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1. Research Background and Significance

» Crop remote sensing identification and classification is an important
part of remote sensing monitoring of agricultural conditions, and it is
the basis and key link for the application of remote sensing
technology In the agricultural field. The timely and accurate remote
sensing classification of crops can achieve accurate judgments of the
planted area, spatial distribution and planting structure of crops,
guide the daily management of crops, and is the basis for detecting
changes in different types of crops.

» Crop changes are mainly divided into two categories: one is the
change with the season and the growth of the crop itself (seasonal
rhythm or phenological characteristics); the other is the change of
crop types due to external forces or the change from vegetation to
non-vegetation (planting structure, cultivated land abandonment).
Remote sensing technology has been widely used in crop classification
and agricultural condition monitoring because of its fast, accurate,
time-saving, labor-saving, and good continuity. 2



1. Research Background and Significance

» The red edge band is a sensitive characteristic spectral band of crops
and other vegetation, which helps to improve the accuracy of remote
sensing identification and classification of crops. More and more
multi-spectral satellite loads have begun to increase the application
ability by adding red band and other spectral bands. RapidEye,
WorldView-2 / 3 added a red edge band, while GF-6 and Sentinel-2

added multiple red edge bands.

» China's Gaofen-6 satellite was successfully launched at
Jiuguan Satellite Launch Center on June 2, 2018, and
was officially put into use after March 20, 2019.

» ESA ’s Sentinel 1l satellite includes two satellite
constellations, Sentinel-2A and Sentinel-2B, which|
were successfully launched iIn 2015 and 2017,
respectively, and are now operating normally. |




1. Research Background and Significance

GF-6 Satellite Orbit and Payload Parameter Table

Orbit type Sun-synchronous orbit | Orbit height / km 645km (GF-1)

Orbit inclination
Regression period

Satellite payload

Spectral range / pm

Spatial resolution/ m

Revisit period / day
Width / km

98.0506 @ :
local time

41 days

Panchromatic Multispectral
Camera (PMS)

Multispectral 0.45-0.52 blue
0.52-0.59 green
0.63-0.69 red
0.77-0.89 near-
infrared
Panchromatic 0.45-0.90
Multispectral 8
Panchromatic 2

4 (Side swing ability: +359

>60 (A camera)

Down intersection

Quantified radiation

10:30AM

12 bit

Multispectral Wide-Frame
Camera (WFV)

0.40-0.45 violet
0.45-0.52 blue
0.52-0.59 green
0.59-0.63 yellow
0.63-0.69 red
0.69-0.73 red edgel
0.73-0.77 red edge?2
0.77-0.89 near-infrared
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2 (Side swing ability: +339
>800 (A camera)



1. Research Background and Significance

Sentinel-2Bands  Central Wavelength (um) Resolution (m)
Band1-Coastalzerosdl 0443 80
Band 2- Be 0490 10
Band 3 - Green 0560 10
Band 4 -Red 0665 10
Band 5 - Vegetation Red Edge | 0.705 2
Band 6 - Vegetation Red Edge | 0.740 2
Band 7 - Vegetation Red Edge  0.783 2
Band 8- NR 0842 10
Band 8A - Vegetation Red Edge. 0865 2
Band 9 - Water vapour 0945 80
Band 10 - SWR - Cirmus 1375 80
Band 11 - SWR 1610 2
Band 12- SWR 2190 2

GF-6 WFV remote sensing image data

Sentinel-2 satellite payload information
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1. Research Background and Significance

» Gaofen-6 Is a low-orbit optical remote sensing satellite, and it is
also the first high-resolution satellite for precision agricultural
observation in China. It has a combination of high resolution and
wide coverage. With a life span of 8 years, it will operate In
conjunction with the on-orbit high satellite GaoFen-1 satellite,
greatly improving the ability to monitor resources in agriculture,
forestry, and grasslands.




1. Research Background and Significance

Achievements and Shortcomings

Achievements:

Shortcomings

v' The vegetation index time series classification method and
object-oriented classification technology improve the
accuracy of vegetation classification such as crops.

v" The red edge feature participates in classification to improve
the classification accuracy of different crops.

v Feature analysis and selection methods such as random
forest reduce redundancy of classification features and
improve classification accuracy and efficiency. /

Mining red-edge features of multispectral satellites with multiple
red-edge bands is not sufficient.

There are few studies on the application and importance evaluation
of various red edge features and feature combinations in crop
classification.

Comparison and evaluation of crop classification based on multi-
source data and multi-feature combination or fusion, such as red
edges, short time series, and other features, compared and evaluat}i/
between Sentinel-?2 and GFE-6 7
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2. Research Objectives and Content

Based on the fine classification of vegetation types and high-
precision automatic detection technology of vegetation changes
based on GF-6 satellite imagery, the automatic extraction and
analysis of vegetation type change information is realized to
Improve the accuracy and automation of vegetation
classification and change detection.

With crops as the main research object, fine classification of
different crop types and detection of changes in crop planting
structure were carried out.



2.2 Research Content

(1) Analysis and selection of crop classification features

As more and more relevant features are involved in crop classification, the
feature dimension tends to be very high. High-dimensional features can have
certain effects on the performance of the classifier, and a ""Hughes" phenomenon
similar to hyperspectral remote sensing appears. Too many features can easily
lead to feature redundancy, leading to a reduction in classification accuracy.
Therefore, it is necessary to analyze or select the importance of classification
feat)ures by trying or improving some algorithms (random forest RF, ReliefF,
etc.).

The research will focus on the spectral characteristics of different red edge
bands and their derived red edge index (REVI), red edge texture (GLCM,
GLDV) and other characteristics, and evaluate the impact of different red edge
features or combinations on crop classification.
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2.2 Research Content

(2) Recognition and classification of crops based on single phase and
multiple feature optimization

Multi-features include features such as spectrum, texture, shape, vegetation
index, red edge, and SAR backscatter. Using the differences in the features of
different crops in remote sensing images, according to the importance of different
features of crop classification, combining different feature combination schemes,
Some algorithms (CART decision tree, ReliefF) evaluate and select classification
features, use a variety of different mtelllgent classifiers (SVM, RF), and object-
oriented methods to classify crops and perform comparative analysis of different
feature combinations.

~In the study, a variety of crop classification schemes will be designed for
different red edge features and combinations to evaluate the impact of different red
edge features on crop classification.
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2.2 Research Content

(3) Crop classification based on red edge characteristics of multi-
temporal time-series remote sensing data

Construct NDVI, EVI and other crop vegetation index time series
based on GF-6 and Sentinel-2 satellite data, perform smooth denoising
processing (HANTS or SG) on time series data, and mine classification
features such as different crop phenology in time series data. Determine the
best time for the classification of different crops, and carry out
identification and classification studies on different crops. In the study, the
red edge feature (REVI) will be integrated into the time series data, and for
some key phases In the crop growth period, a short time series will be used
to obtain the results of crop classification in advance to improve the
accuracy and timeliness of crop classification.
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2. Research Objectives and Content

Key Technology

1. Object-oriented crop classification technology based on multiple features

Multi-features include vegetation index features, spectral features, texture
features, shape features, red edge features, time-series features, SAR image
backscattering features, phenological features, etc. In the study, different feature
combination schemes will be used, using object-oriented and intelligent The
classifier method is used to classify crops. The classification results of different
schemes are compared and the reasons are discussed.

