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TEMZERTRTO > THE EUROPEAN SPACE AGENCY

* Inform on the project’s objectives

* Detail the Copernicus Sentinels, ESA, Chinese and ESA Third Party Mission data utilised to achieve the project’s
objectives (complete slide 4)

* Detail the in-situ data measurements and requirements

* Provide details on field data collection campaigns and periods in P.R. China or other study areas

* Inform on the project’s schedule, planning & contribution of the partners for the following year

* Report on the level and training of young scientists on the project achievements, including academic
exchanges

* Brief overview on the European and Chinese young scientist's research (presented by the YSs, if attending the

symposium)
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<JULY 15 2025>

ID. 95177

PROJECT TITLE: MONITORING CROP GROWTH WITH BIG EARTH OBSERVATION SATELLITE DATA IN SUPPORT OF AGRICULTURAL
MANAGEMENT

PRINCIPAL INVESTIGATORS:
CHINESE LI: PROF. JINLONG FAN, BEIJING NORMAL UNIVERSITY, CHINA
EUROPEAN LI: PROF. PIERRE DEFOURNY, UNIVERSITE CATHOLIQUE DE LOUVAIN, BELGIUM

B UCLouvain (g0 &

CO-INVESTIGATORS:
Dr. Miao Zhang, Associate professor, Aerospace Information Research Institute, Chinese Academy of Sciences
Dr. Qiaomei Su, Associate professor, Taiyuan University of Technology

Dr. Xiangsuo Fan, Associate professor, Guangxi University of Science and Technology
Prof. Yeping Zhang, National Satellite Meteorological Center
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Main Objective

» to use high resolution of optical, SAR and hyperspectral satellite data from Europe and

China for crop monitoring, in particular with a focus on hyperspectral data
m, BNU Muduo-1B

EnMAP

/I
* The German Spaceborne Imaging Spectrometer =L = -
420 nm to 1000 nm (VNIR) and 900 nm to 2450 nm (SWIR)
30 km swath width at a spatial resolution of 30 x 30 m * Beijing Normal University Muduo-1B Imaging
* nadir revisit time of 27 days and off-nadir (30°) pointing Spectrometer
feature for fast target revisit (4 days) e 410 nm to 1020 nm (VNIR) in 10m resolution

e 1180 nm to 2480 nm (SWIR) in 30m resolution
* 30 km swath width



Belgium-Hesbaye: winter
cereals, potato, spring cereals
and maize
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Chuangye:
Rice

Jinzhong:
Maize

Guantao:
Winter wheat,
maize, bean,
cotton

Yancheng:
Winter wheat,
barley, garlic,
Rice, Maize
Guangxi:
Sugarcane and
vegetable
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Scientific Questions for Dragon 6
Workplan 1

1. Chuangye Farm, China — The main task is the
discrimination between rice species and rice
varieties using EnMAP hyperspectral and Chinese
hyperspectral satellite data and then the
performance comparison

(1) What are the performance differences between
multispectral time series (Sentinel-2, Chinese
GF series) and hyperspectral imagery (EnMap,
Chinese Hyperspectral, Orbita and satellite
launched by BNU in early 2026) for crop type

mapping, in particular between similar crop
types ? 2. Guantao and Yancheng, China — The main tasks is

crop type discrimination and hyperspectral model

(2) What is the transferability from one year to . )
transferability testing from one year to another

another for crop type classification models

based on multispectral time series on one hand’ 3. HeSbaye, BEIgium — The farm land is in the flat and
and hyperspectral data on the other hand ? hilly area. The main task is to discriminate similar

crop types (e.g. wheat, barley, spelt, rye) with
various sources of satellite data, including
hyperspectral data
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Scientific Questions for Dragon 6
Workplan 2

1. Chuangye Farm, China — The main task is crop
management practice identification with various
satellite data in support of crop management

(1) What are the performance differences between
multispectral time series (Sentinel-2, Chinese
GF series) and hyperspectral imagery (EnMap,
Chinese Hyperspectral, Orbita and satellite
launched by BNU in early 2026) for crop type 2. Jinzhong, China — The main task is the crop type,

mapping, in particular between similar crop crop management practice identification with
types ? various satellite data, under the complex

(2) What is the transferability from one year to agricultural cultivation in typic northern China

another for crop type classification models 3. Guangxi, China — The main tasks is crop type
based on multispectral time series on one hand, discrimination with deep learning model under

and hyperspectral data on the other hand ? the complex agricultural cultivation in typic
southern China
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Teams and Contribution

Chinese Teams:
Prof. Jinlong Fan, BNU

Dr. Miao Zhang, AIRCAS
Dr. Qiaomei Su,TYUT

Dr. Xiangsuo Fan,GXUST
Prof. Yeping Zhang,NSMC

1.
2.

Project coordination and management

Site management, Field survey and data
collection in study sites in China

Crop type mapping with various Chinese
satellite data

Crop monitoring with high resolution
satellite data

esa
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European Teams:

Prof. Pierre Defourny, UCLouvain
Res. Maxime Troiani, UCLouvain

1. European site management

2. Field data collection in European site
3. EnMap data access coordination
4

State-of-the-art EO data processing
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Field Selection

e Large pure block of more than 1 ha with the same crop type Satellite data to be acquired
e  Minimum 200+ large fields

Period of Field Campaign Sentinel- 1/2

e Guantao (March - April for winter, August for summer) — Since Growing Season 2024 — 2028
e Yancheng (March - April for winter, July-August for summer) EnMap

: Elf;gsgfzw:%-fnueg)ust) — Since Growing Season 2024 - 2027
e Jinzhong (November - February for winter practices, and July -

August for crop mapping) e GF-1/6
e Guangxi (July — November) — Since Growing Season 2024- 2028

e Guantao, 2024/2025/2026

e Yancheng, 2024/2025/2026

e Hesbaye, 2024/2025/2026

e Chuangye, 2025/2026/2027/2028
e Jinzhong, 2025/2026/2027/2028
e Guangxi, 2025/2026/2027/2028

— Since Growing Season 2026- 2028
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Data access (list all missions and issues if any). NB. in the tables please insert cumulative figures (since June 2025) for no. of scenes
of high bit rate data (e.g. S1 100 scenes). If data delivery is low bit rate by ftp, insert “ftp”

ESA /Copernicus Missions m ESA Third Party Missions E Chinese EO data m

1. SENTINEL 2A/B/C 1. LANDSATS8/9 1. GF-1/6
2. SENTINEL 1A/B/C 100 2.EnMap 50 2, BN e —
3 3 3. Jilin-1 High Resoultion 100
Optical Imager (JL1-GPO1 and

4. 4. JL1-GPO2)
>. >. 4. CBERS-4 MUXCAM 100
6. 6. 5. SDGSAT-1 MSI Multispectral 100
Total: 300 Total: 250 Imager
Issues: Issues: 6.

