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® Gaofen (GF) 16 meter data comes from

1. Overview of Gaofen 16m Analysis Ready Data (ARD)

China's high-resolution earth observation

system, GF1 satellite and GF6 satellite.

® GF6 can be networked with GF1 satellite.
The satellite revisit period is shortened to
2 days.

® GF 1/6 meter data can used for crop and

farmland environment monitoring.
Gaofen 1 launched in Gaofen 6 launched in
April, 2013 June, 2018

4 \WFVs 16m 800km(4cams) VIS, NIR 2013
1 WFV GF6 16m 800km DB, VIS, NIR, Red edge 2018
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® In the 2019 GEO WEEK, China has announced that open share policy for
the 16 meter GF satellite data. But the shared GF data is in the L1A

preprocessing level. The end-users will inevitably face different

preprocessing steps for the GF data before focusing on their domain tasks.

® ARD is the solution. According to CEOS: ARD are satellite data that have

been processed to a minimum set of requirements and organized into a form

that allows immediate analysis with a minimum of additional user effort and The website for the Gaofen data sharing

interoperability both through time and with other datasets. www.cnsageo.com

CEOS ANALYSIS READY DATA
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GF1/GF6 ARD

Sensor calibration
Atmosphere correction

RPC correction +
Correction based on control points

LG A F GF1/GF6 ARD++

Cloud / Shadow area labeling

+ Cloud / Shadow area repaired +
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2. Test Data Introduction

Based on Olson’s World Eco-region map, we selected 10 study areas data around the world. In total, 39,594

images were downloaded, about 120TB data.
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3. Radiometric Processing

O Radiometric normalization after sensor calibration. There are radiation differences existed between GF1 and GF6.

GF1

O Cross-Calibration method based on Landsat and DEM was proposed
O Cross-Calibration coefficients were produced for GF1 from 2013 to now, GF6 from 2018 to now



6TH ASIA-OCEANIA GROUP ON EARTH

OBSERVATIONS (AOGEO) WORKSHOP

Landsat- DEM
8/OLI derived from
imagery ZY-3/TLC
A
BRDF characterization Solar illumnitions and
of the calibration site view geometries
4
Times series of GF-1/6 surface
MODIS data reflectance simulation
y y _
AODs for GF-1/6 image TOA radiance of Radiatie
date > GF-1/6 (L) transfer code
(6S)
y
GF-1/6 Calibration coefficients
imageries (a & b) fitting: After radiometric processing
(DN) L=DN*atb

Radiation average error < 3.73%

Our algorithm

Yang et al., Radiometric Cross-Calibration of the Wide Field View Camera Onboard GaoFen-6 in Multispectral Bands. Remote Sens. 2020, 12, 1037.
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O Atmospheric correction. Due to lacking the 2.1 pum band for GF1/6, it has remained a challenge to retrieve the aerosol optical

O

depth (AOD) at 550 nm from moderate to high spatial-resolution optical imagery in arid areas with bright surfaces, such as

deserts and bare ground.

The new high-brightness surface reflectance algorithm based on BRDF library has been integrated into algorithm system.

O Construct a global stable surface albedo library so that the algorithm can perform global data processing.

Ground measured
AOD data from
AERONET

Multi-year time
series of 500 m
MODIS (Terra
and Aqua) data

|

Finding the lowest AOD
for the clearest
observations

Finding the clearest
observations by sorting
the TOA reflectance

i MHSR data ;

Retrieving surface

1l after
atmospheric correction

Retrieving AOD

Constructing BRDF

|

Atmospheric correction to
calculate surface
reflectance of MHSR data

Simulating surface
reflectance using the
geometry information of
MHSR data

Figure 1. Flowchart of the new aerosol optical depth (AOD) retrieval method.

Our algorithm

The effect of the atmoshperic correction

Landsat OL|

5ioe e (a) (®)
GF1-WFVs
o
- 8 .
. 4
(d)

The observed AOD from AERONET

Figure 6. The validation of the retrieved AOD using 4 AERONET sites’ measurements around the world.
The plots from the top left to the bottom right are the validation for (a) Landsat/OLI, (b) Sentinel2/MSI,
() GF-1/WFV, and (d) all images from all the three sensors, respectively.

