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The DMSAT-1 mission:
primary instrument - Polarimeter characteristics and its
earth observation applications

Alya AIMaazmi — Remote Sensing Applications Engineer
Mohammed Bin Rashid Space Center (MBRSC)
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——) Dust storms occur frequently in UAE, they most often hit during

M OT I VATI O N the summer and times of turbulent weather.

—) Sandstorms typically contain silica crystals as well as viruses,
UAE DUSTY ATMOSPHERE bacteria, dust mites, fungi and even plant.

—@) Can cause vital problems linked to health, economy and
environment.

—{) Space-based monitoring can supplement ground-based weather
stations that are currently used for dust storm research.

—@) Map atmospheric aerosols, including their sources and
transport, and study their influence within UAE.
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DMSAT-1

Dubai Municipality Satellite

—@ Is a high-performance small microsatellite designed to perform multi-spectral multi-
polarization observations in visual and near-infrared bands, in addition to shortwave
spectrum, for aerosol and greenhouse gas monitoring.
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Investigations

Set of Constituents
to be retrieved and
studied

Instruments

Instrument design to
aid the investigation
and fulfill mission
objectives

Investigations

Determine 2-D total column Aerosol
Optical Depth (AOD) over Dubai urbanized , Multi Spectral— Multi polarized Imager

Map the distribution of atmospheric areas at local noon. (Polarimeter)

aerosols concentration (PM2.5, PM10)
in the troposphere over Dubai land

surface. Determine total column Aerosol Effective

Radius (AER) of PM2.5 and PM10 over Shortwave spectrometer 1
Dubai urbanized areas at local noon. (1215-2000nm)

Determine total column abundance and

Map greenhouse gases (CO2, CH4, . .
H20) concentration (ppm) over Dubai L radlan-ces of CO2, CH4, H20 over Dubai
urbanized areas at local noon.

Shortwave spectrometer 2
(1730-2400nm)
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Instrument Design

Polarimeter instrument

—@ High transitivity telescope with a focal length of 150 mm and
focal-length-to-aperture ratio of 2.8.

—@ Filter wheel used to divide the incoming light into three bands:
480-500 nm, 660-680 nm, and 860-880 nm.

—@® A “p-s” polarizing beam splitter, generates two identical
images at two different polarizations 0° and 90°

—@ Kodak CCD detector at the focal plane.
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Instrument Design

Spectral Bands and Polarization Measurements

Chosen based on the mission's scientific requirement of retrieving

aerosols properties.
3 polarized bands with central wavelengths 490, 670 and 870 nm.

Each band has a polarization of 0° and 90°.
The DMSAT-1 Polarimeter instrument is designed to measure the
linearly polarized Earth-reflected radiance only.
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Geometry and spatial resolution

—@ Spatial resolution of the Polarimeter image is 43.8 m.

—@ Swath width of 107x38 km.

—@ Field of View (FOV) is 4.46 deg half diagonal, with an in-track
look capability of less than 90° and an off-track look capability
of 30°.
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730 km Altitude, SSO 12:00 LTDN

Slewing maneuver at 7 different angles.

Target observation at different reluctance and scattering
angles.




A

\»M Al—wwaoaon)i}—o

. PARASOL
C

nt .J:g”’?%

MOHAMMED BIN RASHID SPACE CENTRE

Polarimeter Applications

Primary Polarimeter Instrument Applications
e Aerosol Optical Depth.

Aerosol effective radius.
Aerosol type PM 2.5.
Aerosol type PM 10.

Secondary Polarimeter Instrument Applications
Surface ALBEDO.

Normalized Difference Vegetation Index (NDVI).
Aerosol mass mixing ratio.

0 vt ones s olm 2
9 LSCE/ICARE  Created: 2014 1126 wwiq‘w,«/wcz/mz

Credit : ICARE PARASOL Browse Products 01/0Ct/2013
18 November 2019 9
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Polarimeter Applications

GRASP Algorithm for DMSAT-1 retrievals

DMSAT-1 Calibrated GRASP Processing Map Products
Image
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Polarimeter Applications

GRASP Algorithm for DMSAT-1 retrievals

INPUT ALGORITHM OUTPUT

GRASP

PROCESSING

User Input DMSAT-1 DMSAT-1 YAML and Output format .CSV files,
Image from processing SDATA files, processing in viewed in MBRSC Kepler

i

Ubuntu using Python Viewer.

ubuntu® B

a CSV
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MSAT-1 Clowd Flag
Polarimeter
Calibrated i Pimd Line
mage JI Gl Pixel Column |
=y [ i—— |
] I__,]I Pixel ] :
Cloud of vamiucrose )
— :
Algorithm ~ Ground Aitude :
il == s
L = i | SOATAMessurement Retrieval Settings | |— ¥
| = B : o O S [T
: i — : (SOATA daea reader fie) =
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E Found Character [ - 5
H - = : Output Text File
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Polarimeter Applications

