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* Inform on the project’s objectives

— Explore the crop monitoring with high resolution satellite for the diverse agricultural
cultivation areas in China.

— Extension of the crop mapping approach of Sen2Agri in China
— Develop the fusion algorithm of optical and SAR to support the crop monitoring

— Develop the algorithm of retrieving the biophysics parameters from optical and SAR high
resolution satellite images

— Summarize the advantage and advantage of monitoring agriculture in China with the
open access high resolution satellite data



2021 Field Campaign

* Shannxi Site May 1-3,2021

* Jiansanjiang Site August 23-
27,2021

* Shanxi Site Oct 14-15,2021

* Hunan Site Nov 1-5, 2021

2022 Field Campaign

* Shanxi Site April 29-30,2022
* Jiansanjiang Site July 26-
28,2022

2023 Field Campaign

* Shanxi Site Feb 24-26,2023;
May 28-29,2023; July 17-19,
2023;Aug 16-17,2023; Aug 23-
24, 2023; Aug 31-Sep 1, 2023;
Sep 6-7, 2023
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EO Data Delivery

Data access (list all missions and issues if any). NB. in the tables please insert cumulative figures (since July 2020) 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 Third Party Missions Chinese EO data

1. Sentinel-1 A/B 50 1. Landsat 8/9 60 1. GF-1 40
2. Sentinel-2 A/B 200 2. 2. CBERS04 20
3. 3. 3. FY-3D MERSI 200
4, 4, 4. FY-3C VIRR 200
5. 5. 5. GF-3 SAR 50
6. 6. 6.

Total: Total: Total:

Issues: Issues: Issues:



@fm European Young scientists contributions in Dragon 5 @esa

mm Poster title Contribution including period of research

Jean Bouchat Universite Leaf Area Index Retrieval in Development of a reliable SAR-to-Optical
Catholique de Shanxi Province of China LAl estimation method for Maize based on
Louvain Using Sentinel-1 Data recurrent neural network and dual-pol SAR

data; Assessment of its temporal and spatial
transferability

Sebastien Saelens Universite Leaf Area Index Retrieval in Development of a reliable SAR-to-Optical
Catholique de Shanxi Province of China LAl estimation method for Maize based on
Louvain Using Sentinel-1 Data recurrent neural network and dual-pol SAR

data; Assessment of its temporal and spatial
transferability



‘@/ﬂgm Chinese Young scientists contributions in Dragon 5 @esa

mw Poster title Contribution including period of research

Xiangsuo 1. Guangxi University of Multi spectral remote sensing  Proposed a parallel network architecture
Fan (Ph. D, Science and Technology agricultural classification based integrating channel attention mechanism
Ass. Prof.) on fusion of channel and multi-layer perceptron to provide richer

attention mechanism and multi expression of word meaning features.
feature perception parallel
network structure

Zeng Weili 1. Taiyuan University of Study on Crop Classification explores the effects of different feature

(Master) Technology Using Sentinel-2 Satellite Data  combinations on the extraction accuracy of
2. National Satellite corn, using the random forest in the
Meteorological Center mountainous areas of Shanxi Province, China

Liao Yuejiao 1. Taiyuan University of Study on Crop Classification explores the effects of different feature

(Master) Technology Using Sentinel-2 Satellite Data  combinations on the extraction accuracy of
2. National Satellite corn, using the random forest in the

Meteorological Center mountainous areas of Shanxi Province, China
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Weili Zeng', Qiaomei Su', Rong Pan', Jinlong Fan?, Jean Boucha®
1: Taiyuan University Of Technology, China, People's Republic of;

ABSTRACT
Precise dassification of crops is an important
way 1o realise precision agriculture In order to
improve the extraction accuracy of
mation from medium and high u-mlm.nn remote
sensing images in farming areas, this paper
uses Sentinel-2 satellite data and DEM data,
constructs spectral features. remote sensing
index features, texture features and terrain fea
tures, and uses the random forest model based
on feature praference to finely exva:x com in

some mountainous areas of Sha

combination effectively improv
tion accuracy of crops, In whic ica
tion result of fusing four types of feature varia
bles is the best, and its overall accuracy reach-
5 94%. The preferred texture features and ter-
rain features help to present the
mountainous areas, and
prove the extraction accurac
o cocp Inoimaion Rancan Pored algomnm
can effectively perform data mining of feature
variables whie still ensuring high extraction ac
curacy, and can be used as a powerful tool for
bulk crop extraction.

