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N BV EIR A SR e, R K, AR TR
T ) B SEFR A e
UTEeAEk, [ A AMIE TN SR T e I H AR [ 1%
FFHE HLB B4, 3500 T RF & AT S i 240kl HLB
AR, JREUG—Leib e . FME RIS A0 H A )
R AN i g /> — TR B R 0 g B . R ZFT HLB X 3 28
AR G BB AT AP RS W, AT A ek B
96.7% . Pereira %!V ek 437 A0 LA A — il A 11 e Ak
J¢ HLB HIMHA& M 96 EIUR, THE 95% ) B AE K1 B
FIFF] HLB JiEMEAk . Pérez 25U L@t — i fd 45 06 it
£ I E AL R el RS R oS I I T 5 BN
(principal component analysis-linear discriminant analysis)
FA e HEAT HLB Jp F AR, JLIEARIR AR AT S 89.2%.
Sankaran 25U VR F i B IH- ST 2T 056 18 ASOGT o TS8R AR 1
(PIAEA I F BEA TG, X HLB R A %] 95%. Xl
HEAEEUIE 380~1 080 nm YRV Pyt HLB HEATH 1%
SERF, KPR AR R R oG R AR R G
FERERIBR R Sy i 5 28, A8 A A s /0y — 30 1)l 4 T vk
(PLS-DA) [HHERIZ AIIE 94.4%. AT HIFABLA Deng
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Xiaoling 512U £ 22 A5 P27E S S SR R, SR DL
T AR A CA R RT WOCARMLR IR, R T AN R AE
BT 5 @3 T HLB 2 Wit 7T, 54 HLB 6
TR 55 175 7 SRR . X SR A R B T v e s R K
HLB [ 1 S Wi 25 e nl ATk

76 N 7% 18 8 AT S 30K TR PR3 vy R il , - mT
KIEFAED R SEHL ge L PE S (L5 B, TFRRET &
T H X A A W T R SRS ) R AR 7 A o SR A
I8 (1 B I AT g 1A 2 — Bl T AL AR O A
B, ATHRESRECR AR (s B,

AHHE FE 3 L TE AL R A SR U A e 2 7
WG, RZE ] POl SR HLB B ik,
7. HLB 5 3 A AR

1 MREREE

1.1 RIEEMEIR

KA FARIEFE AL T R B EM TS B I
IKEAS R 7S B 0995 € B 458 55 307 Rk R B S R s i 2
( N23°29'57.81" — N23°29'59.31 , E114°28'8.39" —
E114°28'12.26"), ##k 40 m, RIS [EA 2017 £ 12 H 9
HIEF 11 BF & 15 B SHAEIRFRIE, & BiEss
TR A UAREE X SR EY) AT Y D HERE  (Citrus
reticulate Blancocv Shangtanju), 36X IEFHE 9 17, #E
4780 4 m, ARMEZIEE 2.5 m, 344 334 MEMHRGREAR, A
SR 2> ARG HLB 7 % 2 N5, iZREe 3N
M 35 e g B a2t , R 56 (X d 3k AR MR K300 iy 7
B AR K 2E TR R U S 56 S IR EEAG I, FLE HLB 2
£ B 1 PCR R MR A
1.2 HIBERERTMAIE

TR X 50 HE i AR e HLB ARG AR . AT 5T
i FH ASD MW IE SCR S TR fm e iE 5 B, FTEAMLIE
# Nano-Hyperspec Tl A GG UG DRI =t
TERR R EIE, 4 R R A HLB FIAME AR 2
e (S R .

1.2.1  RAMNG LR RIRATRA 22

AHIEFL I 25 18 1K R 43k F DIT Matrice 600 Pro 75 JiE
BN (HE DI AR A 1ERBIEE &, RS
£ 437 mm, HLESHMTE 10 kg, CATHEREE
6 kg, THESMU A 15~20 min.

