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Fig. 1. Diagram of laser beam transmission changed by ro-

tating glass sheet.
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____________________
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(5.3 mm); LS, FOLRS; A, SLHH; RB, ¥ FF8] B ¥ ; PF, 386 H)

Fig. 2. LIF imaging setup based on the SLIPI technique (A1, 5 x beam expander; RG, Ronchi grating; AR, automatic rotary table;
GS, glass sheet (5.3 mm); LS, light system; A, aperture slot; RB, Rhodamine B solution; PF, fliter).
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1 Wifh SLIPI HARSLESH
Table 1. Experimental parameters of two SLIPI technique.
, ; PO Wt y . [, ] AT EE:
WRAK  WOURIRER HPURCRE AL gk R
Case 1 100 mW 0.025 s 30 FaASIA W 1 x 107 mol /L 0.058593
AP RS SISLIPTH A Case 2 100 mW 0.025 s 30 T AW : 1 x 107 mol /L 0.058593
Case 3 100 mW 0.025 s 30 FaZSVEM: 1 x 107 mol /L 0.058593
- FRRAASY AT FL x

SET U ) e

HISLIPTR A Case 4 100 mW 0.025 s 30 108 mol /L EAFIL x 0.144536

107 mol /LA

4 HERAHH
4.1 EigEMHE

T HARGEHE SLIPT 1 bR 2< HOE TP i) Js 2
FIRCH | A S0 KT Matlab 4 %7 LA-SLIPI Al
PS-SLIPI J5 ik #E17 BS B R 9T, Horf LA-
SLIPT B & F S g bl 58 76 SCHR [26] h 2 &k 1T T
WA, e, RETT 48 228 18] 512,
A(z) = -0.001 x (z — 256)% + 80, WA 3 & H0%
gyt IR (0, 40) W BENLME, B s 5 = (0,
130) MREMLIE, Ptk 4501 (B, + B,) 1WA
RVCERFE S (A) IRER 2 211465 £, =0.1Hz
S e AR A% R £ = 0.005 Hz At 3% LA-SLIPI
FAR P IEIR, oo = 0 AHILEHL.

Bl 3(a) BFEL T G IRIEI A B9{E, T
PATIPRIE I A, A SRR T4 TOCHR G EH
TR ESRBEE, 43 ich Se (a0 (2) ) M Syg =
A(R) + Bi(R) + By(R), tn&l 3(b) K 3(c). XF
PO R 9 BE AR W] R0, S MR PR B 20 i S hads
A VAR (fi,) . FIH LA-SLIPT 4 A X i il
SRIE So HEATARIR, T AT B L BR AR HOLE Y6
MR AR I A, JFoR Ay AR T RS ROE 1
ABIRXFIRZM dAJA = (A, — A)/A, WK 3(d)
Jr7s. BBl 3(d) AT LA-SLIPI J5 kb 35 i 2K
EHS5FISEE A (& 3(b)) w4 R
HlPRIE SR A BN, MR ZEE dA/ A B, Bilhn
M A N /ME 15 (T EA N AR 11 4%) i,
FXTIR 22 15%, 1524 A R KAE 90 (T3
23k A1) 2 45%) B, AHXHRZEIEASN 0. BLAk, FEF]
JH PS-SLIPT J7 kil s B S #4743 n] 15 3]
PRIGI AA FFHesra BB BIE, Rk 1 W AT
TG B MR IR 22, nlE 3(e) A 3(f). m] Al
PS-SLIPI J5 i 4k 35 () 508 5 #HS B0E A (i

&l 3(b)) t i W), PIH HIIR 22 (H AN 0. 5
Jii, % H LA-SLIPI il PS-SLIPT £ A i) 220t g
BRBEJ7, AT LA-SLIPT ] £ % Ik 25 YA 4 i 14
G AT AR HOCIERR AL B, {H 2 2 Z4 BOG 5
iif, PS-SLIPT M LA-SLIPI HYZ4HOGIERRHE J1 558,