Validation of the retrieved AOD
using 4 AERONET sites around the world
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4. Geometric Processing

O Geometric Accuracy by only performing RPC correction
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O RPC Correction + Image Matching + Geometric Correction

GF-1/6 16 m GF1
T |
| . o

S i 1 ¢ - World [\ ! China France Brazil

! utomatic obtaining Base : o o o
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v
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Only accuracy is better than 0.8 pixel are used for ARD production
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5. Quality Assessment - Cloud/Shadow Mask

Following the strategy of the Fmask algorithm, we first developed decision tree based rules to mask cloud and cloud shadow,
then boundary refinement was perfromed based on geometric relationship between cloud and shadows.

Only images with cloud
and shadow coverage
<80% are used for ARD
production

GH1 WEVA 195. 2 N40. 2 20171027

Jiao et al., Towards Edge-Precise Cloud and Shadow Detection on the Gaofen-1 Dataset: A Visual, Comprehensive Investigation. Remote Sens. 2023, 15, 906.
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Further, we developed GF1/GF6 pixel-by-pixel quality tagging algorithm based on deep learning method (i.e., Swin
Transformer model). Validation of more data is in progress.

GFI_WEFYI WI121.9 N4H 3

200170605 L1 AMZH096060

Figure 16. Example GF-1 WFV image and quality tagging masks produced by different training GF1_WFV2 WI123.4 N4T7.7
sample numbers of Swin-L models. (a) RGB source image; (b) 2k samples based on Swin-L mask; 20170708 _L1AMO2Z468324
(c) 5k samples based on Swin-L mask; (d)10k samples based on Swin-L mask.

Fan et al., GF-1/6 Satellite Pixel-by-Pixel Quality Tagging Algorithm. Remote Sens. 2023, 15, 1955.
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6. Data Tiling and Projection

For consistency with other similar sensors, GF ARD is stored with
16 meter spatial resolution, each tile is with 6863 x 6863 pixels.

eagate Backup Plus Drive () > result » 31TCL v o

Military Grid Reference System (MGRS) tile system. For

TCL BEE

= 2001 15 B

= GFIWFV1.16m 2014206190843.31 TCLFAGUO angle.tiff
=] GFIWFV1,16m 2014206190943.31 TCLFAGUOT.AQD it

=] GF1WFV1,16m.2020339183515.31 TCLFAGUO Langleiff

GFIWFV1.16m.2020339183515.31 TCLFAGUOT. mask.tiff
GFIWEV1,16m.2020339183515.31 TCLFAGUOT.SRitiff