AU 8 R I O B A8 A% A8 Y Nano-
Hyperspec ( T 3CHFR Nano) HEFIZUA WL = 6 g
X (Headwall A F] 477D, HARZK/ANA 7.4 pm, WS G
HEE) KT 200 Wi/s, FETIHE5N 640x480 B3,
B RE 17 mm, HERE GPS/IMU FEE FIBE 174t i b,
JA7 2% 7] 480 GB. Nano fEHLEN = 6] N, wJH KR
JEE Mg T N RAT IR VR « ARFAV AN Al T 7 3% 5 77 SR )
AR, AR S EGCREN T E.

FR A 30 DI ) SEBRIG ,  EHb T2 ) 3 b P 1
BT, WATHEEATITHL, UTHZmE 1
Fiw e

WK 1 A NAITHERTR, FEIREE XIS P -

B I R SF A 60 emx60 em- SR 40%(1)78 5 58 b
R, H AR R AT AR . = e i g A BT
SRILI) B RAR NS AR, RS B A7
THIMLA A A

B 1 AL E LRI KR R ATALR

Fig.1 Position of calibration target and flight route in the test area

TAHBU RATEEE N 60 m,  KATHEFE N 4~5 m/s,
FRAE B 2R AT H R EE, ORI ki B
S 3|/, £ Headwall SpectralView 3X1F 58 MR 56 X
3ol 5 v s T O S 7 AR PR SR AR A AT LA AR I A R
13 B AR J5 1 = B IE S AR . i IS AR A
ENVIS.3 8 AT il 25 o ARHE AT HA R Hu i 0T, 23 )
SR G AR B AR 6 JE A HLB AR 2 A (1 %
PHBIX (region of interest, ROD. /&4 HLB MG AE K
) EIFAREEIH HLB KER, A#FRFE
ENVI5.3 #H SE3RBCAT R B e HLB F2 % ™ 5 1)
MR R 2 1) ROT iy, 25 [E E/& Yy HLB ™ H ¥
TR IEA S, TR HLB B2 (AR R 2 1R 59 36
HAT™, e ZA KT 225, EH T EAMERK
22 10 A~ ROL. X Frik B ki A AE A% st 2 B AL 22 /) 10
N ROI, A~ ROI A 5%5 B FEHFE, #id ENVIS.3 fi
BEREA ROI PG LR, LA N S H 32 UK YL HLB 2
FERCNRZ MR EZ RO, FB—4 ROT 44— NkE
A, GBI ENVIS.3 B0 AR B AR ROT G RE(E, 4753
(1R ROIL PRI REAE ATE A S, R8I &F
IR R

TSI F AR AR 2 R e R S @ 20 (D 3T
SO 2RI, 45 BRI 76 2 AR il S S 2

DN, _p

DN, p
X DN, Jf it bR 2 5 S S EE, DN, SH5E ARl
R SEEEAR, po AR EZE A IS R, p,
NEFRAR G B
1.2.2 el @ uiddaERE

Hby T % R E R S 0 AL B AT R PR
%, %M ASD FieldSpec HandHeld 2 (R X fiifk HH2) F
RIS (SEE ASD 2 &) AR =) a6 [X 45k M A7
FERR TR J2 I F 347 T w3 e v R, I DAL AE AR HEAS
36 TC ANHL R 524G 6 B ) e 3 (0 i 2. s 5 i
BT FH (0 e i % 45 1 R ZSHER 1 R,

fE HLB LHEMFE ST, X X I ) fd FErE R R A
30 #k, XPATA HLB HEARZEATRAE, ST RAE M R vk e
JERAE 3 AN, KERAER) HLB AEAREERR > B R4 3 4

Q)
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AERBLR AT 3 ANMERABLE A Fr, IR BGRTGH Fr ak
17 PCR G, 2212, AWF FUx g HEfi AR Al HLB AEPRI)
RAETIR o

RARHTHDE SN, ASHOCERA RN Z B8, &

TR R HH2 $2k 25°W3% M RG], HH2 $RkY
KA BRI Fr KNI 2 4%, BERAE e — A
BRI EAE, AT IRERHE AR IE,  bRdE BN i
A NS G B8 R 100%.