INTRODUCTION
ment of remote sensing
2 {anots sensing data has been

sensing extraction research.

OBJECTION

The study area is part of Shanxi Province. The
region is located in noth China, on the east
bank of the middie reaches of the Yellow
with complex and diverse landform types. It
longs to the temperate continental monscon ci
mate, with sufficier ughout the year,
excellent irrigation conditions in the reglon, and
fertile land, which is sutable for the growth of
cops, and the main crops are com, wheat, sor-
ghum, potatoes and 50 on

The research objective is 10 propose an accy.
rate identification method of crop planting struc-
ture based on sentinel-2 ¢ using random
forest algorithm with multi-feature combination
opimisation, and  explore the potential of
high-resolution remote sensing data In crop
identéication and classification under complex
spatial planting structure

Fapre 1. Lo o 10 iy e

METHODS
Based on Sentinel-2 data and elevation data,
construct multiple feature
nd

2: NSMC, China, People's Republic of;
3: Universite Catholique de Louvain, Belgium

Construct feature variables

Spactal st Sartrel.3 banct 62 83 54,0, B¢, 67, 80,834 B, 812

n
atire

1 e~ Bt om <2

Eairgy = Y 00, R Septarecasebeesest = 3 11

ety = 1 mi-

" it = 3 1,8

Bevatcn Shope, Moect Hihase

;ombination schemes

importance score, indicating that elevation plays an importax
role in crop information extraction in mountainous areas. The:
NDTI, LSWI, Mean, indi
tures and texture featur
exiraction

To determine the number o
evaluation. When the number of
racy reaches the peak, which is

0943 Therefore, the feature
ables with the top 18 importance were selected as the input
features for the random forest model based on feature prefer-
ence and feature combination

s

i|H““IIIilnu;éuaun.,,;.

B tion with Different High R

Compared with single feature variables, the!
overall accuracy and Kappa coefficient of clas-
sification based on multi-feature optimization!
combination for crop extraction are significantly!
mproved. The best classification result s
scheme 8, based on spectral features + remote|
sensing index features + lexture features + ter-
rain features, which has an overall accuracy of
94%, a Kappa coefficent of 0.92, and an F1

%, which is better than the other

and improves 12.8%, 0.15, and

the results of the classification
using only speciralfeatures, respectivey

DISCUSSION
Based on Sentinel satelite data, this study
adopts a feature optimization algorithm com-
bined with a random forest classifier to realize
the extraction of information on the planting
structure of typical crops in the study area. The
region of this study is relatively small and only
focuses on one growing season, and the appli-
cability and robustness of the conclusions of
this study will be examined by conducting com
planting area extraction studies on a larger
ple growing seasons. For the
¢ the feature selection algo-
| phase and mul
mbined with high-resolution
nag d generalized to
s to be further explored

note sensing
other reglons ne

CONCLUSIONS
pectral features are the basis of feature
csssm"ancn and most of the crop Iinformation
be captured by spectral features, but the
erlec( of com extraction is ordinary.

2. Adding remote sensing index features, tex
ture fealures, and terrain features can effective-
ly improve the classdication accuracy.

3. The integration of texture features and
topographic features contributes to the presen-
tation of information, enviches the information
content of mult-spectral images, and is benefi-
cal o the extraction of crop information.

4. The random forest model can achieve fast
and accurate crop information extraction. It can
be used as a powerful tool for bulk crop ex
traction.