=] GFIWFV1,16m.2021039184115.31 TCLFAGUOT mask.tiff

IS GFIWFV1.16m.2021047183602.31 TCLFAGUQ Langle.iff

=] GFIWFV1.16m.2021092183103,31TCLFAGUO1.TOAff

GFIWFV1.16m.2021039184115.31TCLFAGUOT.TOAL (& GFIWFV1.16m.2021082183131.31TCLFAGUO1 AOD.tiff

GFIWFV1,16m2021092183131 31TCLFAGUOT masktiff

GF1WFV1,16m2021129183121 31TCLFAGUOT AODiff

S GFIWFV1.16m.2021129183121 31TCLFAGUO1 SF
= GF1WFV1,16m.2021129183121 31TCLFAGUO1.TC

: ™ - T
F¥ gL HedRl BT A 5 GF1VIFV1.16m.2014206100943.31 TCLFAGUO Lmasktiff (5 GFIWFV1.16m.2020330183515.31TCLFAGUOT TOALiff 5 GFIWFV1.16m.2021047183602.31TCLFAGUOTAOD (5] GFTWFV1.16m 2021002183131 31TCLFAGUOT SRAift (50 GFIWFY1.16m 2021170182837 31TCLFAGUOT ar
. 5 GFIWFV1.16m 201420619004331 TCLFAGUOT SRR (5 GFIWWFV1.16m 2020330183542.31 TELFAGUO T.angle.tift 5 GF1WFV1.16m.2021047183602. 31TCLFAGUOT.mask.tiff 5] GFIWFV1.16m.2021092183131 31TCLFAGUO1 TOALifF GFIWFV.16m 202117018283731TCLFAGUOT AC
= 5 GF1WFV1.16m.2014206190943.31TCLFAGUO1.TOA i GFIWFV1.16m2020330183542.31 TCLFAGUOT.AODH 8 GFTWRV1.16m.2021047183602.31TCLFAGUOT.SRAi#ff (51 GFTWFV1.16m.2021096182856.31TCLFAGUO T angle.tiff (] GF1WFY1.16m.2021170182837.31TCLFAGUOT.m
] TAEE 3 rer—Y 00 T = RDE B /5 GFIWFV1.16m.2018340182033.31TCLFAGUO Langle.tf B GFIWFV1.16m.2020339183542.31TCLFAGUOT.mask f 8 GFTWFV1.16m.2021047183602.31TCLFAGUOT.TOALH ] GFIWFV1.16m 2021096182856 31TCLFAGUOT AOD:if (5 GFIWFV1.16m 2021170182837 3TTCLFAGUO1 SF
] : arAT el
1 L e olardmmuthAngle 5] GFIWFV1.16m2016340192033.31TCLFAGUOTAODSG# (5] GFIWFV1,16m2020339183542.31 TCLFAGUOTSRA ] GFIWFV1,16m.2021047183629.31TCLFAGUO T.angle.iff 5] GFIWFV1.16m.2021096182856.3TTCLFAGUOT maskitiff (51 GFIWFV1.16m.2021170182837 31TCLFAGUO1.TC
16-hit : 5 GF1WIFV1.16m.2018340102033.31TCLFAGUO Lmasktff (5 GFIWFV1.16m2020330183542.31TCLFAGUOT TOALiff 5 GFIWFV1.16m.2021047183620.31TCLFAGUOT AODII 5 GFTWFV1.16m 2021096182856.31TCLFAGUOT SRt (50 GFIWFV2.16m 2020004191843 3TCLFAGUOT ar
Angle ! SolarZenith Angle