R 2 MEABEFESHEILLE

Table | Comparison of parameters of 2 hyperspectral instrument

] . S 3 3y I S 352 R TR s . STEIEA K y ,

1y o }_\ITJ_ e p N7 /&E}L }th:n?liﬂf“ﬂlgl.—l S 4y JHIE] ﬁ z&*&ﬁ}ﬂ
Instrument Dimension/(cmxcmxcm)  Weight/kg Spectral Spgctral sampling Spectral resolution Number Data type

wavebands/nm interval/nm of channels

Nano-Hyperspec 400 ~ 1000 A L g

S JE1] 11 SR o slr 20 14 (8 F 7.62x7.62%8.7 <0.6 ~2. 6 20 270 Ebiniy 2

T HLER = 6 B (X (Nano) oo (VNIR) 2.2 nm @ 20 ym PRl G

ASD FieldSpec HandHeld 2 325 ~ 1075 o 2

T FE I HE B (HH2) 907140215 12 (VNIR) 13 <30mm@700mm - Heil S

1.3 HRAIEFE
ARSI T BB WA 2 Fos, B s A B
B F R B BN B A o

B2 HBRERAZH
Fig.2 Data processing flow chart

13,1 Fwddsh ik

XIS HLB Jp3 72 B R 2 (A A ik, e 2
AERKE AR Y: HLB [, X HLB 3 S5 AR
Frie B e 2 ROT X770 60 & (g BRI I T g AN
[FFE AR 6 2 0 B SRR EAN ], A AR AR e Z 0 B
P, ROIL FTHEE X S A7 706 & L3 T g s 330
WIS A, ROI AT HEH X 37 7R 0 & RS i AT e
DRI, T BT 10070 463 s 1 000 AT S5 2500 200 o el A
MARTY AT SE M 2 R B . ACHIE 70 Hpol 3 A1 R A G 1 it
25 | BT FE AT 25 6 il 28 (1) BE 2 A PR 7 R

1T Nano sG i AHATLAE SREUEE I 52 21 8 25 P AN
AN BRI R, FraR R R OGS B AELL 401, 404,
407 nm A OB PR BL B HBL DN AE N 0 (IR,
WEIX 3 MNE = e B bR . R TE AT
HFORA G BR S VB A, B 7R BRI R 8 I TR B
1.3.2 HEFEFRLHETH

GRS AR AXAE AN R R A & NI N, 5
HER B HIIER . Bk, XRIEEEE T LA,

BRI T IREEE LSRRG HE (S B« Savitzky- Golay JiE
BeAs (FIFR SG ~FIF) &Pk T2 Wi, #ah i N Alx
INZFEE IR, RRS IR I R AR R AR 61
G R, FEJCIE 7 Hr i) 2 B

JER 46 6 1 a8 I ' 5 A 6w DAY SR AR AR, Y kT
P, TSR TEAR 708 . — B el (first-order
derivative reflectance spectra, FDR) AJ 2[5t {5 2
I3 B VTS SORINE S ST H ) H bR Gl (R s O EOE
W (inverse logarithmic reflectance spectra, ILR) FJ LAfH
ROBCR AL 1 2 18] () 22 5
1.3.3 #Bl

TG R B (A B AR m AR SR, x e i 2
P 30 AT B 4 o] A Rk D s D TUR B R T iE
(principal component analysis, PCA) & F % F4E
JiiE, e L BRI B AE BRI AR, EREEZ R IEE
PERRFERIRTAR T, s> Bdn A F O 4R
1.3.4 Zphuase

B TR GREAZ #5 1 JE 4R 6 . FDR ATILR 735
VERNFEAAR &, WAL, @ AR /T, o
JeXt 479 MEEARTE 3 L1 IR IR AR AR,
WIZREEH R F T O R i by e o FEASE YA FH I 2R 011
SrBr B, WHERA K- 238 X5 E (K-folds cross
validation), ARIEAHT T HINIZREEAT 360 MICIEREA,
XK BIEBUE A 55 fa B IR AE 5 o ) A A gk AT 13
WMo DRI, A0S Y f) 56 30F A0 75 I SR B 1 2 ISk
£ VLR DA S A 00 TN 12 40 28 R A48 A
1.4 RBEESTFE