MAJOR
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LEAF AREA INDEX RETRIEVAL IN SHANXI PROVINCE OF
CHINA USING SENTINEL-1 DATA

Jean Bouchat!, Quentin Deffense, Yuejiao Liao? Rong Pan?, Ying Song? Sébastien Saelens!, Qiaomei Su?,
Jinlong Fan®and Pierre Defourny'

Context

Leaf area index (LAJ) is a key variable for agricultural monitoring

- The mest accurate LAI estimation metheds exploit optical data (e.g
1]} and are rendered ineffective in the case of frequent cloud cover
Synthetic aperture radar (SAR] can allow the remote estimation of
LA at the parcel-level, on a large scale, regardiess of cloud cover [2)

. SAR-to-optical regression methods have shown promising results for
NDVI monitoring [3]

Objectives
1. D f t of a reliable S, LAI estimation method for
maize based on recurrent neural network and dual-pol SARdata

sment of its temporal and spatial {Belgium and China)
tr.nsnnblllty

Data

= Two geographically distinct regions: Shanxi province of China and
Hesbaye region of Belgium

+ Field-average values

Training & testing

- SAR backscatterdata (o0, aby 6) from Sentinel, from 2019 102023
- LAl derived from Sentinel-2 optical imagery [1], from 2019 10 2023
External validation

= LAl measured in situ in 5 sites in the Shanxi province of China in
2023 (ongoing)

Methods

Model

= Recurrent neural network

= Time series (May to mid-October) of field-
average values

Dense layer* (64)

Bidirectional GRU (128)
Features (Sentinel)
= Mean, std, min, and max for VW and VH
- WIVH ratio
- Incidence angle
- Dual Pol Radar Vegetation Index (dpRVI)

Dense layer* (64)

Dense layer® (32)
i

Labels nek2)

= LAl derived from Sentinet2

* Interpolated with a nearest neighbor
algorithm on Sentinel-l DSC acquisition grid

= Label masked if > 5 days apart from nearest
Sentinek acquisition

Dense layer (1)

Training and validation
« 10-to- trainjtest split
- External validation against LAl measured in situ with Licor LAI-2000

Results
« Field campaign in Shanxi still ongoing

+ Preliminary study conducted on 231 maize fields in Belgium with
Sentinell and -2 images from 2019

LAI estimation results for Hesbaye region, Belgium, in 2019

@ U st

1.8 Defourny, P. (2
Sentinel-2 spectral band rogen uptal
ropping systems. Remote Sensing of Environment, 216, 245-2
12) Bouchat, 1. Tronquo, . Orban, A. Neyt. X. Verhoest L E. A Detouer (2
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AR data and the w

Multi spectral remote sensing agricultural classification based on fusion of channel

Xiangsuo Fan® , Xuyang Li*, Jinlong Fan?, Chuan Yan*
1. Guangxi University of Science and Technology
2. National Satellite Meteorological Center

attention mechanism and multi feature perception parallel network structure
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Dragon 5 3™ Year Results Reporting @esa

* Inform on the results after 3 years of activity

— Crop Mapping with Chinese high resolution satellite data at provincial level

— Mapping the flood affected crop area

— Identifying the crop practices of conservation agriculture with Sen2Agri

— Promoting the remote sensing application in large and modern farm
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Crop Mapping Key steps

Remote sensing data processing
Training sample collection and evaluation
Classification algorithm and application
Validation and feedback

Post classification and noise filtering

Validation

Acquisition of
Images

2

Processing of
Images

Z

Image data \

cube

I

Classifier model (RF)

Ima‘ée classifying

Collecting field sample
data

7

Processing field sample
data

\Z

| Training/validation
samples for classification

§ U i

Validation samples

' Validation of
‘ classified image

Post processing and mapping crop type
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Spectra of high-resolution satellite data
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MODIFIED on @J. BRIA}



https://earthexplorer.usgs.gov/
https://scihub.copernicus.eu/
http://218.247.138.119:7777/DSSPlatform/index.html

Dragon 5 3™ Year Results Reporting

1 Crop Mapping with Chinese high resolution satellite data at provincial level
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» From Jan 3 to Oct 23, 2021, 341 scenes images of GF-1in 91 of 284 days
» The best coverage was made on June 5, 2021

