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Spectroscopy and Spectral Analysis
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Fig. 2 Spectra of white, blue and red LEDs

10 000 1

W 3 FoR, HYOET BE I E . HAE T HRBOEL IE
T 5 ecm 4k, LED SE I & TREAR L7, SHEBOL e
e f 29 40%, D J5 B )5 2 o (A W) IR I AR SR AR 0T 2. AR
TSR AR WG AR A G 3R 5 . DA T 58 [l A 0 36 858 7
LED SEIR AR M J5 i A8k . ARRET HRENAR
JERE L RO BH B L IR 0K B L 5 A 8 e R I R 5 D el
G T REA G .

Spectrometer

Fiber

USB cord
o - \

""t:‘.{_.l.‘.t:“
sassainen e \

B3 RERERGZTEE

Fig. 3 Schematic diagram of spectra collecting system

1.3 il E

i SO IS [ D 340 ~1 050 nm, DL A &
KAk B8 L TR B R AE L B S (R W) 1Y) 2 B S A B
(600~800 nm), BEEL 650~850 nm J BL (1) )6 1% K i 17 4
Bro FT OGBS o R A IR 5 B B B 7 Ak LA A S )
FRRRPE DU OGS R W MR L — R A BAL BT ik
T AR S T o AR SO TR A — T A 2 5
A BEE— A MmO RR.



790 ik 56 4

842 %

R[(A)
%(ZR(A))
KD, Ry Q)R E— G MEEAOSGRE, RQO IR
JRAGEE, n R BEEG a A6 4 B A T IR ATk
1.4 BEFZRELITHIENEEEDRNY

DG Y 22 P BORIE AT & E AT G IE R B, BERS RS
SRR W 0 2 AR I WA S L AR SO Se Sk T A I BOG I
(650~ 850 nm) il 37 # 2& #h 57 K A% X % (soft independent
modelling of class analogy, SIMCA) Fil £k 14 H] 3 43 ¥ J5 12
(linear discriminant analysis, LDA) & 37 3& F 4 ¥ Bt (650 ~
850 nm) J ¥ Y 4t (O R ) 5 I g (0 A ) K il 2 2R B R, STM-
CA Jr i et s i 5 Ak S 6 R 4 70 1 38500 19 32 A 43
oSBT (PCAYBERY, Z 5l i3 Bk P28 PCA RIRL [ 2 [A]
Ty [ I 88 S ) S A R L K AT 2R TR R R R AR O 1% R AT
SR E AN 28] . LDA ik R 5 KN &
N SEIR) T 2 0w A7 B U K i G AE AR 55 BN S ], IR TE
I 4 2 ) v - 5 o ) SO0 L, S AR AR B ME R 2 2. R
Jf] Unscramble X 4% 37 SIMCA F1 LDA Z3 25 # A, Fi Al
R B AR OGRS EOE . Hoh 224 A FEAOGIE B
P 0T AR, HiA 56 A REAOG I B 1 S B 4R .

1.5 EFRERXENFEHEYRN

BE T 22 0 B 1 R AE 1 G I T vk EROARR TMR B L B
H 0 A ORI £ W BB R E B R AR
H 2 W B 1 B A K B ) b TR, Mk DL S BR L
FH o B, AS BF 558 2 D0 328 B — 19 3 2 0 315 ipl B 5 B 44 di
PRI, AR SR NP TS A O b 4G O L AE IR A I A
SR 7 2 S BUE SR S R AR AR % 5 A A AR T A2 R
7 4 S AR

FEHEAT PR BARE NS . BNy k) 5 AR g A Y 1 4y
FHEFRRECT Qo2 Pk A B2 Z 0 LR BL, H A
ATLASET 2o BRI BB o — K. 7EHE S Sr S HAR IR
B, I 1) I8 BN e o 2% €4 A ) AR A 4% €5 A ) 1 2 Y 6 )
B T, K RN EHUE T b BRSO 28 H AR R BUE
e

