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* GAMES project

« GAMES rationale and objectives
* Task |I. Landmark target methodology
o Searching for ICl surface landmark targets
o Results of IC| geolocation assessment
* Task 2. Atmospheric target approach
o ICl absolute geolocation using DCC and WVM
o ICl relative geolocation using BG approach
* Task 3. Geolocation algorithm implementation

e Conclusion
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GAMES project timeline

GAMES Time schedule together main deliverables and meetings

Months 1 2 3 4 5 6 7 8 a9 10 11 12

from KO
Task 0
Management
Task 1
Landmark method
Task 2
Atmospheric methods
Task 3
Implementation
MEETINGS KOM PM1 MTR PM2 FRM
MILESTONES MS1 M52 MS3
DELIVERABLES Dol D04=T1R DO5=T2P DOe=T2D DO7=T2R DO02-09-10D11-12-13

D02a D02b Do2c Doz2d D02e Do2f D02g DO02h
D03a D03b D03c
ATBDv1 ATBDv2

LEGEND:
ATBD Algorithm Theoretical Basis Document
DXX Deliverable XX =
DXXy Deliverable XX on y-basis (monthly or three-monthly) ACtuaI meetlng plan
FRM Final Review Meeting (Darmstadt, D)
KOM Kick Off Meeting (Darmstadt, D) — KOM on 0409201 9
MTR Mid Term Review (Rome, 1)
PM1, PM2 Progress Meeting 1, 2 (telecon) - MTR on 06_06_2020

PPM, MITM, FDM
TIiR

T2R, T2P, T2D
M51, M52, M53

Pre-Payment, Mid-Term, Final-Term Milestone
Task 1 Report

Task 2 Report, Preliminary, Draft
MilestoneTaskl, MilestoneTask2, Final MileStone
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* GAMES project

« GAMES rationale and objectives
 Task |I: Landmark target methodology
o Searching for ICl surface landmark targets
o Results of IC| geolocation assessment
* Task 2: Atmospheric target approach
o ICl absolute geolocation using DCC and WVM
o ICl relative geolocation using BG approach
* Task 3: Geolocation algorithm implementation

e Conclusion
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@) Mojoi Ice Cloud Imager (ICl) on board EPS-SG

—— Fore view

e

AN

Ice Cloud
Imager Earth surface

Supporting climate monitoring

Ice Cloud Imager (ICI)
- EUMETSAT sub-millimetre-

wave conically-scanning (at IC1-1 183.317.0 0.8 v 16
53°i2°) radiometric imager' ICI-2 183.31£3.4 0.8 \" 16

. ICI-3 183.31%+2.0 0.8 Vv 16
with a swath of 1700 km ICI-4 243.242.5 0.7 V,H 16

- Flying at 817 km on board the ICI-5 325.15£9.5 1.2 v 16
ICI-6 325.15%3.5 1.3 Vv 16

EPS-SG (EUMETSAT POIar ICI-7 325.15%1.5 1.5 \" 16
System - Second Generation) ICI-8 44817.2 14 v 16
satellite B mission IC1Y 448230 1.6 v 46

. ICI-10 448+1.4 2.0 \" 16

-  Launch foreseen in 2024. TR YTV s V.H =
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@ e
@ Goals of ICl and geolocation issue

The primary objective of the Ice

Cloud Imaging (ICl) mission is to:

- retrieve ice clouds, especially
cirrus clouds, cloud ice water
path, cloud ice effective radius
and cloud altitude, providing
vertical humidity profile and
vertical profiles of
hydrometeors (cloud ice,
graupel and snow)

- validate ice clouds in
weather and climate models
through the provision of ice
cloud products, including bulk
microphysical variables

- estimate snowfall
distributions in support of

numerical weather prediction But hOW to validate the
and nowcasting. ! ) .
geolocation of ICl imagery?

SAMES:

Final Meeting — 26 January 2021 —- GAMES Project .




MW imager conventional

geolocation approach:

- Use low frequency channels (19, 37 =

or 89 GHz)

- Cross-correlate with natural target 30¢

contours such as coastlines

- Heritage of SSMI, SSMIS, AMSU

ICI geolocation issues

At frequencies > 183

GHz coastline contrast

decreases because:

* water body emissivity
increases

* atmospheric
transmittance reduces

with frequency

38

F17 SSMIS 183 +7 GHz H (2016/07/24)

F17 SSMIS 19 GHz V (2016/07/24)
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HEARTA (from Wang et al., -
JART F"’h Caor 2017 | |. Can we geolocate ICl| at 183 and 243
SN | GHz using surface landmarks?
III'I III II — .
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| i VI 4 .
".'| ‘|m\*',| - of ICI higher frequency channels
' 1 ~ 'IP: " ]
JIB'.-" SN (| ICI channels around 325, 448 and 664 GHz?
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Frequency (GHz)

The goals of GAMES:

2.

Consider lower-frequency channels of ICl, e.g. 183.31£7.0 and 243.2+2.5,
and search for landmark targets using reference contour sources
Explore the possibility to identify atmospheric targets using Meteosat IR
images as reference contour sources

Investigate relative geolocation assessment for ICl higher frequency wrt
lower frequency ones

Implement a GAMES tool for ICl selecting assessed approaches useful for
the ICl commissioning phase

MWI-ICI SAG meeting — 24-25 Nov. 2016 — Frank S. Marzano
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@) Mojoll Block diagram of GAMES approach

Target contour matching (TCM) — Landmark and Atmospheric targets

Satellite
MWI/ICI
BT image

Target with high

BT contrast
Digital
Elevation !
Model (DEM) | Parallax error Surface
: correction level?
Atmospheric
weighting-
function | Contour upsampling and

target extraction

Contour |

matching

!

Geolocation

error assessment
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@) Mool Note - Rayleigh-Jeans or Planck law?

Since ICI provides channel frequencies up to 664 GHz and
the Rayleigh-Jeans approximation of the Planck function
is not necessarily valid. However, we can generalize the

which reduces to the Rayleigh-Jeans approximation
Tyry at low frequencies

spectral brightness temperature 7, by inverting the Planck c* .
law for the spectral brightness Bfo T B f T .ﬂffn B f T B f BT
_ Mgyt (%L fj

o
1

* 19 GHz
150 GHz
* 183 GHz
243 GHz
¢ 325 GHz
443 GHz
© 664 GHz

'
-

[

o

The percentage error, defined as
Eo,ri=100(Tgm;-Tp )/ Tgy and due to
the Rayleigh-Jeans hypothesis, is
shown for values of Ty, between 190
K and 270 K and for a frequency
interval between 5 and 700 GHz. The
ICl frequencies are also highlighted

. _9 | | | 1 | | 1
by vertical bars. 0 100 200 300 400 500 600 700 800

Rayleigh-Jeans approximation percentage error [%)]

Frequency [GHz]
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* GAMES project

« GAMES rationale and objectives
* Task |I. Landmark target methodology
o Searching for ICl surface landmark targets
o Results of IC| geolocation assessment
* Task 2. Atmospheric target approach
o ICl absolute geolocation using water vapor gradients
o ICl relative geolocation using Backus-Gilbert approach

* Task 3. Geolocation algorithm implementation

Conclusion

R e _. Final Meeting — 26 January 2021 — GAMES Project
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Assuming a homogeneous absorbing isothermal (constant temperature and

interaction parameters) small-albedo layer of thickness H:
Ty =e. Tee el (1—w) Ty [1—eFel]|

* e, :surface emissivity (adim.)
* T : surface temperature(K)

* Ty = T(z) constant atmospheric temperature (K) O
* k. : atmospheric extinction coefficient (km™1) =riottn
* w :atmospheric albedo (adim.)