AL & LA 2] R IET ) kAR
(k-Nearest Neighbor, kNN) 5 52 £ [1] & #/L. (support vector
machine, SVM), 73557 HLB 4328 SRR, it
1T HE G HT o

KNN G TR n gE 7 A — A S HAth R 2R sl
FEABLRE Sk I T 1% R 5 oAt R 22 S SR I 20, LIk
fATHRL = A AN 9T A BR U ) (Euclidean Distance)
F A 3% ML (Cosine Similarity ) fF 3] 51l 3 1 2 57 KNN
FIR AR

SVM JE LA 27 H FH R e — 23 8 Il L 1) M B 2 2
B, R e, RS IEUR H A E R4 KR ).
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SN eR B R0 8 G = AR SR T R R A, A

TR FH 26 A% B % (Linear kernel function). 4[]

H ¥ % % (RBF kernel function) #1% I 3 #% o6 %1
(Polynomial kernel function) 1E % & Edt 17 %t Ll .

2 ZR5FMN

2.1 EANEKEZGHIBEBSHT

ASD RFDETEAAE RN R R 3, Hosik
&R TE KSR RE R IE &HiE 2R, fEAR
BT, o HH2 SRAE R R FDRE R B 2 1 i Fr s il 4
YEVE NS, FSRIAIE Nano $RH A 6 HE Sz 52 il 28 30
5 HH2 25—

FHIEZS Nano =GR S5 HH2 &' ik i it
1T SG P, i FH AN [R 1 o 101 %8 B A0 22 T X B de
TR, 1S3 DR 11 A2 T 0N 3 2R
S, RAZFESER AR E 3a s, 8
IR B T RS R EE R, B 3a eigth&E
740~1000 nm V1 RO HEAT REFBBOR, 1% K-
BRWE 3b s . ABFFRE SG FIE Ja B E A
A 46 Y CR SO R 21 546 Y61 B o SG ~Fi
IEBn T DN

B3 F3kitddE SG - FE AT AT

Fig.3 Comparison of mean spectra before and after SG

4 RN HLB J75 25 A AR 76 J2 75 H 1] 38 B A
(RSB TP e s R, mE 4 i, &
SRAE AT W B HH2 BI5GB R & T Nano Y& i 5

R, FEIELLANEB HH2 A6 SO 3 AR T Nano FE
PR, IR AT REH HH2 A1 Nano ff£#E R4 75 2(
AR A IE R (0T 44KT0 F . Nano Jtil
B A28 5 HH2 #IAZ R AN R o

B 4 Nano 5 HH2 FRIRAAER A ERAT 5 £
Fig.4 Spectra curve of citrus canopy capture by Nano and HH2

SXoF T 3 R A AL AR (1) D' i ot 28 005 A2 A R AE 4 1 —
R, BIVTE W RN 21 0 B BRI S 2R A, 4R i
BUf —Ab S g0, 200 RS S R B B U . TR
P 4 WA T R G K 560 nm FELER NI 4k
U FIE 760 nm K BT AAE B R 10 SO 06 . HLB %3 55
FRRAE AT IO B ) ol S i 6 iy T IR AR, <4
BRIV TET LI AN L, HLB 5 S5 A AR
E i BREAELAR (1006 B8 S S A1 o 3 X A X 51 (1) 32 2 i IR
N HLB 3 FE AR N AR BREE M R A4k, A& B
A, FEEAEFFNFE S 7K o W ST 5 18 532 il 40 08 1A B 2
BT G0 1] 4 ol il 2R AR fb e # 5 SCHR[37-39]
o 2 IR — B

W IR UGV CTE AT — M oy 4, 193] FDR, FDR X}
i B AR OAFAE i Nl . I Sa AT LB R, £
W B AW B ST AN B FDR P E SR m, 18
SRR BRI B 2O B BRI X . RSk B, e
HLB 5 PR 7 2 FDR WA & T BER A, P R
530 nm Pt UTIR BNEEAE . TELALID B, B HLB J F ik
7t FDR UKUERT#, UEEAIR T BetEi Ak .

