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W, ANESFCATRIEHIE, EEHEBE 13, BF 15,
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LA 1:10 HHUE X HI-1A/1B S8 8T ) LA RS
1E, AR5 RS2 f GPS #8461 555 HI-1A/1B 5%
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KR B THAE = RS R, SR T bR 7 i
HI-1A/1B 54837 e br, 45 € br 240K DN HE
GRS EEE R A

L=DN/a +L, (1

b LIRS, B AN WimP/st/um: a
NUKTERR BB Lo MRS = .
1.4 DEERT=E

IR AR 6 W e P D ] P9 AMIE STk, 45 & ki 4
B FE R S, AR 4 A HI-1A/1B JECR 9 Fiviy
FGTERIBAREL (R 1) 1EN PLS Z0 A AL d s Jlfil 77
R NI EH A8 & . B ENVI FI ArcGIS 25U B GPS &
PLRFE RIS AR, S5AFR 1 SRALHIE B S
1%, 1F Excel Fil-HH T EEBRT&E,
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Table 1 Formulas of remote sensing vegetation indices

TR EL

Vegetation index

RN

Calculation formulas

VA — {4 $6 1 Normalized difference vegetation index (NDVT)
352 1A BAE Bl FE 2 Soil adjusted vegetation index (SAVT)

W RE 3L R 5 45 2L Optimal soil adjusted vegetation index (OSAVT)

YEMI R N F5 3L Nitrogen reflectance index (NRI)

S0 3 — L AE 1 6 20 Green normalized difference vegetation index (GNDVI)

25 KA N5 (0 F AR M 485X Structure intensive pigment index (SIPT)
T 1% 2 ek F5 £ Plant senescence reflectance index (PSRI)
ZH I FE EL Difference vegetation index (DVT)

LU B AE 4 6 %4 Ratio vegetation index (RVT)

NDVI=(B4-B3)/(B4+B3)

SAVI= (B4—B3)/(B4+B3+0.5) X (1+0.5)
OSAVI= (1+0.16) X (B4—B3)/(B4+B3+0.16)
NRI=(B2-B3)/(B2+B3)
GNDVI=(B4—B2)/(B4+B2)
SIPI=(B4-B1)/(B4+B1)
PSRI=(B3-B1)/B4
DVI= B4-B3
RVI= B4/B3

: B1,B2,B3,B4 S ARG 6. 806, 0%, ILLLAMGBEBR G S % R,

Note: B1, B2, B3 and B4 denoted spectrum reflectance at blue, green, red and near infrared bands, respectively. The same as below.

1.5 fR& /N Z3E[E1Y3 PLS

PLS & —Mi& H & ¥ B 2 oo i ik, fe
fif PRV 22 538 22 o [B] U B JE VA R R ) IR R, T
HYZE2 HAAZHEHMKKRN, WA R g H
R MR R 2R A AT B, T A A Bl [E]
BRI [ HE . PLS VA SRHUAR 2 N o3 BB A2 B 4E N
AEE, RAG@EVAHLESHNEEZ MLERR,
FIH PLS vHE R %, SR 5 S PR AR B [l A AR A
B [l AL Ay

y=a,, +a, X ++a, -x, (m=12,-p) (2)

s y SERREA=, kg/hm?s xy, +=, x, 7P ANERIEH & H RS,
RPREIRAT R, Ggpipm*, @pm /9 PLS THELH RS 2R3

B PLS SEESIARARUNS, M0 35 il HRe i e Y
FEEE, HEMSE 2 WG R, MK,
Rk, 0 B 2 o B2 T PLS AR ook . At
Ft R A8 36 UE V% v S H A D5k 22~ J7 AL Cpredictive
residual error sum of square, PRESS) , PRESS {E /)N,
FORER PO FE iR, DRG, R T PRESS e/ MEHf
TR PRESS tHHARN:

