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Fig.1 Principle of fluorescence
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Fig.2  Fluorescence spectrum excited by 355 nm wavelength
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Fig.3 A scheme of a leaf cross section
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Fig.4 A laser-induced fluorescence imaging system
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Fig.5 A fluorescence imaging system with LED sources
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Fig. 6 Transformation of light energy
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MGG e I, BP9 (Fyp 1 F iy ) 7E W K & AL
5B AR, W 2 3R U0 (F g R Fayg ) AE W K 18] By 558
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PR3 28 J7 V56 00 3 I AR B v R AT T 4.
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SEHG A SR Y o SRR R T 85% TR FH DR
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IR B A A BRI RE T, R ERR R T
94% . BLAHM,TE 22 ASFRAE R, 5 AU B B (05
JE(YF_UV) Fl 1 4056 UK 1 % 06 H 38 (SFR_G) fig
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A WA R BE S B I B T R SR A, A
ARWE MR EH R RN 2 2K, Walf
ST K S 337 nm f) O B & L ARG S R A
BAE DEIRLL AN 2L B R B PO b T
SESRFNEA B N it ek AR R R AR AL . FER K
B3R AE WE P BT A 0 PG 2 M K M AL 2
Ty 400 5052 W), TE D 2L (ZL 3 B AR I PO AL Z 4 R
SO o T8 SRR B IO R N R,
I H 2 T 5% /) — 3 8] )9 7% ( Partial least squares,
PLS) ) PG R AL 5 (0 3 & 5 KR 9 AH 5C &R B0k 2
0.99, ZMFFEULI] 1 T AR (R & i 2O R
BORAE Sy — e Jo 458 09 45 I 5 325, w] T e 2R
5 A 3o R TR A . Cerovie 25 7° 2E ) 2 il
Jerr A2 i s Dualex Il Multiple SCE 1 4 %5 1) ) 24 e
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G £1) REURE A 4G RIS A R, 2 3R R v Y B
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ZLFNIE 21980, H H & &8 52 W 52 % 58 . Kondo
ST T O AR A ST BT I A2 I A8 G T
TP I A i ol 4 B 2 I A, A 5% AR 8 LED ST Y
MRS R H R 6 R MO EMR . i i
i P SR B 114 A8 0 2 8 6, HE R T 58 AT 36
DG R, B I IS B IR L BB AL . 0 T
BT 9RNCEE I R.G B 3 A 43t [&] v I 48 5 42 36
AL R FBAL I R B . 45 R R B TESOC R ) G
Gy [ T RSB S 1 R B R I A 3 ~ 5 A
JFHZERS BB MFA K, EZEEET,
TLTFE AT BN 3L 73 530 K65 8 e 6 Bz A0 T 110 A B 48 e
JEE AR B PR R 1 SEOTE MR B T ke PR N
REAL, I BB R ME o AL R R R IR
( Nuclear magnetic resonance, NMR ) 4% A& F1 Jii $ ¥
(Mass spectrometry , MS)) 73 #7 Ji 2 21 F1 1E 6 20 9 0,
K T 2H 7 WA IR SO 385 L 5 01 O 3% R R Ol 1 gk
F7X5 LU B, 5488 T8 e 0 I 1) J8 K G 1% RO Ol
43 BIAE B 360 ~ 375 nm i K 530 ~ 550 nm 78
Bl Nt B (L, I R 5 AL 2 T R 3R IR T
BT GTE AR AR & o R SO 365 nm iy UV
KT BRI 56 BE A IG5 B2 IBE 4, oR S L AE 530 ~ 550 nm %
Bt MR, i R o3 B B0k 1 Z iR 2508 .
Lichtenthaler %™ BF 7 1 3 L 16 i o aof 72 o, -2
RMEAE RO SIE G ML 4 DB