2. Classification feature analysis and selection technology

The dimensionality of image features such as spectrum, texture, and shape
extracted in object-oriented classification is often relatively high, and high-
dimensional features can have a certain impact on the performance of the classifier.
Too many features can easily lead to feature redundancy, leading to a reduction in
classification accuracy. Therefore, it is necessary to analyze or select classification
features by trying or improving some algorithms (random forest, ReliefF, etc.).

3. Crop monitoring technology based on post-classification change detection

The change detection method of the crop planting structure and planting area
IS detected by the change detection method after classification, so as to reflect the
change of the crop region, type and area in the study area.

13



2. Research Objectives and Content

Technical Process

[ The technical flow of vegetation classification and change detection ]

based on GF-6 WFV time-series data red edge features

: C NDVI time series data )
|
|

—> C Optimal red edge time series data )

C Ground survey sample data ) '
: Time series data band composition

3 Data and sample preparation | “NDVI+Optimal red edge”

_____________ I T | time series data
- I Time series data

] / \

(~ Traditional ™ Red edge | Smoothing and filtering
| vegetation index time series | (S-G/HANTS)
| Red ed tati selection | v
|| neae ge(;/ege ation and — [ Random forest classifier (RF) j
| el evaluation | _
: NDVlIrel t!me series Forest) :
. \NDVI re2 time series’ U ) |
_ __ _Classification feature evaluation_ _ _ |




2. Research Objectives and Content

Technical Process

Multiple data acquisition |«

GF-6 satellite
imagery (GF-1/2/6,
Sentinel-2)

l

Remote sensing data preprocessing

Classified sample processing

/

Ground survey data
(different crop
classification samples)

v

Spectral feature
Plant index
feature

Texture feature

Timing feature
Backscatter
feature

Red edge
feature

Different feature
combination
schemes

v

Feature selection

and evaluation
(Random

Forest, Re
| iefF)

Classification feature optimization

!

Object-Oriented Impact
Segmentation Time Series Data
Construction

v

Classification by different classifiers
(SVM,RF,CART etc)

v

Change detection after classification

l

Evaluation and verification of accuracy
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3. Data Preprocessing

"" : 5 s - R b Bl DR NSE FEQH REME BeOBR RORR
g '} ‘ GF6 WFV LEVELIA 20180706 11745 3884
. : ‘ GF6 WPV LEVELIA 20180706 11745 3884
E GFé FV  LEVELIA 20180706 11737 3886
n GF8 FV  LEVELIA 20180706 11735 879
E GF6 WPV LEVEL1A 20180706 117.35 888
‘ GF6 WPV LEVELIA 20180706 11725 88
!“ GF6 WPV LEVELIA 20180703 11172 890
GF-6 PMS 0.0505 0 0.0825 0.0663) 0 |0.0513] 0 (0.0298| 0
GF-6 WFV B1-B4 / /10.0667 0.0517) 0 |0.0485 0 |0.0298| 0
GF-6 WFV B3-B§ / /10.0530 0.0445) 0 |0.0814] 0 |0.0559] 0
. GF-6 Remote sensing image data
GF-6 WFV remote sensing image data : ! -
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Sentinel-2 remote sensing image data DEM data (GDEMV2)
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The research mainly focused on GF-6 WFV data and Sentine-2 data



3. Data Preprocessing

Medium and high resolution optical remote sensing image
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18
This phase mainly focuses on GF series satellites and Sentinel-2 data.



3. Data Preprocessing
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Sentinel-1 image
(GRD image VH+VV polarization )

The Sentinel-1 satellite data was also used in the study. SNAP
was used to perform preprocessing operations such as 1,radiation
correction, 2, speckle noise suppression, and 3, geometric correction,
etc., obtain the SAR image backscattering coefficient image. 19



3. Data Preprocessing

Supplementary Data
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3. Data Preprocessing

Different Data Processing Methods ENVI, SEN2COR, SNAP, GEE

ENVI
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3. Data Preprocessing

Data Preprocessing Results . o
Sentinel-2 Satellite image

(2] ¥
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Sentinel-2 pre-processed surface reflectance data

The pre-processed
surface reflectance
data uses software
such as SNAP and
ENVI to perform
atmospheric

correction on the
original data to
convert the S1C
data into S2A

Data, and then
perform re-
sampling, band
synthesis, stitching,
cropping and other
operations to
complete the pre-
processing of the

data.
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3. Data Preprocessing

Data Preprocessing Results
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3. Data Preprocessing

Data Pre-processing Process

GF-6 WFV Iimage processing
1.0pen GF-6 image (.til file)

2. Crop study area (subset due to large width)
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4. Data Source Comparison

GF-6 satellite orbit and payload parameter table

Orbit type Sun-synchronous orbit | Orbit height / km 645km (GF-1)

Orbit inclination
Regression period

Satellite payload

Spectral range / pm

Spatial resolution/ m

Revisit period / day
Width / km

98.0506 @ :
local time

41 days

Panchromatic Multispectral
Camera (PMS)

Multispectral 0.45-0.52 blue
0.52-0.59 green
0.63-0.69 red
0.77-0.89 near-
infrared
Panchromatic 0.45-0.90
Multispectral 8
Panchromatic 2

4 (Side swing ability: +359

>60 (A camera)

Down intersection

Quantified radiation

10:30AM

12 bit

Multispectral Wide-Frame
Camera (WFV)

0.40-0.45 violet
0.45-0.52 blue
0.52-0.59 green
0.59-0.63 yellow
0.63-0.69 red
0.69-0.73 red edgel
0.73-0.77 red edge?2
0.77-0.89 near-infrared

16

2 (Side swing ability: 3869
>800 (A camera)



4. Data Source Comparison

Sentinel-2 Bands Central Wavelength (um) Resolution (m)

Band 1 - Coastal aerosol 0443 60
GF-6 K W B Band 2 - Biue 0490 10
WFViE B (um) (um) Band 3- Green 0560 10
Band 4 - Red 0665 10
B1-1% 0.485 0.45-0.52 e :
B3-41. 0.660 0.63-0.69 Band 7 - Vegetaton Red Edge. | 0783 2
B4-3T Z1. 4} 0.830 0.77-0.89 Band 8- NR 0842 10
B5-411/11 0.710 0.69-0.73 DR 54 vegetaton e e | 086y
B6-2Ti42 | 0.750 0.73-0.77 i oM s
Band10-SWR-Cims 1375
B7-4 0.425 0.40-0.45
Band 11- SWR 1610 20
B8-# 0.610 0.59-0.63
Band 12-SWR 2190 2
GF-6 WFV satellite band information Sentinel-2 satellite band information

27



4. Data Source Comparison

Data Value

1.0

0.8 [t
06 |
04 I

0.2 |

0.0

Data Value

] e
. 1 ) l L |
500 1000 1500 2000
Wavelength (nm)
Sentinel-2 Image spectral response
1.0 ; ' ' ' ' .
08 | .
0.6 N —:
04 .
02 .
0.0 I . P | -

