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SPAD Inversion Model of Corn Canopy Based on UAYV Visible Light Image

MENG Dunchao'®>  ZHAO Jing'> LAN Yubin'? YAN Chunyu'? YANG Dongjian'® WEN Yuting'*
(1. School of Agricultural and Food Engineering ,Shandong University of Technology, Zibo 255049 , China
2. International Precision Agriculture Aviation Application Technology Research Center ,Shandong University of Technology,
Zibo 255049, China)

Abstract; Chlorophyll is an important pigment in photosynthesis of plants. It can provide important basis
for real-time monitoring and health diagnosis of crops by using crop spectral and texture information to
retrieve chlorophyll. In the field environment, five different varieties of corn at four leaves stage and
jointing stage were selected as the research objects. The visible light images were obtained by UAV , and
the soil background was dealt with mask treatment. Totally 25 kinds of visible light vegetation index and
24 kinds of texture features were extracted. The correlation between vegetation index, texture feature and
relative chlorophyll content ( SPAD) of corn was comprehensively analyzed, and stepwise regression
(SR), partial least squares regression ( PLSR) and support vector regression ( SVR) models based on
vegetation index, texture feature and vegetation index + texture feature were respectively established to
quantitatively estimate relative chlorophyll content. In SR model, vegetation index + texture feature model
was the same as vegetation index model, which was better than texture feature model, R* was 0.731 6,
RMSE was 2.958 0, RPD was 1.926; in PLSR model, vegetation index + texture feature model was
better, texture feature model was the second, vegetation index model was the worst, R was 0.802 5,
RMSE was 2.495 2, RPD was 2.284; in SVR model, vegetation index + texture feature model was
better, vegetation index model was next, texture feature model was the worst, R> was 0.805 5, RMSE

was 2. 640 8, RPD was 2. 158. Comprehensive analysis using the PLSR-based vegetation index + texture
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feature model can achieve rapid and accurate extraction of corn SPAD, providing a new method and

experience for chlorophyll inversion, and also providing a reference for UAV remote sensing growth

monitoring.

Key words: corn canopy; UAV; visible light image; chlorophyll; vegetation index; texture feature
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Fig. 1 Visible light images of corn at four leaves

stage and jointing stage
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Fig.2  Phantom 4 RTK UAV and sensor
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Tab.1 Main parameters of UAV and sensor

25 i
ARG A 1 35 CMOS; AR K 2000 15
AR IR (B FR x B F) 5472 x 3 648
Bk (FHMEM) /g 1391
44h 5/ mm 350
“KAT B} [E] / min 30

FHLS 1 (RMS)

i{jﬁg cm + ppm

7K1 em +1 ppm( RMS)

1 ppm 2 KATAREERE) 1 km RN 1 mm,

S AE A A SPAD B J5 B4 AN 71
EAE IR /N X SPAD W5 A~ B 3 1 2 £ oK
jik )z SPAD %4 90 A, B ALl HL 72 1~ (80% ) 1E A
HERBIREAS b it SPAD Sz i AR il B 18 4~ (20% )
VB R 35 R A, o) A4 i F) A5 0 1 4 4 B B
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Tab.2 Visible light vegetation index

SR AN K. T B 5 AR B3

r R/(R+G+B) * NPCI (R-B)/(R+B) SCHEk[21]
g G/(R+G+B) * NGBDI (6-B)/(G+B) SCRik[22]
b B/(R+G+B) * NGRDI (G-R)/(G+R) SCHik[23]
R-B R-B * RGBVI (G* =RB)/(G* +RB) k[ 24 ]
G-R G-R # EXG 26-R-B SCHk[25]
G-B G-B € EXR 1.4R -G SCHik[26]
GRRI G/R k[ 16] EXGR 36-2.4R-B SCHik[27]
RGRI R/G Rk [17] VARI (6-R)/(G+R-B) k(28]
BGRI B/G k[ 18] IPCA 0.994|1R -B| +0.9611G - B| +0.9141G - R| wk[29]
BRRI B/R SCHk[19] MGRVI (G*=R*)/(G* +R*) CHK[30]
RBRI R/B CHik[20] INT (R+G+B)/3 Cik[31]
GBRI G/B Hk[20] CIVI 0.44R -0.88G +0.39B +18.787 5 SCik[32]
VDVI (26-R-B)/(2G+R+B) Rk 15]

T = RRGH AN RALEPERE, G HROWBBR R, B HECKBIBRE.
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dis) J#% ( entropy, ent) . —. ¥} #H ( second moment, sm)
HAH KM (correlation, cor) , P M 45 A A= & 11 7T L)L 42
B 24 FhECHERE . 25 B EUPRAFAE AN 2 3 BTN o
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Tab.3 Texture features

Sy AR AE Pyt

. mean_R | var_R .hom_R .con_R .dis_R .ent_R ;sm_R |
FAR/ 32

cor_R

mean_G var_G ., hom_G .con_G .dis_G .ent_G .sm_G .

