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HH ) 1056 % B 3 NP % FE7KF, 4351028 100, 150
200 Jikkmm®s B 4 DEIEAKTE, 4580 (ND |
120 (N2) . 160 (N3) i1 200 kg/hm* (N4) ; JEkliz%E
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x1 BEgHeRBtERERELL

Table 1  Algorithms and references of image color index
REEKR =R iRe] AR 23R
Color index Symbol Computational formula  Reference
AR H T
Visible light atmospherical ~ VARI (g—r)/(gtr=>b) [24]
resistant vegetation index
EEAR RISV
Extra red vegetation index ExR ldrg (2]
PRSI IE G
Extra greenc vegetation ExG 2g-r=b [26]
index
SRR
— +
Green leaf vegetation index GLI (28012 thr) 27]
R ZEEIRH
Extra green-red difference ~ ExGR ExG-ExR [26]
index
R T (=
Normalized difference NDI (g—)/(gtr) [28]
index
R AR FE AL
Modified green-red MGRVI (&) [29]
vegetation index
ARSI =R ECE
Red, green and blue RGBVI (&—br)/(g*+br) [29]

vegetation index
A r AHAL O g AR ERBEG o H—iEeIR%.
Note: 7 is the normalized red index; g is the normalized green index; b is the
normalized blue index.

SR Z KL ISR AT R R RS, 6 REAE
ERATEEAT Z R, DL BR T A 23 Bt SO R Ak
i} 2

x2 BEGLCEHFERERHERZERELL
Table 2 Algorithms and reference of image texture feature indices
used in the study

SURRHE (iae) HHE AR S5 30k
Texture feature Symbol Computational formula Reference
fig
Angular second ASM > > PG,j)
moment
Xt bl L 2pe
Contrast CON ZZ(Z 1) PG.J) [30]
HIREE i ape i
- )P - /
oy COR [ XX (- )PE)-mn ) o0,

5 Entropy ~ ENT =3 P(i— j)log PG, J)

e i MR WIKEE j AR %R A — R PG, )R, »)
Wk, S, EERY dv KIER j EIC LRI o i NATTT IR BEL
BEHWBENTTZ, 0w RHITR EESERSHII B BN % .

Note: i is the gray scale of any point (x, y); j is the gray scale of another point
deviating from this point; P(i, j) is the frequency of occurrence of pixel whose
distance from (x, y) is d and whose gray scale is j; oy, i, is the mean and variance
of the texture parameters along the row direction and oy, u, is the mean and
variance of the texture parameters along the column direction.

2 HZRES

2.1 FREEHNEEMESEGR G/ SEEHEE
Heomaxit

INEARAE A T IA BRI AR . AR A
W58 1 B E RO 8 NEIEIREAN 4 D SCEERE
TREE /N B H R S AR A O, AR E il
A A iR LB 18 B SO AR A F R 4L

AN TR B 5 HORN SO AL 4 805 A2 0 B AR S L
* 3.

=3 ETFEANBEGHARGIEHMIGEFHEERS NZEMEMERE (=24
Table 3 Correlations between different color indices and texture feature indices and wheat biomass based on UAV image (n=24)
ZE B I Growth stage ExG NDI ExR  ExGR VARl  GLI MGRVI RGBVI ASM  CON  COR  ENT
AT Early wintering stage 0.594%%  0.458%  -0.619%% 0.678%% 0.743%% 0.657%% 0.706** 0.598** 0.573* 0195  -0.132  -0.564%*
11 Jointing stage 0.813**  0.823** -0.824** 0.911** 0.817** 0.809** 0.687** (.625%** 0.271 0.511**  -0.574**  -0.072
Za1 1Y) Booting stage 0.493*  0.793**% -0.779** 0.607** 0.734**  (0.483*  0.817** 0.351 -0.200 0.417* -0.351 0.260
FF4E 3 Flowering stage 0.367 0.540*%* -0.652**  0.463* 0.679** 0.369 0.540%* 0.316 -0.222 0.123 -0.167 0.126
e * P RIRIRTE 0.05 1 0.01 KT (r005=0.396, r001=0.505) o Ao

Note: *, ** means significant at the level of 0.05 and 0.01, respectively (79.05=0.396, r(01=0.505). The same below.