Wavelength (nm)

GF-1 WFV Image spectral response
Image Spectral response of image data from different data sources

Data Value

0.4 § -

0.2+ =
Sl

0.0 PRNETET TR | aia L ‘II Lol
400 500 600 J00 800 900 1000

Data Value

0.0

Wavelength (nm)

GF-6 WFV Image spectral response

W;f’" | /| f\

L

L
0.5 1.0 15 2.0
Wavelength (um)

landsat8 OLI Image spectral response
28
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5. Red Edge Feature Mining

Different Red Edge Features (red edge Index)

Rﬁgdiige Index of the Full Name Computational Formula (GF-6 WFV)
NDRE Normagégf’Ezggerence (float(b6)-b5)/(b6+h5)
NDVirel VegNe(iQrt?S:Z.ﬁﬂe[iiEriﬁ?:e . (float(ba)-b5)/(ba-+h5)
NDVIre2 VegNe(;;rt?ng]iﬁﬁgeaigi?;e , (float(b4)-b6)/(b4+h6)
Clrel Chlorophyll Index red-edge 1 (float(b4))/(b5)-1
Clre2 Chlorophyll Index red-edge 2 (float(b4))/(b6)-1
MCARI1 Ang&:z?] gg{?ﬁgg&' . ((float(b5)-b3)-0.2%(b5-b2))*(b5/b3)
MCARI2 Ak';’;gfr')‘;:gﬂ gg:?golggg(' , ((float(b6)-b3)-0.2%(b6-b2))*(b6/b3)
TCARI1 Tra”“”ggﬁ;{‘;gggﬂ%’; flbsorption 3%((float(h5)-b3)-0.2*(b5-b2)*(b5/b3))
TCARI2 Tra”“"”ggﬂ;g‘;ﬁ;gpl%! XAzbsorp“O” 3%((float(b6)-b3)-0.2*(b6-b2)*(b6/b3))
MTCI MERIS Terrestrial Chlorophyll (float(b6)-b5)/(b5-b3)

Index

Different Red Edge Index Features (GF-6 WFV data)

30



5. Red Edge Feature Mining

Other red edge features

1. Red edge position (REP)

The red edge position (REP) is generally obtained from the hyperspectral
reflection data of vegetation. For multispectral remote sensing satellites, it
can be calculated by linear interpolation. The calculation formula is as
follows:

REP =700+40 |:( Rred edge R700 )/( R74O B R7OO ):|

Rred edge - (R670 + R780 )/ 2

2. Rededge area (AREA)
AREA, el 2 = (IOBG T Pgs ) (/136 — Ags )/2 + (1087 T Ok )(/157 — Agg )/2
AREA;: ¢ = (pse + pss)(ﬂae — Ags )/2

3. Red edge texture (GLCM, GLDV) 31
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6. Feature Evaluation Method

Random Forest Feature Evaluation Method

7 randomforestR =0 import pandas as pd
a0 Dsouceonsae | G /v £ #Rn | o S ¢ = import numpy as np
1 E‘W‘ear all *! | import scipy as sp
2 #install necessary packages . ‘
3 #install.packages(c("raster","sp","rgdal", "randonForest”, "clusterGeneration”, "mormt ", "party"), "D:\code\RF\R_library") import matplotlib. pyplot as plt
‘; PE”W;SPz ) from sklearn. preprocessing import StandardScaler
ibrary(rgda
6 Hbr‘ar%%rgster) from sklearn. ensemble import RandomForestClassifier
7 Tibrary(randonForest) data = pd. read_csv(’ C:\\Users\DELL\Desktop' 190415 feature alll.csv )
8 Tibrary(clusterGeneration) _ . fe 1.7 o : onl
9 Tibrary(anorst) ¥, v=data. 1loc[:, 1:]. valut?s_. éata. iloel:, 0]. values
10 Tibrary(party) feat_labels=data. columns 1:]

11 Tibrary(corrplot)

f s ' rint(feat_labels)
12 secretly<-read. csv("D:/sof tuare/randon forest/170704 characteristics.csv", header=TRUE) P -

13 #train sanples using randon forest Zprint (X, v)

L rfdata <-‘ri‘md0mF0rest({‘1ass~.,‘ data-secretly, inportance=TRUE, proxinity-TRUE) forest=RandomForestClassifier (n_estimators=10000, criterion="gini’, n_jobs=—1, random_state=0)
15 #5=genPositiveDefiat("eigen”,din=30) s ‘ )

16 #5=genPositiveefiat("unifcorrmat”,din=30) 5| | forest. fit(X y)

17 #corrplot(cor(rfdata), order = "hclust”) importances=forest. feature_importances_
18 importance(rfdata) e

19 importance(rfdata,type=1)

20 varInpplot (rfdata)

A rfdata <~ cforest(class~., data=secretly, control=cforest_unbiased(ntree=50))
22 varimp(rfdata) o
23 #read the RS imagery print (indices)

Random forest algorithm feature importance evaluation (R or Python)

indices=np. argzort (importances) [::1]

Random forest is an integrated machine learning method. Generally, it randomly
selects several feature subsets based on a random subspace, and uses a decision tree
as a training algorithm to train and obtain the final classification result by voting.
The random forest algorithm‘s measure of the importance of variables is a tool for
feature selection in high-dimensional data, and it is an embedded feature selecfion
algorithm.



6. Feature Evaluation Method

Random Forest Feature Evaluation Method

Feature Importance-RandomForest

NDRE 0 NDRE
Clre1 0 e
NDVIre1 ¢
MTC| Iy NDVirel -
TCARN 0 MCARIL 4
MCAR"? ¢ TCARIL A
MCARI1 0
TCAR'E S, TCARI2
NDVIre? 0 MCARI? -
Clre2 0
| | | | | ares |
0 10 20 30 40 ‘ | | | | | |
MeanDecreaseGini

Feature Importance Score Map

The random forest algorithm is used to evaluate the importance of the
features, and the importance score of each feature is obtained, which is
expressed by the Mean Decrease Accuracy importance score or Mean
Decrease Gini importance score . The impact of all features on the accuracy
of the model is directly measured, and the importance of NDRE index is the
highest.
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6. Feature Evaluation Method

Stepwise discriminant analysis feature evaluation method

Table Stepwise discriminant analysis red edge index evaluation

el | o2 | MCARM | NCARZ | MOl |[ NRE | NOVRet | NDVR2 | TC Red edge index F value Wills' Lambda
e w] 9 BB TRt
e - L Clrel 237.268 0.136
TR Al 58000 16034 Clre2 46 414 0.445
710 19 | il MOE - - MCARII 64.475 0.366
A i ) :
. %] W - - MCARII 54.886 0.404
710 7 il 3 GEB MTCI 227.010 0.141
?mam @@%ﬁ]ﬁ%b’%‘% - =) NDRE 387 008 0,088
TCARI2 - )
O—hABZEE — | [P | NDVIrel 337.605 0.099
O ERFAREEL) @k lamod) | OEAEEE) ‘ NDVIre2 52.812 0.414
WEEED) 0#EEPEY) EAE: 0) | o
— s T | TCARII 115514 0244
ORI FES O (8 FEMEP 5 )
@%W@ @;—adswél " (_) . | TCARI2 9.566 0.796
. - = = - \
EN
AT86 R \ . . .. .
e B | Stepwise discriminant analysis
1576 A DUEUTE 4802 |
1540 oy | WPERQ D FPRRERDFED \ OT different red edge |n_dlces
268 AN DN 245000 Evaluation results of feature IMpo rtance
0 B RN -6

which the F value of NDRE index is the largest. Stepwise discriminant
analysis method can be used for cross validation with the evaluation results of
random forest feature importance.



