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Estimation of maize leaf chlorophyll contents based
on UAV hyperspectral drone image

CHANG Xiao-yue, CHANG Qing-rui, WANG Xiao-fan, CHU Dong, GUO Run-xiu
( College of Natural Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: UAV remote sensing system can quickly acquire high-resolution remote sensing images on farmland
scale, which is significant for crop growth monitoring and agricultural production management. In this research, the
hyperspectral images of maize field were acquired with a UHD185 camera mounted on a drone. The spectral param-
eters were extracted from the hyperspectral images to construct models for estimating chlorophyll content in maize
leaves. Chlorophyll distribution maps of maize leaf were inversely estimated using these models. The results showed
that the simple regression model separately built with red edge area (SDr) , maximum first derivative values within
red edge (Dr), or difference vegetation index (DVI) had higher modeling accuracy. These inversion models were
used to make SPAD value distribution map of maize leaves, then, they were validated against observed results for
the accuracy of the map, it was found that SPAD—Dr model was the best one in estimating the chlorophyll of maize
leaves (R*=0.89, RMSE=1.28, and RE=2.31). Therefore, this new method is feasible to be used for estimating
the chlorophyll content of maize leaves.

Keywords: UAV; hyperspeciral image; maize; chlorophyll; estimate model

FEFEE A A R KA [ P
PR R R 2 R B B A 2 T B
K 90% 4 F L, R R S E A )
IUP/RENE IR i AP AR (I & = [ F 9
BRAEHER B, DRI, M) 8 S B S i TR 2 58
i, DU AR R B R A8 B S oK ]
R PR K B R TR AR B

iR A7 .2018-01-18 &5 H #7:2018-04-08

EL£WA . HE AR LRI (863 1K) (2013AA102401-2)

R IR G o FER v, e A 2 T AR
FEARA Y (B AR R KRR AR K ) 22
Ao, T PR AL S S5 904 33 1T 24 R i PR AT e | S A
A% B AR o AR JBE 2 55, B8 SEE IO A bl o 3 A
RS, A 20 4l 80 AR LUK, UL IE 4L
ARBUSE R I, FAEFOLIE o AR B & —
AL SEBE T AR AR 2 RO FREE S5 AT A 1
PIREET AR b AT ARG T AR S /S AR

EE BT H W H (1996- ), 2, IWARIIHN  ABE  BTSET7 0] Jg 38 %0 . E-mail ; changxiaoyue1996@ 126.com
BASIEE W IRI(1959- ), 5, BEpg M 181 AE 00 2B L b B0 R 5 25 (B {5 B RF9E . E-mail : changqr@ nwsual.edu.cn



551

W H % FET AN RDCHEAR FORM 2 X & B A6 67

WP AR R TR 15 8 8 D6 3 AR AR TR R
SRS ) T AR R X S8 3 s 1R, HL3L
AR 22 18] 70 B 2N 38 5 3l e RO B A7 2R B
IEAER, To AALIE AR LUH B 19 i 25 73 B
e AL R LI B OR A P, A T A 2
PRI B -5 BRI T AR I

ARSCLABR PG 3G v il X K S WFFE X 42, il
FAUFE B EDEIE BASOE AL, 3RA5 5 F KM
EDEHE R AR, A i 7] 25 3R A5 1) K )5 SPAD
{EEicHE | Mt B ORI A SPAD (R B SRR, 1)
B8 2 B RA S B AR BR BERL 2 s

IR i

1.1 HiEtE

TRE0 M B AE B TY A S P sz B 2210 2 55
#(E108°7'6", N34°38'33") | iZ il T 3¢ o - JF p
B B s p 2, il KRk 2= KU AR F 38R
1B 13.1°C AR K i 573 ~ 592 mm, Rl Fh il —
P —AF—2h ARG R OK A Sk B B 8806, 4] 43
H7 46 N/NIXFT—A KX, /ANXE L 63 m* (7 mx9
m) ,j(lZﬁfE 280 m2(20 m %14 m) . N6 43 5
B 6 NANEIRR BE Bt st |t g AL B 5 AN
(IR RS () R AL 3, B S A P B — AR, A
AEL RAEAE A A 2 Sy D A — U A, AS B 5 R
422 8244 b, K R R ASE S R, ) 36 /)
DXRNR DX 1 48 88 7 5K 5 > A B i) 2B 745 38y 5K
I
1.2 HEHRIS4E
1.2.1 RAMZHA#EBGFR HHEERE E-
EPIC /\BEFRITC AMLIEZL Cubert UHDI8S firefly 556
TEARAL, ARAF FOKRHER I (2016 4F- 8 H 11 H) Ht
WG, TR IME S E R, R G%% 1
B SO N, HE R SBVFRLT  1Y 85% ~
90% LM XA B BEA B L PRI T K S
By e R A E I, o] DLds S A B AT, B Ak
W FLE R R R OK 7 R K A I AT
B X, UHDI8S5 J& — k452 MOt ik 54X, AT #E
0.1 ms N RS 450 ~ 950 nm 1 8 FE P, SR A [8]
4 nm [ 125 DB EDLIE A, TANL AT
TR0 7 i BT TG KB LE 4 T

