TR K 2224 2018, 39(3): 102-110 http://xuebao.scau.edu.cn
Journal of South China Agricultural University doi: 10.7671/.1ssn.1001-411X.2018.03.016

W, 7, PRI, 25 36 TR 5 ST AR IR P-4 2% B RO A0 v e 0 S JE AR A ). S Rk K 2244, 2018, 39(3): 102-110.

ETRE ¥ STOARM B EE S BTN
R

BN, FFEEY, AR, mEAY, IAREY, 39R4"
(1 B RIEAMRE G X BHARAKFHELERE, )R J M 510642;
2B RLKFE BF ISR, A SN 510642; 3 EdRLKFE TSR, A S 510642)

WE: [ IR IR Dimocarpus longan Lour. M F & B i FE IS 5K & & 4k 0 A7 AR 0 A, SEBJE 30048 I 974
UG I i S ER S R AT RS, R O T S R T e B 5 SN A it AT N 2 s i B Rk S8
U732 YA F R 60 A% CRSE IR R I 7E 369~988 nim [X. (8] 13 6 ik FME, 1 S B USSR X35, 7 20 e e
EME T RS R BT R RFRARREL () A T IR AR KOS R S B G e N S SRR A E ]
FASRME, B S R/ Tl AR . S A T R AL P B R SRR AIE 15 I 5 3R 5 A R, K D' 1 AR AE A SO ARFALE
G FNIRE S ] R IR B A giid (SAE) AR IR At SR S i, 456 B EE” 1 SAE A F %
RS ESER M. (R DERM R 3 AR R E I 2500 #h 283975 700 nm FHE H B %, B
W BRI A AT 3 AN B S M i R I I 43 A 692. 698 AT 705 nim; AR A I R AU BOAR D6 1 I
T3INEKEE M, r B3 0.890 30 [HIFARAY b, WRSCHY 5B/ S ST 28 A6 B RIR ST Y Js2 ST 3 6 R g S7. 1) B /> — e [
VA T R SR B B (R*.=0.856 8, RMSEc=0.219 5; R%,=0.771 2, RMSEv=0.286 2), A&z IE4E IS F4E (I 5 &
B T8 — S HOE S W TR . e TN b, 254« BIUEE S7 19 SAE LAY TN RUR e b (R =
0.979 6, RMSEc=0.171 2; R*,=0.911 2, RMSEv=0.211 5), HLTI 14 8 52 1 - e 20 B 52 i AR /N, 3 AN AR KB B
R, BIARHEAR Z 1N e/ 3R (Bl B R ARHE R 25 /0 29.9% 0 (4518 TR T —Fh [ ShiR USRS ERIX I 10 77 4, iTh 2
N 100% o F= T W5 RFAE 1 5] Y B2 6 AS (5] A K B B Al ik e S0 RO AR A BBOR, TR T “ S R A
SAE R TR 8 52 - o B s 0 AR R A0/ ELITUINAS BE v, SAE MRS AU IE FH A (] A E (1 I BRI b
BT .

RERIR): SR G R AR AR S R I RAIE s R SORHAE s SR
FE S AS: S127 XRAFRIRTE: A XEHRE: 1001-411X(2018)03-0102-09
A hyperspectral inversion model for predicting chlorophyll content
of Longan leaves based on deep learning

