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Fig. 1 Location of experimentation area
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Fig. 6 The flowchart of winter wheat identification by threshold method
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Fig. 7 Range of threshold value for training samples in
critical growth stage of winter wheat

®3 ERNRARUERFAEXSHNEE
Table 3 Parameters’ values of SCE-UA method in this study

s Lt AT TRER ZaRE TRARH
B Hn Ay SBm Tie BB KK
6 7 13 7 13 1

(3) HFReREUNEESL o AR T PR A IS AL
PEUE S SEMME Z (B W) S R, R X /N2
MR T R GE TRy SR S E b, S5
PEEAL A A/ N ZS AP A PR UL, ESCE-UA %R
J AL SCRe T, SR B A /N A Pt T BR ) 22
(E A2 X ECE LA H b pREL

n
y= Z | Xsimi — Xobsil (6)
i=1

Ko, EbReREUEy 2 FH 1 BRI X 3 4 /N &2
23 8] A3 AT B i 5 XA /N 22 T R B 5 1 2 5 45
HEI] 22 A X R, X2 DX S 128 BRI
BRI 4 /N 2223 [l 3 A A TR R Ge i R 15 5
FRITET R IR, XA X8 PR A /N 22 A T LA S e
T 2 bR UE (A G0 X SR A /N A2 ook G R e 11
BARIE N B BRI S B IR M), n AT KI5
(B, n=1),

(4) SN E o M B BT
3FE N Z —IHE IR AR AR 1) B AR R AR I T
SAN A H bR BB 22 22 048 X3 {E/NTF0.001, RIJG
2 e O AR PR B s 2) HAn B i Rtk
AT 100000 5 )RS EOELLERSIRIE TG
WA, R B AR REGA B R AL, R0
1k, i A

3.5 BEWIESXILE

(1) BRI E IR bR . AW, FE
K TR AP R AEREAS SO 26 /N 5[] 3 AT B LSS R
BEATAS BE IR, %07 R 2 18 SR RN A /N T AR
PEIOKS BEPTAY i R 5577 2 (Conese FlMaselli,
1992; Janssenfllvan der Wel, 1994; Knick &%,
1997). BEgEr, FIHIHLE sFEARHE, FE2RM
SRR BMARSEE . KappaZR &L, K0S A
FORG B S SR AR X AT ST HPoAR B 4 /N2 A3 (R o)
S RIATAE WV . Hoh, S
NWIE

K=1- simi obj

x 100% (7)
obj

X, KB (%), Xom N T8 A
INZE A Ay A AT IR R S R AR N AR S =
(hm), Xop AAIFSE X A/ INAZ Rl TR A 8 B0
(hm?), HABFEFREARE X BB AT S % A%
S Hik(Congalton, 1991), MAPARFEEGR,

(2) Hfth 2kt tb . it — 2P BiE AR5
JUT R 1 1A 7R S B AL AR B A /N 22 23 [) 43 A i O
BROR, BRFAT T DT SR B UEAh, ARt
SEFIHGE-1/WF V2 B | Hi i I ZRmE A%
b T g e AR (RSO A vk A /N A A5 [
G3 A PR IORE BEXF LU S . HoAh ik F B A E RS
BB DTV, AR BN BAS BRI A& N
SAAERIOT AN KSR (Solberg 55, 1994
g %, 2000; BEL %, 2017). ZRFmEPLE
J7#:(Mazzoni 45, 2007; MathurfllFoody, 2008;
Bihp AR, 2011). A RMM LN BIEHAZAE
M4, HEAI] WAHSCS % SCHR

4 GERS5T

41 ZNEZESHREBEERESHMLER

A5 AE A& /N b T FR G T S i S 8
R, FUHTEN3 4R B ARSI R,
TR LA SCE-UAY R, XHERIE A/ NE
23 6] 43 A S O i S8 AT AL, B4 352
55 X 50 220154 44 /N2 245 [] 43 A £ BURSE 3Y f I 1)
HBHT, BARGRMEAF R, Hh, SE00H
JEE AT FINDVIE K F0.46 H A5 11 AHFIND VA
KT0.730F, FIWHZBRIT A/ INE s HERoTiH 258



1032 Journal of Remote Sensing

H#HRFIR 2018, 22(6)