* L :atmospheric slant path (H = L cos0 with 0 the nadir

Emission
from Space

@

Surface
Emission

angle) (km)
« e el =t(L): atmospheric transmittance (adim.) ' 2{\'\‘\ A
A/(MN
Pixel 1 Pixel 2
T81 = e, Tgl e~ kel 4 (1—w) T, [1- e—keL] TBz = e, TSz e~ kel (1—w) T, [1—- e—keL]

ATg = t(L) [es, Ts, — es, Ts,]
Brightness temperature contrast
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Task |I. Landmark target research criteria

GENERAL CRITERIA

- Criterion |: landmark feature with a high surface BT contrast (discriminability)
- Criterion 2: period/region with a low atmospheric transmittance (visibility)
- Criterion 3: covering the whole year as a full set (flexibility)

- High-latitude coastlines (Artic/Antartic?)
- High-altitude water bodies (Lakes?)
- ngh-SIOPe mountalns (Andes’ H|ma|a)'a?) (http://www.globvapour.info/newsarchive.html)

Southern Hemisphere (SH) Northern Hemisphere (NH)

(visible from April to September) (visible from October to March)

* Antarctic ice shelves (Antarctica) * Qinghai lake (Inland China)
o Ross * Karakorum mountains (Himalaya)
o Filchner-Ronne * Nares Strait (North Greenland)
o Amery * Hudson’s Bay (Eastern Canada)

* Titicaca lake (Peru-Bolivia)
* Andean mountains (Chile-Peru)

Final Meeting — 26 January 2021 — GAMES Project
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@I Task |. Simulate using SSMIS imagery at 183.31%6.6

Special Sensor Microwave Imager/Sounder (SSMIS)
« Passive conically scanning microwave radiometer
* 24-channel, 21-frequency, linearly polarized
passive microwave radiometer system.
* On board the USAF Defense Meteorological Satellite
Program (DMSP) F-16, F-17, F-18 and F-19 satellites

Radiometric charsderstis of the S5MIE [H: horizontal; V: vertical; BC: right araular)
Frequency (GHz) P Larization Alang-tradk resohtion ires s-track resahution Spatial sampling Instrumemnt naise
[V, H, and RC) [km [km (K= kmi) (K]
1935 H. W 13 47 45 %74 L35
2235 W 73 47 4574 45
EFi] H. W 41 E] | ZH =45 w22
503 H 176 ns EPETk T 34
528 H 176 ns3 EPETE T 032
53596 H 176 N3 E PR L33
544 H 176 N3 5=E5 L33
555 H 176 ns3 EPETE T 34
57249 RC 176 n3 5315 41
594 R 176 N3 5=E5 40
63285248 +0 285371 RC 176 ns3 15 %75 17
60792668 + 0357892 RC 176 n3 575 17
G0T92668 + — 0357892 + 002 R 17.6 | 575 14
60792668 + 0357892 + 0005 RC 17.6 ns 15 %75 13
60792668 +0357892 + 0L G RC 176 ns3 15 %75 08
60792668 +0357892 + 0050 R 176 N3 575 i
91 665 H. W 14 i3 1316 ig ICI-like
131] 1 14 13 15 16 a3
183311 +1 H 14 13 1316 38
1833113 H 14 13 1316 L34
183311+ 66 H 14 13 13 16 {L56
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Ross Ice Shelf

GROUNDING LINE

GROUNDED ICE —1250
ICE SHELF
OCEAN 4
GROUND 245
Problems: 1540
- ice shelfs are in Et:
movement ... but, their . d 2
average speed is from 300- ¢ - 235 -
1000 meters/year -
- the grounding line dataset is 230
useless ...!?
Amery Ice Shelf 995
Filchner-Ronne
220

Ice Shelf 0
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@MOW Task I. (SH) Ice shelves - Exploiting Sentinel | SAR

C band SAR

Centre frequency: 5.405 GHz
* Polarisation:

VV+VH, HH+HYV, HH, VV
« Incidence angle: 20° - 45°
« Radiometric accuracy: | dB

Totn] Frontal Areas during Operntion Tifetime (12years): [~

{0° Wanw Steering): 544 e 2
.5.9

Mean frontal area during operational lifetime: 6.2 m?

Modes, Swatch Widths and Resolutions
* Strip Map Mode:
80 km swath, 5 x 5 m spatial resolution
* Interferometric Wide Swath:
250 km swath, 5 x 20 m spatial
resolution
* Extra-Wide Swath Mode:
400 km swath, 20 x 40 m spatial
resolution
¢  Wave-Mode: e Ml e
20 x 20 km, 5 x 5 m spatial resolution.

B

Flight Direction

Wave Mode

Mode Mode
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x10° SAR
i Ross ice shelf
Example of Sentinel-1 SAR
image (EW mode) backscattering
- coefficient, to extract a contour
used as reference within TCM

0.5 1 15 5 25 3
X [ml x10°

6 SSMIS
x10 240

Ross ice shelf

« Edge detection SSMIS brightness temperature
e over the Ross ice shelf from
SSMIS F17 at 18317 GHz
(horizontally polarized)

N
w
(&)}

K] 183.31+£6.6 GHz

N
w
o

225 =

T

220
0.5 1 1.5 2 25 3

X [m] x10°
The red line represents the GSHHG shoreline database and black markers are
provided by edge detection from SSMIS radiometric image
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Titicaca lake

Titicaca lake is a large, deep lake in the
Andes on the border of Bolivia and
Peru. It has a surface of about 8372
kmZ2 and an elevation o f 3812 m

Reference source: GSHHG (Global Self-
consistent Hierarchical High-resolution
Geography, Wessel-Smith , JGR SE 1996)
shoreline database

2R 200

ml,
—GSHHG database | AT
extracted contour

mT,

GSHHG database
—gafractod conlowur

Fa
=

k=] TS ErHe

270
-16

Latitude
=

Latitude

[K] 1835 Hz

2]
3
i ]
[
=3
]

A7

; L P -18 B '
<f1 <705 70 H85 H9 HOS HB O H75 -f1 -f05 -f0 <B95 4H3 -GBS HL £V

Longitude Longifude
EXAMPLE. Brightness temperature image at 183+6.6 GHz H over Titicaca lake with SSMIS F17
on 2016/05/31 (left) and 2016/07/31 (right). The red markers represent the GSHHG shoreline
database and black markers are provided by Canny edge detection from radiometric images..
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Task |. Parallax error correction for high targets

* The satellite coordinates are projected on WGS84 (ellipsoid)
* If a target 1s above the sea level

satellite

It is necessary to correct the
coordinates introducing Digital
Elevation Model (DEM):

nadir

d ACE2 , 2 DEM

« SRTM30 /!

+ SRTM3 e

+ GTOPO 30 /L earth
uncorrected  corrected
location location

S Final Meeting — 26 January 2021 — GAMES Project
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@ Mojoll Task |. Parallax correction with DEM

For each single grid point

17.1

17.15

lat
9.3 938 693 936 03 60 o

lon

LEGEND
e Line of sight
* 4 nearest points of DEM

* First point of the line of sight that has an altitude lower
than DEM

Corrected coordinates of surface

Example: Titicaca lake

Satellite track

Note: parallax correction must be
carried out for the whole image

MWI-ICI SAG meeting — 24-25 Nov. 2016 — Frank S. Marzano
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@) Motol Task |. (SH) Mountain chain slopes - Andes

Andean mountains

Andean mountains are the longest
continental mountain range in the world,
forming a continuous highland a long the
western edge of South America.

Reference source: GTOPO30 digital
elevation model (Gesh et al., Eos Trans.

1999)
-16 -16
: 4000
AT~ 17
3 - =\ % 3000 §
=-18 =-18 >
© T 2000 &
19 19 000
-20 -20 0
72 715 71 705 -70 695 -69 -68.5 72 715 71 705 -70 695 -69 -68.5
Longitude o _ Longitude
Brightness temperature over Andean mountains from Digital elevation model (DEM), over Andean

SSMIS F17 at 183+6.6 GHz (H polarized) on 2016/07/14 Mountains.




Qinghai lake

Qinghai Lake (or Ch'inghai Lake) is the largest
lake in China. Located in an endorheic basin in
Qinghai Province, to which it gave its name,
Qinghai Lake is classified as an alkaline salt lake

Reference source: GSHHG (Global Self-
consistent Hierarchical High-resolution
Geography, 1996) shoreline database

250

250

T B
—ESHHG dalabase I

ara B
—G5HHG database I _ i "
+ Radiometric conlour 245 = " + Radiometric contour| 245 =
o 10 - -
E 37 = = x
e 2 G 9
-l 240 = — 240 =z
[ =
36,35
235 235
9.5 100 100.5 101 995 100 100.5 101
Longitude Longitude

EXAMPLE. Brightness temperature image at 183+6.6 GHz H over Qinghai lake with SSMIS
F17 on 2016/12/01 (left) and 2016/12/02 (right). The red line represents the GSHHG shoreline
database and black markers are provided by Canny edge detection from radiometric image.
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@) Motol Task |I. (NH) Mountain chain slopes - Karakorum

Karakorum mountains

Large mountain range spanning the borders
between Pakistan, India and China with the
northwest extremity of the range extending

to Afghanistan and Tajikistan

Reference source: GTOPO30 digital
elevation model (Gesh et al., Eos Trans.
1999)

| TOHHD

T B0
i = -
o £ 0 5000 §
o 250 o _.: k]
w = = 4000
-1 " | =
o o

=
[

(4]
H

2000

: . 260
355 T
b - ‘ -
: 2]
7B Tr 7B T4 BO

Langibudes Locarcjifiunc

Brightness temperature over Andean mountains from Digital elevation model (DEM), over Andean
SSMIS F17 at 183+6.6 GHz (H polarized) on 2016/10/19 Mountains.
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Task 1. (NH) High-latitude bay - Hudson

Hudson bay

Large body of saltwater in northeastern Canada
with a surface area of 1,230,000 km>.