GAN Haiming"?, YUE Xuejun'’, HONG Tiansheng'*, LING Kangjie'”, WANG Linhui'?, CEN Zhenzhao'?
(1 Key Laboratory of Key Technology on Agricultural Machine and Equipment, Ministry of Education, Guangzhou
510642, China; 2 College of Electronic Engineering, South China Agricultural University, Guangzhou 510642, China;
3 College of Engineering, South China Agricultural University, Guangzhou 510642, China)
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leaves in different growth periods, realize non-destructive measurement of the influence of pests and diseases on
chlorophyll distribution, and provide a reference for evaluating the cold-resistant ability of young leaves,
fertilizing amount in the fruiting period and pruning of mature leaves. [Method] Hyperspectral images of
Longan leaves in three growth periods were acquired via an online hyperspectral imaging system within the
spectral region of 369-988 nm wavelength. An automatic masking method was used to extract the interest regions.
The chlorophyll content was measured by the spectrophotometric method. The relationships between the spectral
response characteristics and chlorophyll contents of Longan leaves in three growth periods were measured based on
Pearson correlation coefficient (). A partial least squares regression (LSR) model was established. The
relationship between the texture feature of selected image and chlorophyll content was analyzed. The
spectroscopy and texture features were imported to the spare auto-encoder (SAE) model in deep learning to
predict the chlorophyll content of Longan leaves. The distribution of chlorophyll content was predicted using
SAE model based on the mapping information. [Result] The peaks of correlation coefficient curves of Longan
leaves in three growth periods appeared in the vicinity of 700 nm. The wavelength of the highest correlation
coefficient for young, mature and old ripe leaves was 692, 698 and 705 nm, respectively. The correlation
coefficient (7) of the most sensitive band in full period was higher than those in three growth periods, which was
up to 0.890 3. Among all regression models, the prediction effect of LSR model based on the absorption band of
the minimum reflectivity and total reflectivity was the best (R*.=0.856 8, RMSEc=0.219 5; R*,=0.771 2,
RMSEv=0.286 2), and the determination coefficients of its calibration and validation sets were higher than those
based on a single parameter. SAE model importing spectroscopy and texture features performed the best
(R*:=0.979 6, RMSEc=0.171 2; R*,=0.911 2, RMSEv=0.211 5) and the most stable to predict chlorophyll
contents of Longan leaves in different growth periods, its standard deviation was only 29.9% of LSR model.

[ Conclusion] A method automatically extracting interest region was proposed, its success rate was 100%. The
performance of SAE model based on spectroscopy and texture features was more stable than those of regression
models based on spectroscopy to predict chlorophyll contents of Longan leaves in different growth periods. SAE
model is suitable for predicting the distribution of chlorophyll content of Longan leaves as a non-destructive

method.

Key words: Longan leaf; hyperspectral image; chlorophyll content; spectral characteristic; spectroscopy and

texture feature; inversion
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Fig. 1 Hyperspectral imaging system
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Tab.1 Chlorophyll contents in Longan leaves for calibration and validation sets

w(H 43/ (mg-g )

i H FEA LU

” ISYN | w/IME M PR 2
KIE4E 240 34163 0.7314 19155 0.5312
I 60 3.3532 0.721 1 1.930 1 0.5202
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Tab.2 Modeling and validation of correlation between chlorophyll content and spectral characteristic of Longan leaves

K SEAR G NGB FE AR IE ARG BT A RIE4E LoATE S
P K/mm BHuA BkKmm  RE()  EKMEIEGE R, RMSEc R, RMSEv
gt 488~722 194 692 —0.8569 y=105.2x+55.8 0.6579 0.5776  0.5513 0.600 1
BB 508~648. 682~721 149 698 —0.8730 y=270.6x+81.7 0.6821 0.5552 0.6055 0.5743
ZHH 509~603. 690~712 95 705 —0.8523 y=168.1x+86.2 0.6765 0.5665 0.5991 0.589 4
AR 495~715 182 703 —0.8903 y=188.9x+82.5 0.7622 02569 0.6212 0.2896
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Fig. 6 The first derivative curves of 300 samples

AU M 2R 32 & G In, [RIB S Al A

5 20 0 2EL 2R B T 25 25 R RN ] R R AR A, AT I A

KHAEH GRS ERZEYIR AWML X (683~
http://xuebao.scau.edu.cn



3 ]

HE, S5 SRS ST AR I I 2 2 5 B TN 04 v e S s R 107

765 nm). M Sf 3 98 B UE T (SR B, 490~
595 nm) FIHCHT (595~682 nm) Kz 5 2 i 45 /6 A&
KB AH O B Hh 26 5 X (800~960 nm) Z 4
MRS R