GRASP Algorithm for DMSAT-1 retrievals

e iy o ey on o g o g g e v e o o oy
10 Wroort sys c Name - Tpe  sue Ve .
11 Sy5.path e [“grasp-dlr/src/python’]
12 Lrpaet orass.code as pyorass x e (4) (1122)
13 from Pysolar (nport solar
u trport datetine .y e () (1212)
xautn(m:m wersten()) ) ot 1 1
-4 plxel neber ntéd  (4) (0123)
19 date = datetine datetine(203,1,2,15,8)
20 S_ALtitude = So1ar CotATtitude(24. 416666, 54.640678, date) xx flosés [(4.) [[MCMSISLIILSMENLSY ST DN SueT061)
e g LM CoTATIN 24, 4100404, 34.000670, duee) 2 floatee  (4,) (5464067841 54.64067841 53, 64067841 5).64067841)

25 zenlth = %0 - 5 ALL
237w peint(s Zesith, s,uw:n. S ALtitede)
M

floatss  (4,) [24.416668 23.416666 24410666 23.416668)

s =
26 (LS = Pyprase. runl”exansles /DRIAT/settings_exansle_URSAT_Laversien.ywl”, { -
37 964ta » Py0ras. SOATAL"exancles [ORCAT [ORSAT_MASONR_4pLuels.sdat) ~ Jupyter Untited1 L
n
4 Fle G0 View imet  Cu  Keme  Waps M a4 |pypen3 @
- 5 4 % 2B 44 HEn B C W Com 4=
3
M
35 stata, pixel[6). ix
% seata,sieel[0).4
37 sdata. piael[0). cloudy Spyder Editor
34 séata,pixel (0] tcol
39 sdeta.oteel(e). Lo This 15 o tesporary serigt file.
& sdata. pLrel[8)
# dont forget to work at grasp directory ( change the path to grasp directory)
41 séata,pirel[0).y Spart Bar Lo " Lo R =
42 séata. sinel[0).meas[0). 522 from Pysolar import solar # Aysolar not pysolar, use solar a5 function
43 sdata. phuel (0] [1].520 dnport datetise
44 sdata, pixel [0 [2).520 Sy$.path += [“grasp-dir/src/python*]
o import grasp.code as pygrasp
w“
a
-1 # solar angles cateulator

#date = datetime.dateline(2017,1,30,8,9) # ( year, month, day, Nour, minute) # UTC hour tise 8N =12 Y
#5 Altitude = solar.GetAltitude(24. 416666, 54.640675, date)

#5 Azimuth = solar.GetAzimuth(24. 416666, 54.640678, date)

#5 Zonith = 90 - S Altitude

* oo, asarray((0,1,2,0))
rggerebinit g print(pygrasp.version()) # to test if the interface works correct
- a2e1, results = pygrasp. run(exanples/IMSAT/settings example DMSAT Tnveraion. yol", print_screensTrue)
57 Lrow_row » sp.asareay([1,1,2,2]) # acess SOATA paraseters
58 Leol_col = mp.asarray((1,2,1,2)) #changing variadles
Wax = sp.asarray((S4 72, 5 . 5 sdata = rasp. SDATA( *examples/IMSAT/DMSAT MASDAR dpixels.sdat®
“ ,_y « 80.asarray([24.416666, 2). um 26,416666, 23.416664]) # saata. Zﬁ'n o) e - '
0).1 # coordinate x in the current cell, starting at 1 (in the direction £¥)
& 0].4 # coordinate y in the current cell, starting at 1 (in the direction NS)
e 0).clouty # clowd flag: @ = clovd, 1 = clear [a]
Shwiile 1 < lendolnel number): 0).1col # Line of the pivel in its original grid or database
0).1ron  # column of the pixel in its original grid or database
o} # longitude of the pixel, in decimel degrees, in the raoge [-IN.. un/
0] -9

7 latitude of the pixel, in deciml degrees, in the ranpe

sdata.dump(“sdata_save2.sdat®)

1ables
0).mast  # altitude of the ground, in metres (MWASL: metres adove seo level)
0).1and percent  # percentage of land, in the range [0 (sea) .. 100 (land)]. Intersediste valoes correspond
0.l # number of availadle vavelengths (mel)
(0] .meas (0] vt . 1, in
0) . meas[1].wd . 2, in
0] meas[2] .l . 3, 4
0] .meas[0] nip # nusber of types of measuresents for wavelength 1 (nip)
0).meas[1].nip # number of types of measurements for wavelength 1 (nip)
0).me0s(2] .nip # rusber of types of measurements for wavelength 1 (nip)

18 November 2019 13
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GRASP Algorithm for DMSAT-1 retrievals

GRASP

GRASP

18 November 2019 www.mbrsc.ae 14
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GRASP Algorithm for DMSAT-1 retrievals

GRASI - . - x Coordinate

4.456603, 54.640673

& Point

2

2

e tet 2013-01-02711:09:33Z

G RAS p o - Xt ‘ 1357124973
- . terat 0
0.506588
136.093384

198.452454

18 November 2019 www.mbrsc.ae 15
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Polarimeter Applications

GRASP Algorithm for DMSAT-1 retrievals

Export Data

GOVERNMENT OF DUBAI

Dataset

’ DMSAT _inversion_output 01_17.csv v
Data Type
Filter Data
Unfiltered Data Filtered Data
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GRASP Algorithm for DMSAT-1 retrievals

18 November 2019 § www.mbrsc.ae 17
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Thank You

alya.almaazmi@mbrsc.ae