6. Feature Evaluation Method

Random Forest Feature Evaluation Method

[ meanshiftesgm = | Relieffom | Relisfrallm 3] + | | meanshiftsegam 50 | RelisfFam 50 | RelisfFalln 50| IMselection.m |+ |
3 - 1 — clear =11;
1= clear =ll; 2 — [A, text]=xlsread (" Reli=fF.=x1s") ;
2 HiFEIEIT—1 3 — Rows=size (4, 1) ;
3 — [&, text]=xlsread(” 0216. xlsx" ) ; 4 — Cols=size (A, 2)
4 — B = normalization(A) ; o= a=unique (Al:, 130
| B1=E: 8 — B=zeros (Cols—1,sizefa, 13)
a S ARES T B S Re i e f AN & T|= C=zeros (Cols—1l,sizef(a, 12}
: a8 — D=zeros (Rows, 21 :
T — Rows=size (B, 1) : o= Dz, 1)=AC:, 1)
8 — Cols=size (B, 2) ; o — for l=l:sizeia, 1)
9 — Li{2:Rows+1, 1)=B:, 1) ; 11 — Efl)=1:
10 — L1=L: == =nd
11 — E=zeros(2, size(A, 2)) ; == i=t:
; 14 — for i=2:Cols
== for i=2:Cols 15 — De:, 2)=afz, i)
13 — a=findi{isnan(B(:, 1) )==1): 16 — B (i, :)=TMmean (D) ; %> #E+9{E
14 — Bia, :2=[1: o | = Cij, :)=TMwar (D) ;SHEFIH=
15 — Lia, :3=[1; 18 — JiC:,z:,3) = TMdistance( B(j,:),C(j, ) ) %=FEAIT-MIEZE
15 — C = oushidistancel (B (:,i)) ¥R EEIR B B = T(2:size (a, 1041, 1, 30=F"
.- Ctr, 1=l : Zo — Til,2:sizela, 1)+1, j0=E:
Z1 | — J=3+1:
18 — Cil,:3=L: oo end
19 — D{i-1) = ReliefF{ C ) %F#HR=li=f{lE 23 — for k=Z2:size(a, 1)
20 — E(2,1i)=D{i-1) ; 24 — for m=k+l:sizel(a, 13+1
21 — B=E1; = | = [F (k,m), s (k, m) I=max (T (k,m, =3
== I=L1: 25 — [Fim, k), s (m, k) I=max (T (k,m, =30 :
=l cn. 27 — T e m, s Qo mo ) fmin (F (eam, 220
' 28 — [G ik, m). 1k, m}J=max (T (k,m, =3 ;
24 — end 29 — [G(m, k), 1 (m, k) I=max (T (k,m, :3) ;
25 |— i=2: 30 — end
28 — for j=2:Cols L | = end
=7 |= if (D (§-1)>0. 25) ¥¥5FRelicf 4R 8/ F 0. SENEIE == I‘ZE; 2: Sije (a’) ”‘"1322;
. 33 — :sizeda, 1)+1, 11=E" :
23|= G(2:Rows+1, 1)=B (:, 1) : 34 — s{(1,2:sizeia, 1)+11=E:
29 — txt (i) =text (1, 3): 35 — si(Z:size(a, 1)+1, 1)=E" ;
30 — i=i+1: =e — Gil,2:sizel(a, 1)+11=E:
31 — end 27— G{2:sizeia, 1)+1, 12=E" :
33 _ end 38 — 141, 2:sizeia, 1)+1)=E:
== G(2:Rowstl, 1)=A(:, 1) : =8 — l{2:sizela, 1)+1, 1)=E" ;
| Hexlgwrite ( 0216ReliefE ,G) ; a0 — xlswrite (" TMEirstMax. xls” ,F):
4 — xlswrite (" TMfirstMaxlocation. xls’ , s):
5| = He=xlswrite (" 0216ReliefF’ , txt) = xlswrite(’ TMsecondMax.=x1s" 6D ;

ReliefF Algorithm and JM Distance Algorithm
ReliefF algorithm is used to remove features not related to classification,
and then JM distance method is used to remove redundant features, so as to
select crop classification features, reduce feature dimensions, and improve thes
accuracy and efficiency of classifier classification.
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6. Feature Evaluation Method

ReliefFF Feature selection

Relief (two-class) :

Each one-dimensional feature in the feature set is given a weight
value, and the weight updating formula is used for training, so
that the feature with strong clustering correlation can obtain a
larger weight value, and the feature with large weight value is ;m
used to form the optimal feature subset to express the category /2
information. The eigenweight formula is: d?

Wi = W/ Hdiff , (x, M(x)) / m—diff, (x, H) / m

g

diffr() represents the characteristics of internal f the distance
between the different samples, m represents the number of iterations,

f

H (x) is the sample points with the similar sample x's nearest neighbor, d
m (x) is the sample x heterogeneous nearest neighbor sample points. df‘, fi

ReliefF (multi-class) : Relief method diagram

ReliefF algorithm was improved on the basis of Relief. Classification was regarded as class-to-multi-class, and the ""K-nearest
neighbor' algorithm was adopted to solve the multi-category classification problem with noise. Its characteristic weight formula
was as follows:

ReliefF algorithm first randomly selects a sample as the algorithm
test sample, then finds k nearest neighbor samples from similar
samples and different samples, and then calculates the update
weight. The above process is repeated m times, and finally gets the
weight of each feature.
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/. Research Area and Samples
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The study selected Hengshui, Hebei Province in the Beijing-Tianjin-
Hebei region as the Research area. This area is a typical area of winter
wheat-summer corn rotation in North China. The main crops are winter
wheat, spring corn, cotton, summer corn, fruit trees, peanuts, peppers, yam,
soybeans etc. In recent years, because of the effect of state's crop rotation
fallow policy (groundwater funnel area fallow in Heilonggang Basin), there
has been a certain change in the planting structure of crops (generally the
winter wheat planting area has been reduced). Which is used for crops
remote sensing classification and change detection area. 39



/. Research Area and Samples

Classification System

Combined with field sampling, determine a classification system based
on 9 types: towns, water bodies, winter wheat-summer corn, cotton, spring
corn, greenhouses, nurseries, fruit trees, and trees, and by calculating the
separability of the samples (JM distance) , merge nursery, fruit tree and
tree into "'fruit tree-forest tree" to improve the classification effect.

mianhua-xunlian and guoshu-linmu-xunlian - 1.72588927
chunyumi-xunlian and mianhua-xunlian - 1.76235617
AR — ) - . )

Pair Separation (least to most);

