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prelude — a bit about jpl

situated in pasadena, california, 20
minutes north of los angeles, in the
foothills of the san gabriel mountains

planetary exploration
astronomy/astrophysics
earth sciences
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prelude — a bit about jpl

voyager cassini
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prelude — a bit about jpl

www.jpl.nasa.gov

tropospheric
emission
spectrometer

=— Gtﬁyéwgémate Experiment
RO O grovi’ry
ﬂ“umuuuu”m.mummumm — recovery
- = ' and
orbiting carbon observatory 2/3 climate
experiment

©2018 Cadlifornia Institute of Technology, Government sponsorship acknowledged



mapping satellite polygon footprints onto
regular grids by tessellation

note
this talk is not so much about science,
but rather about a tool to facilitate scientific investigations

also: the principle is really really simple!
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motivation #1

most applications that use satellite data require mapping of the (usually
irreqgular) footprint polygons to rectangular grids, for subsequent
averaging or comparison to other data

the commonly used “drop-in-the-box” approach either leads to
significant loss of spatial coverage when the grid cells approach the size
of the satellite footprint areaq, or jettisons spatial resolution of the sensor.

example of an OMI swath line
2,600 km swath divided into 60 cross-track pixels
range of pixel size: 340 km? (center) to 4,600 km? (edges)

A\l/ Jet Propulsion Laboratory
Nty California Institute of Technology
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OMI orbit 75170 on 2018-09-02
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motivation #1

drop-in-the-box gridding
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1.5°x1.5° grid 0.2°x0.2° grid
preserves spatial coverage preserves highest spatial resolution

example : OMI orbit 75170 on 2018-09-02
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motivation #2

comparison/mapping of two or more independent data sets with
significantly different spatial resolution on the same spatial grid

e.g.
satellite vs. satellite

satellite vs. aircraft vs. ground
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motivation #3

long-term averaging with high spatial oversampling
may expose features on sub-footprint scale

this depends on the nature of the observations — mainly the variation in
the observation target and how the satellite footprints sample them

©2018 Cadlifornia Institute of Technology, Government sponsorship acknowledge
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the goal

develop an algorithm to map the satellite footprint polygon to @
rectangular grid of arbitrary latitude/longitude resolution,
without loss of information on spaftial coverage

method: fessellation

©2018 Cadlifornia Institute of Technology, Government sponsorship acknowledged



tessellation

tessellation of a flat surface is the tiling of a plane using one or more

geometric shapes, called tiles, with no overlaps and no gaps.
(https://en.wikipedia.org/wiki/Tessellation)

(image from https://www.iconspng.com/image/1978/hexagonal-triangle-tessellation)
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the process — overview

J—
.

define a rectangular grid onto which to map the data

2. for each satellite footprint:
1. determine which grid cells it covers
2. compute fractional coverage f of grid cells by the footprint

3. combine/average output with weights of your choice

©2018 Cadlifornia Institute of Technology, Government sponsorship acknowledg



the tessellation process

start with a satellite ground pixel (e.g., OCO-2 target data, ~1x1 km?2)

0OCO-2: orbit-10843 - 2375

34.121°N p

118.128°W

B e

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
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the tessellation process

. define arectangular grid, e.g., 0.001°x0.001° resolution (~100 m)

0OCO-2: orbit-10843 - 2375

34.121°N

34.1173°N

341137°N ek b ]
118.128°W 118.119°W 118.111°W

B e

0.5 . . . . 1.0
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the tessellation process

2.1 calculate intersects of footprint and grid cell boundaries

€ lineinfersects

0OCO-2: orbit-10843 - 2375

| grid cell
centers inside
footprint

@ oridcell
corners inside

footprint

118.128°W 118.119°W 118.111°W

B e

0.5 0.6 0.7 0.8 0.9 1.0
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the tessellation process