JEHRBY M O FR o IR G R v 0, B
it A ] A3 I, S SR A T L R 2 G0 B 1 B (i FR
LT, BB S iy e B s SR R, Ot
S S 1 A2 Ak ey 1y A [) L2 AT 28 B R B K,
J RS RR A i R R b 2R % b R
ACFR I3V 5 LTSGR E (F o0 ) 28 ALAS KL, 7 i 5
B3 AN H BB B S SO R SRR A I 410
SR (Fop) BTSRRI R B R FFE T %,

BT 24 B 905 BT FR B — i Be i 2
ST B B R TG A B k. Belasque 25 i
BN 532 nm WY OGO A B e R 1 AT i R
P, IR YOI, W R O (B 680 ~
712 nm) FILLE (P BE 712 ~ 750 nm ) 1Y 9 56 0 J&

712

f I(1)dA
Fm::igi (1>
ICA)da
fmo[(/\)d)\
Fm=2§37 (2>
I(A)dA
L A—K

TO) — K A A58 o B
F,,— K 680 ~ 712 nm 1 712 ~ 750 nm
M5 G5 BE By Ho AR
F,,— K 680 ~ 800 nm 1 547 ~ 620 nm
56 5 B ARy H A
AL 3 B9 28 e B2, DT DX 43 52 BB 43
O3 R 3 W 38 (9 i o Lins 457 T X 2 AN
By He ot nm BE 258 2, 76 H )4 AT Ky 532 nm,
SRR 10 nW B0 T 32 BUBR 15 A i ia
ARG I 9t . A5 R R BT, %07 AT LA IX 43 HL A
P43 F1 s B W38 A R O B (2) TR iy F L, T T RAAE
SR s R S A AR 4y B B R I EE AR L AN IE TR
DT R ALBRAR 0 o I 58 2R B0 IO i 56y
J5 VR AEAE YIS AR Oy T B A AR — o R IR H A
A 7E H B8 AT
Wetterich 25 f£ 2 N i 4 4~ LED 4T ( o0 %
K5k 365,445 470 F1 530 nm) /5 K Kk G,
A BB AR A A I R TE 4 MK (570,610,690
F1 740 nm) T2 KA 38 i R 53 #) S0 R E
PEH, 7 3 F 372 4% 15 & AL ( Support vector machine,
SVM) B2 465 IR | A8 50 B EL VG A0 92 [ 7 A 3t X% %
T FOE R R 8 X 43, XA HE R R Gk
61% F1190% ., Wetterich 81\ N i% 5 )G 14 28 B H
ARSI A ) ) 7 R 0T B i 2 0 R B A AT



248 | 1 R A= 20144
T B ZBARF P AN, iR T O — 2 R B, BARWME R T SR BE £ ot T 8sh
R, AW ETE H 1 ] — 3& B I T RO B O K 1

2 1 oy 5028 T [ A1 2661 FEE o AR B AR E, HEFm T e e ayE B . 5 I5ie 8 Wk
TEAE Wy 0 Fr A0SR S 2 G rp A4 0 F 5T, L g RO, i B B2 6 & S B Y B Hp AR 20 i B, B

i) 17 384 & G TR Lk B A 06 K B I BE . X BB T 5T
AT DL B« AE A I T TR — A3, 3TN
FIT WA AT F LED T 38 & B B vl LA £ ik

=1

23 220 5 A R ARG I 5 T, 98 e e B i A
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Tab.1 Light source, excitation bands and emission bands of detection by fluorescence imaging technology

e R i %} 52 e PR W B K /nm R4 Be B /nm E= PN
A R AT 355 440 520 690 740 [17]
AN AT 340 440,520,690 740 [18]
SRR X R AT 520,550 650 [35]
ERER- 3y BESS] ELIN S 610,685,735 [21]
S 2 - LED 455 505 ~560 690 [23]
MG A LED EVIN B 550,690 [22]
e iR LED LN N 4L AL [25]
A LED 470 650 [36]
MO LED 365 .445 470 530 570 .610 .690 740 [33]
E AT Es LED 455 618 [37]
M - ok 532 680 ~712 712 ~750 [31]
MR ok 532 680 ~712 712 ~750 [31]
A O R ot 473 [24]
JNFE B ok 337 370 ~800 [38]
HR NEAT AN <340) 440 520 690 ,740 [30]
E LED ot EANG IEAN [20]
s A LED ELINRAN [ AN T4l [27]
3 s LED B2 S [28]
i s LED 365 530 ~550 [29]
R ok 337 350 ~ 820 [26]