S B
cor_G
. mean_B var_B .hom_B, con_B  dis_B . .ent_B sm_B .,
W e B
cor_B
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T [B] ) ( Stepwise regression, SR) % /> —. 7
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S FRE R U WSS TR 1 40 A PR AT 5 38 O R
22 RMSE /)N, 158 B AR R S50 00 K5 328K = o AR X 23
BriR 2243 3 /4> 55 G 0) 15 B o 00 RS B2 2 47 9 M, 24
RPD /NTF 1.4 i, 3¢ BT s A [m] 050 A6 7Y 20 2R 22, G
IEXSREALE T 24 RPD R TAT 1.4 H/ANT 2
B, 22 BT A 1 1 [ 0 A TR A8 R — i, AT AR A A R
ORI B T 5 24 RPD R T 45 1 2 I, 3 B A 2
HONCINEY EETRINi PAR ¥ T3
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2.1 SPAD #HiEH

I 4G SPAD Bdls dn 3% 4 v, m] 1 E K 3k
T SPAD PSR T U i, T AR o 22 O 25 R
S A BN T U I G TR A R OR B A K 2 R
TR L H ORI R S R A I AT
AR EREA SPAD By AR 4L BBl N 31. 650 ~ 52. 575,
FI{E D 42. 353 48 5 RECH 12.02% , T 96 UE4E FE
A SPAD Y7254k 0 [l Dl 32. 125 ~51.975, SE ¥4 {H K
42.529 % S AR K 13.40% , 54 22 RN, &
SEAEA T RS, A M B i 4 SPAD JE I 35 2% S
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Tab.4 SPAD data statistics

A Bl

" N " e g LR
Bt FEAR BoME RORME TPHME R ik 50
‘0
pum-gg 45 31.65 45.45 38.322 3.7071 13.743 9.67
KA 45 40.825 52.575 46.454 2.6150 6.838 5.63
4 72 31.650 52.575 42.353 5.0923 25.931 12.02
I E S 18 32.125 51.975 42.529 5.6982 32.470 13.40

2.2 HEWIEH GCEHES SPAD XM

W @B &I /N X & 1 SPAD 5 AE ¢ 45
B LU IEBEAT R G AT A R AN S B .
FET A, A 4 R B8R INT [ CIVE 4h, #8 5 SPAD f£
TEM B FER K FR (P <0.01) ;BR b INT CIVE 4h, &
T AR HCS SPAD B AH & R £ 48 X E 5 KT 0. 64,
JEH G - B FI IPCA BAH & R BB s, 2390 0. 821
F10.819, HLPERERR dis_B 4h, %85 SPAD f£ 17
WMEEMHHXZRZR(P<0.01) ;% mean_R hom_R  con_
G .mean_B .dis_R .con_B .var_G .mean_G .var_B . dis_
G .dis_B 4b, & LU BEAFAE 5 SPAD K AH ¢ 5 K4 *)
EIH KT 0.62, JtH cor_G  cor_R  cor_B % R %
B EN 0. 72 DAL o by 00 AT R R A BRSO AR AL
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Tab.5 Correlation coefficient between vegetation index, texture feature and SPAD
T35 £ IS 3 HLBEHE $L LIP3 SURE KR SUHHE [EES 3
G-B 0.821" NGRDI 0.755™ cor_G 0.773 ™ mean_R -0.596""
IPCA 0.819 ™ RGRI -0.754 " cor_R 0.739 ™ hom_R -0.549 "
EXG 0.797 ™ VARI 0.750 ™ cor_B 0.728 " con_G -0.543 "
EXGR 0.777* EXR -0.746 ™ ent_G 0.701 ™ mean_B 0.528 ™
GBRI 0.771* r -0.738" sm_G -0.699 " dis_R -0.517*
RGBVI 0.770 ™ R-B -0.662 " sm_B -0.683 " con_B -0.486 "
g 0.769 ™ BRRI 0.655 " con_R -0.681" var_G -0.399 "
VDVI 0.769 ™ NPCI -0.651" ent_B 0.681 ™ mean_G 0.364
G-R 0.768 ** RBRI -0.644 " hom_G -0.674™" var_B -0.313*
NGBDI 0.765 " b 0.398 ™ var_R -0.652"" dis_G 0.312*
BGRI -0.758 " INT -0.183 sm_R -0.635™ dis_B 0.218
GRRI 0.757* CIVE 0. 022 hom_B -0.628 ™
MGRVI 0.755 ™ ent_R 0.627 "

e ## FRAE 0.01 /K F WK,

SPAD 71k = KE B AH S P, HLAR Lo S0 BURRAIE , A8 B4 4
TR B AR A
2.3 ZHMEIF(SR) #ERE

PEFEAH 5 R AR T 0. 64 BB AE B A AH 54 &

BORT 0. 62 M BCBRAFAE , 70 il it 57, SR B, H A
WAE RO SO AL 36 )l S, e B e X B 5
X LA O A ) A R A ] o A TR R AR IE 4
R 6 Frm.
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Tab.6 SR model, modeling and verification results

o AR LA S
LA [ml e 75
R? RMSE R? RMSE RPD
B 36 50 + SUHLRRAE (AR 448 500 y =0.827x, -2.33 0.6733 2.890 3 0.7316 2.9580 1.926
20 FLRFAE y =177.014x, —139. 672x; +21. 169 0. 666 3 2.9210 0.6519 3.286 8 1.734

