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BRI HL GG A T T WoE-IEZ04 VIS-NIR (Visible-Near
Infrared) FIHEH A4 SWIR (Shortwave Infrared) i
S AN B B, AR S R B R
Ttk e QAR RR 27 FRE™Y, — g F mol
T A A 3 IR EUR T W 7Tk . Moriya 251
T8 I Y TROLAE A G T AR L L E P AT AR o v [l )
&%, 1§ Spectral Angle Mapper (SAM) FLyJ:%d 5k
BT 2R, KNG HLB AEARIOHERI RN 61.2%. Weng
SOV S AT AR AE KT RO, SR — R T i
A S5 BIOKACE AU /AT I HLB AU 753%, g AR
&Y HLB Fik = 57 1) 3 R AR, AR
AMEKIA AIEZ] T 90.2%- 96.0%F1 92.6%.

T otk A s sk o g, KRR
BB TE],  JUH R AH AR BRI B AE P S BIUR,
P Bk B POUE Ny — P BRI B R, R iX—
AR . B EPTR SR H
(Successive Projections Algorithm, SPA) F1=E 54 #r
(Principal Component Analysis, PCA) X, HPREE, &
FE 3 R o ml PR T RIER B, IREi G AL
PURHER R T 3O s WY, e, (] SPA ik 1
27 MRS BL, fH] PCA ik 17 20 MRFAES R . (H SPA
I PCA AJi FIR LRI, mailk 8 R A
FII4EEL, 7ERFIEZSE] (Feature space) ] AEHA & 44
(AR, S VERFIE SR IO 1R M LA I ' v 2
MEELR MRS M . T o Loy A A Al AR s &, il
53 HT HLB WA R 1) S e mt i A4 i () o] -
I ALAME RS BImIE AR E, ME 7R T
IR B () e/ 33 FF ) B AL HLB FRNALAY, X 7%
PR T 0 F 05 B 1 R ARUIRG B 4 ik B 97.9%
H1 96.6%. Deng ZP24Ui Fll ) ) i AX AN To LS 3 s
SERERANL, 3 5l SRE T AEAR - 5 S 1 A AR A [l 1
BRI EUE, B OISR T A BB NAE
S R AR RS, RIS R EIEEEH T 13
ANRHIESE B, FIFHEE 5% (Genetic Algorithm, GA)
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BB, X eI # e B T T A AR B SR SR B AR T
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Fig.1 Citrus image of data collection area
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b. HH2 i F #9
a. Spectral data collection b. Instructions for use of c. Leaf sample collection
HH2
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Fig.2 Data collection process
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M. (Polymerase Chain Reaction, PCR) Hrill#fiik. XL
HAMEIFREL ) HLB. healthy. suspected (4437 707
289 Fl1 108 /™.
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Fig.3 Machine noise of ground object spectrometer
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ERA SISO T, 7E m Gl 8 AR 2 3%
Berh, 38 TOVE N e B B B B E AR BN R E bR
FIRFE S B . IR BOA B R 7R T3
NP B, BT RS BB Buk T
A AR IZAN Rl AL {H /23 K-means. DBSCAN 452
REFMH T 5 Hoh B S5 R, FERELR L
AWk B IREEERI S R IR, fF R Hax)
BOR AR KR, SRR T RETE EEIR, AR THRHIE
PR TR . B0 BRI R, AT FUAE BB R o o BT
(Exemplar Component Analysis, ECA) [F{JZEEAHZ20],
H4 R T ARG R R I B 2, BIAN 651 MF
BB, BN AT B I 12 B B R R e B
LRI EAS B . HLB JWEBALIE LU T -

HATE RSN BRI A F5 4 (Exemplar Score,
ES) , Wiz (1) Fi, i p, A& BRI RTER, S,
NE T R B R R R R SR s B

ES, =p, -5 (D

FELECLR 4 Pl :