Ry = (D

7&7 ‘?1(/115/12)7?2(A1712>‘2
T Je st + s 2
YA 2) = > RO (3)

G= Y =YD i=1 ey j=1.2 )
KA, YA AR —FEASGIE AR K A F A Z ]
MBS, Y, ek Y s R S A Y BT A B AR Y (R (H
n R LR A Y ol R S A R W RE AR B
T Bk B (] A% 40 S ok H AR e AT J (A0 52 7E 8
TP Bt 650~850 nm AR AR 1] 8, A BIF 5% 4 SR A AR R i i
T R T (PSOY SE B, PSO B4l T 5 B 4 0 & i
HAHZ MM SR, Bt —8 N R ¥ X, = (2,
sx,) s ANWTIEAR TR I RR B AR A% . AE B — IR
WA R, R A R R AR (MR R E R P DL

IZ 9113 . A

A PO KRB R B O, B A S0k R T s IR R
A BV B ST Rk 4R E N 20 A R AL, HoR g
TR LT 4R 41
650 << A < A, < 850 )

TEHEAT BRI B AL 1), #4280 S FEAR 432 200 S IE
42 (100 @A Y F1 100 AN FELR @A) Fl 80 ANl 37 191
e 40 AR AEAEY A 40 DR EAY)) . F BB AT TS
P BT 1 3¢ (AR Wy AR A% 8% 4 5 IR PSO A A g 7 Bk
TGk A B O i 1 0 A 4 ) S A5 R SR DR e Ol 1 K
5o PSO Fi3k 3T Python 3. 8 SL8 . BT BLALIE f5 LIAL 26
B oGk re AR B A RE AR I AR IE S 80, DURLIE S h
S MEAS AL 2 B0 {80 1 28 850 A 0 30 1 e v G B T
1.6 HALTH

X T AR RY, 5# 3 RS BE (Precision) . A 8] & (Re-
calD) Al Fl-score! PF 4y 455 1 43 2 50 . = 3 2 X 40 501 1 5
(6)—= () iR

Precision = True Positive (6)
) True Positive + False Positive

- Ture Positive
Recall = True Positive | False Negatives (7)

. _ 2 X Precision X Recall
Floscore = Precision 4 Recall 8

X SIMCA, 2 775 T0 1 LR A [0 A0, BB 2R SRR AR
FIB N AR T 58— KRR T 58 =28 R AR A A E 4
RIPMRERIGOR T 2 s A s ) A (10

iR%’U%szmo% 9
e = Thﬁﬁﬁiﬁifgﬁ X 100% (10

2 #ZRHHHE

2.1 RiBHFESW

B4 BER b A, B @R 20 LED 56 I8 I8 5 R AR A B
A B E I — R Sk . B 6 LED S U5 B 55 i B 7 A~
PR 2R 450 A1 550 nml & 4(a) ], # @ LED J% 5 2% ik B
WP 2 Ry 463 nml & 4(b) ], 2168 LED S5 4 35 I B i ik
W2 629 nm[ & 4 (o) ], FEHEAT GG RS, BEA R
A RE AT TE 1B T S AT 6 2 5 B0 R D e 4 o 3 B LA A
B 1 15 a5 A I B AN AE S IESE N . E =0 LED S
T, GEAEY 6 FE 740 nm (TG B W, 7E 685
nm [ 300G 3 W Y B . =R LED SB IR M0 B A
B 5% 685 Al 740 nm, X WAL 19 L35 B 06 Ry oL VR R G T S ke
W R i I 4 3R Ok S ST T A G e A R
AR T 3K T AL BV T 0 o TR X TR ALk % R ) 11 9K o K A
R T Sk 0 8 A A R A R St e R AR 1 B AR
Wit o RGBS T A B A TE 670~900 nm {5 B P ot i F
fiE—3k, Hoh 6 LED B4 T S EMY 7 685 nm 4k i)k
RSB A M E LED BT AU 8. AKX E IG5
T, BT REA R GG AE 688 I 720 nm [ U FE7E 1B M 00 A -
764 nm JtIEAEE W] WA AT . X2 TR A B TR IR