PRESS:inQ—ykJZ (3

i=1

K v v HUNEE | ANFEAH LR SR AN 5 BREE i
MEARTIETHE; & AEIEIR IR

PLS Al PRESS HIJEERAEEE, WCHR[19]. PLS Al
PRESS i #2484 i1 H 4 ) MATLAB 217 58 i -
1.6 REEITMN

530 AR SR AN IS IR ER PR A, JE e 2 i) S By o =
A AE 5 S TR PR 121 B0 AT RPN, PPN 4R bR
NYRE 2B (determination coefficient, R?) 2%, HjJ7iiz
# (root mean square error, RMSE) PUFIAIXT 1% % (relative
error, RE) , Lt R* MK, RUIBIAMLS, RMSE
RE /)N, 2 BASARY 0 A RS Pk =y
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2.1 FEnNTH

PRI 1~4 e R SEBr ™ HdiE , F bR o
BUE RN, 3R mAt AR R (R RGE T, R PRIESK
B B i KA M /M B T IR AR R RT3 5 #5335
ANEBR R EAAREAE 3:2 EL], BEHLSY g RN
WrilEgE. HIER 2 AIRN, SERRE AR AN IR AR A
A PEME PREZEAARAE IR Z ML, BB
— k.



15 3 TEE %, 15H PLS ¥ HI-1A/1B 3B B AG AR I X 38 /N 25 52 fm 2 =

163

*2 BEEMBIESEHALRE"SH
Table 2 Distribution of wheat practical yield in modeling and
testing sample datasets

2.2 ERTESIFE~ERXRE

27

FEREAR TR 201 AMFEAS RSP L 5 R AR B 1F] G 2R
ERDIRY] (R 3) , SLhri= 5 RZ UK E R A

~ UL = e T

BEASE  BEAHC B Averge g U 7 503 BB G R, Fe bR B 5 PSRI K R I U,
Bts nmber(hehmy (kb deviation/ error FK5 GNDVIL MK R BN 0.73 71068, K4
datasets number (kg:hm™)  (kg-hm (kg~hm’2) (kg~hm’2)

T ) B H s SeBR e F] B AH SRR B A T B B H0E
A N ~ N ; v .
Modeling 201 2;22'329 56109 13119 124.8 AR BRI R E N Z EMHKRR, HAHKREUL
preniy TArF 0.80 55 1.00 Z A, JuH B1~B4 BIAIHIE R
oL 3 . N NS N N w
Testing 134 0T 53061 137LIS 11865 T 0.95 5 0.99 i8], H. 2 BOREARE 2P PR A OC R 40

dataset: i
£ 0.90 B, BT T {6 Gebcit A T
1%, 12 PLS ik TS g DX St RS B2 ) B B v
®3 ERTESLRESEMBXFRLY (=201
Table 3 Correlation between remote sensing variables and wheat practical yield
%Bﬂ?ﬁr" B2 B3 B4 NDVI SAVI OSAVI NRI GNDVI SIPI PSRI DVI RVI
Practical yield
PR =
Practical yield 1.00
Bl 0.48%* 1.00
B2 0.44%* 0.99** 1.00
B3 0.36%* 0.99%*  0.99%* 1.00
B4 0.32%%* 0.95%*  0.97**  0.95%* 1.00
NDVI 0.52%%* 0.83**  0.87**  0.82**  0.96%* 1.00
SAVI 0.52%%* 0.83**  0.87**  0.82%¥*  0.96*%* 1.00%* 1.00
OSAVI 0.52%%* 0.83**  0.87**  0.82%¥*  0.96*%* 1.00%* 1.00 1.00
NRI 0.24* 0.92%*  0.91**  0.95%*  0.87*%% 0.75%% 0.75%* 0.75%* 1.00
GNDVI 0.68%* 0.91**  0.94%*  0.92**  0.98** 0.97** 097** 0.97** 0.88** 1.00
SIPI 0.61%* 0.92%*  0.95**  0.93**  0.98%* 0.96%* 0.96** 0.96** 0.88**  (0.99** 1.00
PSRI 0.73%* 0.92%*  0.93**  0.94**  0.91*%* 0.84** 0.84** 0.84** 0.91** 091**  0.96** 1.00
DVI 0.38%* 0.86%*  0.90%* 0.85**  0.98%* 0.99%*% 0.99** 0.99** 0.77** 0.97**  0.96** 0.84** 1.00
RVI 0.18 0.70**  0.75**  0.69**  0.88** 0.97** 0.97** 0.97** 0.61** 0.90**  0.88*%* 0.72** 0.96** 1.00