DY p 8K, 6 BN, iz BRI R L,
HREAREJE T R — I b Ath 8 52 0E RO iy A5,
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2) Y p BN, 5 BN, BB B AE T & 2
SABRAEZ A=
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Fig.4 ES distribution map of HLB data
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Fig.5 Determine the number of HLB characteristic bands
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B S, AWFCRA T 7 B BALES 2 ST T,
X I8 B A ROPE AT VP AL o S E HUR FE AR AR I 4%
()RBTGO 3 22 I Bk, T AR A
FEREAIR, RHREMEMWER G r=A s, Fit
AR F B R 4 2 5] B @45 1A H (Logistic
regression) « SZFF [ &AL (Support Vector Machine, SVM)
ML I EEm: BV (Random forest) « 5l
FEREHEE (Bagging)  EHE (Adaboot) « Al
FEEEHETRE (Xgboost) o ZAEEMFTIIGREERA 5 #1382
R iR S LA, Grid Search % 77k T
AL, RS EE, RS e R
ZACRE AT . ] 6 PR
2.3 ETHIERSFER B RS B LR % i M Ay
gl

BT RTmLEm) 7 AMRHEB B, AR T AMS
HTEAL KA 3 NS (AST7341. AS7421 il AS7263)
PERCERM S HE AL, R A RN AR AR A 1 22
JEHEAL, I TAEH AR AR s e . AMS DAL 8%
FRAR 400~1050nm i F IS B 8, AT & 1k

ANHIE . DRI, R IR A A 2 e A
DEREFDBR R PTRL, Bt i 2 R i 22 ) /N S
i 22 P 5 R K ZE A A 2B, BT IERFAE
BB SR A A IRIE LK

JRERICIE SR
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I
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5-fold cross validation
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|
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T HVRFAE I B o 30 B A P g 45 11 SR B 48 i R IR R B 1) ] SR o gﬁﬁ
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Fir, Hodt AS7421 4 64 ANl (0K 750 nm F) B 6 HpAESR
1050 nm, % 5Snm BUED , RHNHIE T HEHZ 8 Fig.6 Data processing procedure
F 1 ERESBEERLEKSHERELER
Table 1 Comparison between the center wavelength of the sensor channel and the characteristic band nm
R AS7341 AS7263 AS7421
Sensor model
wy DD FrE w LT FERIE DT Fr i i
Channel center Value to be measured Deviation center Value to be measured Deviation center Value to be measured Deviation
400 377 23
F1 410 - - 610 800 802 2
420 - -
430 427 3
F2 440 - - 680 855 856 1
450 436 4
460 460 0 934 1
F3 470 469 1 730 707 23 935 936 1
480
500 - -
F4 510 - - 760 940 940 0
520 521 1
540 - -
F5 550 - - 810 945 944 1
560 561 1
573 - -
Fo6 583 - - 860 950 948 2
593
610
F7 620 - - - 955 953 2
630 630 0
660 647 13
F8 670 669 1 - 965 966 1
680

e IR RS — A mxn KD ZARERES], A6 ZHREHA B QRIS T RIS, RIEE F, SR ZARE Z MR R 200 gm. EAZ

I mxn AN TE RS R RN BE, 2t R B0 1AL TR e BEH A J T

Note: The above sensors features an mxn-photodiode arrays. Each photodiode has its own filter with a dedicated response, that is channel F. The pitch between each
photodiode is 200 um.Because not all mxn channels correspond to the band to be measured, only the channels near the band to be measured are listed in the table.
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I 7 wEL RERERE & RBOT LRI 3
X3 350~680 nm J& T R R X (A XD
680~740 nm J& T HUELZL X Ik (B [X) ; 740~1 000 nm
JE& T RS R X (C X)) o« A XA C XHXF
2%, B XY, WK XHRIG S R o, BT
O TEZ X 38R B /N BN K R 2R e . BTIREY) 3
AT SAR RIS S BN, (HA LT iS4, Frik Bk
TR I G HE S R G, A AR %15 3 A R B R
# 707 nm A2 F B X