H:x, G- B,x,  cor_G,x; 4 cor_B,

Hi 3% 6 "] LA A8 948 B0 + S0 KRR AR (8
850 BB A ple s AR B (0. 673 3) I UE 46 2k
FEFRR(0. 731 6) ¥y T SUH AR AR B A, sl pE AR 4
Jr R 22 (2. 890 3) AN Ik £ 1 7 AR % 22 (2. 958 0)
AR T Q0B g AR B R P D AL A X o3 A R 22
RPD $y40 F 1.4 ~2 Z ], #l #45 B + SO P AF AR
(AE A5 %0 19 RPD By, U6 A A BE T S0 LA il %
T R ACG B + SCHRS AR AR T A0 5 000 L 4, IR
JEE e, AEL T A J A TR I A8CR — i, T AR AR A 5
e A5 AEL g I
2.4 fRE\/MZHREEIF(PLSR) R E g #

A BR HE [ 09 28 R L B 4% A A0 A B 2R L AR

B R R R R R, LB R SR T 1 AN
RMSE f5/NEY I, 245 R BB B 728 5 SR 5 R
FHAR A o 18105 2 H50ge S7 [ A BEAY . P AH OC REOR
T 0. 73 BUAEBLHE BRI A5G R BOR T 0. 62 1y U 4y
fIEF 2 PLSR #i%!

XF T A R R, &l 2R, T G - B
IPCA .G - R \EXR 1 BGRI 3t 5 /M ol 15 e 45 5 %o
T B HERAE , B $E con_R .ent_R .cor_R .ent_G .cor_G
i cor_B k6 >0 KR AE B2 5 9K 5 10 3% A 4R AE
FREAT I, B X ¥ G — B con_R \ent_R cor_R
ent_G Hl cor_B 3t 6 NFRRIEFRE . 25K K AL | 56
UEZERANZR T s .

&7 PLSREHE 2K BIFLER

Tab.7 PLSR model, modeling and verification results

) ey e LisanE S
FoL A [B] )5 5 .
R’ RMSE R? RMSE RPD
B 35 y =10.062x, -3.571x, —2.341x; —1.757x, +425.41x5 -302.721 0.698 8 17.708 2 0.7127 17. 605 4 0.324
y =0. Lug —254.057x, +278. 472x, +275. 83xy +124. 211x,, -
oL FLRFAE 0.7205 2.6736  0.6977 3.060 5 1.862
338.053x,, -50.36
HBes + 80 ¥ =0.658x, +0. 0865, —298.298x, +306. 441, +261. 375x, —
0.7704  2.4231 0.8025  2.4952 2.284

FRAFAE 257.892x,, +48. 965

2, G- B,x, y IPCA,x; 8 G - R,x, &y EXR, x5 5 BGRI,x¢ A con_R,x; K ent_R,xg 4 cor_R,xy H ent_G,x,, K cor_G,x,, 4 cor_B,
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1545 PLSR #58 BY v | A WY 45 %50 + S0 H 45 AL 462 7Y
FEAR AR PR E R R (0.770 4) g ik 4 B E R MK
(0.802 5) 447 T LU HURR AR A2 Y AH B4 BB AL, 4
P 3 T MR 22 (2.423 1) A Ik 46 2 U5 MR 22
(2.4952) B{% T SC RS AL AR T AR B 45 BORE Y, A
XForHriR 22 (2. 284) KT 2, Yl WAL B 45 20 + SO Ay
TEASE TR DL D0 2 -, TOEOHS 56 w8, RS R AR 040 A 28K
T, 0 PHURF AR AR TR R 22 J — FRRE B A AR A AR L
P HEAT R TN A4 A TR B de 2, TG R RE AR KL

P HEAT A BT
2.5 X#H@EEF(SVR)EEH=

P PLSR flE sE AR AE#E 47 SVR A, kT 42 )
S (RBF) A% o0 80, R T M H8 05 A S 47 52 U ik
FHREMIEIT S H c MESRS; T AR A2
HEWAR, B AL E4ER 2, kit 10— 2
[ =1, 1] 4 20 4E A0 2R, M4 3R 3T ot ik = kT
95 % F) I8 4% 7Y , e AR LI S HOCERE
HESS R AR 8 FiR o

®8 SVREINSHREEL RIEER

Tab.8 SVR model parameters, modeling and verification results

o e 29 El B
R? RMSE R? RMSE RPD
T 45 K 0.707 1 0.0442 0.642 1 3.0442 0.709 9 3.1630 1. 801
SRR 8 0.022 1 0.709 6 2.7351 0.5452 8.0786 0.705
%5 50 + SO 16 0.707 1 0.720 4 2.6973 0.8055 2.640 8 2.158

TEAF SVR B vh R 4548 K + S0 HURe AR A5 A
BEARPLE A H0(0. 720 4) ARG D SE Z2550(0. 805 5) 44
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