3
3

Single day mosaic of GF-1 WFV
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1 Crop Mapping with Chinese high resolution satellite data at provincial level
Monthly mosaic of GF-1 WFV

GF1_WFV 20218 v GF1_WFV 2021-02 : GF1_WFV 2021-03 ) GF1_WFV 202

GF1_WFV 202188
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1 Crop Mapping with Chinese high resolution satellite data at provincial level

Seasonally mosaic of GF-1 WFV
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1 Crop Mapping with Chinese high resolution satellite data at provincial level

Field Survey . The Distribution of the sample points (N=978) s
In early Nov. 2021, 3 students .
visited the Dongting lake area in . --—-———_ I T
Huanan province . m % l\,
> Collected +2500 photo 7| £ JM _____ __________
samples with GPS location o ﬁg__Ji __________ __________
> Understand the summer crop . | |
and autumn crop practices i e e

The Distribution of the sample points (N=900) a2
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1 Crop Mapping with Chinese high resolution satellite data at provincial level

in Spring for in Autumn for

Training sample pixel counts Dongting Dongting

Autumn Crop

Built-up 2363 2257

Shrub and Tree 7650 7767

Water Body 11942 12099

GreenHouse 1481 1729

Lotus 1081 1289

Fish Pond 3092 2955 Landcover Map in Spring for
Wetland 5492 5724 ~ Dopgting
Vegetable 510 529

Rapeseeds 1110

Shrimp Field 2331

Early/Later Rice 1577 2032

Single Rice 2136 4492

Total 40765 40873
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1 Crop Mapping with Chinese high resolution satellite data at provincial level

Landcover Map in Spring for Hunan Crop Type Map in Spring for Hunan

GF1-WFV 2021-04 GF1-WFV 2021-04

Input Image

GF1_WFV 202 il6iitha/s(6

Day of Year ay of Y

‘ear
Rapeseed CrayfishField EarlyRice SingleRice

D:
Builtup Tree Water Greenhouse Lotus Pond WetLand Vegetable  Rapeseed Crayfish EarlyRice  SingleRice Greenhouse Lotus Pond Vegetable

Land Cover Map Crop Type Map
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1 Crop Mapping with Chinese high resolution satellite data at provincial level

Landcover Map in Autumn for Hunan Crop Type Map in Autumn for Hunan

GF1-WFV 2021-07 GF1-WFV 2021-07

Input Image

GF1_WFV 2027l

Day of Year Day of Year
S Pond WetLand Vegetable LaterRice SingleRice Greenhouse Lotus Pond Vegetable LaterRice SingleRice

Builtup Tree Water Greenhouse Lotu:

Land Cover Map Crop Type Map
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52 2021-07-31

2 Mapping the flood affected Crop area - po— .
Henan 7.21 Flood 2021 Satellite

Images
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2 Mapping the flood affected crop area

Satellite Ima

w waea

[Sep. 12 2021
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3 Identifying the crop practices of conservation agriculture

. . . 3 s =
Bare soil period duration . BRFAUE

900

» conservation agriculture

800

> Soil wind erosion 700

600

500

300
200

100

IR B0 aE HFH BRI BR= Hith

The Distribution of the sample points (N=1845)
2.54°

111.95° 112.24° 1 11283
378" 8 500

3767 37.67°

b

37.45° 37.45°

Rl i)

37.23° 37.23°

755 1224 112.54° T24F

|§|W] Bareland Buildings Forest Greenhouse Mountain Pear  TreePlatation Wasteland Water  Winterwheat

Source: Sentinel-2 April 25, 2022
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3 Identifying the crop practices of conservation agriculture

lo & ___ w| Identifying the Farm Fields Irrigated out
'| of season with GF-1 Satellite Images