2.1.1 MEAAHAN T L BEIRE SO A 648 X A
N R ART B TR ANLEE I S te 55 4
MRS, MR 1T H1E N 0.632. R NDI
R EAIRAL, AR BT S AW & AH DS 35k B
B, Hd VAR 5AYEM ke, 183 0.743
(F£3) . FNTLAESE, Bk ExR MR, HalR
BRI, HR 3 AHL, AR ISR E S S R
HIM e 22 Jee ok, Hih ASM F ENT 5498 HAH5<
PEIE B B 2K, 1 CON Al COR S5 EM&AH I
ENTEN
2.1.2 Y HAMELBFME/ SIRHFIEIR AR K
INERATIAEET AN EUR ) & Bl e 8 5 2 &
PR DR B b A6 BT A BH 2 192 5 AR R A r P
9 0.789. B Bl ta S AR e A S M 3008 BRI 8 2
K, #5515 ExG. NDI. ExR. ExGR. VARI. GLI,
SRR /A EF] 0.8 LLE, Hrh ExGR 544
EME RS, HRXREOEE] 0911 (R 3) o [FFA]

CLE . S B FEE0S W R AH SRR b Rk 4
RO —3. 3R 3 vk, AT SOERHIE SRS A
B RKESR, (H@ARME AT AR, o
FEEZ 4 CON F1 COR 5 AW & HIAH S 518 B4R 5 2%
K, 1 ASM A ENT FlA=47) & 0 6 55 25 A1 5%
2.1.3 BAddpA w5 BIGAR &/ S4TSR E00 A Kb
/N Z R ) R BB FE B BT — e m A B
%, SR ACFEITT AT IR, XA
B or BT R4 0.632. HA, NDIL ExR. VARI. MGRVI
YRS ZBUSLE 0.7 LA, MGRVI Mt & s,
r N 0.817 (R3) , BRI EEMIK, M RGBVI KiLH|
REA . 1% BUETE A S AR R A SRR
PRI —E. BmR 3 WA, FEESCRRIES S
EYIRMIA S REYRN, B CON RIS, Hi
SOP ST EY G N
2.1.4 FFitEAME L BIGAR E/ SORAFAT AR A4 Kb
Bl T/NETFEM, BEEAEMERANIEM, K&
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I BI AL S N, S AR R A K
BAFEMAE TN, XA M FHMER 0.491. BxG.
GLI 1 RGBVI 5EYEIMHREA R E, ExGR A E#
K, Ho 3 AN AR KT, Fort VART A G i i
r N 0.679 (K 3) . B 3 AT, FFLIHSEEFHES S
YRR REEUDN, BRIER R E KT
2.2 ARE4EBERHEGE G/ SUBBITEERSNETE
B9FE X 1%

TR 2 ARAEBIAK L AIEG, #Hit 8 A
B te R L 4 DNEOERHERR B S N ET BRI R. 45
RRY, NEFERS KB TEEOY 2 I R A M

-5 SUHRREAE 45 B AR S PR 2
BT LANLEUER A R BU 38 5O SRR FR 20 S
PR IR O LR 4.
2.2.1 AAAMIHEMGRRE/ SRR E T 204K
NFTRAHTI, R RIB e A S R A e 22
BR, X RE r BARRIS, SFIIMESCH 0.487. ExG. NDI.
ExR 5778 1A B E /K, Hd NDI 577 &
FHoME R, AR B0LE] 0.738 (£4) ; ExGR. GLI.
MGRVI 5= AR B KT, Har 2 MBEEURAE
RIBRFZEKT. HE 4 TR, NERATT IS FIG S
FHESE S B IAHR REEUDN, RIS B2 K.

x4 ETRANBEGHAEHEIELMIEBHEERS =298 XME (1=24)

Table 4 Correlations between different color indices and texture feature indices and yield based on UAV image (n=24)

A H I Growth stage ExG NDI ExR  ExGR  VARI GLI  MGRVI RGBVI ASM  CON COR ENT
MEART Early wintering stage  0.605°  0.738"  -0.513"  0.444* 0387  0.422°  0466° 0319  -0.094  0.101 0.128  0.380
R Jointing stage 0749  0.830" -0.835"" 0.699%* 08377 0.751" 0622 05737  -0.192 0492 -0.530"  0.383
7744 Booting stage 04717 0759 -0.778" 0.6477 0862 04577 0758 0377 0292 05117 -0.468" 0404
FFAEH Flowering stage 0535 0709 -0.854" 0.6357  0.733" 05377 0.709" 0479 -0267 0220  -0.140  0.135
2.2.2 Y HBEGARE /SRR a4 R PEFE T 8.81%) o BRI G B 5 SRR EFR B4 & )

INFEARATH, BRI SR B T A PR KT B
I, 8 ANEUEAFRES T B B S PESA IR B 2 KT
IR r SFIIMEN 0.737. NDI. ExR. VARI 5778
FHOPE R B 5 T HAR S8R, 24353 0.8 BA L, HiAh VARI
St i, ris® 0837 (£4) . IR 4 WA,
P BB I SO ARHE 2 80 S 77 B AR S PR R A T
HHEER, Ho COR WEZEMIE, CON EEMK.
2.2.3 ZAAIBGRAE BIRAFIERS AL FE A R