3 EAHRIRK

TEE N, ZOEMAREAR R Z N T XKR A9
FIP 2K & BRI 9 0 A 68 58 25 SR AT I K¢ 632 nm
AR I R WA s o 1) R AR 2 ', I T e Dl i 1
RGERARTOCHUN BB, 28 B¢ O X Ay %
X 15, ( Region of interest, ROT) , F: 2B 700 ~ 1 000 nm
P B RDOGIEE AR 2O R B . S28a 45 R KW,
BT LR A 1m0 U1 92 o 7 0 A A R O A Y, LA G
FHGEF 0.96 Lh ko RELAE MK 405 nm
WOL MRS ARBEBEAE &, i D635 R R G 75 5
GRS AR, $2 I 12 A JE % R DX I 7 9% K
400 ~ 1 000 nm {5 Fl 9 ¢ AE A28 5, 57 T B0 Bk il 2
ZOTRPE M ABORL TR A5 S8 AN T B Ak
P, R IBCHR (6 -G A 526 5, LS, 23 1
H PR B JUL PR P 20 RN R PR TR 23 B SO X e,
JIEE 0 PR B S 1 2 s IX I T AR ot PR TR AR A 0
VA by S i J32 0 T80 46 A, 23 B T4 PR A 2 ]

PGS IR FE (956 3R 0 459 9% SR B 365 nm
1458 S KT R I A8 9 D, 7E 450 ~ 700 nm i B
W, % B A 45 %0 ( Optimum index factor, OIF ) J# i
25, VUM A J e I B4 5 (489.6 Al 591.4 nm)
WFE BB, T a5 0 A G 1 T AR R 0L R0 {1 3 31 v
AT LA DX g3 A6 1) A 473 R e T R 58 40, G U] I
HIKF) 100% , 1% T3 ¥ e G 1 B Bk B Y 98 6 8500
A7 SR FR ARG 52 ), AR 1 VR R GERLAS

TENR A6 5 T, [ N A R 2 AT R 5
FIETE R4 RSO SRR IS . W R
LGB Dy 473 nm H1 660 nm 1Y HEOG , 735l 1E4 Fh
WO BE T WK BTG R M R 5 0, R N b S
5 0 S RO IR R EE 7.5 WK 473 nm,
HAEMBOR SN L RS H F o/ Fos 5
M SRR A IR AR R, g R
HECHE N F7E 504. 080 ~ 899. 872 nm % B i &l N
5L G T , 45 & Ly 43 Bt ( Principal component
analysis, PCA) B4 [ 4 J7 2%, %0 6 38 £ 47 R Ak
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TR IR, T L T SARE 1) o AL A T R A3 BT AR A
BERAHT %07 VR X8 B IR B R AF O ) 4 i) T
T AEILH 98.3% o BRIGAE BT T # S0 0 A
A 1 3 28 ¢ DI R Ak 1 52 T G R X 5 2 8k
B8 0 A R LA B, B A 3 R L B, A AR I R A
LR a MER b ISR A R, 02
MRERGREN, 45 REV RHERE SR
TSR M KN IF o W IR 10 5 SR AR M e 3
i 3 d F6 d IR B T R O8I — B
FH TR A A BEOG TS B IS B T o TR
1 7] & ML ( Partial least squares support vector
machine , PLS-SVM ) X fij 10 /> 3= i 73 £ 17 73 2 F1 15
I, 55 R W] P AR ] B A oK B50H S 1) REAIL T 1%
Xof I FE R 4y RO RE 13k B T 97.73% .
AT, 0% 0 4 TR SR DK g 473 nm 1Y
JGW R A B S AR e, 3 i) R 4R 510 ~ 514640 ~
715,715 ~ 840 nm 3 A BEAY 9¢ V58 JE WA Fy
Fogs Fony , ESL I Fr K 23 B R0 5 9000 1% 1 £
JUERME [l A AL 2R 1 S A C R BGR F) 0. 975,
s B RUKREIE A O BFFE 0 42, SR SR T KA I
FAEPK 450 nm By LED AT BUR 25 R T By 28 K%K
JEOGIE , [R] if  1 KRR AR X AR, T T