e R R RIIRIRTE 5% 1%7K T R 3.
Note: *** indicated significant at 5% and 1% level respectively.

2.3 I PLS tRHE
2.3.1 RAREZ RSB AT

<] 1 9 PRESS Fifi £ il B84k . AL AR I il 32 Bk
BN, SZPREAS PRESS 1H #8 S8R HBEE, |
MR T 2 H R D, SRS ART S,
HILE R A ISR, B2 SehR s = 8 3 i o 808 5 B,
PRESS 1His R/, N 24.17; 25, BEE TR BORET
Hhn, PRESS {HBESRIE N, HEBTZFHEA, WHH
FEREE 2B LA IR . Kk, %P PRESS
ﬁﬁ‘f‘w\ﬁﬂﬂ“ﬁﬁa‘:ﬁ%\%ﬂ’ﬁﬁj PLS 5 AL ) oA 32 i 7 34

SERR N AR, R 201 ADNEAEEREAR IR
HI-1A/1B §248, MR S bR = il ALYy«
y=1706.1GNDVI-1964.7PSRI+1764.450SAVI+
1478.1RVI+1374.75NDVI+2133.9.,
USRS S, ARG SEPR ™, H
SEBREAPAINE S SEIMEZ R 11 BUS R, geit it ELkm)
IT5FER L R, RMSE AIRE, HI[K 2 al%, HAEReirds
SRR B~ A 5 SEME TR R 5T 0.7, RMSE 43531
N754.05 kg-hm™ F1748.2 kg-hm™, RE 73514 11.5%H1 8.88%,
ULEHAIH 1% PLS R B A X el N2 SR B =

N, BZSZbREFT PLS MR R L F R E0h 5. 10500 53¢ e Modeling datasets ¥ il £ Testing dataAsets
X
T 9000k Veus0-8699x+46.986 Yo
2 45| P X X
2 _E R 4=0.74 L S
g 4of 27500k RMSE 5=754.05 kghm
4 =3 A
H}? 35p g3 RE,,,=11.5% A2 33
ﬁ 30k gg 60001 n=201 X
Z 25| s 8
b 5 oy =0.8754x+32.548
20 . . ) 345001 Vigiies™ EPs
5 . 10 15 % A Ry, =071
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Principal components number 3 000 A %‘Ig*gg o £
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B 1 PRESS M % %) AL n=134
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2.3.2 PLS A # 5 B4
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Fig.2 Evaluation of practical estimation yield model
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2.3.3 HAEg ks

NT H5EgEEEATIE, RAZLYERIA (linear
regression, LR)F1 = %4777 (principle components analysis,
PCA) B0, @R FEA G SR = (5 AR, K
P SRl 5 SSIME FRAH 9K 2% RMSE #1 RE P4

i, % 4 A PLS. LR Fll PCA ByEpiAhgs 5, ik

RI: FEARBUER, bR PLS AL Al E 5 Sl
IR ARHOKT LR A1 PCA #%4, RMSE 1 RE #5/MF LR il
PCA 17!, Ui PLS RN I X 85 b o= (R R B T
LR Al PCA BB, ARy g Aas ur SR Ak kS FE
3 AL LR B33 22.46%H01 41.21%, 43 It PCA Bz
i 18.57%H1 32.56%.