5 GFIWFV1.16m2018340192033.31 TCLFAGUOTSRE (5 GFIWFV1,16m.2020356184837.31 TCLFAGUOT angle.if 5 GFIWFV1.16m.2021047183629.31TCLFAGUOT.mask.tff 5] GFIWFV1.16m.2021096182856.31TCLFAGUOT TOASH (50 GFIWFV2.16m.2020004191843.31TCLFAGUOT AC
Vi At A e 5] GF1WFV1.16m.2018340192033.31TCLFAGUOT.TOA# 8 GFIWFV1.16m.2020356184837.31 TCLFAGUOTAOD# 8 GFIWFV1.16m.2021047183620.31TCLFAGUOT SR 5] GFTWFV1.16m 2021113184151 31TCLFAGUOT angleiff (5] GFIWFV2.16m 2020004191843 31TCLEAGUOT m
& Ang 15 GF1WFV1.16m.2020073185926 31 TCLFAGUO Langle.tff (8 GFIWFV1.16m.2020356184837.31 TCLFAGUOT.mask f 5] GFIWFV1.16m 2021047183629 31TCLFAGUOT TOALH ] GFIWFV1.16m 2021113184151 31TCLFAGUOT AOD:AF (50 GFIWFV2.16m 2020004191843 31TCLFAGUO1 SF
ViewZenithAngle 5 GFIWFY1,16m. 2020073185026, 31 TCLFAGUOTACDAH I GFIWFV1.16m.2020356184837.31 TCLFAGUOT. SR (5] GFIWFV1.16m,2021051183325.31TCLFAGUO Langle.6ff (5] GFIWFV1.16m2021113184151.31TCLFAGUOT.masketff 5] GFIWFV216m.2020004191843.3 TTCLFAGUOT.TC
e F1WFV1.16m.2020073185926.31 TCLFAGUO Lmaskff (5 GFIWFV1.16m 2020356184837.31 TCLFAGUOTTOAH (8] GFIWFV1.16m.2021051183325.31TCLFAGUOT.ACDA (5 GF1WFV1.16m.2021113184151.31TCLFAGUOT SRt GFIWFV2.16m.2020008191612.31TCLFAGUOT ar
1 A F(GF 1) o000 [ 8= 5/ GFIVIFV116m 2020073185026.31TCLFAGUOT.SRA# [ GFIVIFVI,16m020364184330,31TCLFAGUO gl iff 5 GFIVWRVI.16m 021051183325, 31TCLFAGUCT.mask.iff = GFIVWRV1.16m2021113184151.3TTCLFAGUOTTOARH & GFIWRV2:16m 202000811612 31TCLFAGLOTAC
5 GF1WFV1.16m.2020073185926 31TCLFAGUOT.TOAff 5 GFIWIFV1.16m.2020364184330.31TCLFAGUOTAOD [ GFIWFV1.16m 2021051183325 31TCLFAGUOT SR (5] GFTWFV1.16m 2021113184218 31TCLFAGUOT angleiff (5 GFIWFV2.16m 2020008191612 31TCLFAGUOT m
TOA 8 {GF &) 16-bit FIWFV1.16m. 202007318554 31 TCLFAGUO Langle.tif (5 GFIWFV1.16m 2020364184330, 31 TCLFAGUOT. mask iff B GFIWFV1.16m. 2021051183325, 31TCLFAGUOT.TOARR [ GFIWFV1.16m 2021113184218 31TCLFAGUOTAODAH 5] GFIWFV2.16m.2020008191612.31TCLFAGUOT SF
5] GFIWFV1.16m.2020073185954.31TCLFAGUOTAODG (5 GFIWFV1.16m2020364184330.31 TCLFAGUOTSRER [ GFIWFV1,16m.2021051183353.31TCLFAGUO T.angle iff 5] GFIWFV1.16m.2021113184218.31TCLFAGUOT maskitff (51 GFIWFV2.16m.202000819161231TCLFAGUOT.TC
RS i unsigned 10000 [ 5 GFIWFV1.16m 2020073185854.31 TCLFAGUO Tmasksiff (5] GFIWFV1.16m.2020364184330.31TCLFAGUOTTOASH [ GFIWFV1.16m.2021051183353.31TCLFAGUOT.AODH 5] GFIWFV1.16m.2021113184218.31TCLFAGUOT SRA# (51 GF1WFV2.16m.2020073185926.31TCLFAGUOT ar
. 5 GFIWFV1.16m.2020073185954 31 TCLFAGUOTSREH (5 GFIWFV1. 16m.2020364184357.31 TCLFAGUOT.angle.iff (5] GFIWFV1,16m.2021051183353.31TCLFAGUOT.mask.fff 5] GFIWFV1.16m.2021113184218.31TCLFAGUOT.TOASH (5 GFIWFV2.16m.2020073185926.31TCLFAGUOT AC
AOD 16-bit FIVFYV1.16m 2020073185054 31 TCLFAGUO.TOALiff (5 GFIVUFV1.16m 2020364184357.31TCLFAGUOTAODf [ GFIWFV1.16m.2021051183353.31TCLFAGUOT SREff [ GFTWFV1.16m 2021117183014.31TCLFAGUOT angle-iff 5 GFIWFV2.16m 2020073185026 31TCLFAGUOT m
e - - - —— & GFIWFV1.16m 2020094191046 31 TCLFAGUO T angle:iff B GFIWFV1.16m 2020364184357 31 TCLFAGUOT.mask (5 GFIWFV1.16m 2021051183353 31TCLFAGUOLTOASH (5 GFIWFV1.16m 2021117183914 31TCLFAGUO AODAF (5] GFIWFY216m 2020073185926 3 1TCLFAGUOT.SF
3 HiF 4{GF 1) IJI'ISI-_BﬂCd 10000 L} xRy 5 GF1WFV1.16m.2020094191046.31 TCLFAGUO1.AOD i[5 GF1WFV1.16m.2020364184357.31 TCLFAGUO1.SR tiff 5 GF1WFV1.16m. 2021068184642, 31 TCLFAGUO Langleiff (5] GF1WFV1.16m.202111718301431TCLFAGUOT masktiff (5] GF1WFV2.16m.2020073185026.31TCLFAGUO1.TC
8 (GF &) 16-bit (5 GF1WFV1.16m.2020094181046.31TCLFAGUO Tmask tif 8] GFIWFV1.16m.2020364184357.31TCLFAGUOTTOAR 5 GFIWFV1.16m.2021066184642.31TCLFAGUOTAODE ] GFIWFV1.16m 2021117183914 31TCLFAGUOT SR (5 GFIWFVZ.16m 2020062191633 31TCLFAGUOT ar
SR 5 GFIWFV1.16m2020004191046 31 TCLFAGUOTSRE (5 GFIWFV1,16m2021002184055.31TCLFAGUOT.angle.if ] GFIWFV1,16m.2021068184642.31TCLFAGUO T.mask.tff 5] GFIWFV1,16m 2021117139143 1TCLFAGUOTTOASH (51 GFIWFV2.16m.2020082191833.3TTCLFAGUOT AC
A E I o m— ol i 5 GF1WFV1.16m.2020004101046 31TCLFAGUOT.TOALf (5 GFIWFV1.16m.2021002184055.31TCLFAGUOTAOD [ GFIWFV1.16m 2021068184642 31TCLFAGUOT SR 5 GFTWFV1.16m 2021125183350.31TCLFAGUOT angleiff (5 GFIWFV2.16m 2020082191833 31TCLFAGUOT m
B L E 5 GF1WFV1.16m.2020335183751.31TCLFAGUO Langle.tff (5 GFIWFV1,16m.2021002184055.31TCLFAGUOT.mask.tf 5 GFIWFV1.16m.2021068184642.31TCLFAGUOTTOAL ) GFIWFV1.16m.2021125183359.31TCLFAGUOT AODff (5 GFIWFV2.16m 2020082191833 31TCLFAGUO1 SF
Mask (5 GF1WFV1.16m.2020335183751.31TCLFAGUOTAOD# (8 GFIWFV1.16m2021002184055.31 TCLFAGUOT SR 5 GFIWFV1.16m 2021076184155 31TCLFAGUO T angle (5] GFTWFV1.16m 2021125183350.31TCLFAGUOT maskiff (5 GFIWFV2.16m 2020082191833 31TCLEAGUO1.TC
£ m ] masktiff & m B 16m. oD E m i = m. ar