EnMap is not the third party mission data Total: 700

but we will access these data through the
agreement between EnMap and
UCLouvan

Issues:lilin-1 released a dataset and we
will check if some data is available for
our study.
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Contribution

Poster title including period of
research
Yaqiu National Satellite A Case Study on Estimation of Soil Nox Emissions in July 2024 — July 2027
Zhao Meteorological Center North China Derived from Satellite Observations

Xueyuan Taiyuan University of Study on Retrieving the Crop Cultivation Practices Using July 2024 — July 2026

Qian Technology High Resolution Satellite Data
Xiangsuo Guangxi University of D-CGG: Research on Hyperspectral Remote Sensing July 2024 — July 2028
Fan Science and Classification Algorithm Based on Convolutional Neural

Technology Network and Linkage Graph Attention Collaboration

Maxime Université catholique To what extent can EnMAP data differentiate between  July 2024 — July 2028
Troiani de Louvain similar winter cereal species? A case study in Wallonia
(Belgium)
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Cesa

@ esa B UCLouvain E(

ET—— . N ~ . Earth and Life Institute - s e P ———
D-GGC: Research on Hyperspectral Remote Sensing Classification Algorithm Based . .
on the Synergy of Convolutional Neural Network and Joint Level Graph Attention To what extent can EnMAP data differentiate between Study on Retrieving the Crop Cultivation Practices Usmg High
similar winter cereal species? A case study in Wallonia Resolution Satellite Data
A Case Study on Estimation of Soil NOx Emissions in North China Austhars: Yong Mei Xiangsua Fan, linlang Fan® Xuyang Li (Belgium) Xueyuan Gian', Qiaomei Su', Ting Feng?, Jinlong Fan?, Xiant
. Prasented by: [linlong Fan] o . i N 1Taiyuan University of Technology; 2Beijing Normal umvars\ 3 ‘Beldahuang bmup Jiansanjiang
Derived from Satellite Observations Maxime Troianf, Juan Camilo Garcia Pefial and Pierre Defourny Branch Offce, Agriculture developmen department

Dragon 6 project id: [arsject 1D 95177)

1 Earth and Life Insitute, Université catholique de Louvain

Zhao Yaqiu'2, Zhang Qiangian?, Fan Jiniong®

\ese Academy of Mmomlogu::l Sciences; 2: National Satellite Meteorological Center; Can we impi g with
Beijing Imeasure to ensure national grain harvests. Northeast China boasts growth cycle (including field soaking, growth, harvest and tillage
/N ‘modern large-scale farms, serving as the cornerstone of the country's periods), using multi-source remote sensing data. The random forest
Crop mapping with temporal MSI HS: finer spectral resolution grain production, where realtime information on key agricultural classification model was employed with a ratio of 70% training sample

that were evaluated by error confusion matrix.
e Ky

e

Nitrogen oxides (NO,=NO+NO), as short-lived , serve as.
crucial precursors for greenhouse gases - ozone (Oy) and fine particulate.
matter (PM.) . In recent years, as the emission reduction strategies of

rious counvies andorganizatons | Y o [ i o ) s st ‘ « Temporal based + Spectrabbased [Ty — ey ]
achieved result, nivogen oride seadiy ety approaches T2 The techict rout f s sy
et eission sources, is gradually ...m...nu Sased on the MO, Stea+ 1S s {7 S S s S, erisons e oSl * High dimensionaly
the i rocessing ncede: handling require
o e et e e oo DECS0 (Do SSton + xSn 09 S S S it | o 4 = ‘Sowed rice accounted for approximately 26.5% of the total rice planting
Emission cstimation Constrained by Satellte Observations) and combined S 0 T ot e rne e anae .| area, primarily concentrated in the eastern part of the farm. AUWMN | [ rccuracy results of agricultural activities monitoring i four periods:
and : ) harvest commenced in mid-September and was mostly finished by late hon t
Methodology October, with plowing activities continuing until November 3. This Feros salie O posursei) “wﬂ ) searsc)
in North China (2019). methodology provides timely and - scientific data support for e s w0 )
agricultural production management. SorngEd soaking
TROPOMI [ Soil NO, Emission P 4 maeen @8 o
7 ) Gnms Zaoss @0 B0 8
] Introduction Gompeos s eers w2 Mo w7
. LA s om0 w0 me  me
T Single remote sensing images can no longer meet the needs of it S5 HARR 00 e e
> This study estimates soil NO, emissions through satellite data to monitoring work. In recent years, the real-time online free sharing of ’
compensate for the shortcomings of traditional empirical models or s high-resolution satellte data has provided timely data support for the aemres | SA 02 w2 w0 o
ground observations. development of methods for extracting agricultural activity information PRI g s 0 B0 w0
> from total NO, . B based of femote sensing mages. Thisstudy was conducid based on
) 2x Raw v reflectance « — domestic Gaofen satelite data, European Sentinel satelite data, and i itural
the effectiveness of emission reduction policies. e s satelite data from other sources.
> By separating soil NO,, fossil fucl.related CO, emissions can be more « The spatial distribution of the derived anms! zoi -
accurately estimated (because NO, and CO; are often released from the B o i ot the gerved anns! sl NO. smosi [ pariion
\_same source), ) o F— | — - Study Area and Data
g i et —————— [ Jansanjang Recamation Ares 1€ ocated n the northeast of
Study Area and Data . e, | L S R
processing lcaton s aeive

