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1. MAMAP2D family + CAMAP

Schematic of the M2DL push
broom spectrometer

Setup for stray light measurements. An adjustable slit is
imaged at a single fiber of the M2DL entrance fiber
bundle via an additional front optics. The wavelength is
adjusted by a Littman-Metcalf tunable laser.

Measurements description:
• HgCdTe detector with 16-bit ADCs
• Increasing the dynamic range to 6 

orders of magnitude, with an 
approach described in [2]

• Each illuminated spot is measured at 
10 exposure times of up to 3000 ms

• Non-saturated pixels are merged in 
the order of the largest exposure time

• Measured at 21 different spots
• Total stray light: 3.9 ± 0.3 %

2. Stray light measurements for M2DL

• Detector effect, called 
Dark Signal Shift (DSS), is 
constant in the spectral 
direction

• Correction value 
determined from an 
illumination-free area 
marked in b)

5. Application: Impact of Stray light on L2 and L4 data

3. Handling non-stray-light-related effects for kernel creation 

Merged data for a spot at 1626.9 nm

4. Out-of-field Stray light in correction

6. Summary and Conclusion
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• Successful stray light correction with partial corrections for Dark Signal Shift, laser side-modes
and Out of Field Stray Light

• Stray light has a major impact on retrieved L2 and L4 data
• The proxy method is effective if both components are measured in the same channel and the

stray light is constant over the spectral range
• For multi-channel systems (M2D and CAMAP), a stray light correction is essential
• A paper is submitted to AMT

System Spectral range
Spectral 

resolution
Spatial res.

at 8000 m altitude 
First flight

MAMAP2D-
Light (M2DL)

SWIR: 1560 – 1690 nm 1.1 nm
120 m x 120 m

28 fibers across-track
March 2021

MAMAP2D 
(M2D)

SWIR: 1590 – 1687 nm
NIR: 745 – 774 nm 

0.36 nm
0.10 nm

95 m x 95 m
37 fibers across-track

Planned 2026

CAMAP

(CO2M Airborne 

Demonstrator)

SWIR1: 1590 – 1687 nm
NIR: 745 – 774 nm 

SWIR2: 1990 – 2095 nm

0.36 nm
0.10 nm
0.37 nm

95 m x 95 m
37 fibers across-track

Expected 2027

• The MAMAP2D (Methane Airborne MAPper 2D) systems and CAMAP (CO2 And Methane Airborne maPper)
are passive airborne remote-sensing imaging spectrometers

• Building on their heritage from the MAMAP project [1], they were designed to retrieve atmospheric columns of
methane and carbon dioxide, enabling the detection and quantification of emission sources

Stray light

Ghost

Detector
effect

Laser side-modes

Stray light from
the measurement
setup

• Measurements show stray light overlaid with non-stray-light-related effects

Merged stray light kernel (𝐾𝑆𝑡𝑎𝑏𝑙𝑒 ) is the
median of all merged and aligned spots

Interpolated area of laser-side-modes
• Polar transform 𝑆 𝑥, 𝑦 → 𝑆 𝑟, 𝜃

• 𝑆𝑖𝑛𝑡𝑒𝑟 𝑟 = 𝑚𝑒𝑑𝑖𝑎𝑛𝜃 𝑆 𝑟, 𝜃

• Signal is depended on the surfaces in
the slit’s focal plane

r

• Correction from Tol et al (2018) for ghost and stable Kernel

Size of 
𝐾𝑆𝑡𝑎𝑏𝑙𝑒

𝐶𝑂2 𝐶𝐻4

• Unknown out-of-field stray light (OFSL) in real
measured spectra

• Extrapolate spectra with simulated
radiative transfer model

• Retrieved column anomalies (L2) using 
WFM-DOAS algorithm [3, 4]

• 𝐶𝐻4 fluxes (L4) determined with a mass-
balance approach [3, 4]

➢ For M2DL the proxy method (𝐶𝐻4/𝐶𝑂2) is 
effective in mitigating the stray light impact 
in concentration maps and in derived fluxes 
(F) including relevant errors (δF: total, 
atmosphere, background, cross-sections)

Compare noise with simulated spectra
• Patterns introduced by stray light are affecting the 

column noise 
• Simulated frames using the spectral intensity of 

approx. 1800 real measured frames
• Contaminated with stray light
• Considered spectral OFSL, spatial OFSL and 

random noise sources and reflected ghost

• Problem: Unknown spectral surface reflectance and aerosols!

Laboratory setup of the NIR channel
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• Measurement from the Prairie Green Landfill in Winnipeg, during CoMet 2.0 Campaign in Canada 