Te ML CAT S HORM AL S B0 1L 5 R 2% -
BT =ATH R (1) i PEe, Hum o Bt

rIIRe Fov N
2 X tan(m) X WiE H

R = HHh 1000 2

& UHD185 FHHLZS [H] 43 HF 2 4 1000 47T x 1000 14
TG, i R ML R R, b T B SR RAIG,
(2)RERES, YA KB, 5250 %35
IAETER, (3) FARALFR T AR R s /NI
Vi, BRI DL S S AR I o R H R 2 5
GBI HEIN, ARAE T AE 3G N, AR5
FE R ORAE RN I 5T, T B e M T 73 PR,
(HE AL AR IR A AL B T AR Ik, A%
TR B ICADL KT 100 m, i 6 m « 7', KFT
AR PO 80% LI H & ,60%5% M &, UHDI18S
FAMLIE B L AR TE 23 mm, #3730 15°, 53k 3 7 14
T MU PR AN 2.6 em, FEANLE K2, %
UHDI185 =G AH ML AT I F A OE, I H =%
M A THAS E bR, 76 AT 0B I B 2 R A5 2% S 5
1.2.2 Ekvt K SPAD M3 NEIE Ak o
AT E RN bR & i, T SPAD-502 BIFFF
R RAYL, A5 5 SPAD {5, SPAD-502 1 F4%
2 RAGEARE I 2r R W LT %, (A FE I 20 40 ik B
JUT- B WM s 5 T i, 2% A & B — ikt
LT (B %K 650 nm ) FELLAMYE (AR I K
940 nm) RS I R, JF8 33 S0 i 5 0615 5 e i
HHAES | ZRESR)G FH A/D i ds it
BTG A s R X SR E S R e R
AR S, B SPAD B, XK &E T E
K KT AL Z R AR AEY I R g R E = A
SPAD {H, i€ T & (W B FEAH JC R A, 3R AT LA
FH SPAD HR/RM F it R & i, AR/
DXFIR A& 2 SR A, 3 84 AN HE A, [l 25 7
oKt R SPAD fH, BRI EKESE 3 Fr
Wi, & R k7 AR AL 10 4> SPAD fi, BOF-3
{HAE M IZ A 11 SPAD {8, % 3 A M1 SPAD
SEYEANE RIZRE S5 B SPAD {, I s S
1.2.3 FHAiE#g a4 UHDI8S ML Al
PAF— ik & OB FUR R — 4 =i g, &6
1525 (8] 0 PEF 1000 470X 1000 1470, &6 iE 15 =
(] 43 BE 50 152I0x50 18T, i H RG 40 #mot
TSR TR AL 1000 14511000 187T , 44 < #]
QTN RAE ST 1Y ek s A6 B — A TIFF E&
. 7E AgisoftPhotoscan ZX{F i, 5 AWF5T X 11 458
TIFF B4, Lha @G B 21T Pf 42, 15 2 58 3
I 5E X m b AR, iR, fE ENVI AR 4
SPAD B I, T INZR X, IITZRIX Y65
S IR A B A s S T 2k

1.2.4 BORMAME5AE @8BS



68 T2 X A A 57

ERVE

PR B T PR E B R B A PRIk
— R 2 TG A 7 VR S ' T o Bk T A
MR B S R SR A R T
LR LL 300 2 500 TR A 0l A 0 Mo A2 A T FEAk 2 %
BT ARBESE R Y O R S B AR A T
JCTE A B A Tl R A A DA S A e
W, BMGE IR 1, K500k AS 1 84 L BE REHL
3096 A, Hoh 4 A EBE 1 AR R4