. 5 GFIWFV1.16m 2020335183751 31 TCLFAGUO Lmaskeiff [ GFIWFV1.16m 2021002184055 31 TCLFAGUO.TOAH 5 GFIWFV1.16m.2021076184155. 31TCLFAGUOTAOD A B GFIWFV1.16m. 2021125183350 31TCLFAGUOT SRt ) GFIWFV2.16m 2020336190135 31TCLFAGUO1
CloudShadowPixe S GFIWFV1,16m202033518375131 TCLFAGUOTSRER I GFIWFV1,16m 2021002184122 31 TCLFAGUO .angle.tff (5 GFIWFV1.16m.2021076184155.31TCLFAGUOT.mask.iff 51 GFIWFV1.16m.2021125183359.3TTCLFAGUOLTOAGH 5] GFIWFV216m:2020336190135.3 1TCLFAGUOT.AC
T (5 GF1WFV1.16m.2020335183751.31TCLFAGUOTTOA 5 GFIWFV1.16m2021002184122.31TCLFAGUOT AODH 5 GFIWFV1.16m 2021076184155 31TCLFAGUOT SR (5] GFTWFV1.16m 2021125183426 31TCLFAGUOT angle-iff (5 GFIWFV2.16m 2020336190135 31TCLFAGUOT m
et 5] GFIWFV1.16m.2020335183818.31TCLFAGUO Langle.tff (5 GFIWFV1,16m.2021002184122.31TCLFAGUOT.masktf 5] GFIWFV1.16m.2021076184155.31TCLFAGUOT.TOAL 5] GFIWFV1.16m.2021125183426.31TCLFAGUOT AODf (5 GFIWFV2.16m.2020336190135.31TCLFAGUO1 SF
CloudPixel=5 5 GFIWFV1.16m.2020335183818.31TCLFAGUOTAOD# (B GFIWFV1.16m2021002184122.31TCLFAGUOT SR (5 GFTWFV1.16m.2021002183103.31TCLFAGUO T angle i [ GFTWFV1.16m 2021125183426 31TCLFAGUOT maskeiff (5 GFIWFV2.16m 2020336190135 31TCLEAGUOT.TC
£ m J maski m i @ 16m. 0D & m. s = m. ar