NSRS, BB ST ETE B I T — 8 A
% SRR AT, MRS - 1T
i} 0.638. NDI. ExR. ExGR. VARI. MGRVI 5= &
HIAH A I R 7K, Hord VART MG f =, ol
0.862, 1 RGBVI RIXAEE/KF (£ 4) . HE 404,
EIG SR RHE 2 305 7= 5 1A o0 1 3 ARk B 2 35 K
T, {HER ASM 4, HA 3 ASHEEREE KT
2.2.4 FRALBRE G/ SIS Y T e

INZEFEAE I, UG B AR B I T — E AT
%, HEPEMAECHES ML, HXRE r 7Y
fH°50.649. %7 RGBVI AEZEMKAL, HA& 7T MRS
FER A IA BB E K, Hd ExR KR
HoN-0.854, EAEEMAI. HE 4 7TH, NEIFEH
B EUR SORRHIE S 20 5 7 & I AH S MRS ARk 21483 KT
2.3 TAHBEGRESSIBBTEHEER5EYE
EFEEMMEXE
2.3.1 RAMNBEGERE S LRI KA EEEY
= AAR KM

RSB AN BB 5 SO AR fe B b 5 4R
EMEER ST 2 NS TS, S AY)
MM, SRk 5. mE s T, A&ENERS
AR A D 308 BIRR B 25K, BB — B da 4k
[ AH 5% 1 24045 Horp AR S s R (AR

HH

A UASE /N2 AR R K TR

x5 ETRANBEGE G SEEEFHEEREE SEMERHE
XM (n=24)
Table 5 Correlations between index combination of color and
texture features and wheat biomass based on UAV image (n=24)

EN={inp VARI+ ExGR+  MGRVI+  VARI+
Growth stage ASM COR CON ASM

AT
Early wintering stage
7 Jointing stage
Zf#H Booting stage
FF1E 4 Flowering stage

0.745"

0.912"
0.889"
0.697"

2.3.2 RANMBEGAESSEIFIEEHAESEEFE
#4948 Kt

BRI HATE AL MG Bt 5 SO RRE R £ 57
BHMERER 2 MSHEMTHES, Fotr SRR
MM, ZRATE 6. HE 6 nlAlL, H&)5 KRS
AR MBI B B K, (B B E iR B A %
PEAR LG, AH 2 R E0RE T oms A B0, 3 rp Rk A& A 3 48
B ORI SeMESR T 7.05%) o KL, fE3ET /NP~ B T
i, LA R M B AR A S SORSFIE R R4S &, AL
REGFFRH—HE.

F 6 BT EANBGEGESSURFHEERESS
FENEXYE (=24
Table 6 Correlations between index combination of color and
texture features and wheat yield based on UAV image (n=24)
A H I
Growth stage
AT
Early wintering stage
K151 Jointing stage
Za 4] Booting stage

e Flowering stage

NDI+ENT VARI+COR VARI+CON ExR+ASM

0.790"

0.838"
0.867"
-0.855""
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HAEHIRIAE R 8. 1 Fernandez-Gallego <57 70
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7 B TN 40 2 i B A Y, X AR A SR A —
o RIULAEAGT I /N A Py i ml s iy, S (0 ) 3 0
WA AN o AHEFLREH, /N2 AR ik ) ) e R I 3 2
PTG W ) A S O A

TEEME SORARFEFE BRI 510, BTN BRI AH G
MIRESE, (HS5 SRR e 2 5 HAL TR AU 45 & . R
s &5 1) FH T6 AL SEAZ O A 2 38 Fl 413 B AL 5 S 4
Rt REE, SRRV, B NSER R R 2,
M4EE 7 MRS 2 2 A BRSO B i) R &
SR TE AW G 6 S B E 2 W e B R E
Fi, 4 R W I N SCERRRAE R $ AR R SR B 1 R
BORERELY) T Yue ZRIBFTUBER, FET AN
HER PGS AN b AR B AT A S, 45 A R AL
HRRRAE AR M 48 £ nT DASR i AN [F) e J2 7 a5 4R 1R T ot b
A E MR ER . AR RthRE, SELANL
EUE B S5 o R A S, H S /N A& KR
R A A FFR S 3 E, o SRR ELE 4
AN B 0.27%- 0.11%. 8.81%AH0 2.65%; 577 &
FHFME S B 7.05% 0.12%-+ 0.58%F1 0.12%.