0.6 A B C

A

25t % Reflectance

300 400 500 600 700 800 900 1000 1100
P K Wavelength/nm
B 7 HLB Ay 3 SRR
Fig.7 Three zones of the entire spectrum

H 2 H6 1A R 50K A STM32F407 1 3 154l
#%, fEH 2 77 18650 4R H M Rt H, @it RT7C4337
I g I 2451 DC-DC {8 BN EN SReds il B> FEL R 1)
HLJi . RT7CA4337 [ 1°C AN A BAT H b i B PR 437 17 56 P
J& Ui (1) VDD_3V3 @47 B, LAB5 Ak e H R 4h
STM32. AS7341. AS7421. AS7263 % tilfL sas il
MBS eE, @i RC B4k BdEfttmds
STMB32F407 AbPEAS . B A A PR A0 /5 , B NB-10T/4G
MEHIM L IO 2R N 2 AR R SS45 . STM32F407 Ab3idsie
ft—/~ Mini-USB #:11, HT5HZ A7 1%
. WD, E20EOMETW RS B T #
VEFALAT— LCD BoRBf. @It AMEFAE, 7RISl T
ENRFFREZ B OGEATHE R, TERETFWR, £
e AT U = AL B AR E e AL B . B2 R
(AT R R R AT 78 T A T M SEARZAS R L4 4 A PR
ANFE TR, HF 2 RSO [ e UM F R A,
FAML AR 7 S 8 i o

SE )
B8 BEZXAFHX4 8 S HE
Fig.8 Fixed and handheld multi-spectrometer

3 HBREFM

3.1 4FERER ik sE RANIEIE

e AR B m e it o BUE B, FEEEKRA
ARABUE AR ) 9% B A N 2 BRAR I Bk B R . SR
M, XUy B T 52 e s sl S e, A RE
BRA GRSt . N T HE— B I B B T ik
IS FH T A 35 03 YR AR o Bk B MR, LSS
AR R N e, B NP B IR AT . %
t1 325~350 nm A1 1 000~1 075 nm AL EE M5 IR EL,
DU ARA RGBS . 4 FlOT iR GBI RRE D B 3k 2
Fizm o

F2 PMEKEBRTFRAILLER

Tabel 2 Comparison of selected band subsets

ik e T S N ek
Method Data set Selected bands/nm aracteristic
bands/total
SRR 460, 802, 630, 377, (71651
I Ao br No noise 561, 856, 669
Exemplar Component 4 4 =
Bl R
Analysis (ECA) ) 460, 802, 630, 377,
Cont.ams 562, 1008, 856 (7/751)
noise
SRR 427, 436, 469, 521, (71651
BUi i AP S No noise 647, 944, 966
Genetic Algorithm e
(GA) %”tu"?’" 358, 475, 571, 577, 51
OmANS 679, 819, 1019
noise
SRR 707, 934, 936, 940, (71651
BORMEERERNE  Nonoise 945, 948, 953
Maximum Ellipsoid P
Volume (MEV) %”tu"?’" 707, 934, 936, 940, 51
OmANS 945, 1016, 1075
noise
SRR 707, 934, 936, 940, (71651
BT IERZ##M I No noise 945, 948, 953
OP-based Band o
L5
: 707, 934, 936, 940,
selection (OPBS) Contains (7/751)

945, 1016, 1075

noise

& 2 AT, EEXTPMEdESE, ST ECA Hi#;
RUEHUW 7 MR B, A S AN B ME. AW
ANREREAR, 561 nm Fl 562 nm. T JRIEHIEEEF
HRRE S B L, B4k — AN S i B 1 008 nm; T
1E GA FIFIE B RFEBE B 22 RO, AR5 B e 7 12
PR T E BRI D Be P B A4 A A5 B s MEV
F1 OPBS 7E P A L T it 58 (I RFAE I BUR I T — 31
PR, AR 5 [ e 7 B A A T A e S B e R 3

F% ECA 4b, HAth 3 FhI7iES1E IR0 Hd Hh ik 3% 3
T 2R B, JUHOE GA M T, BIRERE
PIRFIEDE B R 2 . ot Bk, YAk
FRAESE BORIE 7 /NI, B ECA 2 4b, HoAh 3 #orvkpr
TR R IE U B A B N, RS e ny g s A H
3.

