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Ukrainian satellite mission  
Aerosol-UA: polarimetric 

investigation atmospheric aerosol  

Satellite: 

ScanPol + MSIP 

AERONET: 

Validation 

Data processing: 

Mission products 

Idea for Aerosol-UA project 
come from Glory experiment 
and APS instrument 

Three segments: 



The advantages of ScanPol polarimetry  

 Polarization is a relative measurement that 
can be made accurately + many scattering 
angles.  

 Polarimetric ScanPol measurements will be 
calibrated on the orbit. 

 Polarization change with scattering angle 
and wavelength gives microphyscs: size, 
refractive index and shape of aerosol. 

 Synergy of scanner and imager will produce 
new quality of data, hopefully different from 
similar aerosol missions. 



Geometry ScanPol and MSIP 
measurements 

Lengths IFOV along trajectory 

ScanPol 

MSIP 

MSIP 

ScanPol track 

Field-Of-View   
MSIP and ScanPol 



ScanPol polarimeter optical design, 
updated in 2018 

Spectral band: 370-1610 nm,  
six spectral channels:  

  370 nm – tropospheric 
aerosol and top of clouds 
 410 nm – aerosol over ocean 
and surface  
 555 нм – aerosol over ocean 
and surface, ocean color 
 865 nm – aerosol over ocean 
and surface 
 1378 nm – separate cirrus 
clouds, stratosphere aerosol, 
separation of troposphere and 
stratosphere aerosol in case 
of volcanic eruption  
1610 nm  – separation 
surface signal from aerosol 
over Earth’ surface  
    Filter ½ width 20 - 60 nm  

Observable Stokes parameters:  I, Q, U (0,90,45,135°) 
Photometric accuracy:  4% 
Polarimetric accuracy:  0.15% 
On-board calibration:  all three Stokes parameters 

ScanPol is similar to 
APS Glory 



ScanPol polarimeter calibration model 

The scan mirrors and calibration units layout of the ScanPol instrument: 
red segment is scan mirrors with rotation direction shown; blue element is 
quarts wedges of the depolarization unit seen at βdep angle; green element 
is the Glan prism polarizer unit seen at βpol angle, black element is the dark 
unit seen between β0  and βi angles; solar calibration unit seen at βs angle. 
Scanning directions along-track between scan angle βm1 = +50° and βm2 = –
60° from nadir (βnadir). 



ScanPol polarimeter laboratory test 

Equivalent polarization scheme of the 
ScanPol polarimeter single spectral 
channel: scan mirrors M1 and M2, 
telescopes T1 and T2, Wollaston prisms 
W1 and W2, intensity signals R0°, R45°, 
R90° , and R135°. 



 MSIP main purposes: aerosol/clouds parameters 
measurements and aerosol - clouds separation 

 Three spectral polarimetric channels: 410, 555, 
865 nm 0°, 45°, 90°, 135° polarization each 

 Two intensity channels: (1) 410, 443, 470, 490; 
(2) 555, 670, 865, 910 nm 

 Wide FOV: 60°x60°, 770x770 km, resolution 3-6 
km 

 Images rate 1.5 s-1 ÷ 6.0 s-1 (dependent on data 
rate transmission), exposure <0.5 s  

 Intercalibration of the MSIP using ScanPol 
scans, <1% accuracy 

Multi-Spectral Imager-Polarimeter (MSIP) 



410 nm          555 nm        865 nm  

Polarization 0°, 45°, 90°, 135° 

Overall 20 Sp/Pol channels 

555+670+ 

+865+936 nm 

410+443+ 

+470+490 nm 

MultiSpectral Imaging Polarimeter MSIP 

Intensity 



MSIP optical channel 

Input lens unit 

Collimator unit 

Polarizer and 
prism unit 

Camera lens unit 



MultiSpectral Imaging Polarimeter test 
measurements 



MultiSpectral Imaging Polarimeter test 
measurements  

Four images size in 
MSIP from the dot 
source 

DoLP errors for MSIP test 
field registration 



ScanPol and MSIP polarimeters: adaptation 
to YuzhSat platform 

Scanning 
mirrors unit 

Interface 
unit 

Calibration 
units 

5 MSIP 
channels 

Calibration 
parts 

ScanPol 
unit 



Assembling of  ScanPol and MSIP details - 1 



Assembling of  ScanPol and MSIP details - 2 



Aerosol-UA  dimension-dynamical model 
and channel of MSIP polarimeter, 2018 

Dimension-dynamical 
model 

MSIP polarimeter 
channel test, and 
splitted image 



YuzhSat orbital platform for research 
payload DB “Yuzhnoe” 

Payload mass 10-25 kg 

Platform mass – 15-30 kg 

Payload power – 20-80 W 

 

Payload place 

Platform 



Characteristics of 
payload 

Small satellite platform 
YuzhSat designed by 
Design Bureau “Yuzhnoe”  

Orbit  

Type:  sun-synchronous  

Inclination:  ~98° 

Altitude:  ~705 km 

YuzhSat platform: 

Pointing accuracy: ~0.1° 

Total mass of scientific payload 
estimated: ~22 kg 

Power for payload: ≤ 25 W 

Design life: >3 years  

ScanPol and MSIP polarimeters 
onboard of YuzhSat platform 
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Data processing: Generalized Retrieval 
of Atmosphere and Surface Properties  

© Dubovik et al. 



MSIP data processing scheme 

Input data 

First processing block 

 

 

 

 

Forming 

Processing Calibration 

Recalculating data using 

geometry parameters 

Forming input GRASP data block 
 

 

 
 

Sorting Choosing Comparison 

GRASP algorithm 





1. Finalizing ScanPol calibration – end 2018 

2. Construction of MSIP one channel – end 2018 

3. Data processing algorithm – end 2018 

4. On flight ScanPol testing – end 2019 

5. MSIP construction – 2019  

Conclusions and Timeline 

In comparison to the several aerosol polarimetric 
missions planned for 2019-2021, the Aerosol-
UA  instrument concept at YuzhSat platform 
provides synergy of precision scanner-
polarimeter and imager-polarimeter 
 