# 4 PLS. LR # PCA B HERENIZE R LR
Table 4 Comparison of predicted results with PLS, LR and PCA

Ea AL AR R HL Bz AN 572
ik Principal Sample number Correlation coefficient RMSE/(kg-hm™) RE/%
: P AR BEAE R REAR AR ISR AR REAE
Algorithm components . , g - f . . .

number Modeling Testing Modeling Testing Modeling Testing Modeling Testing
datasets datasets datasets datasets datasets datasets datasets datasets

PLS 5 201 134 0.861 0.834 754.05 748.2 11.5 8.88

PCA 6 201 134 0.762 0.747 1048.95 1098.15 25.36 31.26

LR 0 201 134 0.714 0.677 1119.45 1197.6 27.73 35.47
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Fig.3 Spatial distribution level of wheat planting area and wheat practical yield in central Jiangsu region
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Remote sensing estimation of wheat practical yield on regional scale using
partial least squares regression algorithm based on HJ-1A/1B images

Tan Changwei, Luo Ming, Yang Xin, Ma Chang, Zhou Jian, Du Ying, Wang Ya'nan
(Jiangsu Key Laboratory of Crop Genetics and Physiology/ Co-Innovation Center for Modern Production Technology of Grain Crops,
Yangzhou University, Yangzhou 225009, China)

Abstract: Estimation of crop yield by remote sensing is a key research and application field in agriculture, and such research
can provide timely and reliable yield information for regional food production. In order to further improve the accuracy of
estimating wheat yield by remote sensing, and demonstrate the application of satellite imaging products in agricultural
production, we used HJ-1A/1B images on April 26" 2010, April 28" 2011 and 2012, May 2™ 2013 at wheat anthesis stage as
remote sensing data. 335 samples of wheat yield were collected from agriculture production field and divided into modeling
dataset and validation dataset on a ratio of 3:2. Based on the minimum value of predictive residual error sum of square
(PRESS), the number required for principal component model was determined. The yield estimation model was assessed
through determination coefficient (R*), root mean square error (RMSE) and relative error (RE). This research was undertaken
to make a systematic analysis on the quantitative relationship of satellite remote sensing variables to actual wheat yield.
Depending on the partial least squares regression (PLS), the multivariable remote sensing estimation models and the space
level distribution maps of actual wheat yield were constructed and verified by the modeling dataset and validation dataset, and
the estimation effect of the PLS model was compared to linear regression (LR) and principal components analysis (PCA)
algorithm models, respectively. The results of this research indicated that the majority of remote sensing variables were
significantly (P< 0.05) related to practical yield, and there were significant (P < 0.05) multiple relationships among the
majority of remote sensing variables. For the actual yield estimation model based on PLS, the number of the best principal
components was 5. Plant senescence reflectance index (PSRI), green normalized difference vegetation index (GNDVI),
optimal soil adjusted vegetation index (OSAVI), ratio vegetation index (RVI) and normalized difference vegetation index
(NDVI) were identified as the sensitive remote sensing variables for estimating wheat yield. Through testing the actual yield
estimation model based on PLS algorithm with modeling dataset and validation dataset, the R* were 0.74 and 0.71, respectively,
and the RMSE were 754.05 kg/hm® and 748.2 kg/hm’, respectively, the RE were 11.50% and 8.88%, respectively. The PLS
model with selected sensitive variables performed better to estimate wheat yield. PLS algorithm models to estimate wheat
yield obtained the higher accuracy by above 20% and above 40% than the LR algorithm models, by above 18% and above
30% than the PCA algorithm models for modeling dataset and validation dataset, respectively. Based on the above PLS model
and HJ-1A/1B image on May 2™, 2013, the wheat practical yield spatial distribution level was mapped in central Jiangsu
region. The results of applying the PLS models were correspondent with the actual distribution of wheat yield. It was
concluded that PLS algorithm can provide an effective way to improve the accuracy of estimating wheat yield on regional
scale based on aerospace remote sensing, and can contribute to large-scale application of the research results.

Key words: remote sensing; algorithms; regression analysis; yield estimation; partial least squares method; HJ-1A/1B; wheat
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