2.2 Calculate covered cell area by built-in rules (tfriangles and rectangles)

0OCO-2: orbit-10843 - 2375

34.121°N

34.1173°N |o

34.1137°N ke : !
118.128°W 118.119°W 118.111°W

B e

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
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the tessellation process

3 Update grid cell values and create (weighted) average

for all footprints k that overlap grid cell ij:
Ajj = Ajj + frij
Wij= Wi+ frij "Wk
Vii = Vij + v frij Wk

final averaging:

Vij == Vl] /WU

v, value of observation k

wy  weight association with observation k

frij fractional overlap of footprint k with grid cell i,j
4A;j cumulative coverage of grid cell i,j

Wi; cumulative weight of grid cell /]

Vij cumulative (weighted) observation of grid cell i,j
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tessellation — built-in rules

trivial cases:
< grid cell is completely outside footprint: f = 0
» grid cell is completely inside footprint: f = 1

simple cases:
< footprint boundary goes across a cell corner: fis a friangle

< footprint boundary slices cell east-west or north-south: f is a
combination of a triangle and a rectangle

less simple case:

< a single footprint corner inside the grid cell: fis a comblno’rlon of
several triangles and rectangles

anything more complicated: “divide and conqguer™

< recursive zoom processing: sub-divide cell with finer grid unfil built-
in rules apply or we run up against the recursion limit

©2018 Cadlifornia Institute of Technology, Government sponsorship acknow




tessellation — built-in rules

trivial cases:
< grid cell is completely outside footprint: f = 0
¢ grid cell is completely inside footprint: f = |

alternatively:
use methods from python polygon packages like shapely
(currently under evaluation)

TN
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the tessellation zoom process

built-in rules for cell area computations don’t cover all geometric cases

0OCO-2: orbit-00979 - 0036

49.0117°N

49.0086°N [

49.0056°N L i i
8.42087°F 8.43483°F 8.44879°F

B e

0.0 0.1 0.2 0.3 0.4 0.5 . . . . 1.0
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in the above case ...
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the tessellation zoom process

. the eastern-most grid cell can’t be quanfied

49.0117°N

0OCO-2: orbit-00979 - 0036

49.0086°N |

49.0056°N L i i
8.42087°F 8.43483°F 8.44879°F

B e

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
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all such unquantifiable grid cells enter zoom processing
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the tessellation zoom process

the grid cell is divided by a sub-grid and processed like the original footprint ...

0.00448845°N

0.00410856°N
0.0259021°E 0.0261059°E 0.0263097°E

B e

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
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. in the hope that this defines the coverage area.
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the tessellation zoom process

if this doesn’t resolve the sub-cell, the process is continued recursively

O.OO486835°N,—-—-——-—,—-—-—-—-—-1

0.00448845°N

0.00410256°N ;
0.0259021°E 0.0261059°E 0.0263097°E

JpL ©Jet Propulsion Laboratory/California Institute of Technology

... In the hope that THIS defines the coverage area.
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the tessellation zoom process

the recursive iteration stops either if the sub-sub(-sub...) cell is quantified ...

0036 7026x004 - z002x000

6.63366e-05°N

2.31099€-05° Nl i
0.00019015.9002055048022158°E

N

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
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or until the limits of the recursion process are reached.
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the tessellation zoom process

in this case, two iterative zoom processes resolved the grid cell.

0OCO-2: orbit-00979 - 0036

49.0117°N

49.0086°N |

49.0056°N L i i
8.42087°F 8.43483°F 8.44879°F

B e

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
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recall motivation #1

example : OMI orbit 75170 on 2018-09-02

YJet Propulsion Laboratory
2/ California Institute of Technology




application to GEMS, OMI, TROPOMI

use NASA Earth images from

https://visibleearth.nasa.gov/view cat.phpecategorylD=1484&p=1
https://earthobservatory.nasa.gov/Features/NightLights/page3.php

sample digital images with the instruments’ spatial resolution

©2018 Cadlifornia Institute of Technology, Government sponsorship acknowledged


https://visibleearth.nasa.gov/view_cat.php?categoryID=1484&p=1
https://earthobservatory.nasa.gov/Features/NightLights/page3.php

the GEMS field of regard
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application to GEMS, OMI, TROPOMI
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originall g o
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the GEMS field of regard
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sampled with GEMS fooftprints

e

GEMS footprints provided by Heesung Chong
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sampled with TROPOMI footprints