Reference source: GSHHG (Global Self-
consistent Hierarchical High-resolution
Geography, 1996) shoreline database

a2

a7

il
G B85 84 43 =2 - B> BB BB 6T

B2

61 5 &1

50 b B0
E H 'E
i 54 23h 2

™ = 2 -
i - -

LT 2w = ez

&/

S

=1

Hb S a3 a2 11 B0 g Bl ur
LP::lI'IEt‘Ith | Atk

EXAMPLE. Brightness temperature image at 183+6.6 GHz H over the Hudson bay with SSMIS
F17 on 2016/01/27 (left) and 2016/02/11 (right). The red line represents the GSHHG shoreline
database and black markers are provided by Canny edge detection from radiometric image.
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@ Moew

Task 1. (NH) High-latitude strit - Nares

Nares Strait

Nares Strait, that is a waterway between
Ellesmere Island and Greenland that connects the
northern part of Baffin Bay with the Lincoln Sea

Reference sources: GSHHG (Global Self-
consistent Hierarchical High-resolution
Geography, 1996) shoreline database and
Setninel-1 SAR contour detection

A7 -1 6 A5 14 1.3 15 1.43 14 1.35 13
X 10" b iy

EXAMPLE. Brightness temperature image at 183+6.6 GHz H over Nares Strait from SSMIS

F17 on 2016/11/02 (left), the black line is provided by GSHHG shoreline database. SENTINEL
1 IW-GRD on 2017/01/12 (right)
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* GAMES project

« GAMES rationale and objectives
* Task |I. Landmark target methodology
o Searching for ICl surface landmark targets
o Results of IC| geolocation assessment
* Task 2. Atmospheric target approach
o ICl absolute geolocation using DCC and WVM
o ICl relative geolocation using BG approach
* Task 3. Geolocation algorithm implementation

e Conclusion
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@ MotoW

Task I. Geolocation assessment targets

9 selected landmark targets: 4 in NH, 5 in SH
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Task |I. Automatic clear-air target image selection

Along the entire year we have many swaths covering different targets
e.g.. - Ross ice shelf more than 2000 samples
- Qinghai lake more than 600 samples

Each satellite swath can be used ff.
* No presence of clouds within the region of interest (ROI)
« High enough BT contrast to extract the contour

GOAL.: apply a fuzzy-logic approach to discriminate cloudy/clear regions

Theory of fuzzy sets (L. Zadeh, 1965-68)
1. Fuzzification step: memership function and inference function
2. Defuzzification step: output value and decision

Defuzzification
step

All swaths
containing target

S Final Meeting — 26 January 2021 — GAMES Project
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@ Mojoll Task |. Clear-air target selection: defuzzification step

Example: Qinghai Lake

A - I(x) = M;(x) M(x)
N

375
1'245 :: 10 Qinghai Lake
g : ;
A ot}
2 37 o 240 2
[{v] il ]
| e 5: g
235 & 2
> : ki
230 0.3 0.4 0.5 08 0.7 0.8 0.9 1
994 996 998 100 1002 1004 1006 1008 101 Inference function
Longitude
Image can be used if [ ()2 Lipreshola
" _::: -
_(linear ATy = ATg 1. osnota Iy linear Error < Errotinreshold
2 — ~> 1 —
= , - 06
02 ”
¢ : " T, c(‘bfﬂms‘ zu # 3-: 02, 5 10 15 20 25 30

Geolocation error [km])
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@MOHIOW Task |I. Target contour matching (TCM) algorithm

CONTOUR EXTRACTION - EDGE DETECTION APPROACHES

e the Canny approach [9] to extract a line. This method consists of the following main steps: Al targgts exgept
1. Convolution with Gaussian filter coefficient mountain chain slopes
2. Convolution with Canny filter for hornizontal and verfical onientation
3. Calculating directions using atan?
4 Thresholding

e the Sobel filter [13] to obtain a gradient map. This method consists of the following main steps:  Mountain chain
1. Convolution with two matrices to compute the derivative along x and v slopes
2. Compufing the gradient magnitude
Target contour matching (TCM) — Landmark

Satellite
MWI/ICI

Fast normalized cross-correlation (FNC) BT image
(Canny, TPAAI, 1986)

Target with high
BT contrast

- - ” Digital |
Z:[f{l.J?}_fu:T] [F{I_H-J.‘_P}_I] MEI;:?H:EDM} Parallatx error
‘:[r (f {. -‘I) — _? 0.5 '. Atmospheric . " correction
{ Z I:';IF“I::T']I } fu ¥ [F{I_H-J?_-F}_ I:I } ‘ “;EE';T:_ Contour upsampling and
* target extraction
. . . . Contour
Registration in the frequency domain (RFD) matching
(Guizar-Sicairos et al., OL, , 1986) SR

Geolocation
error assessment
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@ Task . Geolocation assessment — Result table

Database

e SSMIS TB data
e Channel 183+6.6 GHz H

* Year 2016
* (Year 2017)

* 9 landmark targets

Geolocation Geolocation Cloud-masked
Target error error yearly sample Notes
mean value standard number
[km] deviation [km] | (percentage)
Northern hemisphere (NH)
Qi I T I e
Karakorum mountains 4.47 1.86 302 (42.6%) | 1eats, Urelul sblowe paern,
Hudson Bay 5.28 2.56 135 (49.0%) |t shilt directions are sampled
Nares strait 4.55 1.65 S87 (27.5%) | suton paom oM
NH average value 4.9 km 2.0 km
Southern hemisphere (SH)
Ross ice shelf 530 2.18 725 (31.1%) ﬁ}jﬁgairﬁiyglf;gi‘;ﬁgfgmﬁoun
Filchner-Ronne ice shelf 431 1.89 541(22.9%) | Sharp high-esolution  contour
Amery ice shelf 5.32 2.27 242 (19.5 %) | i e o
I
Andean mounains 570 Los | 17700 | BE e e et
SH average value 4.7 km 2.2 km
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@) Mojol Task l. Geolocation assessment — Result bars

E . . I T I

m

Ross Ronne Amery  Titicaca Qinghai  Hudson  NMares  Andean Karakorum

=7

on

Geolocation error [km]
] £

%]

Database

« SSMIS TB data

* Ch.: 18346.6 GHz H
* Year 2016

* Year 2017

* 9landmark targets

»
lanzadgad Station (44373,
orum fbuntaing, al

Oriin

ke qu@héﬁf
Nd

Lak&'Tilicacy, 45 W/
Andean fountains

7 Amery ice shel]
FilchnersRonne ice shielf, e
— McMurdo Station (89
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Task I. Geolocation assessment - Sensitivity

Sensitivity parameter Result standard deviation [km]
Interpolation-grid spatial resolution 0.62
Spatial interpolation method 0.01
Cross-correlation technique 0.04

A =V(0.622+0.012+0.042) ~ 0.62 km

The most important parameter in the geolocation assessment methodology is
the spatial resolution of the interpolation grid (set to 5-km nominal value)

Impact of I = inference function
— Filchner-R - 2016/06/21 ~— __Filchner-Ronne - 2016/08/02
FL cloud E15 pmoms e
i 5 | e, | B i ‘ -
masking B | gmmom .. I = 0.86 B | S : 1 =0.96
o c ) ’ = 10 - 4
inference  §" : %
[
(=]
thresholds $ 3
& 5 o 5
- =
o w
g £
g o g o

=

5 10 15 5 10 15
Imposed geolocation error [km] Imposed geolocation error [km]

=1
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@I Task I. Geolocation assessment — Detectability

Landmark target ‘ Contour reference source ‘ Detectability/day

Northern hemisphere “Nares Steat

Qinghai lake GSHHG 1 o HudscrBag . <)
Karakorum mountains DEM 1 [ s '_kz:;zgrzua:g:ifn‘::;mmiakeQ.ng};{
Hudson Bay GSHHG 1 N )
Nares Strait SAR 4-6

Southern hemisphere

Lak&"Titicaca, 4w/
Andean rountains

Ross Antarctic ice shelf SAR 4-6

Filchner-Ronne Antarctic ice shelf SAR 4-6

Amery Antarctic ice shelf SAR 3-5 e _ Amery icoshelf, o

Titicaca lake GSHHG 1 ‘)F;”f«h”,e‘iR"””e fooshiely, N

Andean mountains DEM 1

6”[ = 1% Sth = 2%
Target
Nopt Noptdd Nopt Noptdd NO TE

Qinghai lake £ £ 54 54 Nop: Optimal number of target
overpasses to stabilize both

Karakorum mountains ! ! ! °! mean and standard deviation of

Hudson Bay 61 61 60 60 the error geolocation

Nares strait 518 130 446 12 Noptag- OPtimal number of days to

. stabilize both mean and

Ross ice shelf 286 72 166 42 ..
standard deviation of the error

Filchner-Ronne ice shelf 245 62 80 20 geolocation

Amery ice shelf 142 36 127 31

Titicaca lake - - 16 16
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Conclusions on Task | and future work