%3

F B T POLEEF B4 G R Y 3B 791

TR

7
a
6 (a)
g°>
§ g 111
=]
2 == EI R v
e RN L
! = -
0 T T — 7 r
400 500 600 700 800 900
Wavelength/nm
10{®
8 :‘(‘J \
Z |
: |
E 4] |
|/
2 | e N\
Iy LN\
i // =K = —~
400 600 700 800 900
12 Wavelength/nm
= - LR )
104 © Q‘ - St
/! 1
] d -kl
2 81 I 1 BTG € i
B | ! IR TA -5
g 61 ,5‘/ { — FRAR R
= 4 | | A L7 s iy
= e o J/ \'i U3
21 // —/"/;415/ 2 \\&X\ oA N\ o, W: eréﬁg:zm
0= o J & i S————— TN
400 500 600 700 800 900
Wavelength/nm

B4 B, BEEMOIE LED XFERHS TREERT AT
Fig. 4 Normalized spectra of different samples illuminated
by white, blue and red LEEs

2.2 ETZRBEAEFHENREEMTRN

(1)SIMCA

P 5 Sy % IE — 1 't 15 B4 E AT PCA Jr 5 B S8 — L 28
ZEMSSE . AR LED G BT, FE AR 41 471
TR SRR AR 2 8] B 8 3 195 O o 0 T 8 5 D1 X D 70 4K
PRI, HARRRBEABRFT R R ERAR . N5 s
FEA G R AT BEME SR A TR o = O U IR A T R A O i 4K
TP A J2 a0 B 7 2 BTRR R R T 9006, R WIHT B K
I3 ARG R R E R A MA@ LED IR
SETREA S 1% B T A~ RS> Rt U5 28 SRR R0 9404
9725 90 %6 . JIT LAFE @ 7. PCA RERY ) £ A B3k h 2.

B Xt B REAR 23 Bl r PCA MY, SR )5 i 3 SIMCA 3t
FEor 2R . =Fh LED Se R B T SIMCA #1573 26 45 31
W 1 FE R X TR IE SR BT AR R A RU R 3 K F) 96 20 LU
by R TR EAE A R AR R R R B 9206 LA b, FRUIHE
TR AR JERE i 1) E T B0, S0 D KOREAS R B IE IR
P R R 4 R34 D 100 D6, 3 I ASE L 3 2 At 2 R AR 11y
BEIARGR . ASIBHARRAEAR PR N A LREAR, ZEERE.
ZI¢ LED JEU IS T A A SIMCA BRI ROR e bf» B 0
LED JGU IO T A SIMCA 8B i 2R Kok, HAH 2=
KV

e |

PC-2(28%)
E %
*
"

PC-1(66%)

R 35 (b)
30

25

e ..2Qi
9§ 15

L]
-‘ﬁ_’_u._?_',l.._,r
0> o 20 30

n
Hi x o ARl e
* # *
- 1-20% * 2‘&*&; %
25

PC-1(61%)

S 20 ()

~ e 15 (1TY "o

PC-2(36%)

-10
-15
- **
2 xF 2
-30
PC-1(54%)

B R A - (kY B PRI EA - k)
*  ARERb-G e o HREMt-ES AN
*  ARAMHES-LRERY ® HRKMEH-ESEMY
*  HREN-REHY) ® BHREN-JELREHY)

5 Hfa(a), EE(b)FILE(c)LED RIRERH T
HARENE—. EZERSEHHE

PCA scores of the first two principal components of

PC-2(36%)