IR UEYCIE AT RO B e, 193 ILR, AT IR 4G
Ferkh £k, ILR fhZext T4 HLB MEbk-S {a A R 1Y
T 2R X Ay B K. I Sb AL, FER WGP B, HLB
FEME ILR =y TR EEM R, 7EIRZ04M B, HLB Pk ILR
T e R k-

2.2 EMFRIER

AHIEFEH AR DAY B G R B PCA 2o N
o EOGIER B L, ik PCA J/ R 1) BT A8
B, v IEE . KRG FDR A ILR 1X 3 28
FERERARE 73 AT PCA FEYEAF 2 3 2861404 (1) = hli oy

A,
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R IEHE PCA AT 3 N ERSY, BFORikar 3 4
TR DS ESRE RENE 2 fin. JRIE6HE.
FDR 1 ILR £ PCA F&4E)5, 1 3 A E i 30 & R 5dE
Fifs B, 291N 99.5%. 82.4%F1 97.6%.

Iy R KNN BERLAT SVM R R 0ok 25 4 ik B i
A E B A AT o AR . AR R R BT B 2O
T EHE I R AR A R HLB AV ERFE A% 180 4,
MRREREARH 119 4, & HLB FEA 60 4, {@FEREA 59
Ao B AR BT RN 32 B 4378 R AR % ) S A B I A
MARBR AR 3 FoR .

F2 3MAEPCARIINERNBEESE
Table 2 Amount of information contained by first three
principal components of three spectra PCA

{5 5 i Amount of information/%

Number of Y Ghin ot K Sy 3

principle Original First-order &ﬁﬁﬁ}a .

. Inverse logarithmic

components reflectance derivative reflectance spectra

spectra reflectance spectra P
PC1 88.7 60.7 71.5
AL O\ ok Si SR N
@ 5 F)l 'fﬂiﬁ ii%%&xj—ﬂiiig_ PC2 9.7 17.6 13.6
Fig.5 First-order derivative reflectance spectra and

PC3 1.1 4.1 6.5

inverse logarithmic reflectance spectra

®3 DREAETELETHRREFSHKER

Table 3 Classification conclusion of different models under different pre-processing of full-band spectra