Xli d guoshuliu-xian - .82594101

suoshu-xunlian and shumu-xunlian - 1.37363921 chun}umi-

zuoshu-xunlian and miaopu-xunlian - 1.50398531 dapeng-xunlian and mianhua-xunlian - 1.90248949

miaopu-xunlian and shumu-xunlian - 1.68030417 = . . .

chunyumi-xunlian and miaopu-xunlian - 1.73161534 dapeng-xunlian and guoshu-linmu-xunlian - 1.92389027
chunyumi-xunlian and mianhua-xunlian - 1.76235617 chunyumi-xunlian and dapeng-xunlian - 1.94545988

chunyumi-xunlian and dongxiaomai-xiayumi-xunlian - 1.780507C dongxiaomai-xiayumi-xunlian and guoshu-linmu-xunlian - 1.94805336
mianhua-xunlian and miaopu-xunlian - 1.79167729 = . =

guoshu-xunlian and mianhua-xunlian - 1.88036863 chengzhen-xunlian and dapeng-xunlian - 1.97081040

dapeng-xunlian and mianhua-xunlian - 1.90248949 dongxiaomai-xiayumi-xunlian and mianhua-xunlian - 1.98813239

chunyumi-xunlian and dapeng-xunlian - 1.94545988

dongxiaomai-xiayumi-xunlian and miaopu-xunlian - 1.94887980 dapeng-xunllan and dOInglﬂOIIlﬂl-Xlﬂ}"llml-XunllaI] - 1.98840698

dapeng-xunlian and miaopu-xunlian - 1.95236240 chengzhen-xunlian and guoshu-linmu-xunlian - 1.99154546
dOI;I;]!Xhiﬂomﬂiixiﬂwrgi-;unliﬂn ﬂnld shumu-xunlian - 1.96069913 chengzhen-xunlian and dongxiaomai-xiayumi-xunlian - 1.99390011
mianhua-xunlian and shumu-xunlian - 1.96630442 : : :

chengzhen-xunlian and dapeng-xunlian - 1.97081040 ChengZhen-lehan and chun}uml-xuqllan - 1.99467761
chunyumi-xunlian and guoshu-xunlian - 1.97430458 chengzhen-xunlian and mianhua-xunlian - 1.99581543
dapeng-xunlian and shumu-xunlian - 1.97494932 dapeng-xunlian and shuiti-xunlian - 1.99893192

dapeng-xunlian and guoshu-xunlian - 1.97656279 chengzhen-xunlian and shuiti-xunlian - 1.99905156

Before the merger After the merger

Separability of training samples-JM distance 40



/. Research Area and Samples

JM distance

J-M distance is a separability index based on conditional probability theory. It is a
good algorithm to measure the separation in classification evaluation and can be
used to evaluate the quality of training sample selection in supervised classification.
On the basis of training samples, J-M distance obtains the separation degree of
features between [0, k]. The calculation formula is as follows:

JMI.J. =kAl—e“

(C,+C))/2|

. 1
) (g, — p4,) +—1In

L y (St
o =—(u — u, L
Q M, — H; > >

P

C |

Among them, the € i and C j class i and class j respectively sample covariance
matrix, p_i and p_j is its corresponding sample mean vector and a is the distance
between different classes. In theory, it I1s necessary to make a comprehensive
analysis of the current situation if JM;; =k (generally k = 2), the separation degree
of the feature classification is the best. As JM;;value is reduced, the characteristic is
used for fault classification object increased.

It is generally believed that when the J-M distance is greater than 1.8 (1.9), there is
good separability between samples.



/. Research Area and Samples

Table
=E - - By By O A =
Points EAxea) 28
Shape * Name FolderPath PopupInfo
Foint Z [F018-06-29 06:30:15 jowitalMap_30180701_001949/ BET{TE EEET
Point T Z018-06—23 05:-30-21 jowitalMap 20180701_001943/ BETEr = HETE
Foint Z Fo18—06—29 09:09:50 jowitailMap 20180701 001949/ BEI{TE EEES
Foint Z Fo13-06—29 09:13:13 jowitaiMap 20180701 001949/ BEIrE =
Point T 2018—06—29 09-14-42 jowitalMap ZO1S070L1_001943/ BEIfEr = e
Foint Z Fo13-06-329 09:17:26 jowitalMap 20180701 001949/ FET{F = TETE
Foint T CO18—06—25 0%:1T7:35 jowitalMap 20180701_oo0iodo/ HEIfr S ==
Point I o18—-06—29 09-18:52 jowitalMan 20180701_001949/Baifres ==
Foint Z o13-05-29 09:18:56 jovitalMap 20180701 001949/ BB E EEEd
Point T Z018-06—23 0%-13-36 jowitalMap 20180701_001943/ BETEr = EE
Foint Z o1a—05—29 09:37:46 jowitailMap 20180701 001949/ BEI{TE ST
» [Foint z P018-06-29 11:-:14:12 jowitalMan 20180701 001949/ BT = e
Point T boia—o06—29 11-14:-17 lovitalMap _zfoi1B0701_o01949/ BEIEE ==
Foint Z Fo18-06-29 11:23:34 jowitalMap 20180701 001949/ FET{F = ==
Point Z C018-06—29 11:23:38 jovitalMan 20180701 001949/ FaT{r = =
] Point Z P018-06—29 11:28:49 jovitalMan 20180701 001949/ T = EE
#2':@] Foint Z o13-—06-29 11:31:00 jovitalMap 20180701 001949/ BB E it
Point T 2018-06—23 11:-32-21 jowitalMap 20180701_001943/ BETEr = e
o  ENE-WIK
@ il
. = Sampl [ ib bl
o =n ample point attribute category table
@ Kii
A FEXK

[ akasn

Hengshui Research Area
Sampling point distribution map
(Late June, early July 2018)

Fruit tree cotton Summer corn Peanut Spring corn
42



/. Research Area and Samples

Sample Points and Reference Data Sets Ji BT E

12 aE r &

1| &hE = _ - T : —
: | BEEX E_._._r - - ! ™ _‘T
| mEx : H e e
IR A - IE
| xz |[ ﬂl drs w | ok |[ESE ﬁ
; 1) :

. Sl = —

P w= =1 The above are sample points of crops

s | #Hew T and other vegetation collected in the field in
- the study area, and the spectral curves of 20

w | B typical vegetation inspection reference data
— sets (in orbit) (August 2019).
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/. Research Area and Samples

Extraction of Agricultural Land in the Research Area

Decision Tree Threshold
Method for
Extracting Agricultural
Land Range

Agricultural land

extraetion>

tibHRAS%
(kisfeg)

Relevant indexes for decision tree classification
extraction:NDVI=-1>(float(b8)-b4)/(b8+b4)<1;

NDWI=-1>(float(b3)-b8)/(b3+h8)<1: N
MNDWI=-1>(float(b3)-b11)/(b3+b11)<1 ; B s
NDBI=-1>(float(b11)-b8)/(b11+b8)<1 : ‘

Bl=-1>( 2*float(b11)/(b11+b8)- / \
(float(b8)/(b8+b4)+float(b3)/(b3+b11)))/(
2*float(b11)/(b11+b8)+(float(b8)/(b8+ba)+float(b3)/(b3 sas 68 350