. The total cultivated land area reaches

a2
.
'DECSO Total NO, Emissions Data 776,000 hectares. The annual average grain output accounts for about

In this study, monthly NOx emissions in 2018 over North China (105 -
TROP

125,30 42 ' > 4111 of the province and 11100 of the whole country. It s an important
ol Constrained by ona spocinl commodity grain base in China.

spatial resolution o 025" x 0.25". EnMAP-based signaure o

« CAMS Anthropogenic NOX Emissions Data (version 6.2) Parcel-based z

' of 36 compounds including NO,, with a spatial resolution of

‘CAMS-GLOB-ANT, the inventory provides monthly average global 1 |
e e o bl Tl

For each date b0} Find it A
it online Fig.3 Monitoring resuts map of agricultural actvities

Tii Single date: EnMAP outpefroms Sentinel-2 - o 0
; o n ||||| 3, el [ ] - Conclusiol
e 5} + Thepatl dstbtonof s OECSO Source. S e The following conclusions are drawn:
e —= . o 000 - e oo e n ey A 2024, A f A
e Sy Voo st kPt e v ) T 25th, the proportion of preparation ready fields accounted for more
- = = EnMAP 078 | 0.8 | 096 | 095 | 050 Proceted ton than 85% of the total paddy field area, indicating the almost end of the
® Land Use/Land Cover (LULC) Data S2 051 [ 052 | 089 | 088 | 073 ™ 2 During the growing period, it was monitored that the planting area
Tt ws e s 028 gl ressuionwes 100 m) sndthe || —r : — o Gy souss T st o Shok 555 1 ol T
oot acuo s e o o g T yearty veraged il N, emisionsfor 0 e 3 e+ N = : - Dlanting area, mainy disibuing m cosor farm
 Climate Classification Data ettt + byt S han e Figt Sudy Ares - At harvest began n mid-September, and by October 20 the
et ,Region 22 g The lannul a0, emissionsar 35 ol vl e e— e ‘ . 1 i stuty, K20, Secorers e Landsat doa in 2024 were | | havesiod Telds nad Socontiay coverca ah uiivaed feles, malcaing
Jimate ported by . ( yr' ). ,
clima » and ™ The monthly emissions in monsoon and continental climate zones are. 1. Single date HSI to classify crops ? T o N o - used. The HJ-2A data were downloaded from the official website of the "'”: C'?:: W::::I':‘nw"‘%':l':;w :‘:’r‘é“::gmmm as the harvest was
mac. _ eners ot . &5 o i it Coina Conto Tor Resourcen. Satlie Dota 3 Appicaton. The 3
rmwate zouees whlch v Be rereied o the Seasanal Enangen in B T e S Acknowledgement: Scores above (/ f= e o e o oicaton. e | | rogressing: 1t found that the piowing was amost fnaized by
temperature andpreciation. e Dragon(ss177) 2. How to leverage HSI ? Ecosystem. The Landsat 8 data were downloaded from the USGS. November 3, 2024.
- showed from kil o + SVC + Reflectance + All bands + No SMOTE
o e .
i el screemng cxcudes med el ontamins St e i e 3 What S offers beyond T2 ol il ]
farmiand plots and urban a ) * No need of multidate & low processing; [ESA-MOST Dragon Cooperation PEFEDRES “BiHE” BfF
* HSI comparatively better >> minor crops
) Acknowledgement: Dragon(35177)
g gon(95177) 2025 DRAGON 6 SYMPOSIUM 20055 “BiE” AMERTIS
ESA-MOST Dragon Cooperation PEHRBBZE it B
7 14-18 JULY 2025 202557 148-156
2025 DRAGON ¢ SYMPOSIUM 20055 “BitH" L4). oeSa

14-28 JULY 2025 2005575116188 ey ‘:‘V‘ @ esa
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JECAM

Joint Experiment for Crop Assessment and Monitoring

Context & Objectives

Crop mapping with temporal MSI HSI: finer spectral resolution

[ | | 60m
h EEE = 20m
Sentinel-2 _ [ ] [ ] [ ] 0m
* Temporal-based * Spectral-based
approaches approaches
* Significant processing * High dimensionality

needed handling required
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Context & Objectives

Classify cereals using HSI

Compare HSIand MSI-based classification

Reflectance (%)

Cereals spectra | May 2024
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W Data & study areca

1 EnMI\P

207 bands
Res: 30 m

= —————————)———1— - A ¥

2. @'sentinel-z . e e | |
10 bands ____g-'---“--___?..’_;_-_. e o L il

Resampled to 30 m EPSG:32631

Source: EnMAP, 2024; ESA Copernlcus
GADM v4.0, OpenStreetMap
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Wy 0
Legend %
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Year Month |Day EnMAP  |Day S2 L_1 Sentinel-2 tiles | I
2023 | April 21 15 1 Administrative borders of i
1 |
5023 May 3 ) Belgium, Iejfe.l 1 i
2024 May 11 11 EnMAP acquisitons i
i I aRache SERLLYS. Tea JLiwed
2024 June 7 8 Bl April 2023 ‘
May 2023
Bl May 2024 (3)
| June 2024 (2) Y
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s Data preprocessing

e Smooth and resample (30 m)

e Cloud masking
\4 ‘i‘
Cloud masking oo > Inner buffer 30m) <

Mean reflectance / Fa
NDVI parcel & band ) ;

o (D A Clasmlt;lglatlon
Discard (< 30 obs)  \ WO }




Workflow on EnMAP: How to leverage

TTTTTT

hyperspectraldata for crop mapping?