GF-1 Satellite Images

~—  f No.Date

2022/12/27
2023/01/04
2023/01/25
2023/03/03
2023/03/27
2023/04/08
2023/04/29

Lvliang

N bW N -
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I o

Irrigation 1 Waterlogged or Frozen field after
irrigation
Field les, visual . . . . q g g
( GF1-WFV ) [iﬁerpsriﬂﬂfi ovftﬁj Irrigation 2 12 Field with high soil moisture after
| I irrigation
- \ Typic and Main Classes\ H 1 i
( P Winter Wheat ALY Winter wheat field
1 ing: Calibration,
| Geomettic and atmospheric ! | Straw Covered SC Cropland covered by the straw or
correction, co-registration Samples for study area Crop|and Other residues out Of season
N — —— — — = — — — — —  KAHER
SoTTTT T A IR Bare Cropland BC Bare and no covered cropland out of
| G{andom e ModeD<7 70% Training 30%Validation \ season
I samples samples |
. : Greenhouse GH Greenhouse for vegetable or other
| v v , cash crops
land l : :
\ [Pe e omeroph Land covermap / Orchards oC Fruit trees plantation
/_______l_ ______ == r-TCoTTITTITC - Plantation PL Cropland planted with wood or shrub
: \
; | Final lacctlilracy - Accuracy Assessment | trees
€valuation o e o . . . .
- — e — - - _-Z. » Built-up BU Artificial area including building, road,
Y and factory
( Classified map ) Barren Land BL No vegetation covered area in rock
mountain
o TELGE Deciduous Forest DF Deciduous tree and shrub
Evergreen Forest EF Coniferous tree and shrub
Water Body WB Lake, River, Dam, and other Water

body
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Date
2022/12/27

2023/01/04
2023/01/25
2023/03/03
2023/03/27
2023/04/08
2023/04/29
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Fen River
sum 11 12
98.6 65.8 -
166.9 115.1 -
208.0 143.1 -
292.8 10.2 166.1
538.0 6.2 306.4
623.1 94 436.2
653.8 5.8 453.1

A

Wenyu River

11
22.9

33.9
37.6
3.4
1.3
0.7

1.1

98.5
166.0
107.2

120.5

Xiao River

11
9.9

17.9
27.3
1.1
0.3
0.3
0.9

13.5
57.8
69.3

72.4
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Middle April to Middle May Middle June to Middle July Middle Sep. to end Oct.

Field Preparation Crop Type Maping Harvest and plough
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2021 Crop type map for 'Ji\a)ilsanjiang Farms
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[ Source: Sentinel 2 images obtained on May 14,
it June 8,June 23, July 13, July 18, August 17,
September1 and September 6, 2021

OA 93.4% , Soybean F1 97.8% , Maize F1 99.2% |
Transplanted Rice F1 93.8%, Directly Sowed Rice F1 87.7%

Soybean Corn Fallow Greenhouse TransPlantedRice DirectlySowedRice
RST Map
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Harvested Ploughed

18 2021-09-24 Plough

Field situation of farms in Jiansanjiang Not yet harvested rice

L8 2021-09-24 Harvest
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Source: L8 Sep. 24, 2021

OA 96.6%, Soybean F191.2%, Maize F1 87.6%, not yet harvested
Rice F1 99.4%, Harvested Rice F1 93.3%, Ploughed F1 91.3%
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Field situation of farms in Jiansanjian . Ploughed
eld situation of farms in Jiansanjia gNotyet harvested rice Harvested .
as.of Oct.1, 2021 R R

S I 2 s

Fallow Grearrousn Saybean Com Rice Harvest Flough
RST Map. RST Map RST Map RST Map

Source: S2 Oct. 1, 2021

OA 96.7%, Soybean F1 92.2%, Maize F1 91.3%, not yet harvested
Rice F199.4%, Harvested Rice F1 85.4%, Ploughed F1 92.4%



S2 2022-09-21 S2 2022-09-21

I
HarvestedRice Ploughed




Dragon 5 3™ Year Results Reporting

L8 2022-10-29
L8 2022-10-29
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L9 2023-05-01 | L9 2023-05-01

Flooding Irrigated FieldDrying
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S2 2023-05-24 S2 2023-05-24

TransplantedRiceDirectlySowedRice
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L9 2023-08-21 4 L9 2023-08-21

I,
Soybean TransplantedRiceDirectlySowedRice
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* Lists of the project’s output

Fan, X.; Li, X.; Yan, C.; Fan, J.; Chen, L.; Wang, N. Converging Channel Attention Mechanisms with Multilayer Perceptron Parallel Networks for Land
Cover Classification. Remote Sens. 2023, 15(16), 3924; https://doi.org/10.3390/rs15163924.