+  Using the 183:6.6 GHz H |
from SSMIS F17 using a Assessing the Spaceborne 183.31-GHz Radiometric

whole year dataset (2016) Channel Geolocation Using High-Altitude

we obtain an overall Lakes, Ice Shelves, and SAR Imagery

estimate of geolocation
assessment error with a:

1 Abstract—The goal of this work is to perform the geolocation part of the EUMETSAT Polar System—Second Generation s

O dave rage Value Of about = error assessment of the channel imagery at 18331 GHz of (EPS.SG) [1]. [2] system. ICI will be on board of the o

k : the Special Sensor Microwave ImagerfSounder (SSMIS). The  \foron QG catellite B series. to snan a total onerational lifetime
: "'"——'Wuverength lem)

O Standard deViation Of 10030 31.51 0.5 0.3 0,2 0.15 0.12 0.10

Mario Papa™, Vinia Mattioli™, Member, IEEE, Janja Avbelj, and Frank Silvio Marzano™, Fellow, IEEE

— = - \'\;aier apor lsnr tion n 1— : ]
about 2.1 km A Z e e
- Oxygen Absorption Bands
© 80| 35GHz
= Window
§ nof f
The standard atmosphere is S sl
on average more transparent 2 aof 135 G
at 243 GHz than 183 GHz, so 2 °or 243 GHz
= 20
that further work should <
focus on the investigation of ok e o 8 o .

ICI-4 (243+2.5 GHz H) Frequency (GHz)
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ERA 5 (ECMWF Re-Analyses 5)

* 3D atmospheric variables to simulate the entire scene
e 31| km of spatial resolution

* 137 vertical levels

ICI channels simulation - 1D radiative transfer model

Global scale

profiles (ERAS) 30-km resolution

resampled at 15 km

Simulating BT at ICI 243-GHz

I. Use ERAS as input resampled at |5 km L

2. Use a radiative transfer code GFUUD—o RTM @mﬁb
3. Estimate surface emissivity

4. Simulate BT at |5-km resolution 15-4mlresolution 157km FEEGM’G”

SSMIS December 1, 2016 at 11:00 UTC

Qinghai, 53°, 2432.5 GHz (V) - Qinghai, 53°, 243£2.5 GHz (H) -

& )

5 =

junt -z

(] ) (O] ]
© vy ° - 2]
= 200y 2 2704
g a8 3
= =
= £

‘ ‘ A ‘ ‘ | 265
/s @ 95 100 W05 101 1015 985 99 995 100 1005 101 1015
Longitude Longitude

BT simulations for ICI-4 at horizontal polarization show better BT contrast
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Surface emissivity estimator

From radiative transfer equation:
Bsat = €5 BS t + Bup_l' Bdw(l o es)t + Bbg (1 o es) tz

we can estimate the surface emissivity (&5)
SSMIS December 1, 2016 at 11:00 UTC

- (Bsat_Bup‘l' Baw t— Bpg tz) ‘Surface emissivity over Qinghai Lake at 150 GHz

s = > 0.9
38| % 1108
* By, 1s the satellite brightness - 07
. . [4b) TN
* B, is the surface brightness T 37 “ S
« e, is the surface emissivity = - 063
* tis the transmittance. 36" - 05 &,
* B, is the atmospheric upwelling, °
* By 1s the atmospheric downwelling and 35~ ‘ _fos4

* By, represents the background contributior | . |
98.5 99 99.5 100 100.5 101 101.5

Longitude

The estimated surface emissivity can show errors due to:

* low spatial resolution of surface variables provided by ERA-5

* unrealistic values of surface emissivity

* radiative transfer plane-parallel and specular surface assumptions
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@ Mojoll Blended ANN Microwave Imager Simulator

BAMIS (Blended ANN Microwave Imager Simulator)

Global scale
prafiles (ERAS) 30-km resolution
rasampled at 15 km

Emissivity
| estimation

15-km resolution

15-km resolutic

o
TESSEM?
TELSEM?

D —

Frequency

scaling

)
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15-km|resolution

RTM

@'m {fD

15-km|resolution




Inputs:
l.
2.
3.

ICI simulation — ANN to reconstruct 243 GHz

Feed-forward MLP neural network (1 HL, 10 nodes)

MNeural Network

Hidden Otk
4 4 =
‘ TB at 243 GHz (H) ‘
TB at 150 GHz (H)
Brightness temperature over Qinghai Lake at 243 GHz (ANN)
TB at 183.31+6.6 GHz (H) | | 260

. . 38 255
ERA5-based atmospheric transmittance at

o N 250 :IE
3o RN .
i'u 36 \ 240 Em
Pixel latitude - i

235

230

y

Pixel longitude ‘
98.5 99 99.5 100 100.5 101 101.5

Longitude




Bias=4.2798
260 spoizen3

Qinghai - 2016/12/16

R?=0.9503
Offset=6.0886
Slope=0.99275

230 240 250 260
Simulated

22-30 24-10 250
Simulated

Results obtained for 2

test cases using 7 cases to
train the ANN (3917
pixels)

Results for Qinghai lake from October 2016 to December 2016

Geolocation accuracy

Source Ge(ﬂ;f:::“; z{tl;cr:l]racy standard deviation
8 [km]
+
183.31+6.6 GHz (H) SSMIS 4.98 515
183.31+6.6 GHz (H) ANN 5.61 2.59
243.242.5 GHz (H) ANN 5.94 2.31
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* GAMES project

« GAMES rationale and objectives
 Task |I. Landmark target methodology
o Searching for ICl surface landmark targets
o Results of IC| geolocation assessment
* Task 2. Atmospheric target approach
o ICl absolute geolocation using DCC and WVM
o ICl relative geolocation using BG approach

* Task 3. Geolocation algorithm implementation

Conclusion
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DEM database
Coastline database
SAR imagery

GEO satellite image

High-resolution target
reference contour

N

Parallax error
correction

Reference contour
downsampling

Contour
matching

Geolocation

error assessment

Atmospheric
weighting-
function
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Task 2. Atmospheric targets for geolocation

<+ Motivation:
> Geolocation is traditionally performed looking at water-land separation
> |Cl channels (f2325 GHz) have no chance to sample the surface.

+ Goal
> Exploit atmospheric features for geolocating ICl channels.

Advantages: No need to have surface visibility for all channels
Likelihood to sample robust statistic during sat. overpasses

Drawbacks: Atmospheric features vary in space and time and among channels.

Use of external information for the absolute approach.
Need for an automated selection of the region of interest

<+ Methodology

> Absolute geolocation:
m Look at microwave (PMW) 183 GHz signature of Atmo targets (i.e.
Deep convective clouds and water vapor masses)
m Combine infrared (reference IR) and MW observations to geolocate
m Existing satellite platforms are considered
> Relative geolocation

m Look at the relative Atmo. signatures among ICl ch.s (f>183GHz)
with respect to a pivot reference channel.
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@ Task 2. Data set used for absolute geolocation

Algorithm training:

17 Case studies selected orbits
and target areas with GMI-SSMIS
and DPR/CPR

Algorithm preliminary assessment:

17 days (all orbits) with SSMIS-
MSG

Algorithm extensive validation :

3 months of SSMIS-MSG
observations (all orbits)

Case Study

mm-ﬂdﬁmhwm—g
g

-0

Case Study
Daie
23108 2014
28/032017
17/1172015
19/03:2016
184032016
DEMZ201T
2TN22015
21072016
D4/06/2015
24/04/2014
D5/0%2013

Case Study Case Study

Mumber

Date
25102014
180272011

12-13/08/2010
18082012
191172009
2022010

Targat Aroa
Latifude Long tude
(3N 30E
D45 32E
05N 52W

06s 29E
15 B6E
125 45W
135 63E
185 49w
22M 16E
M5 3TE
41N 14E

Target
Araa

Central Europe
Central Europe
Europe
Atlantic Dcean
Africa

Atlantic Ocean

GEC-VISIR
Radiomater
SEVIRI
SEVIRI
SEVIRI

SEVIRI
SEVIRI
SEVIRI
EEVIRI
SEVIRI
SEVIRI
SEVIRI
SEVIRI

GEQ-VISIR
Radiometer

SEVIRI
SEVIRI
SEVIRI
SEVIRI
SEVIRI
SEVIRI

LEO-MW
Radiomater
GMI ATMS
GMI ATMS

GMI MHS

GMI

GMI ATMS

GMI ATMS
GMI

GMI ATMS

GMI ATMS
GMI
GMI MHS

LEC-MW
Radiometer

SIMIS-MHS
SEMIS-MHS
SEMIS-MHS
SE5MIS-MHS
S3MIS-MHS
S3MIS-MHS

Othar Coincadent

A-Train
B Tram
A-Train
B-Train
A-Train
A-Train
A-Train
A-Train
A-Tramn
A-Train

VU pattemn
Typology
Almospheric River
Atmospheric River
Py anomaly
Almospheric River
Almospheric River
Almospheric River
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@) Mojoll Outline