+b11)))<1; 44



/. Research Area and Samples

Point-Plane Samples

chengzhen-yanzheng

[

0[]«
= =n
c c

chunyumi-yanzheng

K
0

| dapeng-yanzheng
miaopu-xunlian =
o dongxiaomai-xiayumi-yanzheng
mianh | =
guoshu-yanzheng
(|
[
guoshu-xunl mianhua-yanzheng
= [
dongxiaomai-xia yumi-xunlian miaocpu-xunlian
O 1
dapeng-xunlian miacpu-yanzheng
|
O .
shuiti-yanzheng
v] ch i-xunli
chunyumi-xunlian —
[ shumu-yanzheng
chengzhen-xunlian —

Training samples (plane samples) Verification samples (plane samples) 45



/. Research Area and Samples

MMouth z?_;:': Winter Su:tn:ne;r Sp@g Cotton Sovbean
Days Wheat hlaize hiaize
Farly Seedling
MIarch Ilid
Late
Early
Agpril MIid Jointing Sowing
L ate Seeding Sowing
Farly TLeaf Seeding
Melany Ndid Heading Sovwing
Late
FEarly Mlature Leaf
June MAid Sowing
Late Jointing Sguaring Boughs
Early E.EII].‘_‘:-'
Tuly _ _ flowrering
MAid Jointing
T ate Tasseling Anthesis
Early Anthesis
August Mdid Tasseling Podding
Late
Early Mature Cracked Seed
September _ - bell filling
Ddid Mdature
Late
Early Sowing
Crotober Mlid
Late

Crop Phenology (Agricultural calendar) of Hengshui Research Area
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8. Research Area Classification Results

Single Phase Classification Results (Sentinel-2)

4 Bands +Red edge
4 Bands 4 Bands +Red edge + Short-wave infrared4
Overall Accuracy = Overall Accuracy = Overall Accuracy =
85.7210% 87.5000% 89.8287%
Kappa = 0.8170 Kappa = 0.8395 Kappa = 0.8695

Random forest algorithm classification-9 categories (RF) 48



8. Research Area Classification Results

Single Phase Classification Results (Sentinel-2)

4 Bands +Red edges

4 Bands +Red edge + Short-wave infrared

Overall Accuracy = Overall Accuracy = Overall Accuracy =
81.5983% 82.2226% 88.9850%0
Kappa = 0.7698 Kappa =0.7777 Kappa = 0.8605

Support Vector Machine Classification-9 categories (SVM) 49



8. Research Area Classification Results

Single Phase Classification Results (Sentinel-2)

All bands(MLC) All bands(RF) All bands(SVM)

Overall Accuracy = Overall Accuracy = Overall Accuracy =

91.36% 92.27% 93.0032%

Kappa = 0.8898 Kappa = 0.9004 Kappa = 0.9103
Classification results of different machine learning algorithms 50

(7 categories, combined after classification)



8. Research Area Classification Results

Single Phase Classification Results (GF-6 WEV)

4 bands +red edge710

4 bands (OA=78.92% Kappa=0.7426)

(OA=73.99% Kappa=0.6817)

4 bands +red edge750 4 bands +NDVI
(OA=76.89% Kappa=0.7176) (OA=74.99% Kappa=0.6943)

Random Forest (RF) classification results of GF-6 WFV data
In different classification schemes



8. Research Area Classification Results

Single Phase Classification Results (GF-6 WEV)
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Total classification accuracy and Kappa coefficient
of different classification schemes (RF classification)

A-1: 4 bands B-1: 4 bands +texture710 C-1: 4 bands +Clrel
A-2 : 4 bands+red-edge710 B-2: 4 bands +texture750 C-2: 4 bands +MTCI
A-3: 4 bands +red edge-750 B-3: 4 bands +texture710+texture750 C-3: 4 bands +NDRE

A-4: 4 bands+ red edge-750 +red edge-750B-4: 4 bands +texture NIR C-4: 4 bands +NDVlrel



8. Research Area Classification Results

Multitemporal Classification

=- F" 201T-2015-ndvi-series—inec. dat
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NDVI / EVI time series image data from March to October 2018
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8. Research Area Classification Results

gﬂ#*ﬁﬁ;@ 7 2019-KIVI-seri es0-561. dat
e f (Band 1:190322-rad-ref-subset HOWI 0. dat] (0. 6A00)
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(Band 1:191021-rad-ref-subset NDVI_0. dat) (0. 6600)
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1
1
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NDVI time series data
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NDVI and NDRE time series image data
from March to October 2019



8. Research Area Classification Results

Multitemporal Classification

1. Traditional NDVI vegetation index
2. Optimal NDRE red edge vegetation index

3. “NDVI+ optimal NDRE" Band synthesis of vegetation index
In the actual classification, the scheme of "NDVI + optimized red edge
Index"" will be used for the classification and change detection of crops and
other vegetation to ensure the accuracy of vegetation classification.

The random forest classifier was used to classify the data of different
vegetation index time series combinations, and the classification confusion
matrix (OA overall accuracy,Kappa coefficient), as well as the cartographic
accuracy (PA), user accuracy (UA) and Fl1-score accuracy (the geometric
average of PA and UA) of different crop classifications were obtained.
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8. Research Area Classification Results

Multitemporal Classification

S—G filtering method (Savitzky-Golay). It was proposed by Savitzky and Golay
in 1964, by a least squares convolution algorithm for a given high-order
polynomial within a sliding window.

N % C, <Y

Yj — i=—m
N

In the above equation, YJ+I and YJ are the data before and after reconstruction

respectively; Ci is the coefficient fitted by s-g polynomial and represents the weight of the i th
NDVI value processed by the filter.M is the range of I;N is the data point of the sliding

window, the value of which is 2m+1. Two parameters need to be set.

S-G filtering can remove noise and smooth the time series such as NDVI, delete or
recalculate null point and abnormal point, and can reflect the detailed changes of different
crops and other vegetation, so as to obtain more effective (in line with phenological law) time

series data research will be carried out using S-G smoothing algorithm.



8. Research Area Classification Results

Multitemporal Classification

1) S-G filter smoothing
S-G filtering method (Savitzky-Golay). It was proposed by Savitzky and Golay in 1964, by a least

squares convolution algorithm for a given high-order polynomial within a sliding window.
2) HANTS algorithm

Harmonic Analysis of Time Series (HANTS) is an effective time series reconstruction algorithm

based on Fourier transform and least squares improvement. Its formula is:

¥, =4+ > 4,sin(X, + X,) i=0,1,2...... N

=1
A, AFEEBRE, X, =2j/N AFEREHHE, N AFJIHNKE, H H
ZAEERIFIAEGL, m AEEATEL, T N-1.

The HANTS algorithm and the S-G algorithm can perform noise removal and
smoothing on time series such as NDVI, delete or recalculate null points and
abnormal points, thereby obtaining more effective (in line with phenology) time

series data.



8. Research Area Classification Results

Multitemporal Classification

Z/NFE-E R AENDVIF (8] F 51 F K (BT K)NDVIF E 5
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s [FHENDVT b HANTE TG ot S-CFIE ot [EHENDV] =t HANTS T =t S-GFIE

B RINDVIET 8] 51
HEAENDVIET [8] F 51 0.3

NDVIHE
NDVI{E
(=]
.