4= Bt Full-band PCA [%4E PCA dimensionality reduction
. " ) Jite SN Mo, 33 St F . AN TS S H S
P T . E ;wj ;%;E fszlmm [ ﬁwf@;ﬁ fszlwwma
Classife Kernel Evaluation ind Original irst-order nverse Original irst-order nverse
asstlier o nction valuation index derivative logarithmic derivative logarithmic
reflectance reflectance
reflectance reflectance reflectance reflectance
spectra spectra
spectra spectra spectra spectra
B 53 HKUERIZE Classification accuracy/% — 88.6 90.1 89.2 90.0 91.7 90.8
Euclidenn  PHI% Misjudgment rate/% 5.04 3.36 6.72 8.40 7.56 6.72
KNN F#74 Dist JZ47 B} [A] Running time/s 0.071 0.072 0.083 0.033 0.046 0.041
k-nearest istance 250 Model paramter k=9 k=9 k=9 k=10 k=9 k=8
neighbor e T ISHEHEE Classification accuracy/% — 87.8 90.3 89.4 90.6 92.2 90.6
S AmmlE U .
mode Cosine %% Misjudgment rate/% 6.72 3.36 6.72 7.56 6.72 4.20
Similarity 2171 Running time/s 0.066 0.066 0.087 0.036 0.042 0.040
HIRAMY em 2% Model paramter k=9 k=10 k=9 k=10 k=10 k=7
e . IPRUERG Classification accuracy/%  91.9 93.6 92.3 91.9 91.7 89.4
LRPERZBREL o e v
Lincar EFIE Misjudgment rate/% 1.68 3.36 3.36 8.40 6.72 0.84
cernel Z 4T 1] Running time/s 0.059 0.066 0.068 0.031 0.034 0.034
e 18 2 5 Model paramter Cc=5.5 c=13 c=16 c=05 c-1 c=02
LRI 5rFHERIF Classification accuracy/% 923 94.7 93.1 92.3 92.8 90.3
1% e 3L PR HZ Misjudgment rate/% 3.36 3.36 3.36 8.40 6.72 1.68
SVM #7  Quadratic J&47 5[] Running time/s 0.066 0.068 0.061 0.030 0.031 0.033
Support kernel 154 3% Model paramter C=0.5 C=1 Cc=1 C=0.38 Cc=1 c=12
vector =R 53 IHERIZ Classification accuracy/%  91.1 92.8 91.4 90.1 91.9 90.0
machine 1% R $ % H % Misjudgment rate/% 5.04 5.04 3.36 9.24 7.56 3.36
model Cubic Z 4T 1] Running time/s 0.065 0.082 0.062 0.029 0.029 0.034
kernel 1 240 Model paramter C=0.7 C=14 C=0.7 cC=12 C=12 Cc=1
p 43R UER 2R Classification accuracy/%  91.3 94.2 91.6 90.4 92.3 90.3
% [a] ‘a A
_— PR FZ Misjudgment rate/% 4.20 5.04 3.36 9.24 7.56 2.52
(;aussian JZ47 B} [A] Running time/s 0.061 0.069 0.058 0.030 0.038 0.031
y C=25 Cc=2 C=22 C=14 C=1 C=15
kernel i 22
erne R 240 Model paramter - 15 —20 15 =5 2 1

e BRI N 360 4, TIUREASER 119 4k KNN BRI ki, C 2 SVM EBIMIES R 4L, y REMEZREIZS . /Ui 2 E Xl
GRARRIEEIR, R 2 AT X RS Y £

Note: 360 samples are used to train the model and 119 samples used to predict the model; K is the k-value of the kNN model, C is the penalty coefficient of the SVM
model, and y is the kernel parameter of the radial basis kernel function; Classification accuracy is for the training set while the misjudgment rate is for the predicted set.

2.2.1 k ARFIRIARA AL AHOR (KNN) [ AR BEAT X B M7, L X 23 SR UE I H B O ) K
AT TR A S A 70 ) 7E LK R AR SZHL AL
DT B HE ) RNN B A gE AT AN, 3 K A KNN FER B SRAR B 1 /) R A th R 3 AT, B
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Ay BOGTE ol DL R B B R A,  BRUEE 5 ek
SR TZAFBRE A 1Y) KININ AR o] [ b 1l 1) 43 S 26
ZEFEIFAK . KPR A N IR AL B AT 0, S
oA N IR AR B A7 E ), KININ AR 0ot JE 4 % 1% A1 TLR
MRS B (R R R, RIS 8.40%.

2.2.2 XHEFGENA AR Z LR (SWM)

B TR E B AR ST R B C A, T B E AR
B EE. AR T SVM R S50 BAREUE Ik 3
Fror, BB ARRER C F oy YGRSkt &
BB H, WO, R SRR R AL
R S48 BT 2 BRI RE0E R S AR
R SR AR R — S SR R e, X THE <1 OREAR 2R 5 it
BT 0, X TE>1 BIREARZY 5 1 B KA TR,
TEFRE R Z AR d 750N 2 F1 3 JHATE, &
B A r HONERAME, Hp 4 BRIAN “auto”, r BRI 0.

e B TE N R A% 2R B SVML ) AR TR ) 43 2525
BRI, 76 SVM BRI, DLk SVM RIS
3 Pl il BOGIE SRR oy S ER R BN e, HHERIR AT L
TREFTE 92%LL |, Hodr, T4z B FDR 1940 K UERf 2 A]
i 94.7%. FMRRERIEAE SVM TR, PLZRYERR
HONIZI SVM Xt 46 Y63 KR N 1.68%, HAEN
AR HRIE 3%~7%.