4R AH LE A2 AHND VI{E K 0.30L) F I H A5 1 1 AH
FLAS O AHND VI{E K 0.44 L) Iy, SIWriZfg e &
ANFZ 5 BARTT R S AR AR L AR 6 BT AHND VIE K
0.39L) I H28 140 A HL 5 1 SEFMIND VI{E K
0.37V4 LB, FIWHzGoe 4/ NE s TG IT
AR /INEE o R R BE R A /N 23 [E) 43 A
PR R S8, S BSC e X e BA/NFE 2
() 43 A v A FE BRI o 3 3 X AR 5 R 3 4% /)N
F¢ 25 A1 7 AR SR BB R AL S BRI 201 S4E 44 /)
FAS AR SR T aT A, SO B B A/
o2 TR R R A 15 2 2 bR v ) 22 Sy (L A 160 m”, 7]
UL, 3 e 4 SRR A TR AR s o R A A
2Nz 23 (0] 3 A7 B SBORS 7Y (560 (2 5000 7 1) HE B 12
A SR PR B AR R =
F4 ZNFRFEBRRESHANLERQ015)

Table 4 Parameter optimization results of threshold method for
winter wheat identification (2015)
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(a) Classification result of the threshold model parameter optimization method
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(b) Classification result of the traditional threshold method
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(¢) Classification result of SVM
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(d) Classification result of maximum likelihood method
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Fig. 8 Classification results of different winter wheat identification methods
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(a) Spatial overlay results of classification results by the study method and the traditional threshold method
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(b) Spatial overlay results of classification results by the study method and maximum likelihood method
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(c) Spatial overlay results of classification results by the study method and SVM
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Fig. 9 Spatial overlay results of classification results by the study method with other methods
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Winter wheat mapping with globally optimized threshold under total
quantity constraint of statistical data
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Abstract: Using remote sensing technology to accurately obtain the spatial distribution information of crops in a large region is critical in
improving the research level of resources and environment, strengthening the reaction capability of climate change, and ensuring national
food security. Threshold method is a common method used to extract crop spatial distribution information based on time-series NDVI re-
mote sensing data. However, several subjectivities and uncertainties were observed in traditional threshold methods when the threshold val-
ues were determined by humans, which hindered the improvement of threshold method identification accuracy. Considerable studies on de-
termining the significant threshold value have been conducted in recent years. However, the accuracy and automation should be improved
when the threshold values are determined.

Considering the above problems, Jingxian County of Hengshui City in Hebei Province, which is the main grain producing region in
China, was selected as the typical experimental area. A global optimization algorithm was applied to select the threshold value in the
threshold model, and a crop distribution mapping method using global optimization algorithms based on threshold detection was developed.
In this study, winter wheat was selected as the research crop, and domestic Gaofen-1 satellite images that cover the entire winter wheat
growing season were used as major data source. A new spatial distribution mapping method for winter wheat based on time-series NDVI
data for the automatic optimization of threshold model parameters was proposed in this study by using the global optimization algorithm
Shuffled Complex Evolution-University of Arizona (SCE-UA) and crop area statistics as the total quantity constraint. First, the NDVI curves
of winter wheat growth season were established, and the key phenological characteristics of winter wheat were extracted based on crop
phenological and training sample data. Second, the general threshold model of winter wheat spatial distribution extraction was established,
and the threshold parameters to be optimized were determined based on the seasonal variation and characteristics of time-series winter wheat
NDVI at key phenological stages (such as seeding, tillering, jointing, heading, and maturation stages). Third, the optimal parameters of
winter wheat spatial distribution model were obtained by the global optimization algorithm SCE-UA by using the crop planting area statist-
ics at county level as total quantity constraint data and objective function. Finally, the optimal parameters of winter wheat threshold model
were obtained in the study region, the spatial distribution of winter wheat was extracted by using the optimized threshold parameters, and the
winter wheat distribution extraction results were validated by the ground verification samples.

The final validation results showed that the accuracy of winter wheat identification results reached 99.99%, which proved that pro-
posed threshold parameter optimization method had a good total quantity constraint effect and other classification accuracies had reached a
high level. The overall accuracy and kappa coefficient were 97.03% and 0.94, respectively. Compared with the traditional threshold, support
vector machine, and maximum likelihood methods, the overall classification accuracy of the proposed method increased by 4.55%, 2.43%,
and 0.15%, respectively. The kappa coefficient of the proposed method increased by 0.12, 0.06, and 0.01, respectively. The above perform-
ances indicated that the crop distribution mapping optimization method based on the threshold model parameters of statistical data total
quantity constraint and global optimization algorithms was effective and feasible to accurately obtain the spatial distribution mapping results
of crops in a large region. This study can serve as basis to improve the accuracy and automation level of crop spatial distribution identifica-
tion in China and provide several technical support and recommendations for other studies on crop spatial distribution extraction and crop
mapping under complex planting pattern at large scale.

Key words: remote sensing, crop mapping, threshold method, total quantity constraint, global optimization algorithm, winter wheat
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