAP is designed to match CO2M’s
three spectral bands (NIR, SWIR-1 and
SWIR-2) and closely match their spectral
properties and performance [3].

T: threshold, G: goal, M: measured, E: estimated/modeled
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