——— EENDVI ——e——HANTS T —e—SGTiF

e FTENDV] e HANTS R =t SGRF

NDVI time series curve of main crops >8



8. Research Area Classification Results

Multitemporal Classification
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8. Research Area Classification Results

Multitemporal Classification

HANTS smooth RF classification results S-G smooth RF classification results

Overall Accuracy = Overall Accuracy =
94.6203% 93.6104%

Kappa = 0.9308 Kappa =0.9177
60



8. Research Area Classification Results

Red Edge Time Series (GF-6 WFV)

Figure Different red edge indices characteristics (GF-6 WFV)

Relg di?(ge Index of the Full Name Computational Formula (GF-6 WFV)
NDRE Normagzgf’Egggerence (float(b6)-b5)/(b6+b5)
NDVirel Veg'e‘i;'t?;']iZlf]‘;e[))(i‘l%rf’e':;;e . (float(b4)-b5)/(b4-+b5)
NDVIre2 Veg'e‘;;'t?;']iZlf]?je?(igzrf’e':f;e , (float(b4)-b6)/(b4-+b6)
Clrel Chlorophyll Index red-edge 1 (float(b4))/(b5)-1
Clre2 Chlorophyll Index red-edge 2 (float(b4))/(b6)-1
MCARI1 At':"sgfr')‘;:g‘: gg:?g‘iﬁzé’:(' . ((float(b5)-b3)-0.2*(b5-b2))*(b5/b3)
MCARI2 At':"sgfr')‘;:g‘: gg:?g‘iﬁzé’:(' , ((float(b6)-b3)-0.2*(b6-b2))*(b6/b3)
TCARI1 Tramforgjﬁ:@:‘;rﬁ’ggﬂm )f\lbsorp“o” 3%((Float(b5)-b3)-0.2*(b5-b2)* (b5/b3))
TCARI2 Abgf&f;?{gsﬁg‘;ﬁgﬂ%'e'x ) 3*((float(b6)-b3)-0.2*(b6-b2)*(b6/b3))
MTCI MERIS Terrestrial Chlorophyll (float(b6)-b5)/(b5-b3)

Index

|7 19-Clrel-series.dat

|» 19-Clrel-series.dat.enp
|7 19-ClIrel-series.hdr

|| 19-Clre2-series.dat

|» 19-Clre2-series.dat.enp
|7 19-Clre2-series.hdr

|| 19-MCARI1-series.dat

| 19-MCARI1-series.dat.enp
|7} 19-MCARI1-series.hdr

|| 19-MCARI2-series.dat

| 19-MCARI2-series.dat.enp
|7} 19-MCARI2-series.hdr

|7 19-NDRE-series.dat

|s| 19-NDRE-series.dat.enp
|7 19-NDRE-series.hdr

|7] 19-NDVIrel-series.dat

| 19-NDVIrel-series.dat.enp
|7} 19-NDVIrel-series.hdr

|7] 19-NDVIre2-series.dat

| 19-NDVIre2-series.dat.enp
|| 19-NDVIre2-series.hdr



8. Research Area Classification Results

Red Edge Time Series

(1) NDRE1: Normalized Difference Red Edge Index17-18-Ci-rededge-series.dat
% 17-18-Cl-rededge-series.dat.enp

=-1>(float(b6)-b5)/(b6+b5)<1 \Z| 17-18-CI-rededge-series.hdr
|| 17-18-mcari-series.dat
(2) MCARI: Chlorophyll Absorption Index %] 17-18-mcari-series.dat.enp

= ((float(b5)-b4)-0.2*(b5-b3))*(b5/b4)/10000 %] 17-18-mcari-series.hdr

| 17-18-mitci-series.dat

(3) Cl-red edge: Red Edge Chlorophyll Index (2 17-18-mtci-series.dat.enp

|7 17-18-mtci-series.hdr

=(float(b8))/(b5)-1 || 17-18-ndrel-series.dat
% 17-18-ndrel-series.dat.enp
(4) MTCI: Ground Chlorophyll Index = 1?'13'”df81'ﬁ8fi25-hdr
:(f|0at(b6)_b5)/(b5_b4) el lT-lﬂ-rep-ser!es. at
% 17-18-rep-series.dat.enp
(5) REP: Red Edge Position Index i 1718 rep-seneshdr
= 705+35%(0.5*(float(b4)+b7)-b5)/(b6-b5) Sentinel-2 Red edge timing
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8. Research Area Classification Results

GF-6 Image Classification

e

™

GF-6 Satellite Image (September 6, 2018)

GF-6 Satellite Image (July 6, 2018)

The current research has
collected four scenery GF-6 satellite
data from June to September 2018,
of which the GF-6 remote sensing
Images in June, July and September
can partially cover the study area
(Jizhou, Anping, Raoyang, etc.) Next,
crop classification studies will be
carried out and compared with
Sentinel-2 remote sensing data. g3



8. Research Area Classification Results

GF-6 Image Classification

= -

GF-6 Satellite Image of Jizhou City GF- S
(June 7, 2018) (July 6, 2018)

atellite Image of Anping County

GF-6 Satellite Image of Raoyang County GF-6 Satellite Image of Wugiang C%Hnty
(September 6, 2018) (September 6, 2018)



8. Research Area Classification Results

Legend

shuiti

mianhua
R guoshu—linmu
guoshu—linmu
dongxiaomai—xiayumi

dapenz chunyumi

chunyumi chengzhen

00000080

cheng zhen

O
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O dongxiaomai—xiayumi
O
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(@]

dapeng

Jizhou GF-6 Satellite Image Sample

Legend

shuiti
mianhua
guoshu-1inmu
dongxlaomal—x1ayumi
dapeng

chunyumi

coece00@

chengzhe

Raoyang County GF-6 Satellite Image Sample Wugiang County GF-6 Satellite Image Sample
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8. Research Area Classification Results

GF-6 Image Classification

Classification Results of Jizhou GF-6
Satellite Image

g
i

ionn

CIaSS|ficati results of GF-6 satellite
imagery in Anping County

Classification results of GF-6 satellite
imagery in Anping County

Machine learning methods
such as MLC, RF, and SVM were
used to classify crops and other
vegetation in three counties and
cities in Hengshui, with
classification accuracy of about
90%o.
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8.Research Area Classification Results

Multitemporal classification

NDVI time series “NDVI+NDRE" time series
Results of random forest classification  Results of random forest classification
in 2019 in 2019

(OA=95.5622% Kappa=0.9458) (OA=95.9362% Kappa=0.95)
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8. Research Area Classification Results

Object-oriented Classification (multi-scale segmentation)

do Algorithm parameters

Algarithm Farameter Value
ESP2 [Estimation of Scale Parameter 2) - Select map main
Vse of Hierarchy (0=no; l=yes) 1
Diomair Hierarchy: TopDown=0 or Bottomlp=1 7 1
Graph Starting seale Lewel 1 ]
ESP - Estimation of Scale exaculs M Step size_Lewel 1 1
= Parameter Value Starting seale Level 2 1
L Condi tion . Step size_Level 2 10
g . g Mg From Parent Starti1-1g scale Level 3 1
E s Step size_Level 3 100
E Bl ﬁ Shape (between 0.1 and 0.9) 01
. Compactness (between 0.1 and 0.9) 0.5
A Produce LV Graph (0=no; l=yes) 1]
20 30 40 50 60 sc?ﬂl:e 80 80 100 110 NL‘I.mber Df LOOPS IDD
LV-ROC curve ESP Plug-in interface
eCognition multi-scale segmentation classification test results (ESP 69

determines the segmentation scale)



