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Design and application of an imaging system based on oblique

incidence reflectivity difference technology
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Abstract: This study proposes a novel rapid imaging system based on Oblique-Incidence Reflectance Difference
(OIRD) technology, designed for high-resolution real-time monitoring of physicochemical dynamic processes at surfaces and
interfaces. The system comprises four main components: a light source, an optical path system, a sample stage, and a detec-
tion system. By integrating signal processing techniques, it enables real-time output of OIRD images and achieves lateral
resolution at the micrometer scale. The OIRD imaging system has been applied to analyze crystal morphology in salt solution
deposition, characterize oil-in-water emulsions, and investigate Marangoni vortices during surfactant droplet evaporation. It
demonstrates capabilities for both static characterization of solid surfaces and dynamic monitoring of liquid systems, thereby
offering an unlabeled, in situ characterization tool with high spatiotemporal resolution for surface imaging, interfacial reac-
tions, and the evolution of multiphase systems.

Keywords: applied optics; oblique-incidence reflectivity difference; high-speed imaging; surface characterization; dy-

namic processes; in situ monitoring

0 3

S B 3 B T A R Bl A B AR o i A
frogif s B o AEbRIC o B SE I R, SR HESD
REWR T K Az W A IR D A T R = 8 A0 I K e 1 SR
PR R AR BRI T R B T RGO R 22

K BHE: 2025-08-19; WREMEMARBAHE: 2025-10-30

(Oblique-Incidence Reflectivity Difference, OIRD)
BRSO AR R GE, IE S il R X oK
PEAE T — B R T R

OTRD $¢ A A Sy — B 7 2% 19 5l 5 5 i % g 5
Bo, AR HARARIC . JEf . WSO . KA
8y S 3d 1 T 1 9 5 T 4 i AR A B, T 4 Ok 32 3

TEE®N: R (1997— ), B, WHEUFRA, WFEFHE ARSI, 18810423153@163.com
Bt (1991— ), B, sz, Wt NFamRaEmes.

* BIAEE : zhanhl@cup.edu.cn



X o HF O K

52 %

PR AR SN p 5 s R R B
(25 5%, XF ST HL AR I AR A O U, ER
DI F oy FTARAMEA K | A5 T 40 B AR &
& T N A L2 A o AR I R RO 0T AT I g A
JH OTIRD $& A X 5 2 24 Wl 52 114 38 Ji o % 14 A7 S5 It
SUEH RS, BTG A A e AR A R Ak
e AE S, WS B T X i A o T 4% i3 B 3 25 1]
YA, IR — 2 X A H R T RS AR Y
Hiz Ff&# (DET) MAFH T8 (MET)
B, 5 A WFSE A5 B OIRD $7 A & 43 1 ik
ST oy AR B A AR, AR AE T 40K
G G R S A v R AR, S A B R R
T AR 1) 5y T e A LY. OIRD # AR 8
Bl A L S R W T O T T A S 1
WL . AR RS SRR, ORAE AR B HG T
RS ST X R (WAT) 54553
T2 R AR R i [ R A, RS
VAN TN D =R U7/l N o 1 B R
R T N

SR, 548 OTIRD 2 AR A7 BR T 5 ]t 58 34 550
AR, B E R REMEARE, Bk
VAT 5 I ) 4 B2 A8 A, A e LA 4R 3 25 0 i v s
TF1) 2 Jo M e e o AR R AE L 2 R K R R e L &
R TV SR R S RSB S . X
“LAR (] 25 (1] Al AR S 29 T OIRD 8 P |
JE 4940 S 1k FE AR A a2 R . AR R
5 S W S TR U s N1 T R e o
(SPR) VR g £ AR, 2 5 B MR & ELA B
% e SPR W SR 5 R i AR, R T T
ZHEG S mEERIERE S . T, MR R
17 3 45 1 B F 58 % 1 B 4 43 AR B 8 U0 R OR
AWFFTEAL 58 OIRD BEARSEAE [, Q1 M Hu il &
OGBS m A T oRE X, I
il B OIRD PR BUR R GE, MR A sl
I AR W R R A R AR T A AL
F B