* GAMES project

« GAMES rationale and objectives
 Task |I. Landmark target methodology
o Searching for ICl surface landmark targets
o Results of IC| geolocation assessment
* Task 2. Atmospheric target approach
o ICl| absolute geolocation using DCC and WVM
o ICl relative geolocation using BG approach
* Task 3. Geolocation algorithm implementation

e Conclusion
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M Task 2. Absolute geolocation using DCC

Absolute geolocation criterion:
comparison of existing PMW |83 GHz LEO imagery with Thermal InfraRed (TIR)
GEO MSG satellite data pattern for deep convective precipitating clouds

Deep Convective Clouds (DCC)

ISSUES

O The contour matching is difficult to use, SEVIRI| and PMWV are not always
consistent with each other for DCC (low correlations between TIR and MW).

o Different view geometry of SEVIRI and PMW is not obvious and might introduce
relevant errors (parallax and distortion) depending on Cloud Top Height (CTH).

o CTH knowledge is limited for convective cores (especially for overshooting tops)
that are not in thermal equilibrium. A CTH retrieval specialized for DCC using TIR
and NWP forecast profiles has been developed,

O Errors due to view geometry are difficult to adequately compensate for, and these
errors can strongly deteriorate the final result.
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Task 2. Detection of DCC from MW and IR data

Hong et al 2004

MW

soo | AT 17> AT 13> AT37= 0 K
g ERET -y
I S o — B GH2 s :_ﬂ:
E 250 Fy o ‘“*u. el
il apo “-'-\-N_-h_-..- . .:.: 290 CHr :.I' Jr,;
E e e, ol
= B e
g 180} e E. IS :
H 183581 GHE o A i
E ol 183545 GHE N 1":'"\ ] ]
6 183,307 GHr ]

il — AT =T [1B3 521 =T (163 327} M .4

O ) L s |
= —— BTy 1BS 521)-T (185 325} \ 9
—Z0 L ATp=T,[1B5523)-T (1E5.327) e
T PRRETETENY FESTETEE T FTEETRRTEY FERTIPRTE] FETIETETTY P

Haght {km]

SE TG 2219300 J2200U0 22100 LA 222500
Tma UTC (Januorng 25, T993)

Nodi EDOP rador reflectisity (d82)

IR

Simplified method for Area selection:

TB 10.8 uym < 215
Bedka (2010), Brunner et al. (2007)
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@ Task 2. MW and IR region-of-interest selection DCC

B ORI W W2 F B BIBIEIEIRIEEIEE E BN R W E 6 EIBIFIRIEIR2EIENE E
o, . L .. g i O S . -
. g = e 260 A B
54" 57 et - e : 547N [y _?){:"'“T‘ e 300
. 1 m Jori of . | i Hi Fier L -
el e g - 627 N [ -t A | Eodo
- .."l.' L -"\"' b - - { i
50° M |ES e e T SSMIS 500 M|
. . = 740 N
48" N e ATB 183 +1 GHz ‘ 48" N
. ) ! .
46 N : R 46 N
44’ N o e e s R 44" N
42" N Tl L Y 320 42" T
s " o L L L s L
4’ N = itk U a0’ N
L o i e A= EL
3ﬂ_rq 4 e [-i5 - - BE-_N
3N i folind { 3N
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@ Task 2. Parallax correction for DCC flowchart

—)[Eg=n~rgmax[f.'}]\ . . o
& Correlation Coefficient Matrix is
Correlation calculated direclty without using Fourier
e 1 Coefficient Transform (Masked Data)
Convolution J Matrix
[ — C(s8.5¢) PC TByay 20 steps of 0.02° in N-S E-W directions
4= Set pointing Than 20 steps of 0.002° around argmax(C)
| error (36.5¢)
1 PC T8 f
t | Cokrelation Coefficient Matrix
d=4.76 km
0.4 0.7
‘E ?0°F 22°FE 24 FE 26 E 18°F 20 F 22°F 24°FE 26 E
I'-'ISE TB 10. B;Lm Parallax Corrected 330 SSMIS TB 183+ 1 Parallax Corrected — 0.3
4w L TR S wnl o wg T 02 0.65 £
' # “E ' ' _ﬁ’ ‘=: ; 220 ¥ E 0.1 %
2N “”E 12° N e % “"*1 2005 £ 06 =
= i T & e 105w -
} 200 = } - ' we s S -01 2
I::I N = ]0 N il L] :. T N = E tl'_n
e b bt i) 190 ®.02 055 3
0.3
0.4 0.5
04 02 0 0.2 0.4

Longitude shift [deg]
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Task 2. DCC algorithm flowchart

MW ROI Definition Block | | Geolocation Error ,_,[ 8 = argmax(C) |
QWD 7 SEVIRI Estimate Block a
' . I Correlation
Obs. TByw Full Disk Antenna Coefficient
Geog. Select. Obs. TBjg Gﬂﬂvﬂlﬂhﬂﬂj Matrix
VLat? + Lon? < 55° ( — C(s8.5¢) PC TBMW
+ Set pointing
L error (38,5¢) I Parallax
LI PC TBjr 1 Compensation ]
. Parallax PC CTHg (p
 ver MW [ Compensation (p) | ! CTHym
' 1 $78,  ToTH o
- Cloud Height rojection on Antenng
MW DCC IR DCC t Bt MW LOS (pypd Convolution
Identification Identification h
ATy ATy ATa7> 0 K L TByge< 215K MW DCC
Identification

TBrR AT i3> AT 33> ATy2> 0K

P "‘:-f:._IE_\.-"_IIi_l'""“\I

ROl

Final Meeting — 26 January 2021 - GAMES Project



SAPIENZA

'UNIVERSITA DI ROMA

@MOW Task 2. Summary on DCC absolute geolocation

Absolute geolocation criterion:
comparison of existing PMW 183 GHz LEO imagery with Thermal InfraRed (TIR)
GEO MSG satellite data pattern for deep convective precipitating clouds

Deep Convective Clouds (DCC)

. Cloud Top Height Uncertainties:

We assumed no water vapor absorption over the cloud
And an IR cloud emissivity = 1

Temperature profile input has its own errors

During the updraft phase (OT or not), the cloud is not in thermal equilibrium with the environment
Lapse rate 8 K/km for overshooting tops is an average value

b wh =

*+ Relation between thermal IR and MW:
Thermal IR is sensible to CTH and mean radius at cloud top
183 GHz MW to scattering from dense and high ice

1. The correlation between IR and MW is usually weak

2. Presence of cirrus clouds (or plumes) over the Deep Convective Cloud may further de-correlate them
3. Extreme events with very strong and long lasting updrafts follow a different T-Tb;, relation

Achieved error average is of the order of 5.3 km and the RMSE is of the order of | 1.0 km.

Days Orbits in MSG Num. of N total N Good

Erro Mean Erro Std Mean
FD area SSMIS ROI ROI Distance km  Distance km correlation
segments
17 180 203 170 109 9,7 5,33 0.71
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Task 2. Issues on absolute geolocation using WVM

Absolute geolocation criterion:
comparison of existing PMW [83-GHz LEO imagery with Water-Vapor InfraRed
(WVIR) GEO MSG satellite data pattern due to atmospheric humidity gradients
(e.g., atmospheric WYV rivers or stratospheric intrusions)

Woater Vapor Masses (WVM)

Showing a coastal-like pattern with a pronounced gradient in both MSG and

PMWV signatures.
.

AW 2 W 0 2 E aw W 0 2'E

orb019 roi001 cc0.86158

265 |

255 |

250 |
245 ¢
240

230 235 |

MSG TB 6.4p {K]

230 |

230 240 250 260
SSMIS TBx [K]

38
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Task 2. Weighting functions for WVM

Absolute geolocation (Comparison of existing PMW 183 GHz with IR MSG)
Woater Vapor Masses (WVM).

O Shows a coastal-like pattern with a pronounced gradient in both MSG and PMWV signatures.

O Linear combination of weighting functions (WF) of PMW seems to be consistent with that of MSG-
SEVIRI WV 6.2 um thus facilitating the agreement between the two sources.

O For the quantitative analysis we used an average SSMIS TBx=1/2*[TB(183+1)+TB(18313)]

O In terms of ICl| WF those at ICI-8: 448+7.2 , IC|-7: 325+1|.5 and |Cl-| |: 664+4.2 seems to be
consistent with SEVIRI WV 6.2 um.