B Benchmark training settings... s

— 70% @@

...and classifiers

Smoothed
Reflectance
I1st derivative

Predictor Dimensionality Handle crop class
variables reduction imbalance
Metnies: . 30% | Validation
F1 weighted (major

A

Crops)
F1 macro (minor crops)
Kappa
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g’ Predictor variables
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‘w©  Workflow on Sentinel-2: Comparing sensors

0 . .
045 Crop and band selection
— Maize ¥
o —— Winter barley
0.35 —— Winter spelt
—— Winter triticale
=~ R —— Winter wheat
PE; 0.25
-
E} 0.2
& 0.15
. §.
0.05
0
400 600 800 1000 1200 1400 1600 1800 2000 2200 Handle cro p class
Wavelength (nm) .
imbalance

_________________________________________________________ 30%
vs EnMAP |
! i v
Compare best scores ) Validation
| : | F1 weighted :
. Effect size between sensors | g Classifiers
: . F1 macro

Kappa



“¢ Benchmark results‘ ‘k‘

e.g. May 2024

Classifier Predictor Reduction Smote FI-M BAcc F1-W Acc Kappa

RF Ref PLS TRUE 0.76| 0.74f 0.93| 0.93 0.84

SAM Deriv 0.47| 0.66/ 0.80| 0.74 0.54
FALSE

SVC Ref None

e [owest scores

e Bestoverall e Also best
e Minor classes always e Minor classes: some e Ok formajor classes




EnMAP & S2 results |

e.g. May 2024
Source F1-M BAcc FI-W Acc Kappa
EnMAP 0.78 0.8 0.96 0.95 0.90
SVC NO Reflectances All
S2 0.51 0.52 0.89 0.88 0.73
EnMAP S2
Maize - 12 4 2 5 1 Maize - 9 6 6 2 =)
__ Winter barley - 5 321 0 0 6 Winter barley - 9 273 7 9 17
(3]

..3 Winter spelt - 2 0 41 1 11 Winter spelt - 4 6 25 2 21
< Winter titcale - 0 1 1 @ 1 Winter triicale - 0 4 3 @ 6

Winter wheat - 1 8 ) 1

m Winter wheat - 14 2 21 16 m

l- " . . ! . ! agw . I I I 1
Maize Winter barley Winter spelt Winter triticale Winter wheat Maize  Winter barley Winter spelt Winter triticale Winter wheat

Predicted Predicted
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Take home messages

1. Single date HSIto classity
crops?

1. Scores above 90% ‘

2. How to leverage HSI?

1. SVC + Reflectance + All
bands + No SMOTE

3. What HSIoffers beyond
1. Noneed ofmultidate & k\g & |
low processing

2. HSIcomparatively better
>> minor Crops

' (,', :.‘

! [ 1
s = | i /)
’ Y :
| ? |
b 5
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Chuangye:
Rice

Jinzhong:
Maize

Guantao:
Winter wheat,
maize, bean,
cotton

Yancheng:
Winter wheat,
barley, garlic,
Rice, Maize

Guangxi:
Sugarcane and
vegetable

S LONON L SERNAIRNGIY . GERCO
Imagel LandSaty S Eopenieus
T Google Earth

b
SRR 20T ] 320 81 50 vt db 1197 19 06, 987 4 i i 3053, 77 & F




China Guantao JECAM site and experime ~ Eesa
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Experimental areas

1147 'U'{)"E 115" I{P 0"E

: N Handan
» Located in Handan, Hebei Province o
. . v ~ Hebei .
» Construction of ten observation towers A Dt I ¢
. = 5 Tongnian = _, ‘L_,
o Tuan < e :“ uzh oy
» Equipments for crop conditions monitoring e A T e DA
AP o P i
using mounted cameras S rmteasir ) Lo
> Observation equipments for climate data and R
. ) T --:—_-
flux data — Observation Towers
114° 0'0°E 115° 0'0"E

Experimental activitiess and research priorities
» Survey of crop types
» Collection of crop variables including planting density, biomass, yield,
harvest index, etc.
» Digital photos taken during crop survey
> Research Priorities
» Mapping of cropland and utilization, crop type mapping
> Remote sensing estimation of biomass, harvest index and crop yield

> ldentification of crop diseases, pests and yields using AI approach




Research Activities S0 Eesa
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» Crop type classification
»using multi-spectral images

»using EnMAP hyperspectral data

» Comparison of classification performance



Crop type classification P S . esa
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Objective: Investigation on the early detection of various crop types using ENMAP or combination of
EnMap and Sentinel-2 (however, only one EnMap image in late April)

» Comparison of classification accuracy using different RS data

» Comparison of classification performance with different percent of training sets

Ground-
truth points

60M buffer l Remove overlapping

polygons
Ground-truth i )
. polygons - S, e RN ‘;'
SAraRELT S
EnMap _ _ S .
L_/—\M7 EnMap on 23t April 2024  Sentinel-2 on 20t April 2024
= - . . . Comparison Using
Sentinel-2 ‘/ Training /L» Random | Classified crop N Comparison Using e ectral and
/ Data forest map Different Sample Sizes Multispectral Data
\ 4

p : Validation / Accuracy Assessment Accuracy Assessment
e / Data / Validation Using Methods with Using Hyperspectral and
30M Different Sample Sizes Multispectral Data




Points sample for classification U | Lesa
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Data collection on March 27, 2024

5 types of samples
©® wheat . 328
© garlic : 87 - 2/3 for training
© vegetables : 83 1/3 for validation
e fallow : 42
@ orchard (pear trees). 59
B SPECTRAL_IMAGE SPECTRAL_IMAGE SPECTRAL_TMAGE
=3 Garlic 4000 R Tree crop (Pear)
3500 E 3500 - 4000
e 3000 ]
2500 3 § 3000 3
2000 3 0 _ 2000
1500 2000 3 i §
1000 _ 1500 =
500 - 1000 = ’ E
0 500 3 T e
0 50 100 150 200 250 0 50 100 150 200 250 I A T 0 50 100 150 200 250

0 50 100 150 200 250 0 50 100 150 200 250
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Points Polygons

60m buffer

Remove overlappin
polygons and mixed

polygons

£ < s

Randomly select 20% of polygons for training

© wheat: 118

© garlic. 91 wheat 23 234 2085

© vegetables . 60

o fallow : 33 garlic 18 184 1627

@ orchard (pear trees). 54 vegetables 12 118 1079
Total number of screened polygons fallow 6 59 538

orchard 10 104 916



Sentinel-2 10m

Sentinel-2 resampled to 30m EnMap 30m
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e

Preliminary
classification
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B carlic e [ wheat