R 3 PUERR T LUE B, AR IR 28 1 R A,
MI%} FDR ()7 AL R R RF A FRE - 5T FDR M4
W, H A BOB W B s A8 G 7R AR A oy K
PERER T FA 2 Fhoeulk B (1 4 Be el 3 sy A2 &
AP EBE ILR [ ORI T 5 e e nts . i oA JRis e ik
23 i I T AU TS IREAE, A7 BT 0 5 A Y 4 T
HRE

JIT B A PCA Ja MR AR IR AN RE A B 75 B2 1) Tl
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Monitoring and classification of citrus Huanglongbing based
on UAYV hyperspectral remote sensing
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Abstract: Citrus Huanglongbing (HLB) is an extremely destructive disease without cured medicine. Finding citrus trees
suffering from HLB as soon as possible and eradicating the infected tree timely is an effective measure to prevent citrus from
HLB. For large-scale citrus orchards, monitoring HLB is a heavy workload that requires a lot of time and effort.- Using remote
sensing by unmanned aerial vehicle (UAV) to monitor the citrus orchards is a feasible measure which could reduce a lot of
work and cost. In this study, a hyperspectral image of citrus in orchard was obtained by a UAV equipped with hyperspectral
camera, flying at a height of 60 m. 26 healthy trees and 26 trees infected HLB were selected from the hyperspectral image,
which was radiational corrected and geometric corrected. 10 regions of interest (ROIs) were created (5X 5 pixel size) on each
selected citrus canopy and the mean reflectance spectra in every ROI was calculated. The abnormal spectra were removed by
observing the mean reflectance spectra, and the remaining spectra were smoothed and denoised by Savitzky-Golay. The
ground reflectance spectra captured by ASD FieldSpec HandHeld 2 Spectroradiometer was used as a reference to verify the
effect of the spectra by hyperspectral camera in UAV and it was found that the reflectance spectra of hyperspectral camera had
a same trend with the spectra from gound. The first-orderderivative reflectance spectra (FDR) and the inverse logarithmtic
reflectance spectra (ILR) were obtained by spectral transformation. The dataset was divided into a training set and a test set by
a ratio of 3:1, and the training set was used to train the discriminant model. In the training phase of the model, K-folds cross
validation was used internally. Finally, the test data was used to predict in the discriminant model. The k-Nearest Neighbor
(kNN) and support vector machine (SVM) model were adopted as classifiers respectively, and 3 kinds of spectra transformed
from the full-band spectra and first 3 principal components after PCA were compared as input variables to establish the
discriminant model. Different input variables in different classifiers, different kernels in SVM model and different distance
calculating way in the kNN were compared. The parameters of different models were gradually tried, and the parameters with
the highest training accuracy were selected for modeling. Some conclusions were gotten in the paper. First, the reflectance
spectra acquired by remote sensing by UAV could be used to establish the discriminant model for trees injected HLB after a
series of processing. Such as the SVM classification model with the quadratic kernel had a classification accuracy of 94.7% for
full-band FDR and the predictive error rate for the test data was 3.36%. Second, spectral variable obtained by spectral
transformation can improve the classification accuracy of the model. For example, the classification accuracy with FDR as the
input variables was the highest in each model. Third, principal component analysis (PCA) dimensionality reduction on spectral
variables can significantly improve the recognition speed. We could find that the error rate had decreased for model with ILR
after PCA and increased for models with other spectra after PCA. Last but not least, in the SVM classification model with the
quadratic kernel, the discriminative accuracy for healthy plants was 100%, and the plants with misjudged just were plants
injected HLB, the impact of this result was likely to come from part with HLB in the canopy of fruit trees. In summary,
hyperspectral remote sensing by UAV was used to monitor the cultivation of orchards in large areas. It was an effective
management method to monitor citrus HLB by establishing a discriminant model.

Keywords: remote sensing; unmanned aerial vehicle; hyperspectral; Huanglongbing; citrus; k-Nearest Neighbor; support
vector machine