8. Research Area Classification Results

Object-oriented Classification (multi-scale segmentation)

1. Original image

Ermr Matrix‘?hasad ;n TTA Ma
-

User \ Refer... dongxiaomai-... chunyuni shuiti lindi i anbua chengzhen
Confusion Matrix
dongriaomai-siayumi 5767 120 0 N 0 92 B250 Process Tree
chunpumi k] 1569 i k2 2 0 1958 - = classes
shut 0 0 38 0 0 0 38 fenge @ chengzhen
finc 0 0 12 1366 0 0 1378 ~F= 28,423 55 [shape:D.4 compct.:0.6] creating 'Level 1' i . h .
mianhua 0 4 0 0 724 0 73 f i chunyumi
chengzhen 2 9 0 1} 0 1161 1293 vector to S.EI'T'IplEE ..... D dongxiaomai—xiayumi
nclassiied 5 0 5 0 5 0 5 -bl 0109  at Level 1: assign class by thematic layer using o
Sum 817 1833 330 1676 788 1253 I 0,406 chengzhen, chunyumi, dongxiaomai-xiayumi, li @ lindi
“« fenlei {0 mianhua
R bk 01.092 chengzhen, ch i, dongxiaomai-xiayumi @ shuit
Producer 09351355 0856 09636364 0815 09576720 09265762 . gzhen, chunyumi, dongxiacmal-xiayumi,
User 09227200 10.7852853 1 09912917 0.9366106 08344530 | -kl 05:21.970  at Level 1: classifier: apply
Helden 09288873 0191073 09614815 06345645 0347 04102313
Short 08672130 06936340 09636364 08092417 08933733 04352513
KidPerClass 08645208 08272482 09626475 0791 09547615 0917683
Totals " - - ~ct -
- eCognition classification
KIi 08632544 !

4. Accuracy evaluation(OA=90%,Kappa=0.86 eCognition multi-scale segmentation 7°
TTAMask) classification steps



8. Research Area Classification Results

Change Detection

April 2018

r|I 2019
Standard false color Standard false color
image Image

Combined with the standard false color images of Hengshui City in the study area of
April 2018 and April 2019, red is displayed as "‘winter wheat-summer corn". From the
intercepted images, it can be seen that the "winter wheat™ planting area in some areas has
decreased. The accuracy of change detection after classification is determined by the accuracy
of crop classification, and is generally the product of classification accuracy (F1 accuracy). 71

F1=2XUA X PA/(UA+PA) X 100% (UA: User accuracy, PA: Mapping accuracy)



8. Research Area Classification Results

Change Detection

=& View ~
[ F. overviev
[ ag_08_maxlike_change. shp

9EY =z 05_saxlike change. dat

no change

: from ’Unclassified’ to ’green fields’

: fron "Unclassified’ to ‘stubble field

: fron "Unclassified’ to ’fallow field/bare soil’
: fron "Unclassified to 'water’

: fron 'Unclassified’ to "bare ground/rock’

: fron "green fields' to "Unclassified’

: none

: from "green fields’ to ’stubble field

fron " green fields’ to ’fallow field/bare soil’
froa ’green fields” to *wvater’

froan ’green fields’ to ’bare ground/rock’

froa ’stubble fleld’ to “Unclassified

froa *stubble fleld’ to *green fields’

from ’stubble field’ to *fallov field/bare soil”
from ’stubble field' to ’water’

froa "stubble field' to "bare ground/rock’

from ’fallow ficld/bare soil’ to "Unclassified’
froan 'fallow ficld/bare soil’ to "green fields'
froa ’fallow ficld/bare soil’ to "stubble field'

froa ’fallow field/bare soil’ to ’water’

froa ’fallow field/bare soil’ to "bare ground/rock”
froa “water’ to ’Unclassified

’water’ to ”green flelds’

water’ to ’stubble field’

water’ to “fallow field/bare soil’

‘water’ to *bare ground/rock’

’bare ground/rock’ to 'Unclassified

‘bare ground/rock’ to ‘green fields’

froa "bare ground/rock’ to "stubble field

froa ’bare sround/rock’ to ’fallov field/bare soil’
froa ’bare sround/rock’ to water’

¥asked Pixels

Thematic Change Workflow module
Perform crop change detection

During the study, you can refer to the two modules of change detection
related to "Thematic Change Workflow" and ""Change Detection Statistics" in
ENVI / IDL, to perform post-classification change detection of different types of
crops and other vegetation, and statistics on related planting area and planting
ratio analysis.

72



8. Research Area Classification Results

Change Detection Figure 4-11 Recopnition accuracy of different pround features in 2018

clazzes Fl-zcore PA A
Wanter wheat 0.992279593 0.9968 09878

The  accuracy  of - Summer maize

Spring Maize 0.90901079 0.8979  0.9204
change detection depends Cotten 0.828303336 0.8559  0.8026
Minor Crops 0.204865426 0.1649 02704

on the accuracy of q ; _
Orchard- Woods 0.974738487 09781 09714
classification, which is Greenhouse 0.913660717 0.8884  0.9404
Town 0.984651473 0.9946  0.9749
usually the product of F1 Waterbody 0990135367 0.9822  0.9982

Score accuracy of Figure 4-12 Fecognition accuracy of different ground features mn 2019

different crops and other classes Fl-score PA UA
; Wanter wheat 0.90840084 09981 09980
vegetation, and  the _ Summer maize : : :
i Spring Maize 0.929000581 09552  0.9042
detection accuracy of )
Cotton 0885427737 0.8716 0.908
main crops is required to Minor Crops 0403441626 03634 04534
Orchard- Woods 0952084303 0.9720 098651
be better than 85%. -
Greenhouse 0873971785 0.8491 0.9046
Town 0987174676 09922 09822

Waterbogdy 0.991427131 0.983 1



8. Research Area Classification Results

Change Detection
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Figure. Change detection result diagram



8. Research Area Classification Results

Thematic Change Workflow module BESR
Conduct crop change detection Software plug-in development and
integration process

In this study, we will call and refer to "Thematic Change Workflow" and
""change detection statistics” in ENVI / IDL to detect the change of vegetation of
different types of crops and other vegetation, and analyze the related planting area
and planting proportion. At the same time, it provides reference for the development
of high-precision automatic detection technology plug-in of vegetation change.



Scientific Significance

(1) Provide references for exploring new data
such as GF-6 and Sentinel-2 and new features
such as red edges in crop classification;

(2) To provide a reference for the adjustment
and monitoring of agricultural planting
structure in some areas of China, which has
certain significance for the development o
agricultural remote sensing in China; |

(3) Promote the integration and intersectiong
of remote sensing, agriculture, forestry an
other disciplines, and promote
application of domestic high-scoring satellite

data in the agricultural field. "






