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Fig. 1. The fluorescence signals fitting for individual pixels in CFLIM initial data.

3 BEFIUHREX ARG RUAS
it

BOLTE S 28 3 9O 77ty S & e an 1 2 fe
N, K10 Hz i Nd:YAG #0628 (kb %6 <
7 nss G HEAE < 7.5 mm. Hi K 355 nm. ik
MEER 50 mJ) TEYEIE. HB R Z 355 nm & = 5
6B 2> B O 24 0% (1064 nm FAFHE A 532 nm —
FEAEOE) 5, 4 3R R P AR BE 45 mm [ [V55
BEX A, B 51 R G (BOB S %5 R ~0.25
mJ /em?) EAE DI A b R LE 43 O B G i T
WL TR ST A o', 3 o R WA R R o R I A
WOt A eI, 2 1a) R H A S I EOR (R S
AT S 7 R L 5 55 T — AN B FE B (photoelec-
tric diode, PD) #UUX EHOL(E 5, Pl ICCD
(ICCD %2 3 Hif o] 2 02 ¥ 680 nm 5L 740 nm. 77
%10 nm ({45 1 P86 1) RER MG S, FERfa
GRS, KA BUT, 7R R [
AL B RCE —Hon S, R IR R
355 nm FIFEIR, 5t AT F ICCD 75 2 45 i 1 F £
srf(t). ¥ ICCD K4E 3 i) CFLIM #4517 fif 3% Hin
FITHEHLEAT BRSO A 2R SRs e IR 5Ot 5
i

I [) 73 3 0 2 Vo 5 8 %A% (1 IR [ 428 o], S
BOLH 580 1 2D TAE & %65 dr g0t 72
H ) S EE— 20, N PD Bt & 15 5 2 fil &k ICCD
JE SR 2 ~50 ns EERF; TEO6E 5% 6
T I RFEEIN (8] 7E 20 ns A, By B BREEOE B
SHEY), ICCD 4 ok 430 252 0= A= 5 e,
e AT WO AL 3 — PR J5 77 AR — B WK IE R
R A 0 A 2 DA RN TCOD F firk A GBI, X B Ly
Lo, Ls (S BEEIE 15.20 m t5%5T7£ ICCD Kfih &
ZERF B[] Y S TE S AR RR R R X R A S

Princeton Instruments A & i PIMAX 374 ICCD,
TS “BE I (] 24 0.02 ns. 4 ICCD 3 il 4 1
W HE AN ERI, FEIR ICCD I “ JE B AL I I [|] b
AT — K10 0.02 ns, S 3E4AE% 1000 Kk, X FEHERERT
PR EBTONE S

TS
HZE‘E,% Ly

K2 BOLESMHERIOA G RIE R E
Fig. 2. Schematic of laser-induced chlorophyll fluores-

cence lifetime imaging system.
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Fig. 3. Laser-induced chlorophyll fluorescence spec-

trum from plant.
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Fig. 4. Chlorophyll fluorescence intensity and lifetime
distribution of the measured plant leaf: (a) chloro-
phyll fluorescence intensity distribution of the plant
leaf; (b) chlorophyll fluorescence lifetime distribution

of the plant leaf.
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Fig. 5. Fluorescence signal recorded simultaneously in three
channels: (a) fluorescence signal of pixel A; (b) fluorescence

signal of pixel B; (c) fluorescence signal of pixel C.
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Fig. 6. Plant chlorophyll signals and system response

function curves.
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Fig. 7. Plant chlorophyll fluorescence decay curves.
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Fig. 8. The variation trend of plant chlorophyll flu-

orescence lifetime at the wavelengths of 680 nm and
740 nm.
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Fig. 9. The calibration curve of plant chlorophyll con-

centration and fluorescence lifetime.
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Abstract

Plant fluorescence is a susceptible signal in plant fluorescence remote sensing detection. In order to solve this
problem, a technique for plant chlorophyll fluorescence lifetime imaging is presented to evaluate living status for plant
growth and environmental monitoring. A concave lens is used to expand laser beam at a wavelength of 355 nm, and
the living plant is exposed in this laser light source to excite chlorophyll fluorescence. And the chlorophyll fluorescence
signals are detected by an intensification charge coupled device. Time resolved measurement method is used in this
article, so that every time the same fluorescence signals can be excited by the same laser pulse. Meanwhile, the delay
time needed for triggering intensification charge coupled device should be changed consecutively, and the whole discrete
fluorescence signal can be obtained. The discrete fluorescence signals from the particular location points of the plant
are fitted. An improved method of forward iterative deconvolution is used to retrieve the corresponding fluorescence
lifetime, and the high-precision fluorescence lifetime can be obtained. Furthermore, the fluorescence lifetime values at all
the location points are retrieved to obtain the distribution map of chlorophyll fluorescence lifetime. This method can give
the chlorophyll fluorescence image efficiently. The distribution map of fluorescence lifetime can more effectively reflect
the plant chlorophyll concentration than the fluorescence intensity image does. The physical property of chlorophyll
fluorescence lifetime from living plants has been studied preliminarily, indicating that the plant physiological status is
related to its fluorescence lifetime to a certain extent; and the chlorophyll fluorescence lifetime and plant environment
have a subtle and complex correlation. In the future, the relationship between chlorophyll fluorescence lifetime and plant

environment will be expected to study with the cooperation of biophysicist.

Keywords: fluorescence lifetime imaging, laser-induced fluorescence, fluorescence lidar, chlorophyll
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