[] vegetables ' - Il carlic
[ fallow i ¢ [ ] vegetables
I orchard [ fallow
I orchard
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1 2 4 5
1 970 0 0 0
2 0 720 0 1
3 0 480 0 0
4 0 0 269 0
5 0 0 0 445

Metric | Precision | Recall |F1-score
wheat 1 1 1
garlic 0.993 0.989 0.991

vegetable, 0.986 0.994 0.99

wheat fallow 1 1 1
B coclic orchard | 0.998 | 0.996 | 0.997
- M:\f; 0.995 | 0.996 | 0.995
vegetables -
Weighted| 996 | 0.006 | 0.996
fallow avg
- orchard Kappa 0.994 - -
Overall

99.55% - -

accuracy
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1 2 3 4 5
1 8634 3 0 1
2 2 6432 | 94 4 7
3 0 35 | 4295 5 15
4 0 3 0 2449 2
5 0 25 0 12 | 3961

Metric | Precision | Recall |F1-score
wheat 1 1 1
garlic 0.99 0.984 0. 987

vegetable| 0.979 0.987 | 0.983

fallow | 0.991 | 0.998 | 0.995
wheat orchard | 0.994 | 0.991 | 0.992
B carlic Macro | 991 | 0.992 | 0.991
avg
vegetables  |Weighted) g0 | o 992 | 0.992
avg
fallow
Kappa 0.990 - -
- orchard Overall

99.20% - -

accuracy
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1 2 3 4 5
1 764 0 0
2 0 579 2 0 5
3 0 1 389 1 2
4 0 0 0 225 0
5 0 9 6 0 363
Metric | Precision | Recall |F1-score
wheat 1 0. 991 0. 995
garlic 0.971 0. 988 0.98
vegetable, 0. 98 0.99 0. 985
wheat fallow | 0.99 1 0. 998
- garlic orchard 0. 981 0. 96 0.971
Macro | 986 | 0.986 | 0.986
vegetables avg
Weighted
fallow avg 0. 986 0. 986 0. 986
- orchard Kappa 0. 982 - -
Overall 98. 60% i i
accuracy
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Class Polygon count Pixcel count Pixcel count
(30m) (10m)
11 107 998

» Randomly select 10% of each category for training
» Accuracy reached 99% for all different satellite inputs

wheat
» Small number of high-quality sample polygons is sufficient to carlic 5 = o
separate the main winter crops vegetables 6 50 538
» Hyperspectral data does not show advantages over multispectral fallow 3 20 579
data, because of the distinct spectral differences among classes orchard 5 52 457
1 3| 4 1] 2 4 | s 1| 2 4 | 5
1 |9721 o] o o 1 |1096| o0 0| o 1 |86 0] o o] o
S2 10m 2 | 6 |7259 72| 0o | 16 S2 30m 2 1 o |88 1| o |1 EnMAP 30m 2 | o |e7| 1| o | o0
3 42 [4833] 1 | 16 3o | 3 |50 0| 0 30 1| 4 (437 0o | 2
4 0 | 11 |2662| 48 4 1o o | 1 |2014] 3 4 [ o |136| 0 |114]| 0
5 (25 | 29| 2 | 4 [4398 51 3| 2] 0] 0|49 51 9| 1 | 11| 6 |39
Metric | Precision | Recall [Fl-score| Support Metric | Precision | Recall |F1-score| Support Metric | Precision | Recall |F1-score| Support
wheat | 0.997 [0.999 [ 0.998 9727 wheat | 0.997 1 0. 999 1096 wheat | 0.989 1 0. 994 866
garlic 0.99 [o0.987 | 0.988 7353 garlic 0.994 | 0.998 | 0.996 820 garlic 0.823 | 0.998 | 0.902 658
vegetable] 0.983 0.988 | 0.985 4892 vegetable| 0.996 0.994 | 0.995 543 vegetable| 0.973 0.984 [ 0.979 444
fallow | 0.998 [0.978 [ 0.988 2721 fallow 1 0.987 | 0.993 298 fallow 0.95 | 0.456 | 0.616 250
orchard 0.982 0.987 | 0.984 4458 orchard 0.992 0.99 0.991 500 orchard 0.995 0.936 | 0.965 421
Macro |4 99 | 0,088 | 0.989 29151 Macro 1 996 | 0.994 | 0.995 3257 Macro | o o186 | 0.875 | 0. 801 2639
avg avg avg
Weighted) 99 | 999 | 0.99 29151 Weighted) 4 996 | 0.996 | 0.996 3257 Weighted) ) 940 | 0.935 | 0.928 2639
avg avg avg
Kappa 0.988 - - 29151 Kappa 0.994 - - 3257 Kappa 0.915 - - 2639
Overall o I Qverall i i ) - Overall con i . -
accuracy | - 0% ] ] 29151 accuracy 99.57% 3251 accuracy| 9% 9% 2639




Data collection in Yancheng wheat & barley w 4» {oesa
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* The survey was conducted on May 15, before the peak of growing season
 The dominant crop is wheat, with some barley farms

 The boundaries of the barley planting plots were determined

* Digital photos were taken during the crop survey

. e o Barl
Experimental activitiess - Gar:y
ariic
N\ T e o Wheat
| ;njll»,”é,"— / ’ /| © Rapeseed
\ ‘ ‘,0'."'.\ W" / o Maize
\) it \’QJ»’
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Chuangye:
Rice

Jinzhong:
Maize

Guantao:
Winter wheat,
maize, bean,
cotton
Yancheng:
Winter wheat,
barley, garlic,
Rice, Maize

Guangxi:

T :G'c')ogleEarth Suga rcane and
-5 | s
~ ‘A = e RS o Tl e o B b 110° 167 06, 98”7 (= i K i 3053, 77 8 Vegetable
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» Crop type classification

* deep learning model under the complex agricultural cultivation
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 Ground data

The team traveled to the study area in October 2020 for outdoor sample collection, and part of its route is
shown in Fig. A handheld GPS camera was utilized to photograph the types of features as the car moved, and
the types of crops photographed are shown in Fig.