3 F Lorentzian 75 i (1 1 58 55 /K 45 A1 -4 2 9 6 i
£ A [E] D0 AE 250, 23 SR 3 WY, 2 A R 1t E R KIS B
0. 99 ,3% J7 ¥ A LI T H 50K 43 By A

WA 2R T 5 RO S 3l 1 T M)
S R PEOEEE, FHEME B T A R R R
{9 7K e I A AR S I 3 T F) I S R 96Ok, R B2 AR
TR i A R R R BRI A
[ o i O % E R ORI i R R, R HE
a0 L T 3 R RS SRR AE 12 h, 4 R O
9 S A 0 o 45 SR 2 B, 0 G ) G R i I 5
SECHE Y 1 B R O 7 A T R B A 6
I 36 250 2% 5 10 L 40 0 7 O B BURR , 32 B8
0 BB B o 3 2 B2 T N A0 O A e
S TR A % A A TR S TG Y L 4 I i R A
Hh B IS R BF 9T, 455 RIS A TR O B R A T O
e, MK SRS AT LA A B B 14 O 3 R I X 4
BERLAE A R S, T AR AR 7 3 R I X G R
R R 5 TR I B A AR B SR
BRUK S & R ER D E R P T RSN
975 245 L 5 T TG R AR R R R 1S O 5K,
ST D7 B A A 4 M L S g B L
28V o] )9 3 4%

R2 TOEEEMIER G AR KN BXE LMD H &

Tab.2 Correlation algorithms and methodologies of fluorescence spectrum and fluorescence imaging

Jr R ok 42 oAk VL[ WIReS EE DN
HE A g R eAEE [39]
o T A Bk iy Z e 15 [40]
WA B B P {5 4 [41]
Jife 1 J 2 TG B B b [42]
)\ RS Sois Bl [43]
N\ FEERT 0 1l F R 43T LS T AL [44]
T AL EE 30 2 3 5% 6 3h Iy 2% [45]
£\ TER F AT 3BT /N TR 3K 1] AL [46]
BRI K43 3% Zongktk nl1q [47]
KAEM H Ky Lorentzian J5 i [48]

4 RS AR, R EL R 0E T . @281 BRI R

I3 T AR R AR 5 1 GG TN 7 i
WA ]IS | ROG T BE L 26T R A AL
S A% . 5 ERTTEM I, YO B AR RA LT
e 3 OB WG 4 T 3R B 4 B9 S LA S T
PRSI BE AL I AR 1) 9 P 8 4 R O, RE A6
00 e PAYHR AN T DL PR AR 0 R A 1 B FR LR i 2
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Progress of Fluorescence Imaging Technology in Detection of
Plant Diseases

Lu Jinzhu Jiang Huanyu Cui Di
(College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China)

Abstract; Light incident upon a leaf surface will be partially reflected, partially absorbed and partially
transmitted. Green plant tissues show an auto-fluorescence in the visible spectral range that is excited by
UV or visible light. Key pigments in plants, including chlorophyll, carotenoid and other compounds,
such as flavonol and anthocyanin, generally have the property of emitting fluorescence after excitation.
Fluorescence imaging is a kind of advance techniques based on computer vision. The health information
of plant can be acquired by analyzing its fluorescence image without influencing its growth condition. This
paper reviewed the researches of applying fluorescence imaging technology to detect plant diseases and
compared this technology with RGB imaging, hyperspectral imaging, multispeciral imaging and thermal
infrared imaging techniques.

Key words: Plant disease Fluorescence Imaging Non-destructive detection