TROPOMI AV s
N o '

TROPOMI footprints provided by Michel van Roozendael
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sampled with OMI footprints
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sampled with GEMS, OMI, TROPOMI footprints
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sampled with GEMS, OMI, TROPOMI footprints

original (500 m) GEMS TROPOMI OMI

©2018 Cadlifornia Institute of Technology, Government sponsorship ack



sampled with GEMS, OMI, TROPOMI footprints

Pearson’s R

GEMS Field Korea/
of Regard Japan

Korea Seoul

GEMS
TROPOMI
OMI

A\l/ Jet Propulsion Laboratory
X, California Institute of Technology




sampled with GEMS, OMI, TROPOMI footprints

Pearson’s R

GEMS Field Korea/
of Regard Japan

GEMS 0.9213 0.893
TROPOMI 0.200 0.870
OM] 0.733 0.784

Korea Seoul

A\l/ Jet Propulsion Laboratory
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spo’nal oversomplmg — some exomples
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Google earth

31/2016  lat 35.986691° lon 129.400314° elev. 21m eye It4840k o

©2018 Cadlifornia Institute of Technology, Government sponsorshi



OCO-2 XCO, Target Mode over Edwards AFB, CA 0.001°

single target overpass number of cell samples

0CO0-2 XCO,: drydenCA 03955 2015-03-30T21:14:12Z OCO-2 Cell Samples: drydenCA 03955 2015-03-30T21:14:12Z |

35.115°N 35.115°N

34.9575°N 34.9575°N

117.92°W 117.74°W
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OCO-2 XCO, target data over Edwards AFB, CA 0.001°

single-day target overpasses, at different fimes of year

0CO-2 XCO,: drydenCA 01159 2014-0 :13: 0CO-2 XCO,: drydenCA 01392 2014-10-05T21:13:42Z 0CO-2 XCO,: drydenCA 01858 2014-11-06T21:12:33Z

0CO-2 XCO,: drydenCA 02149 2014-11-26T20:48:31Z

,: drydenCA 06445 2015-09-17T20:56:44Z
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OCO-2 XCO, target data over Edwards AFB, CA 0.001°

normalized difference 1o the combined de-seasonalized median

0CO-2 XCO;: drydenCA (normalized, smoothed)

35.115°N

34.9575°N

117.92°W 117.74°W
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OCO-2 XCO, target data over Edwards AFB, CA 0.001°

google earth overlay
oversampling exposes surface albedo effects

C72016/Go0g1c)
[mageyjDate {o/720 5 |Iath 3419710933 1o 1117/8 9 30ake VA28 A=y cla 390l im
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the status quo

Python 3 implementation of a prototype algorithm, consisting of

core routines
which perform the mapping of the satellite footprint and calculate the
fractional coverage of each rectangular grid cell underlying the footprint

wrapper routines
which interface the core routines with the satellite data and perform
temporal and spatial averaging

successful applications
OCO-2, OMI, OMPS, ASTER, GOME-2, TROPOMI, GEMS

©2018 Cadlifornia Institute of Technology, Government sponsorship acknow



next steps

prototype implementation, requires improvement
(robustness, turn-key/black-box, operational)

speed-up
(execution times scale with grid dimension and number of footprints)

implementation for GEMS processing
(contingent upon algorithm being fit-for-use)

©2018 Cadlifornia Institute of Technology, Government sponsorship acknowledge



thank you
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