* Sentinel-2 and ESA third party mission LANDSAT 8 data
Landsat 8 has 11 bands in total: 9 from the Land Imager (8 at 30m resolution: coastal, blue, green, red, near-
infrared, 2 shortwave infrared, and cirrus; and 1 panchromatic at 15m), and 2 thermal infrared bands at 100m

resolution.
The Distribution of the sample points (N=1129) )
| |
| : fz
| |
L R e e e 130
£~ | w0
: | |
: | o
PG, R — JI —————————— JI—————_r ————— s
I I +
{ | a
| + |
- — —g—————— B S AR 4 -—_—————— s
4 : : rﬁﬁﬁﬁfﬂﬂﬁﬁfﬁ#’éﬁﬁxﬁ?ﬂﬁﬁiﬁ
<. S | ,856795°N, 109.350441°F
4 s I =
b ol “y- 1 il

Figure Longitude and latitude maps of selected sampling sites Figure Rice and Sugarcane field
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* Classification based on multilayer convolutional recurrent neural network

» A multilayer convolutional recurrent neural
network (HCRNN) of combining CNN and RNN
modules at pixel-level classification

» The band information of satellite image is adapted ol 0 0-0,,00-0,,00:0,,00-0,

to a 1D sequence and reshaped to a 3D matrix, 10m Band A A A }
where spatial features are extracted and resized coleacion LR | (RN ] [Ran ] ((Ren ]
by four convolutional layers A A ! A

» The 2D-CNN features are fed into an RNN
consisting of two GRU units, using global mean
pooling to avoid overfitting.

1 1 1
1 1

1
25601 =1 256@1=1 25601 x1
Conv + Cony + Conv *

'ﬂz lﬂ4 ’ﬁuu

1 1

256

» The four RNNs process the features in parallel to
capture inter-band dependencies

Avg Pool Avg Pool Avg Pool

sxsf;luhalT 4x4muha|T nzcluhalT

» Finally, the features are fused and fed into the
MLP for high-precision classification via the RelLU 8 — et e neln B
activation function to fully exploit the spatial- T \ i \ m\ * m\ '
temporal information

Classification
32@1%1Conv 64@2 % 2Cony 128@2x2Conv 2562 %2Conv Result

Figure Hierarchical Convolutional Recurrent Neural Network (HCRNN)
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* The results of different classification methods in Laibin City, Guangxi are shown below

Built  Forest Bare Rice
B i A ks A B R ] kS AR A
Water Sugarcane other

e

Figure Classification results of different models: (a)SVM; (b)KNN; (c) RF; (d)1D-CNN; (e) Transformer ;
(f) SpectralFormer; (g)RNN; (h) HCRNN
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) ) Table 2-2 Classification results with 2019 dataset in Laibin
* HCRNN model demonstrates superior performance in

comparison with traditional machine learning models  wpon sym v rRE Denw vir SPeemal oo HG

. . Former RN
(e.g., SVM, KNN, RF) and deep learning methods (e.g.,ViT, WA 9835 9801 9930 9681  99.11 9913 9899  98.93
SpectralFormer, RNN) Bih 9787 9565 9731 9387 9719 9788 9701  99.03

KK 97.47 97.89 07.32 06.25 97.64 98.64 97.04 98.07

. . . . . . i Hh 93.06 97.00 92.50 93.25 93.80 95.86 93,31 97.56

* HCRNN mines the time-series information and spatial = . 70 sss0  ses1  sias  s077 5540 950 o180
features more efficiently and thus significantly AE 7099 7593 6728 6522 80.86 7654 7284 7407
Outperforms the Other mOdeIS HoAth FH Hh ?4.{.15.‘} E{}.E-f T7.05 T1.84 EI.EU EEE.-i'} 31.3'} 89.09
OA(%) 94.50 9435 94.61 91.76 95.34 9598 95.17 97.03
AA(%a) BE.50 9053 8823 85,96 91.37 91.71 90.93 92.61
Kappa 09247 09232 09062 08877 09366  0.9452 09337  0.95%

Table 2-1 Classification results with 2017 dataset in Laibin
Table 2-3 Classification results with 2021 dataset in Laibin

KELH SYM KNN RF IDONN vit Pt pan MO
Fomer RN yeo £ 50 : . Spectral- HC-
AL 9489 9083 9456 9180 9600 9540 9533 97.09 KHET SVM KNN R IDONN Vit CPRETORNN
il 9842 9810 9888 9830 9904 9931 9892 992 WA 9627 9432 9631 9460 9509 9536 9512 96.49
KiE 9639 9645 9560 9580 9761 9713 96.96  98.35 Wi 9099 9095 9042 9132 9422 9603 9399  96.64
BH 10000 9644 9289 9333 10000 9956 9911  100.00 KBk 9646 9651 9564 9459 9732 9693 9766 9780
HiE 7919 8589 8430 7203 9065 9083 8813  92.83 W 7153 7936 7367 5747 7473 8754 8950  93.42
KR 2829 3355 3947 3750 7105 6974 69.08  78.95 i 92.69 8991 9142 8570 8583 0186 8745  89.57
A 9592 9177 9210  89.06  90.18 9394 9164  96.34 K 1606 3832 1460 182 6023 6447 4650  Th26
OAC%) 9308 9404 5454 5279 %614 %635 R84 9.62 SAFM 6386 6834 7112 4955 7898 7184 7563 8595

AA(%) 84.73 84.72 85.40 82.54 92.08 9227 91.32 94.68
Kappa 09340 09201 09321 0.9031 0.9482 0.9538 09442 0.9681

OA{%) 89.03 8851 88.97 84.43 90.85 91.58 90,70 93,93
AA(Y) 75.69 7967 76.17 67.87 85.06 86.29 83.70 90.45
Kappa  0.8600 0.8541 (.83598 08002 08836  0.8629 (08818 09230
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* A parallel network architecture HDAM-
Net with a hybrid dual attention