I, H/ERIRIESE [T, XF SPAD {H 5 % B ERAE
SR TAHIE T, BB 35 AH OC ELAH S R UK
F 0.5 MSHGER, BRIy R R HELtE:
WAL 2R A U GREER T 1 Y RE(R) |
ByJ5 MR 24 (RMSE) DL K SR 4 T Ak AR 5 S A
LRI R E REC(R) I R 2%
(RMSE) MXR# (RE) |, #iE e AL AR I
J& , 7 ENVI+IDL i B S oA R 0t 5% IX i i

R BRAEBEFTESHRITELAK

Table 1  Spectral parameters and formulas

JeIE S HHEAK S 3CHk
Spectral parameter Formula Reference
HETF AT BB HL The parameters based on spectral location
WA W ER B E Db K 490~530 nm B i O (E [21]
Maximum first derivative values within blue edge The maximum of first derivative values within 490 ~530 nm
BB E Ab Db Xt N A (21
Blue edge location The wavelength location of the Db
BN RN RUME Dy K 550~582 nm B F/IMA (217
Minimum first derivative values within yellow edge The minimum first derivative values within 550~582 nm
BOUALE Ay Dy XN BB AL [21]
Yellow edge location The wavelength location of the Dy
LB R — B RUME Dr Pl 680~760 nm N — B RUMR A [22]
Maximum first derivative values within red edge The maximum first derivative values within 680~760 nm
FARUL A= YS Dr R BB A E (23]
Red edge location The wavelength location of the Dr
BRI AR KA Rg WA 510~560 nm PIIGHE R I B b KA [24]
Maximum reflectance within green peak The maximum of the reflectance within 490~530 nm
LA AR SR MEL Rr e 640~ 680 mn BB AR/ Mi .
Minimum reflectance within red valley The minimum of the reflectance within 550 ~582 nm
FFIEIE R AL B The parameters based on spectral area
W TR SDb PR 490~530 nm P — B oM EL SR [21]
Blue edge area The sum of the first derivative values within 490~ 530 nm
HOH IR SDy P K 550~ 582 nm N — B o fE YA [21]
Yellow edge area The sum of the first derivative values within 550~582 nm
LU SDr PR 680~760 nm N — B oM EL Y A [25]
Red edge area The sum of the first derivative values within 680~760 nm
T EDHCIEAL B 8 B2 i The parameters based on hyperspectral vegetation indexes
ZAHAH AR L DVI
Rgio—R
Difference vegetation index 810° 7680 [26]
IH—fEAE B £ NDVI
Rgio—Rego )/ (RgiotR,
Normalized difference vegetation index (Ryio~Reso )/ (Rsio+Reo) [27]
B TE IS 3 WSO S SR AGEL MCARI
Ro00=Re0) —0.2 (Rog0—Rs Ry00/R
Modified chlorophyll absorption reflectivity index [ (Rsoo~Rero) (Rom~Rss0) 1 (Rooo/ R ) [28]
B LRSS RDVI o
Renormalized difference vegetation index (DVIXNDVI) [29]
(4 e e e A
L B HUKEREL Os1v1 (1+0.16) ( Ry ~Rezy)/ (R +Regy +0.16) [30]
Optimal soil-adjusted vegetation index
L2 AT 33 )
e AR MCARI/ 0SAVT MCARI/ OSAVI [28]

The ratio of MCARI to OSAVI
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Table 2 Correlation coefficients between spectral

parameters and maize leaf SPAD values

PIRILE S TR R
Spectral parameters Correlation coefficient
Db 0.670" *
Ab -0.062
Dy -0.181
Ay 0.145
Dr 0.772" *
Ar -0.139
Rg 0.804"
Rr 0.680 " *
SDb 0.531" "
SDy 0.16
SDr 0.853" *
DvI 0.790 " *
NDVI -0.215
MCARI 0.462"
RDVI 0.549 " *
OSAVI 0.163
MCARI/ OSAVI 0.452 "

HEeox o+ fE 0.01 ZKF L WEADE, « 7E 0.05 7K 1 EAE G,
Note: * * indicates correlation is significant at P = 0.01 level,