Standard mid-latitude SSMIS standard mid-latitude ICI standard mid-latitude
summer Nadir Summer 53.2° Summer 53.1°

lch 4R 39 100, iy

Lhoo3r WY bt — 143311

1831 —{ 152 + th )12

g

SEVIRIWV 6.2 pm

8

lch 7: R8T

-

1

—[243.242.5
—325.1549.5
= = 325.15+3.5
mumn 32515515
— 448+7.2
= = 448+3.0
== 448+1.4
e 664+4.2

i

Pressure [hiPa)

Pressure [hPa]
g

'ﬁ'ﬁgé

o L

1000

0z o4 08 [T
Normalized weighting function

0.5 01 0.15 02 O 0.05 0.1 0.15 0.2 0.25
Normalized weighting function Normalized weighting function
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@) Mojoll Task 2. WVM flow diagram
W ROI Definition Block Geolocation Error
orbit SEVIRI Estimate Block H EE — argmanic) ]
| Obs. TByy, Full Disk -
| Cross ]
Geog. Select. Obs. T8 J V7B, | Correlation | ViBuw
Lat?+ Lon? < 55" | (56, 5g) |
Regrid
sz 5:::" IR Cloud MW Cloud
Erl_* Identification Identification
_ : and Gap Filling and Gap Flling
MW Cloud Mnhmg] IR Cloud Masking T e T V1B
m ‘ .
TE Gradient TB Gradient
[ bl UL Caloulation Calculation
| Identification f .

SEVIRI By
ROI A
RO
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@ Mojoll Task 2. WVM region of interest detection

B W e e & 6 B1B1RLE SSMIS [E

MW Cloud masking: o |
TB1g3.3 = TBg34< 10 K g

IR Cloud masking: 8

36 H

TB'“].H < 260 K ;::

MW Feature Identification: 22 W

IV(TBx)|* > 100

1
I'Bx = /2 (Tﬂwaﬂ + TB'IEEtl] B

]

1270

24(]

T il ol ol i il

230

e ke
g i
S NN T T T T T S

210

B
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O oo o o i i
=t i
]

200
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Task 2. IR-MW BT spatial correlation
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Task 2. Summary for WVM absolute geolocation

Absolute geolocation (Comparison of existing PMW 183 GHz with IR MSG)
Woater Vapor Masses (WVM).

O WVM shows a coastal-like pattern with a pronounced gradient in both MSG and PMW
sighatures (For the quantitative analysis we used an average SSMIS
TBx=1/2%[TB(183x1)+TB(183£3)]).

O Linear combination of weighting functions (WF) of PMW seems to be consistent with
that of MSG-SEVIRI WV 6.2 pm

O In terms of |ICl WF those at ICI-8: 448+7.2 , ICI-7: 325+1.5 and ICI-| |: 664+4.2 seems to
be consistent with SEVIRI WV 6.2 pum.

O When considering the correlation between MSG and PMW of detected WVM in terms of

its spatial gradient, for a long period of , the estimated PMWV geolocation
and the
N Days Orbits in MSG N SSMIS N Total N Good Error Mean Error Std Mean
FD area segments ROI ROI Distance km  Distance km correlation
17 180 203 152 35 3.30 3.72 0.63
90 969 2871 591 95 3.64 3.60 0.66
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Conclusions on Task 2 ICI absolute geolocation

» DCC Drawbacks: » WV Drawbacks:
— Is more complex algorithm — Low number of usable targets
— Has a lower accuracy with respect — Has a lower accuracy with respect to
to landmark landmark (but higher than DCC)
» DCC Advantage: « WV Advantage:
— High occurrence of targets — |Is less complex algorithm
— In areas without landmarks — In areas without landmarks
— Targets with strong contrast in MW — Targets often with simple coast-like shape
Target|Detectability/day| Discarded samples Geolocation Geolocation accuracy
[ percentage ] accuracy average standard deviation [km]
[km]
Deep Convective| 10 (MSG only) 35.9 % 9.7 5,33
Clouds
Water Vapor Features| 7-8 (MSG only) 7T-84 % 3.13 3.69
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@) Mojoll Outline

* GAMES project

« GAMES rationale and objectives
* Task |I. Landmark target methodology
o Searching for ICl surface landmark targets
o Results of IC| geolocation assessment
* Task 2. Atmospheric target approach
o ICl absolute geolocation using DCC and WVM
o ICl relative geolocation using BG approach
* Task 3. Geolocation algorithm implementation

e Conclusion
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Task 2. Goal of the relative Geolocation

® Goal: estimate the FOVs geolocation errors for each ICl-ich wrt. ICl-rf
® Assume a reference (rf) ch. perfectly geolocated ICI-rf (e.g. using land marks)
® Since ICl nominal FOVs point differently a FOV remapping is considered.

>> |Cl-ich remapped onto [CI-rf

ICI Field of View positions

&g

1.2 v

£ /‘

v Q N ICI-8V
1.0 \IC1V

0.8 \
\H
ICI-4V o g
0.6 : > .o
\
N~/

173.2 173.4 173.6 173.8 174.0

v
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Task 2. Simulated dataset for ICl geolocation

* Simulations are provided by MolFlow (tech. Report TR/BG/MWI-ICI Issue 1.0, Rev. | )
* ERAS INPUT fields
— Horizontal resolution (0.25" about 30 km)
—  Vertical resolution variable up to an altitude of 80 km
—  Time sampling | hour
—  Data considered (Metop-A orbits)
*  orbit 4655 and 4656: from 08:00 to 13:00 UTC from forecast@?2007-09-12T06:00:00
*  orbit 6985: from 08:00 to | 1:00 UTC from forecast (@2008-02-23T06:00:00
*  orbit 9744: from 13:00 to 16:00 UTC from forecast (@2008-09-04T06:00:00

* Tg OUTPUT fields

— MWIVI/ICI sensor’s characteristics considered

— Four orbit considered
*  Orbit 4655 on 2007-5ept-12 from 08:43:03 to 2007-Sept-12 10:22:03
*  Orbit 4656 on 2007-Sept-12 10:22:03 to 2007-Sept-12 [2:04:03
*  Orbit 6985 on 2008-Feb-23 08:46:03 to 2008-Feb-23 10:28:03
*  Orbit 9744 on 2008-5ept-04 13:37:26 to 2008-Sept-04 15:16:22

— Core calculations are performed by ARTS v2.3.x (Buehler et al., 2018)

The simulated dataset is used to verify Deep convective clouds (DCC) and atmospheric rivers (AR) features
observable from MW!I / ICI and to verify if the spatial remapping among channels (Bakus Gilbert) and cross
correlation can be used to detects some geolocation errors.
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@MOHIOW Task 2. Simulated dataset for DCC

+ 8 cases of DCC were selected
* lce water path (IWP) is used to drive the case selection.
Era5 WG [m kgfkg]. Orbit number: 4655 Era5 IWG [m kg/kg]. Orbit number: 4656
I From 12-5ep-2007 06:00:00 to 12-Sep-2007 10:00:00 a  From 12-Sep-2007 10:00:00 to 12-Sep-2007 12:00:00 .
e e 10
O — E
PN e 1
5 30 .8 01
2w DCC1 2
= - E
. Ty -
: A g
E SDE z
[} ¥
-50) - )
F:'g; '-____h".,. .'_'N_.;.-L "_.._.J o
-80
EraS WG [m kg'kg]. Orbit number: 6985 Eras WG [m kg'kgl- Orbit nurmber: 9744
From Z3-Feb-2008 08200:00 1o 23-Feb-2008 10:00:00 0 From 04-Sep- 2006 13:00:00 to 04-Sep-2008 15:00:00 an
PERETS T . et —.,.:__ == 10
70 ) -::' ; 1‘-“" "“' - .-'. E="
s0F ' o BAT 1
3 30 v
E : DCC8 0.1 B
E 10 - =
2 © e E
- 10 \ i
8 R 9
= " =
W - 30 J
|
50 -
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1 — o =t Tl
S160-140-127.150 - 21 A0 40 =51 0 Z0 A0 30 S0 100 120 AR En 18747 PN .07 BN A% I 0 P An [ BC 1O 190 140 190 18D
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@Mor}low Task 2. Open Loop Correlation (OLC)

Relative geolocation - Open Loop Correlation (OLC)

Automatic ROI selection

H Region Of Interest (ROI) selection ]7 a) " Identification rule:

( §  OTwy=T,(183+1)-T,(183%/.