Fig. 5§
sample spectra under illumination of white (a), blue
(b) and red (¢) LEDs

x1 ZEENEEREEYH SIMCA HEER

Table 1 Discriminant results of green plants
and others by SIMCA
B IE4E RUIE S
LED " — —
xm A PUIR R PUIE gk
/% /% /% /%
s LR Y 97.32 100 92. 86 100
E|2 Sl L7 96. 43 100 92. 86 100
LY 99. 11 100 100 100
A .
B[22 Fili L7 97.32 100 92. 86 100
g R AEY) 99. 11 100 100 100
. JELk Aty 94. 64 100 96. 42 100
(2)LDA

6 S =%l LED G IR M 4T T A2 ESE AR A LDA 20 M i) F1
PRI, HAT AL T LDA 43 J6 15 BXT KL IE 58 HE A 1Y 43 25
ROR 550 BE T R A o7 R BT — A b i ) 2 T 3
BB L2 12 A bR Al D IRR AR TR 0 24 3 ) B R e A A o
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JEREA B A& I RIEME Bt 53 4h, ARSZER B A6 2
PR AT RER . EEANNHER KA EHMAET . h
FRIEGIERNE SEEET (B D, EMRZHE 0T KM
730 nm ML YEIERE A LR M R E R L EE S, X
MR THREZWRA, L m IR .

x2 ZREEYMIEFZEEYH LDA SR RBEERE
Table 2 Confusion matrix of LDA models for

classifying green plants and others

T
LED - BIE4R RIES
K Kk
RA oA, 32 SN o, /323
L7 L7 L] it/
5 112 0 28 0
- gAY
g AEY 0 112 0 28
@ Sty 111 0 28 0
= ety 1 112 0 28
. Sy 111 0 28 0
AR
ettty 1 112 0 28

x3 BRERAERERFEEY-EEZEEVHANER
Table 3 Optimized single waveband and
corresponding discriminant
LT HIEE
RIES BUl%E KES BUNSE KESE BNE
/% /% /% /% /% /%
[ 731.10 84.27 85.86  77.50 70.00 80.74 76.71
W 730. 76 93.83 83.78 76.00 77.50  83.98  80.52
a1 731.10 86.81  78.48 79.00 77.50 82.72 78.48
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Abstract  Site-specific variable spraying is an effective approach to reducing pesticide use and improving the use efficiency for
crop protection against disease, pests and weeds through chemical spraying, and target detection is a key procedure for site-
specific variable spraying. Active illumination was adopted to detect green plant targets (crops and weeds), and the fluorescence
spectral information of targets was analyzed. White, blue and red LEDs were utilized for illumination, and the spectra of green
plants and others were collected in four circumstances, i. e., day-indoor, day-under sunshine, day-shadow, and night-dark
environment. Classification models were built based on multi-wavebands spectral features using soft independent modeling of
class analogy (SIMCA) and linear discriminant analysis (LDA) methods. Results showed that with the illumination of the three
types of LEDs, the recognition rates for the prediction dataset using SIMCA models were all above 92% ., and corresponding
rejection rates were all 100%. The LDA models could predict all samples with 100% accuracy, performing better than SIMCA
models. And the difference in the effect of the three types of LEDs was indistinguishable. -The objective function for classifying
green plants and others was proposed, and the particle swarm optimization (PSO) method was used to select the optimal single
waveband. The optimal waveband for the three types of LEDs (white, blue and red) was 731.1, 730.76 and 731.1 nm,
respectively, and corresponding thresholding classification models were established. Results showed that the classification F1-

scores for the three classification models were 76. 71% , 80.52% and 78. 48% , respectively. Under complex circumstances, the



794 ik 2 5k o b %42 5

blue LED provided the best illumination for greed plant detection. The selected blue LED light source and optimal waveband are

valuable for developing low-cost green plant sensors.
Keywords Fluorescence spectroscopy; Green plant; Target detection; Precision agriculture; Site-specific spraying
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