2 90
-3 ®
<% 60f

Q

2 30 F

£ 180
- (b)
g5 120t
N g

S 60

2 300t
S E 150 "
N L@
T 0 \J\
<€ L
= . —0.3

2 - —13
R 3F(e) x10
| 3 0
<3
<5 -3t
%é 3F () x10-13
Q5 0
] —3F

0 100 200 300 400 500

x

[ 3  PS-SLIPI Jyikfii Bt S &ad 2 (a) ) il P i 100
A WA (b) TCCH I BT 538 BE fH Sye = A(R) + By(R) +
By(R); (c) Jut s il )= iy 38 BE R So; (d) LA-SLIPI i85
0 4% IR AR X3R5 48 dAJA = (A — A)JA, WL K [ =
0.005 Hz; (e) PS-SLIPI 154 J5 Y R IH 1R 25 {H dA/A = AA -
A, n=3; (f) PS-SLIPT }[" B 5 iy T 4r iR 2:(6 dB = BB -
B,n=3

Fig. 3. Simulation process of the PS-SLIPI method: (a) The
modulated amplitude value, A; (b) the intensity without
grating modulation, Syg = A(R) + Bi(R) + By(R); (c) the
intensity with grating modulation, Sc; (d) the relative er-
ror of modulated amplitude value, A, calculated by LA-
SLIPI method, d4 = (4; — A)/A, f, = 0.005 Hz; (e) the er-
ror of modulated amplitude value, A, calculated by PS-
SLIPI method, dA = AA — A, n = 3; (f) the error of inter-
ference components calculated by PS-SLIPI method, dB =
BB—- B, n=3.
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4.2 KEERSH

9 T SLE WE WA SLIPT J5 ik Y 25 24 OB AE
FH, ASCHZ IR 2 Fr7R i SLIPT &6 1%, 430 JF
& T RASMAERES RS N L B0 BRI, Bk
XFFRE P FH B W, A A Shlies: & i1
et a8kl 0, T/3, 2T/3, FEmsk AN 0, n/3,
2m/3, G5 4 s, 1EAS B AR FAL 5 Ot
BT RS E, BRI (11) nT it — 253k 2
FHOLIE ARG AA M.

n/3 2n/3

B 4 PS-SLIPT Jr ik Byl 2 8088 3 E 14
Fig. 4. Grating fringe changing images based on phase shift-
ing SLIPI method.

TEAFIH SLIPT Jr ik ug U mir, 15 288 e 2 F
Bl B R OGS T 2 OCEE, W 5(a) Fis. XF
H Case 1, Case 2 fll Case 3 A %1: LIF K% k&
T ] LIS B2 G EUS S, RS AR 2 R i Y
ZREOt, HagBAR &, RE S P P B 7t
F R, WORHLEZ M T RN E] 5 R ) £ e
Eb. DLAN R T B G B SLIPT Jy vk A S 1Y ]
1%, XAEZ FHU B A MLt R 1A W R 25 e
() 42 I8 22 /E M hric, i 5(a) B IE bR IC£R.
4 Ronchi JEMH B AE FC R GenT, BVl 445 6
PHHIAVE TN 09 LIF B&, i 5(b) Fros. #R
PS-SLIPT # 75 X =FA A 5 i [ 5k
TR IEOCA B, 23 2 5(c) Him 3 MBI,
0] LU H RO [ 85 e A5 31 Y SLIPT Ab 3
Ja W B BUE R /NEA —3%, Ui PS-SLIPI X
FEOCTT R HERYE; BEAh, I 5(c) AT LA W R
&R AR | 4R BT | A 28 HIOE 4t
DRI, B HE— 2 UL TR TR RE NS S BINT ZE
b ey S S € I

B2 PS-SLIPI (Y7 AL RE G X TR i it
T RIBOLA B, To 8 2 RS W i s 1
1%, R TIRMHERS WA M AR, AR SCH LA-
SLIPT £ EIAERR & 2 FH] B i, HERT
SOARHOEH TR, B R S H B R
B, Horh ASCHEIR MR BE RS 2 PHIH B I TRUIR