AT 5T R T AN EUG E B o3 B /N 22 A2 f e i
BE T ER R AN AR SRR, (HEA X SR PR
FIEUIREZK S %o 45 SRl Sz e i dk — 25 e it . BESE T AN &
TEE R IX IR R, 208 R B[R] Al B AN R H
V) il JIE R 220 P A FERL 58 1) fE, R R 38 AN ) DX 3k M 00 o 5
MG PSSR . By LATE AR BV 25 5245 1 1 A 2

AL R, PG TRAL 5 y2% ) 3t 1 B 5 g — 2P e .
4 2 it

1D RFFCIRGT T AN YR 2SS T AN EIE S
ISR S BRI A G, S5 R R, BRAHT
UG 0 58 BRI /N 22 A ) () R 5 P 200k 1) 58 2 A 5
FIKF, MRRECEME N 0.632, Hd VARI f/hEAE
VIR IR M B SO B S AR RN A
HIAH A B T, AR RECPF AL 0.789, HA ExGR M
INEZEYIREIA R REOEE] T 0.911. 2B EIEHit T
BOFI/NE A G RECH BT B B, AH G RECPIME
R AT I . FRAE R G e B S /N 22 R R
AR RELR LS N, X RECFIMER 0491, XATRES
JE I EMR T B T A R A . S RS (ts
5 /NP B A M R A R AR R 3

2) /NEFEH W EUR SRR E S 5 S A Y e
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Study on correlation of wheat biomass and yield with UAYV image
characteristic parameters
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Yang Jun'?, Ding Feng?®, Chen Chen'?, Liu Tao™?, Sun Chengming™?*, Ding Dawei®, Huo Zhongyang*

(1. Jiangsu Key Laboratory of Crop Genetics and PhysiologylJiangsu Key Laboratory of Crop Cultivation and Physiology, Agricultural
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Crops, Yangzhou University, Yangzhou 225009, China; 3. Zhangjiagang agricultural experimental station, Zhangjiagang 215636, China)

Abstract: In order to determine the correlation between UAV image information and wheat biomass and yield, based on the
field experiments of different planting densities, different nitrogen fertilizer levels and different varieties, the RGB images of
field wheat at main growth stages were obtained by using UAV aerial photography in this study. The color and texture
characteristic parameter values of the wheat images were obtained by image processing, and the wheat biomass and final yield
were obtained by field sampling, and then the relationship between the wheat biomass, yield and different index of color and
texture feature parameters was analyzed. The results showed that the 8 color indexes such as normalized difference index
(NDI), Extra green vegetation index(ExQG), visible light atmospherical resistant vegetation index (VARI), extra red vegetation
index (ExR), green leaf vegetation index (GLI), extra green-red difference index (ExGR), modified green-red vegetation index
(MGRVI), red, green and blue vegetation index (RGBVI) and 4 texture feature parameters such as angular second moment
(ASM), gontrast (CON), correlation (COR) and entropy (ENT) could be extracted from UAV images. The correlation between
the biomass, yield and various color index at wheat jointing stage and booting stage was high. The correlation between all
color indexes and biomass at the jointing stage reached an extremely significant level, and the correlation coefficient between
ExGR and biomass was the highest, the correlation coefficient was 0.911. Except for RGBVI, all the other indexes reached a
significant or extremely significant correlation at booting stage, among which MGRVI had the highest correlation and the
correlation coefficient was 0.817. The correlation trend between color indexes and yield were consistent with that of biomass.
The correlation between the color index and biomass and yield at early wintering stage and flowering stage were slightly lower
than that at jointing stage and booting stage. Among the wheat texture parameters, only ASM and ENT at early wintering stage
and CON and COR at jointing stage and CON at booting stage had a significant or extremely significant correlation with
biomass, among which COR had the highest correlation(negative correlation) and the correlation coefficient was -0.574. CON
and COR at jointing stage and CON, COR and ENT at booting stage had a significant or extremely significant correlation with
yield, among which COR at jointing stage had the highest correlation(negative correlation) with the correlation coefficient of
-0.530. After combining color index and the texture feature parameters, the correlation of these parameters with wheat biomass
and yield were all improved. Among them, the biomass correlation increased by 0.27%, 0.11%, 8.81% and 2.65% respectively
in the 4 stages, and the yield correlation increased by 7.05%, 0.72%, 0.58% and 0.12% respectively in the 4 stages. Therefore,
combining the color index of UAV image with the texture feature parameters can improve the estimation accuracy of wheat
biomass and yield.

Keywords: UAV; digital image; color index; textural feature; wheat; biomass; yield