A fusion MCA + SAM (MS) attention

MDD TXT
r-.uofﬂm;
T uondau|
A uotdaow
AUOD EXE

mthanism to improve VIT netwqu, lewmﬁun

which can capture the correlation ——

information between features S — -
i?e“rﬁ B — [ - .|_ ndd&Nurrn_ ~—‘

* A multilayer  residual  cascade — — ) e
convolution (MSCRC) network model l"‘“' Fowed ) LFF ———— |
using Double Cross-Attention Module - e T
(DCAM) attention mechanism, which is » ,‘;gw vt e e
able to efficiently utilize the spatial dﬁ’gé — 1 1
dependency  between multiscale @@ Y P (;r..tf}'li-k.®- @D _ {:_% 55
encoder features @ 5 oo P R ._

g — . |nput Embedding Output Embedding

 The dual-channel parallel architecture is mase) e T =
utilized to solve the structural
differences and realize the Figure 1. Schematic structure of the HDAM model

enhancement of image classification
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Comparative Analysis of models
* The performances of models, SVM, KNN, RF, CNN, RNN, ViT, VITCNN and HDAM-Net

« HDAM-Net obtained the highest score (OA: 99.42%, AA :99.25%, Kappa: 0.9931), proving its excellent ability to
extract time series and spatial features from spectral data

Table 1. Accuracy of various algorithms in Xiangyin County study area

Various Algorithms

CN. SVM KNN RF CNN RNN ViT VIiTCNN HDAM-Net
1 9518 90.12 9552 81.13 9460 9724  98.37 99.81
2 9769  99.62 9956 9531 9927 9874  99.78 99.67
3 9626 9677 9745 8617 9803 9963  99.92 100.00
4 34.66 89.93 90.33 77.39 92.94 93.18 96.84 99,55
5 7611 91.87 8888 4918 9775 9132  93.17 96.01
6 9433  98.02 9631 78.05 9638 9835  98.64 99.88
7 9734 9955 9800 90.36 9947 9919  99.81 99.76
OA (%)1 9247 9513 9552 8226 9627 9692  98.32 99.42
AA (%) T 9166 9513 9516 79.66 9607 9681  98.08 99.25
Kappat 09102 09419 09466 0.7883 0.9555 0.9633  0.9800 0.9931

Fig. Classified results in Xiangyin County study area: (a)
SVM, (b) KNN,(c) RF, (d) CNN, (e) RNN, (f) ViT, (g) VITCNN,
(h) HDAM-Net, (i) VITCNN
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Chuangye:
Rice

Jinzhong:
Maize

Guantao:
Winter wheat,
maize, bean,
cotton
Yancheng:
Winter wheat,
barley, garlic,
Rice, Maize

Guangxi:

T :G'c')ogleEarth Suga rcane and
-5 | s
~ ‘A = e RS o Tl e o B b 110° 167 06, 98”7 (= i K i 3053, 77 8 Vegetable
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» ldentifying the farming practices of
conservation agriculture
* Bare fields in winter
* Irrigated fields in winter
e Straw mulching fields in winter
* Film mulching fields in spring
» Crop type classification
* using multi-spectral images
* using hyperspectral data (EnMAP/ BNU)

* Model transferability

2 THE EUROPEAN SPACE AGENCY

Bare fields

Straw mulching

Film

mulching

eonrtowis g
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Bare soil period duration

TOVE 0NTE 10BTTE 125700°E AT NV0E
P 1 1 1 1 L

(A (@ m| | » conservation agriculture

samon
N

20N

> Soil wind erosion

Fawon
1
T
300N

EEEER
"
~
~
T
30N

0 1,500 km , 0 180 km
[ mm s [ =

a1

Lvliang
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EHW Bareland Buildings Forest Greenhouse Mountain Pear  TreePlatation Wasteland Water Winterwheat

1H00E NTFVE N220TE

Legend - Shanxi :l Study area Watershed Boundary River sou rce: Senti nel - 2 April 2 5' 2022
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: S
. g .
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4 12023/03/03
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112°00"E 112°40'0"E M2°0'0"E T12°40°0"E
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2023/10/27 2023/11/1  2023/11/6  2023/11/21 2023/11/26 2023/12/6 2024/3/15 2024/4/24  2024/5/14

OA 96.5 96.2 95.3 96.0 96.3 95.4 97.4 96.1 96.7
Kappa 96.0 96.0 95.0 96.0 96.0 95.0 97.0 96.0 96.0
F1 96.8 96.3 94.8 96.0 96.3 95.9 97.4 96.0 96.5
PMF - - - - - - 96.9 97.8 98.2
I1 - - 87.5 99.6 100.0 100.0 100.0 95.7 98.9
12 100.0 98.7 100.0 98.0 99.6 98.9 99.5 93.9 99.7
RCF 99.6 97.7 97.6 99.1 97.4 96.8 98.5 95.9 -
BC 100.0 100.0 93.1 99.1 95.7 94.3 95.7 97.9 98.9
BL 91.1 922 87.1 96.4 91.8 93.3 98.8 95.9 91.3
GH 94.8 97.9 92.8 95.9 95.4 98.9 98.9 97.3 87.9
IS 99.3 98.2 95.1 99.1 97.3 96.8 93.0 99.1 93.5
OR 95.9 95.8 98.8 97.3 96.1 96.4 100.0 93.0 96.9
OoC 94.3 95.0 97.1 87.3 92.9 91.7 - 94.3 99.4
WB 100.0 93.4 95.1 94.1 93.6 99.8 100.0 100.0 99.5
GL 95.1 94.5 95.2 93.9 94.5 92.7 96.6 93.3 96.9
WW - - - 95.1 100.0 96.2 98.2 95.1 96.9

WOL 95.0 95.3 97.6 93.2 97.4 91.4 98.2 95.1 96.2
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OA
Kappa
F1
PMF
I1
12
RCF
BC
BL
GH
IS
OC
WB
GL
WOL