5 GFIWFV1.16m 2020335183818 31 TCLFAGUO Lmasktiff (5 GFIWFV1.16m 2021002184122, 31 TECLFAGUO.TOAH 5 GFIWFV1.16m.2021092183103.31TCLFAGUOTAOD A ] GFIWFV1.16m. 2021125183426 31TCLFAGUOT SRt ] GFIWFV3.16m 2015071192539.31TCLFAGUO1
FillPixel=0 5] GF1WFV1.16m.2020335183818.31TCLFAGUOT SR 6 GFIWFV1,16m2021039184115.31TCLFAGUOT.angle.iff ] GFIWFV1,16m.2021092183103.31TCLFAGUO T.mask ff ] GFIWFV1.16m.2021125183426.31TCLFAGUOT TOASH (51 GFIWFV2.16m.2015071192539.3TTCLFAGUOT AC
(5 GF1WFV1.16m.2020335183818.31TCLFAGUOT.TOA B GFIWFV1.16m.2021039184115.31TCLFAGUOTAODLH 8 GFIWFV1.16m.2021092183103.31TCLFAGUOT.SRE 5] GFIWFV1.16m 2021129183121 31TCLFAGUOT angle:iff (5 GFIWFV3.16m 2015071192539 31TCLFAGUOT m

GFIWFY3.16m.2015071192539.31TCLFAGUOT SF

GF1WFV1.16m.2014206190943.31TCL.000123.angle.tiff
GF1WFV1.16m.20142061909432.31TCL.000123.A0D.uiff
1 GFTWFV1.16m.2014206190943.31TCL.000123.mask.tiff
% GF1WFV1.16m.2014206190943.31TCL.0001 23.SR.tiff

| GF1WFV1.16m.2014206190943.31TCL.000123. TOA tiff

5 GFIWFV1.16m.2020330183515.31 TCLFAGUO1L.AODf 5] GFIWFV1.16m.2021039184115.31 TCLFAGUO1.SR1iff 5 GFIWFV1.16m.2021092183131.31TCLFAGUO . angle.iff GF1WFV1.16m 2021129183121 31TCLFAGUOT maskcsiff

Bl

GFIWFY2.16m.2015071192539.31TCLFAGUOT.TC

Tiles stored in GeoTiff files <

The naming convention is: GFIWFV1.16m.2014206190943.31TCL.000123.SR.tiff

2014206190943 indicates the time of the data imaging center is 206 days, 19 hours, 09 minutes and 43 seconds in 2014;
31TCL indicates the MGRS number

000123 indicates the processing version name

SR indicates that the product type is surface reflectance




GF ARD in-Rouen, France
(tile: 30UYV; 2015-2021)

68 tiles in the French study area, 72 tiles in the

Gaofen ARD in Amazon forest
(2ILUK, 21LUL; Aug. 2017)

Brazilian study area
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Algorithms to repair cloud/cloud shadow areas
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Bandpass Alignment from Sentinel-2 to GF ARD

Liu, Z.-Q. etc., Bandpass Alignment from Sentinel-2 to Gaofen-1 ARD Products with UNet-
Induced Tile-Adaptive Lookup Tables. Remote Sens. 2023, 15, 2563.
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7. Data Sharing Portal

GF 16m ARD will released in https://data.casearth.cn/en/ in Sep.

& G (3)  https://data.casearth.cn/en/ o 8 A B =
PL el 3N
*’Qg‘é\,\/‘t Data Sharing and Service Portal

4

Home Dataset Search License Agreement List of Articles Service and Support

Subject, Field Of Research, Place Name, Type

13 Horon

Last Updated

Most Popular

198SFRIFMESE  GLC_FCS30-1985

1985 global 30m surface co...

Aerospace Info...

2021-09-23

2020 global 30m surface co...
2021-09-23

Aerospace Info...

Global 30-m spatial distribu...

International R...

o
" :- fﬂf

Yo

2022-04-26

Global 30-m spatial distribu...

International R...

2022-08-19

Global 30-m impervious-sur...

International R...

1990FEHHENE  GLC_FCS30-1990

2022-04-26

1990 global 30m surface co...

Aerospace Info...

2021-09-23

Data volume:16PB

No. of files: 125 million
Views: 11458998
Downloads:1712769
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8. Conclusion

O ARD is a great way to organize and deliver satellite data.

O We have made great progress in GF data processing through the production of GF ARD, there are still many
challenges.

O The incomplete time series of GF data outside of China will affect its potential for global application.

O Providing continuous and high-quality GF 16m ARD for sharing is our goal.
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