ICI ch. 1 ICI ch. i-th, > ¥ ij =14 +7)-T,
ROI j-th ROI j-th :
(0 0))_ 500 ATA31> ATA32> ATA21> 0

(

N o
s 2
8 8

U
Along tracck fo
rY
3
3

_____ TN Y 71 €7 Vi U .
Reference channel 1 at Test channel i-th at y - n .
Nomlnal (N) actual (A) Resolution & grld Across tracck fovs ()
pointing pointing matching f-->f; b &
(f,=183+7 GHz) (f>183GHz) (Bakus-Gilbert) ) £ ]
@ Box bounding of

Meteo features

= identified ROls
Reference 7, (sy;) subpixel Tested Ty (s JE ) ¢ _.
for detected image for detected 1
g : Meteo features

registration )

50 100 150 200
Across tracck fovs (-)

&
Discard ROIj'th] c) b Grouping of overlapping
« @ | poxes and enlarging them

50 100 150 200

Estimated relative displacement
for channel i-th (A,;, A ;) )
Across tracck fovs (-)

(*) Manuel Guizar-Sicairos, Samuel T. Thurman, and James R. Fienup, "Efficient subpixel image registration algorithms," Opt. Lett. 33, 156-158 (2008) . Matlab
implementation “dftregistration.m” from file exchange. Copyright (c) 2016, Manuel Guizar Sicairos, James R. Fienup, University of Rochester. All rights reserved.
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@) Mosoll Task 2. ICI relative pointing error results

Byerage correlation bive. 1G1-1 (18331 -L7.0% GHz) dverage correlation biw. 1C1-1 (18331 700 GHz) Average correlation biw. 1G1-1 (183231 £ 7.0% GHz)
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@ Task 2. ICI channel relative geolocation - Results

* Deep convective clouds targets
* Backus-Gilbert used to remap FOVs from ICI-it" to ICI-1V or ICI-4V

TEST CASE A TEST CASE B
Manually identified ROIs Automatically identified ROIs
as in figure 5.4.2 as in section 5.6.3
(8 ROIs are considered) (all detected ROIs are considered)
o 16 ase o2t & Lo o iz | ° (IC14,1CI-5) Geolocation error
ICI-1 vs. ICI-4V | 2.44 046 249 8 2.41 0.57 2.48 18 (RMSE~25 km) .
ICI-1 vs. ICI-4H| 248 042 251 8 244 055 250 18 * (ICI-8, ICI-11) Geolocation error
ICI-1 vs. ICI-5| 2.30 0.65 2.39 8 248  0.70 2.58 18 (RMSE~45 km)
ICI-1 vs. ICI-8| 3.32 0.94 345 8 492 3.5 4.40 16
ICI-1 vs. ICI-11V| 342 1.83 3.88 8 4.53 2.72 4.58 17
ICI-1 vs. ICI-11H| 3.37 1.74 3.80 8 4.46 2.63 4.54 17
TEST CASE A TEST CASE B
Manually identified ROIs Automatically identified ROIs
8 lil(s);ls1 eflir%:u(:znssﬁl'jred) (all detez‘fel(?IS{egiuso:r: .06(jlsidered) - Refe rence. ICI-4V
REF vs. TEST BIAS | STD | RMSE | NROIs || BIAS | STD | RMSE | NROIs Each ch. is mapped on ICI-1
ICI-4V vs. ICI-:2 | 2.71 [ 046 | 2.75 8 291 0.61 2.97 18
ICI-4V vs. ICI-4V | 0.00 | 0.00 | 0.00 8 0.00 | 0.00 | 0.00 18 ICI-5 RMSE improved by a factor 2
ICI-4V vs. ICI-4H| 0.06 | 0.03 | 0.07 8 0.10 | 0.13 0.16 18 ICI1-11 RMSE improved by a factor 1.2
ICI-4V vs. ICI-5| 1.01 (044 | 1.10 8 095 [ 083 | 127 18 ICI-8 RMSE unchanged
ICI-4V vs. ICI-8| 3.46 | 1.81 | 3.90 8 3.29 2.54 4.15 17 ICI-2 RMSE worsened by a factor 2.3
ICI-4V vs. ICI-11V| 2.65 | 1.02 | 2.84 8 2.92 2.44 3.81 18
ICI-4V vs. ICI-11H| 2.54 [ 0.98 | 2.72 8 2.84 2.37 3.70 18
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@I Task 2. ICI channel relative geolocation - Comment

- Why reference ICI-4V performs better than ICI-1V?
— |CIl-4V better correlates with the other ICl tested channels

—  Avg Corr (ICI-4 vs. ICI-11) =0.91 This could help explaining the additional

_ 0.8km in the pointing errors for ICI-1 1 if
— Avg Corr (ICl-I vs. ICI-11) =0.88 considering reference ICl-1 than ICl-4.

Correlation coafficient bor Correlation coafficient for
tested ICI ch. remapped on ICH ve. reference IC-1 tested IC] ch, remapped on ICH ve. reference 1C-4
T T T T T T T T T T T

£
£

g &
|
£ &

Cormalation coasienf |-)
rd
e

Cormaiaion coefiem |-
r
=]

G2 KRV 104 ICES RS ICETY ICETH 12 Gk 4 ICES IEER KCENY KCE11H
Tested IC| channals Testad IC1 channels

Figure 6.7.2: correlation coefficient between tested and ICI-1 (left) and ICI-4V (right) reference channel

# The worse performance obtained for ICI-8 and ICI-11 with respect to ICI-4 and ICI-5 could be related to the
differences in the information content in the TB observations of these two sets of channels.

Qualitatively, this is quite evident in the images of simulated DCC events where the T depression due to the
scattering by the ice in the convective cloud has a different pattern, i.e. clouds are more smeared, for ICI-11
than ICI-4, for example.
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Conclusions on Task 2 and recommmendations

* ICI channel absolute geolocation

Woater Vapor Masses (VWM) features as seen by ICI-2 and ICI-3-like
SSMIS channels and MSG SEVIRI water vapor 6.3 um channel, have
demonstrated to be a good candidate atmospheric target to be used
for an absolute geolocation of ICI-2 and ICI-3.

The achieved geolocation errors are comparable, in terms of RMSE, with
those obtained from the landmark approach.

For a future implementation we suggest to accurately take the VWM
approach into consideration at least as an optional off-line tool even
operated by third parties.

channel relative geolocation

Assuming ICI-4 as reference channel in the OLC, we expect to achieve
relative geolocation errors less than 4.1 km for all the ICI ch.s

|CI-2 results to be less correlated with ICI-4 than ICI-1.

The relative geolocation of ICI-1, ICI-2 and ICI-3 could be less accurate
and an absolute geolocation approach (e.g. using landmarks or water
vapor masses features) could be a safer option.
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* GAMES project

« GAMES rationale and objectives
 Task |I. Landmark target methodology
o Searching for ICl surface landmark targets
o Results of IC| geolocation assessment
* Task 2. Atmospheric target approach
o ICl absolute geolocation using DCC and WVM
o ICl relative geolocation using BG approach
* Task 3. Geolocation algorithm implementation

e Conclusion

i ¥ Final Meeting — 26 January 2021 — GAMES Project




£ SAPIENZA

'UNIVERSITA DI ROMA

@ Task 3. GAMES geolocation validation prototype tool

A GAMES toolbox for geolocation validation of imager data following methods described in Task | and 2
have been implemented in a Python package called games, that contains four methods/pipelines named:

e gtopo30: mountain chain as target reference

e sar: ice shelf or water way as target reference

e gshhg: boundary between lake and land as reference

® rpe: relative pointing error (Open Loop Correlation)

for validating ICI, MWI, and SSMIS data using various type of reference data

games is portable:
the package includes a build script, that builds a games Docker image, that is portable, and games pipelines can run inside a
Docker container on machines that have a Docker engine installed
- a Docker image is a non-changeable file containing libraries, source code, tools and other files needed to run applications.

- a Docker Container is the run time instance of the image, and data files can be mounted into this container
games has a CLI (command line interface):
see examples on next slide

games is modular:
The package contains 22 source code files or modules with well separated responsibilities, and games can
be used as a “normal” python package if desirable
The packages includes unit tests (and a setup for running these) on all functions and methods of classes defined in the
various modules, that will facilitate for further developments

Deliverable document 08 — D08
Algorithm Theoretical Baseline Document
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Task 3. GAMES pipeline for absolute geoloc.
=

Name of
pipeline

Type of
target

Target members

gshhg

lake at high
altitude or

coast-line at
high latitude

Qinghai Lake, Titicaca
Lake, and Hudson
Bay

gtopo30

mountains
area

Andean Mountains
and Karakorum
mountains

sar

ice shelf and
waterway

Ross Antarctic ice
shelf, Filchner-Ronne
Antarctic ice shelf,
Amery Antarctic ice
shelf, and Nares Strait

rpe

deep
convective
clouds

N/A

TCM for lake targets

“’ »| Extract
————— I contrast
_> : i _): DEM : Regrid Feature
Extract 1 correction —» MWI/ICI | extraction | .
r====- data ! (optional) data (Canny) Contour Derive Fuzzy
¢/ DEM S __ ) within | b ' matchin geolocati logic
r pata target | Tt ----= J error validation
Lo bouriding Project
e castine box shoreline
: > >
grid
4 TCM for mountains area targets N
it = Extract
: | DEM | Regrid contrast
—> Extiact [ = correction > Mmwiict =
ddta 1™ (optional) 1 data
" ! 1 Feature
within P NP . extraction Contour Derive Fuzzy
target ] (Sobel) matehing [“ylgeolocation||  logic
bouriding 4 Regrid error validation
DEM box ! DEM | )
DATA i : 7| data
” TCM for ice shelves targets \
: Extract
> Regrid Feature contrast
—> Ext:racl MWI/ICI extraction
3 dat (o7
data Project data ata (Ganny)
within on polar Derive Fuzzy
target stereographic C°"‘°,“' geolocation logic
SAR botr;i(mg coordinates Feature Project matching error validation
imagery : extraction con;zurs
(Canny) arid
N TCM for water way targets
Regrid
> MWI/ICI =~ "
—_— - Contour Derive
Extract data, grid1 Feature matching, geolocation
data Project data - " grid1 errori
within on polar Regrid | | (Canny) Fuzzy
i MWVICI
target stereographic . logic
SAR bounding coordinates data, grid2 validation
imagery —_— box Project Cnntgur Derlvg
Feature contours matching, [3»geolocation
extraction ~—»|  on grid2 error2
(Canny) grid




Task 3. GAMES data flow for relative geoloc.