3.2 ETHmE (U EIEARBISIRELE

ARIGET X HPIE A HH2 SRR E e 5uds, %
7 FibLgs 22 ) @7, T 4 PPl Bk ikt
13 HRHMERBA S, £ 3 R TIESPRETRE
(HLB. healthy) HJ7-2R2R, £ 4 n 7TEE 3 K0
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££ (HLB. healthy 1 suspected) 3 FEMIRH. =5
2 suspected FEI AL T BRAEFERI S A2 K0 2 Ah
T B E KK Rhaah 7 5B S8R E DL
I RER .

®3 ZHERDARNBSEMSLEE

Table 3 Hyperparameters and classification accuracy of classifier
with two categories

R RS RE, AT LA E A ] ECA i H /Y 7 Mk
MEPBAE B RIFRBCR KR, B s K201k,
M RORAT A BTG E K .
x4 ZOAMOEFNESEIMTLEE
Table 4 Hyperparameters and classification accuracy of classifier
with three categories

T3k eS o HZH R
Method Classifier Hyperparameter Accuracy/%
. . penalty="L2'
Logistic regression class_weight="balanced' 84
gamma=30
SYM C=90 4
Random forest n_estimators=20 90
GA max_leaf nodes=17
. n_estimators=30
Bagging max_samples=10 82
Adaboost nﬁesfumatorsi20 04
learning_rate=0.3
max_depth=5
Xgboost num_boost round=50 %
. . penalty="L2'
Logistic regression class_weight="balanced' 86
gamma=>55
SVM C=60 ol
Random forest n_estimators=35 91
MEV/ max_leaf nodes=15
OPBS ; _
. n_estimators=15
Bagging max_samples=8 8
Adaboost nies'tlmators:20 35
learning_rate=0.5
. max_depth=2
Xgboost num_boost_round=55 %
. . penalty="1L2'
Logistic regression class_ weight="balanced" 100
gamma=0.001
SVM =30 100
Random forest n?a_:sltglfatg;ilzg ) 100
ECA - =
. n_estimators=10
Bagging max_samples=8 100
Adaboost n_esFlmators=l 0 100
learning_rate=0.1
Xgboost max_depth=1 100

num_boost_round=10

e e BEY wE
Method Classifier Hyperparameter Accuracy/%
- . penalty="L2"
Logistic regression class_weight="balanced" 73
gamma=20
SVM e %6
n_estimators=55
Random forest _ 81
GA max_leaf nodes=20
i n_estimators=10
Bagging max_samples=9 74
Adaboost “,eSFlmators:40 %
learning_rate=0.5
max_depth=6
Xgboost num_boost round=30 90
isti i penalty="1L2'
Logistic regression class_weight="balanced" 68
gamma=40
SVM o .
n_estimators=95
MEV Random forest max. leaf nodes—20 0
OPBS i -
i n_estimators=30
Bagging max._samples=10 77
Adaboost n_estimators=70 24
learning_rate=0.2
o] max_depth=17
Xgboost num_boost_round=40 83
visti : penalty="L2'
Logistic regression class_weight="balanced" 92
gamma=45
SYM C=55 98
Random forest ngeiézlfla;?)rds;ljzo 9
ECA _leat_|
; n_estimators=65
Bageing max_samples=10 92
Adaboost n_estimators=10 97
learning_rate=0.2
Xgboost max_depth=3 %