IPNGRE T AR AL L AR R b= A BN
X 3 NS H S a3 & B BRI TR, A
TR0 SR IR 2R R R SR 0 A B AL o7 B AN IR A
WA AR A7 B R H 5 A A KRR v i 2%
R EMAHSME, A G SRS 2R/
TRl PRINAE Y, S5 R WK 3. 3K 3 A IRER,
LI E (x)) SWaR RS EMECHERE, X 5HTA
WEFRARFRF, HLIGUE A R? =0.756 7, RMSEv=
0.301 2; 2030 [ ST R A (x,) S-SR & B
BLGG, AH 2 RIS B SO B AN () ST
T It 28 I8 () ZR BN HH S5 28 38 15 1 () 5 £ AH
Kotk HI R AR AR A P RS 1A F) 0.680 1 Al

0.656 7; SRR f K S 3R AL B (oey) HESL IR I 25%
R B EB AR 8 % (R7.=0.175 0, RMSEc=
1.204 5, R, =0.155 4, RMSEv=1.468 2), i I5H i
NS AL E (xs) RO 2R3 S 2 I AU BUE
(R*,=0.816 8, RMSEc= 0.234 4, R* =0.757 9,
RMSEv=0.296 0). “F* & [X 5 5 A (xp) EEA7 A5
TR 50 % B e 25 (R*.=0.062 1, RMSEc=1.364 9,
R*,=0.051 5, RMSEv=1.379 2), iX & K ~iZ X 38 /1]
RHIE 3 B S MRS FIK 7> & A K. IEMMAE
FEE T (R 2 R B O e /) e [ VA P A R o, TR
W B3 /N e S8 AT BB RN R S s B e R R S
[ 01 A5E 25 0 N 285 2R A B (R?.=0.856 8, RMSEc=
0.219 5, R,=0.771 2, RMSEv=0.286 2), A 4 A
B9 UE 4R TR E R AN i T B — S RO S P AR Y,
PEm TR E BRI R,

x®3 FENEFHESHHARM AR E S8 RIRER

Tab.3 The inversion results of chlorophyll contents of Longan leaves based on different spectral characteristic parameters

NE—— 2 RIE4E 2 BAESE

R, RMSEc R RMSEv
y=0.155x,-106.1 0.823 4 0.2324 0.756 7 0.3012
y=0.342x,+11.7 0.4723 0.795 1 0.338 7 0.8453
y=0.086x,-0.212x,-36.4 0.742 4 0.302 5 0.654 5 0.386 5
y=—0.434x,+242.1 0.1750 1.204 5 0.155 4 1.468 2
y=—0.24x,+5.5 0.793 8 0.253 4 0.680 1 0.299 6
y=104.4-0.315x5+2.99x, 0.686 5 0.289 0 0.595 1 0.4213
y=—0.14x51+95.5 0.816 8 0.234 4 0.757 9 0.296 0
y=—0.431x¢+5.5 0.718 5 0.286 5 0.656 7 0.3013
$=55.3-0.082x5+0.017x; 0.856 8 0.2195 0.7712 0.286 2
y=0.058x7+1.9 0.062 1 13649 0.0515 13792
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Tab.4 The correlation coefficients of chlorophyll contents and texture parameters from characteristic wavelength images

of Longyan leaves in different periods

. g Py LR A K

WTECRE AHOCVE BeiE [FIBTIE XFLLEE AHOCHE Ao RISTVE XTLURE AHOCHME BefE [FIBTIE XFELEE AHOCIE Rei [RImte
550 037 0.54 0.61 0.64 045 055 0.65 0.67 044 056 0.66 0.69 -046 0.53 0.67 0.69
677 041 0.56 0.62 0.64 046 0.55 0.69 0.68 -0.50 0.60 0.69 0.71 -048 0.58 0.68 0.69
703 048 0.55 065 062 -0.55 0.60 0.70 0.71 -0.51 0.63 0.71 0.72 -0.50 0.61 0.68 0.70
H JE 5 P G R AR R AE 3 AN KB B
4 A K I R BRI 26, LRI SRR 55 426 30} RV
P B P S IR R 3 R T
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