High level description of data flow of the “relative pointing error” pipeline

Load
channel
set,
i.e. data
from
reference,
test,
and 183
GHz
channels

Extract
Detect data from
DCC systems |[=——p==p| reference
using data channel within
from 183 GHz DCC box
channels
Extract
J data from
test channel
P! within DCC box

Contour
matching

Derive
relative
geolocation
error

N
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@ Mosoll Task Il = Running GAMES prototype tool

Example how to run games
(CLI of games)

Running the container to see what
"pipelines/services" or validation
methods that are available:

The obtained result from processing the data
is written to a netcdf file (in the OUTDIR

directory)

$ docker run --rm molflow/games --help

usage: games.sh [-h] {gtopo30,sar,gshhg,rpe}
Games Admin

positional arguments:
{gtopo30,sar,gshhg,rpe}
The service to run. For more help on a particular
service do "'SERVICE --help’

optional arguments:
-h, --help show this help message and exit

$ GTOPO="/your/local/path/to/gtopodata/"
$ SSMIS="/your/local/path/to/smissdata/"

$ OUTDIR="/yourl/local/path/to/result/"

$ GSHHG="/your/local/path/to/gshhg-shp-2.3.6/GSHHS_shp/"

$ LEVELIBFILE="CSU_SSMIS_FCDR _VO0IROI_FI17_D20161221_S2348_E0130_R52279.nc"

$ docker run --rm -v $GSHHG:/gshhg -v $GTOPO:/gtopo -v $SSMIS:/levellb -o $OUTDIR:/outdir \
molflow/games gshhg $LEVELIBFILE ginghai --demcorrection --storeresult
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Ayl 1ask 3. Test dataset and verification

A test dataset covering one year (2016) of F-17 SSMIS and
validation data has been collected and this is described in a Test
Dataset document.

The total size of this data package is about 200 GB.
The dataset contains the following data:

For landmark targets:

* DEM - GTOPO30 - GTOPO30 is a global digital elevation model dataset
that is divided into 33 tiles. The resolution is 30 arc seconds (~1 km). This
data is used both for DEM correction of imager data and as reference data

; Target contour matching (TCM) — Landmark targets
for mountains area targets
* Boundary between lake and land - GSHHG 4 v ) gl
BT image : 28 im:egeitr\;lma &
+ The Global Self-consistent, Hierarchical, High-resolution Geography TR —
Database (GSHHG) is a dataset that contains e.g. polygons with the T Wi P e S
* Boundary between land and ocean and between land and lake. T : .
Elevation Falan ?rm ';L:c;'
« Boundary between ice shelf and ocean - SAR _Model (oey | L EEN ' '
+ Level-1 GRD SAR data is used to obtain contours of ice shelf targets, and —-{C""‘,‘;t‘;:,”:;?;ﬂ'i';f.“"" [ st g
the dataset contains preprocessed data SSMIS F-17 (note that we have
Contour
used data from the channel operating around 183+6.6 GHz in horizontal

polarization, but the dataset contains data for more channels) \

Geolocation
error assessment

For atmospheric targets:

Remapped ICl data (simulated data covering four reference orbits)

Final Meeting — 26 January 2021 - GAMES Project


https://docs.google.com/document/d/1PkPXe2agBioPXn7zSrTsbJGQOYwCRZxhyd636hqLbaA/edit?usp=sharing
https://www.usgs.gov/centers/eros/science/usgs-eros-archive-digital-elevation-global-30-arc-second-elevation-gtopo30?qt-science_center_objects=0#qt-science_center_objects
https://www.soest.hawaii.edu/pwessel/gshhg/

Task 3. Test dataset intercomparisons

The games toolbox has been used for processing the test dataset. Results have
been compared to the results obtained from the prototype code used for
producing data for Task 1 (landmark) and Task 2 (relative pointing error) report

Ex: Ice shelves Ex: Mountain area targets

2016: SSMIS F17 1837 GHz 030 2016: SSMIS F17 183+7 GHz
030 — ross: shift=5.72+2.29km (852 images) —— karakorum: shift=4.30£1.89km (361 images)
—— ross-Mario: shift=5.30£2.18km (725 images) karakorum-Mario: shift=4.47+1.85km (302 images)
—— filchner: shift=4.42+2.08km (261 images) —— andean: shift=3.86+2.04km (229 images)
— filchner-Mario: shift=4.31+1.89km (541 images) —— andean-Mario: shift=3.70£1.95km (177 images)
0.25 1 —— amery: shift=4.18+1.74km (66 images) 0.25 4

—— amery-Mario: shift=5.32+2.26km (242 images)
nares: shift=4.11+1.95km (292 images)
—— nares-Mario: shift=4.55+1.65km (587 images)

o

N

S
o
[
o

pdf [1/km]
pdf [1/km]

0.10 0.10
0.05 0.05
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@I Task 3. Test dataset processing for RPE

Relative pointing error assessment algorithm

. . . . 015 ICI-1 015 ICI-2 015 ICI-3
Testing relative pointing ‘ ‘ ‘ o
. . s 010 0.10 1 * 0.10 1 ° &% °
algorithm and derived : *e .
g 0051 0.05 - 0.05 - T L,
errors for IC| Channels & 000 o 000- o g. 000 s vy °
. p °
and from a simulated § 005 005 ] 5 ~005 >
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ICI-4V ICI-4H ICI-5
015 015 015
— [ ]
The red marker indicates § 0101 * |m 0101 e 0101 S m
.. & 005+ o 0.05 \J 0.05 1 & e
the true pointing error of < 56 y WO « Qr
£ 000 7 0.00 . 0.00 é
each channel, and the blue £ 005 . 005 ] 005, P
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presented in Task 2 report.
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* GAMES project

« GAMES rationale and objectives
 Task |I. Landmark target methodology
o Searching for ICl surface landmark targets
o Results of IC| geolocation assessment
* Task 2. Atmospheric target approach
o ICl absolute geolocation using DCC and WVM
o ICl relative geolocation using BG approach
* Task 3. Geolocation algorithm implementation

e Conclusion
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GAMES overall conclusion

The GAMES project has basically to achieve the objectives of all 3 tasks

New and effective landmark targets have been searched and found, useful references
to validate the geolocation error also for future mm-wave PMW missions:
- Antarctica ice shelves
- High-altitude lakes (Qinghai and Titicaca)
- Mountain slopes (Andes and Karakorum)
- High-latitude straits (Nares) and bays (Hudson)
> Geolocation assessment error average (AVG) = about 4.8 km
> Geolocation assessment error standard deviation (STD) = about 2.1 km

Other approaches with atmospheric targets have been investigated:

- Deep Convective Clouds (DCC): interesting, but not suitable in terms of accuracy
- Water Vapor Mass (WVM) coupling WV-GEO data: attractive (AVG = 3.6 km; <STD=3.6 km)
= complementary to landmark-target approach especially for target-free regions

A relative pointing error geolocation assessment between ICl channels proposed
- based on a Backus-Gilbert remapping approach
- using as a reference ICI-1 with STD<3.1 and ICI-4 with STD<2.6 km

The GAMES project has delivered to Eumetsat a ATBD and an operational tool “games”
in Python useful for ICI CAL/VAL operational and commissioning activity.
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Lockdown Poem

Locked in a house
Observing the sky
Cramped in your room
Keeping tidy

Drying clothes

Other than that

Well

Now where was 1?

ACROSTIC

.. s a form of poetry

4= where the first letters
\ ¢ of each line .

forma word. ¢

]
o

Thank you.
Contacts: frank.marzano@uniroma1.it
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