TR I R BE A B P HI B S HORIE AR R E Y
BRI (SERBHOLFE 1), 18 6(a) OCHHERIE
T LIF B&, B2 s 552 X 1 S 4 O
MFESEAF T2 X3, BT, T 2eaotn 1
e, AT BRI R, JeRE S A B Ak
55087, [FIIEXT 6(a) BEIFESEA T BLI A8, ] f5
JEHHEFIAT RN £, = 0.144536 /4% 3. RIS AS]H]
ik 220 1 S IR o P45 4T LA-SLIPT £ 2= HiOt Ab
B4R E] A 6(b) HAY 8 AN EME. H A 6(b) AT
A, & B RS A2 O g bR, dE—2
UL T IZ A s B RE RS S BT 28 BOE T M A R
il feJ5 8 T ORGP B R T O,

Case 1 Case 2 Case 3 x 104

(a) No modulation

-

(b) Grating modulation

6000
5500
4500

3500

2500

1500

(c) SLIPI

K5 (a) ZFA R T MR LG LIF KR (b) Ll
P8 ) LIF B 1% ; (c) PS-SLIPLJ7 ¥ 4b B 5 19 98 ) 4% i
(A) s A 1R

Fig. 5. (a) Conventional (raw data) LIF images without
grating modulation in three different measurement cases;
(b) LIF images with grating modulation; (c) images of mod-
ulated amplitude value, A, calculated by phase shifting
SLIPI method.
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X 104 to=0s to=5s
3.5

3.0
2.5
2.0
1.5
1.0

2500
2000
1500
1000

500

to=25s

t0=3OS t0=35S

(a) Grating modulation

(b) Single-shot SLIPI

P 6 (a) A E I 20 R AL AR ) LIF RS ER; (b) LA-SLIPT J7 i Ab S i T IR (A) 4340 1 Bk s 1R
Fig. 6. (a) LIF images with grating modulation; (b) images of modulated amplitude value, A4, calculated by LA-SLIPI method.

ARSCHIFH 20 /e St 2 th B S Wk B 2 FH I B I
(O I 488 R A 55 B ) AL TR, W&l 6(b) Fi7R.
t &l 6(b) RIHL: B IR HERS , 55 ik B 1) 2
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Abstract

Laser sheet imaging, also called planar laser imaging, is one of the most versatile optical imaging techniques
and has been frequently used in several different areas. However, when applied to the limited operating space
and strong light scattering media, the light originating from indirect reflections, multiple scattering and
surrounding backgrounds can produce error especially in intensity-ratio based measurements.

This work is motivated by these challenges, with the overall aim of making laser sheet imaging technique
applicable for the study of eliminating the stray light interference. Therefore a novel two-dimensional imaging
technique named structured laser illumination planar imaging (SLIPI) is developed based on planar laser
imaging but uses a sophisticated illumination scheme i.e. spatial intensity modulation, to differentiate between
the intensity contribution arising from useful signals and that from stray light. By recording and dealing with
images, the SLIPI method can suppress the diffuse light and retain the useful signals.

In this paper, we first use the MATLAB software to simulate the phase-shift SLIPI method, and the results
show that the stray light interference can be eliminated completely. Furthermore, the phase-shift SLIPI is
combined with the liquid solution (Rhodamine B solution) laser induced fluorescence (LIF) approach to imagine
the concentration distribution. By recording three images, between which this encoding is changed noticeably
only for the useful LIF signals, the phase-shift SLIPI method is evidenced to be able to remove the diffuse light
contribution, thus improving and enhancing the visualization quality. The instantaneous SLIPI images of
rapidly moving samples, a key feature to study dynamic liquid solution diffusion behavior, are also acquired.
The lock-in amplifier SLIPI technique is then experimentally studied under Rhodamine B diffused solution, and
the phase-shift SLIPI method can remove the unwanted background interferences and achieve the significant
improvements in terms of pronounced concentration distribution within the Rhodamine B solution.

The SLIPI technique is relatively inexpensive: the cost does not exceed the cost of an ordinary laser sheet
arrangement noticeably, and it can combine with several other linear imaging techniques, such as Rayleigh

scattering, particle image velocimetry and laser-induced phosphorescence.

Keywords: structural illumination, stray light, laser induced fluorescence, Rhodamine B solution
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