# indicales correlation is significant at P=0.05 level.

+R3 EXKMHE SPAD EfLEER

Table 3 Inversion models for estimating maize leaf SPAD values
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Table 4 Validation of inversion models for estimating

maize leal SPAD values

FEIE Model AR Formula R? RMSE
SPAD-Db  y=0.6x10"°x2+26859x+17.223 0.49  2.27
SPAD-Dr ¥ =860.34x00115 0.61 1.87
SPAD-SDr y=107.08x"57% 074  1.54
SPAD-Rg y=195.35x+18.481 0.65 1.76
SPAD-Rr y=156.85x+26.924 0.46  2.16
SPAD-DVI y=101.84x"81% 0.64 1.81

Ty 29 SPAD HUME ,~ LIk 24K,
Note: y is the predicted value of SPAD value, x is spectral parameters.

Iy w2
o e WERME
T Coefficient of  REMS RE/%
Model Regression o
. determination
equation slope
SPAD-Db 0.973 0.48 2.56 4.33
SPAD-Dr 0.982 0.81 1.60 2.98
SPAD-SDr 0.969 0.76 2.15 4.13
SPAD-Rg 1.000 0.45 2.24 3.68
SPAD-Rr 1.009 0.35 2.46 4.54
SPAD-DVI 0.964 0.69 2.46 4.71
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Fig.4 Regression results of estimated and measured maize leal SPAD values

WX T AT I I l\
- e 3
t ‘ l\t - ‘ -
f) b o y‘ Q
q‘l"&*‘_ lf J ‘k.‘i
. ‘ 1 - ‘
':,-‘ *‘s&‘:‘? '.".'I- 3?“
h o (it Tl SPAD(
Fea T g Ly
e S '\: 3t - 78
oy :5“?. = 5]; -2
AN RS — BN
Ar ;;_; CRa _
*" T .‘a\“fl ] 3134
e, &Y
LE' PN ;"3.3""_ 3437
B o N a5 ]
;ii"h;‘."r‘z S &4-435. 4 3740
AN SN ‘J\'-. [ A0-43
gt w ey 7 —
5 g S FaS W o
"'{-}'\ Fa, Ef;"%‘-:; N - 46-49
£ — ." ' - ":‘h J it “ '
FLESR RESR ) iy I
B e '_ - "'-:_ o
PSS VA WSS I -
J5t & P £ (a)SPAD-Dr [b_leAD SDr (e)SPAD-DVI
Original image

5 AEBBLEXRMF SPAD ERE N
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Table 5 Statistical characteristics of observed and estimated maize leafl SPAD values on different distribution maps
Wi H Ttem #¢/IMA Minimum KA Maximum HJ{E Mean FrifEZ Standard deviation
SPAD S {H
Measured SPAD value 39.57 54.70 48.66 3.59
SPAD-Dr 22.19 58.07 40.3 5.58
SPAD-SDr 16.29 62.70 37.29 7.16
SPAD-DVI 16.74 62.53 38.37 6.98
581 58r 58
e + a [a)]
"< el o
250l 2&52— B&s2f
g w3 K3
2z 23 2z
= g6t S S46r IR
= = =
40 " 1 i L i J 40 1 1 i J 40 1 i 1 e J
40 46 52 58 40 46 52 58 40 46 52 58
SPAD fifi Pl i SPAD fi ll i SPAD fifi Pl i
Predicted SPAD Predicted SPAD Predicted SPAD
(a)SPAD-Dr (b)SPAD-SDr (¢)SPAD-DVI
6 FERMF SPAD LE SEEMAMUEME
Fig.6 Regression results of predicted and measured maize leaf SPAD values on different distribution maps
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Table 6  Accuracy test of maize leaf SPAD values FMESESEEZRNE, SERENA —EER,
distribution maps T B — P IRR G @ TS AN AT RS 5 i
Il 77 FORMMR N RSB, Ak, /NI AL RIT AR
*“ﬂ S ! / >, % 7, -
N A < REMS  RE R HAREORAR S R LA, L B AHLE
equation slope Ay PR 1) X L2 52 B v G 8 b PR Y BRI 1E 5%, JL
SPAD-Dr—0.985 0.89 1.28 2.31 fRIR TR PRI, 5 32— 2 0F 2 T AL AR T LA A
SPAD-SDr 0.989 0.79 1.51 2.59 IE ?é
SPAD-DVI  0.985 0.71 1.81 3.55 ARFLo
3.2 #ig

3 e SEE
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