2023/

10/27
88.2

87.0
87.8

100.0
100.0
85.1
74.1
73.9
87.0
92.3
97.0
75.6
93.2

2023/

11/1
90.4

89.0
90.5

98.7

100.0

93.9
79.8
79.1
87.4
92.9
99.6
79.8
93.4

Transferred Model

2023/
11/21

92.5
91.0
90.0
80.2
70.7
96.4
97.8
92.4
86.3
93.4
91.7
97.9
89.4
93.3

2023/
12/6

94.2
93.0
93.2
95.1
83.0
99.4
97.6
95.1
92.8
94.1
86.1
99.5
90.0
92.9

2024/
3/30

89.0
88.0
83.4
75.0
95.9
75.1
90.6
93.3
90.1
79.0
93.3
64.5
96.0
78.6
98.6

2024/
4/24

88.0
87.0
86.9
76.8
90.9
81.0
86.9
88.1
83.9
76.1
90.1
95.5
96.2
78.5
99.0

2024/
5/14

92.4
91.0
91.9
94.8
93.6
97.0
96.9
92.4
83.0
94.9
85.6
99.4
76.3
97.1

2023/
10/27

95.6
95.0
95.9

100.0
96.9
99.7
95.0
96.9
96.4
98.2
93.4
88.5
93.4
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Model with training samples

2023/
11/1

94.7
94.0
94.6

97.3
96.3
90.0
99.8
93.5
96.6
99.7
94.1
86.5
92.4

2023/
11/21

96.1
96.0
96.5
100.0
95.8
94.1
96.2
95.7
95.7
94.7
100.0
98.6
91.9
98.5

2023/
12/6

95.7
95.0
95.5
100.0
94.9
92.5
96.0
96.0
90.1
97.6
94.8
100.0
92.6
96.0

2024/
3/30

95.5
95.0
93.1
80.7
100.0
97.1
92.7
94.6
92.8
98.7
96.7
91.9
98.8
93.6
97.0

2024/
4/24

95.5
95.0
96.1
93.0
100.0
100.0
100.0
93.4
95.8
94.1
94.5
95.3
100.0
90.5
96.7

2024/
5/14

96.6
96.0
95.8
98.6
96.5
98.8
97.7
98.5
77.3
96.0
93.4
100.0
97.4
99.7
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Chuangye:
Rice

Jinzhong:
Maize

Guantao:
Winter wheat,
maize, bean,
cotton
Yancheng:
Winter wheat,
barley, garlic,
Rice, Maize

Guangxi:

T :G'c')ogleEarth Suga rcane and
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» Timely farming practices identification

133°E 134°E
* Rice field preparation x
* Transplanted and directly sowed rice Sy
kvﬁ r‘”\\ §
* Harvest P Y
o P I o u g h ) ;/1 Heihe """w\ 7] )
4 /"/ Qiiqihaer Yichun I—[e;\affg';i';f
‘\(‘% Suihua uangyasha [
> Crop type classification S
N \\/\ilaerbin 2 alff‘]ifif}
* using hyperspectral data (EnMAP/ BNU) U
* using multi-spectral images
Legend : Heilongjiang Province I:] Study Area

Prefecture-level City

* Rice variety separation with hyperspectral data
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|=

Ié Harvest
. and

" plough
' maps

Multiple
images of
field

preparation

Middle April to Middle May Middle June to Middle July Middle Sep. to end Oct.
Field Preparation Crop Type Maping Harvest and plough

J 4
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L8 2024-04-09 S2 2024-04-13 HJ 2024-04-21 HJ 2024-04-22

Flooding Irrigated Undisturbed B e Flooding Inigated Undididibed . Flooding Irigated

Flooding Imigated

$2 2024-04-23 L8 2024-04-25 $2 2024-04-28 : $2 2024-05-03

Flooding Inigated Undisturbed Flooding Irigated Undisturbed 3 Flooding Inigated Undisturbed i Flooding Inigated Undisturbed
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S2 2024-05-08 S$2 2024-05-18 . L8 2024-05-19

Flooding Transplanted o 3 Flooding Transplanted Flooding Transplanted
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S2 2024-10-05 HJ 2024-10-17

5§52 2024-09-15

HarvestedRice Ploughed ¥ HarvestedRice Ploughed

S$2 2024-10-20 L8 2024-11-03

L D
Soybean TransplantedRiceDirectlySowedRice

Unplough Ploughed
Unplough Ploughed i E
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Accuracy results of agricultural activities monitoring in four periods

R

Landsat 8 2024-04-09 92.0
Sgaﬁ,'ﬂg e S2A 2024-04-23 90.5 89.0 90.1
Landsat 8 2024-04-25 88.0 86.0 86.1
Growth Period 528 2024-09-15 86.2 84.0 86.7
S28B 2024-10-05 91.0 89.0 88.6
Harvest Period HI2A 2024-10-13 92.1 91.0 89.3
HI2A 2024-10-17 93.3 92.0 88.5
Autunm Field S2A 2024-10-20 95.2 94.0 94.1

Preparation
Period Landsat8 2024-11-03 96.1 93.0 94.0
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§2 2025-05-28 : $2 2025-06-02 - 4 ) $2 2025-06-12

S2 2025-06-12
S2 2025-05-28 S2 2025-06-02

I 44X 3 | E—
TransplantedRice DirectlySowedRice ‘ TransplantedRice DirectlySowedRice

I —
TransplantedRiceDirectlySowedRice
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Qixing Farm Rice
variety: Suijing18

& #3 Zoom 194 - o x

pﬁeé O cwsortocsio. — O x| [EEH cEE [ |

File Options

Disp #3 (171, 1010) Sern: K:255 G:255 B:0
Frojection: UM, Zome 53 Hort

sy’ 315030, OOE, 5233500, DON e pers

L 4773 a1 127, 1329323 368

Di=p #2 Data: 2 {LongRice]

Dizp #3 Data’ 2 {SuijingRice)

ormaice. Lomgrie. Stickyfioe
RSThp

LongJingRice SuijingRica XinMinnRica



Normal

longjing

NormalRice LongRice StickyRice
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Crop Mapping Key steps

Acquisition of Collecting field sample
 Remote sensing data processing IMages data
« Training sample collection and evaluation S -
. Classification alaorithm and aoplication Processing of Processing field sample
assification algori and applicatio images o
« Validation and feedback g 17
« Post classification and noise filtering Imagedata | | Training/validation
n cube "| samples for classification
4
g i — 1 -
=5 ¥ . Classifier model (RF) || Validation samples
: | Image classifying |~ .\ opg s of
‘ classified image

i Post processing and mapping crop type
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Thanks to European young researchers for visiting us!
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