Fan, X.; Li, X.; Yan, C.; Fan, J.; Yu, L.; Wang, N.; Chen, L. MARC-Net: Terrain Classification in Parallel Network Architectures Containing Multiple Attention
Mechanisms and Multi-Scale Residual Cascades. Forests 2023, 14(5), 1060; https://doi.org/10.3390/f14051060.

Yan, C.; Fan, X.; Fan, J.; Yu, L.; Wang, N.; Chen, L.; Li, X. HyFormer: Hybrid Transformer and CNN for Pixel-Level Multispectral Image Land Cover
Classification. Int. J. Environ. Res. Public Health 2023, 20(4), 3059; https://doi.org/10.3390/ijerph20043059.

Yan, C.; Fan, X.; Fan, J.; Wang, N. Improved U-Net Remote Sensing Classification Algorithm Based on Multi-Feature Fusion Perception. Remote Sens.
2022, 14(5), 1118; https://doi.org/10.3390/rs14051118.

Wang, N.; Fan, X.; Fan, J.; Yan, C. Random Forest Winter Wheat Extraction Algorithm Based on Spatial Features of Neighborhood Samples. Mathematics
2022, 10(13), 2206; https://doi.org/10.3390/math10132206.

Fan, X.; Yan, C.; Fan, J.; Wang, N. Improved U-Net Remote Sensing Classification Algorithm Fusing Attention and Multiscale Features. Remote Sens.
2022, 14(15), 3591; https://doi.org/10.3390/rs14153591.

Fan J, Defourny P, Zhang X, Dong Q, Wang L, Qin Z, De Vroey M, Zhao C. Crop Mapping with Combined Use of European and Chinese Satellite Data.
Remote Sensing. 2021; 13(22):4641. https://doi.org/10.3390/rs13224641

Fan, J.; Zhang, X.; Zhao, C.; Qin, Z.; De Vroey, M.; Defourny, P. Evaluation of Crop Type Classification with Different High Resolution Satellite Data Sources.
Remote Sens. 2021, 13(5), 911; https://doi.org/10.3390/rs13050911.

Fan, J.; Defourny, P.; Dong, Q.; Zhang, X.; De Vroey, M.; Belleman, N.; Xu, Q.; Li, Q.; Zhang, L.; Gao, H. Sent2Agri System Based Crop Type Mapping in
Yellow River Irrigation Area. J. Geod. Geoinf. Sci. 2020, 3, 110-117.
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* Inform on the project’s schedule, planning & contribution of the partners for the following year

O European Team O Chinese Team
— Crop type mapping with Sent2agri system — Project coordination and management
— Algorithm of crop biophysics parameter — Site manager, Field survey and data collection in study sites

retrieved from high resolution SAR satellite — Crop type mapping with Chinese high resolution satellite

—Joint field survey data

— Algorithm of crop biophysics parameter retrieved from

high resolution satellite

— Crop monitoring with high resolution satellite data
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* Report on the level and training of young scientists on the project achievements, including
plans for academic exchanges

» 1. Young Scientists will be invited to join the field survey. This activity will help young scientists be familiar
with and well understand the ground truth of research area.

» 2. Young scientists will be guided in processing the Sentinel series and GF series satellite data. Thereafter,
young scientists will be able to handle those data for the information retrieval.

> 3. Young scientists will be guided for the crop mapping. Thereafter young scientists will be able to run the
code to make a crop map.

> 4. Young scientists will be guided for the crop biophysics parameter retrieval. Thereafter young scientists
will be able to run the code to produce the product.

> 5. Young scientists will also be engaged in manuscript writing that will enhance their academic experience.
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Thank you very much
for your attentions!