num_boost_round=25

3.3 BMEAEMUN MR

N EMALETERE, K AN Rk BUG £ 0778 Y
RS B 2 A TR, i 9 Bior. wTLLE H, A ECA
RPN 7 ANRROE BT ST R AR S R I T Y R I
o, FEMEXFIEHT, SR ERAS T H>Z
HHHERZ, 18 3 KRBT, S MEAEN R
RN T Hodth 3 Pl Bk 0735 . 12 R Fh i Bk 4%
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Selection of spectral characteristic bands of HLB disease of citrus and
spectrum detector development
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Deng Xiaoling'#>**
(1. College of Electronic Engineering, College of Artificial Intelligence, South China Agricultural University, Guangzhou 510642, China;
2. National Center for International Collaboration Research on Precision Agricultural Aviation Pesticide Spraying Technology, Guangzhou

510642, China; 3. Guangdong Laboratory for Lingnan Modern Agriculture, Guangzhou 510642, China; 4. Guangdong Engineering
Technology Research Center of Smart Agriculture, Guangzhou 510642, China)

Abstract: Huanglongbing (HLB) is known as one of the most important diseases in citrus production. Early detection of
diseased plants can be used to prevent the disease from the spreading, in order to reduce the severity of the disease.
Hyperspectral analysis can be expected in the crop disease detection in recent years, due to the rich spectral information.
However, the hyperspectral equipment is too expensive to apply in large scale, particularly with a large amount of calculation
for a large number of bands. An accurate band selection can be utilized to remove the redundant information for the less data
storage, calculation, and transmission, in order to avoid the "dimension disaster", and equipment costs. In this study, an
Exemplar Component Analysis (ECA)-based method was proposed to optimize the characteristic wavebands of HLB diseases
using a ground feature spectrometer. The spectrum detector was also selected the spectral characteristic bands from the
hyperspectral information of citrus plants. Three algorithms were utilized to optimize the combination of sever spectral
wavebands for comparison. The optimal bands were obtained to evaluate the robustness of the four band selection. Among
them, the six machine learning methods were used for the modeling and classification. In addition, a multi-spectrometer was
designed using the optimal characteristic band for the detection of citrus HLB. The results show that an accuracy of more than
92% was achieved in the test set of the feature band that selected by the ECA algorithm combined with the six classifiers,
indicating the excellent robustness. The self-developed multi-spectrometer was detected up to 95% accuracy for the HLB using
the characteristic band. Experiments show that the multiple spectrometer was feasible to characterize the HLB for a small
number of characteristic bands. A reasonable characteristic band was greatly reduced the design cost of spectrum detection in
the special agricultural disease, and then improved the accuracy of disease prevention and control in orchards. As such, the
HLB spectral feature bands were extracted to develop a spectral detector. The proposed ECA-based band selection can be
expected to obtain the characteristic bands of citrus HLB with the high robustness. Specifically, the healthy leaves were
distinguished from the HLB leaves, particularly from the high similarity to the HLB disease due to deficiency. Moreover, the
ECA-based band preference was only preferred seven bands. The redundant bands were removed to reduce the data
transmission and storage in the application scenario of large number of samples. The comparison of different classifiers
showed that the Xgboost performed the best, in terms of the stable spectral data. The high detection accuracy was also
achieved in the rest classifiers using the feature bands. A low-cost multispectral instrument was also designed to promote the
unstable performance in different band selection. Anyway, the accurate HLB detection was obtained using the spectrometer
data with the feature bands model, where the highest recognition accuracy was close to 95% in the case of triple classification.
The promising application prospect was given in the future, compared with the rest high precision and high price professional
instruments. The data analysis and spectrometer can be affordable to promote the smart agriculture, compared with the
generally expensive spectrometers on sale. Low-cost spectrometers are more likely to be popularized, in order to reduce the
amount of generated data for the less hardware requirements. A balance between detection accuracy and production cost can
lay a strong foundation for the wide popularization of intelligent equipment.

Keywords: hyperspectral; remote sensing; intelligent detection; citrus Huanglongbing; customized spectrometer; band
selection
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