1 OIRD B EGERFEE

OTRD i A 4 #% .0 J5 2 3 T 5t p fi 412 6 A1 s b
P St 3R 2 S AR AR I o, DA O 3R BORE i 3R T
M REEAS B o MRPE AR R A, fE [ A A &
(G N E ) D Y Y N R = T 1 R s
OB LR FE o W TR R A . 45 R B B
A Aoy R A B R, I, R s R
p P B 6 R SR A A AR b, OIRD AR BB % 5
UK RE G RS . SR R SR B SR S
8

B A T
OIRD A& M 28 48 >R HI 28 i 41 141 ) 69 J0OE 6 IR
Hop A9 23 5 s O I 2 2 A I 3 S8 A A
P o 2B AR OL 5 AR AR EAE AR, A R
18 25 (] 53 A1 22 S 5 BUR 5 3 807 AR AL v AR
Ao T8 3R Al D S AR R TS W] DI p R AR OG S s
i 41 D' B 3 22 B AE 0 AR A (B, BRI AT A 3R T A
FL H RO A Y E B
BEE B FE A KL — &b AR S 2507 8 O BEE A
WAL B X p AL s D Bk O B B 5 A0 0 e A R
VNS 1 A o <90 s o S | B N
PR AETR K E R B I T KR
T = ‘ 0 ‘ errg=|r,|e" (1)
7, :‘ 7, ‘ elr.=|r|e?” (2)
i TSR] A B p A s e 4 O S S AR AR AL R
BT, B RS G RS 22 p A s i 4R O B S
RERB 2, H Ap-As3as, M
r,—Twn I,—Ty O0r, Or,
A, — A= — =——— (3)
750 T 70 Ty
Inc HE AR S, ToA Lo 53 ) O BEA0UAE 5 Ffis
WAE T, MO R B O 2 e, A% i R B AT LA
BRI 2 e 2 4L WU D'
I=1I,+ I+ Ly (4)

2 OIRD B EZHEILILIE

OIRD W18 & G4 U g 4r MO E . Ll &
g5 . BESh A RN R GRS S 5 A B R S 1A
gy, WE TR, SCUEH 5T F3 R 0 ' 5 R ik
R Ay, A SR A R I K O 632.8nm 1 He-Ne
i & ks I8

e i b 28

fﬁhj:]

He-Ne #OL 2 AL

K1 OIRD s g & gom Kl

HeF PR A AL D DI RE R OT . R R AR
A Gl ™ M X AT, R A OGRS
AN p R Sesiih 8y (PEM) LA 50kHz B4
X S e i ] A 3 ST S R L, ST s e AR S
5 p RS I 4r 2B U1 s 57 R R GR bR
HEEY AW B A B OLEE, {8 58 B & 55 CMOS
PR BT 5 A/4 P 78 E 52 D B 43 15 8] 51 KR o7 4B
R JGHH 7 B2 5| S 0T LA B ke A (58°)



%18

R, FET RS R 22 HOR B IR R FE et B

HECSR) T4 i G T o ok O 4R RS ] AR R R O BT AL,
R G0 A% M 0T LUAE 29 3mm X 3mm & 6mm X 6mm
MIFE RN AR AL . FERL SR H— A EBE A 150mm
P ME L B AR, B S 38 A R R s 3 A CMOS #8
M. B RLN R DA & IrrEfMm (58°) M
STRES R, SR Th RS, R
M3 7] LLAE 29 3mm X 3mm & 6mm X 6mm 1Y 3 [l N
Ak, FER RO &SR (150mm) fE B %
B IS, A I % A CMOS #R I £+

A A Gk [ 500 T B F . 60Hz By CMOS A
BLE Sy 0 7 o HE B Y B ) K T PEM G 9 16l
JABY, A AR AL SR A B B it 5 S e b R R R
S (%) BRE (B R A3 25 SR, LR T B A 1 L P 28
] 20 A o B S, Gk B R AL PR R N D) I
F 0 EAR AT A0 A, ARG R AR TR
oI B, S A OIRD W%, R T 1E 4%
ST A R R BR A

3 OIRD & RSN H

3.1 XEEImRY R

AR ST R WO 1 A R DL R AR Y
DU R 47 R AE . A S2 50 B 4 A9 NaCl 5 KCl
W FE ¥ R 0.1mol /L, T TR SE R AE 25°C
W T E2 (a) J& NaCl i <AL IF 4 50s
BE e 2 1 PR, PRI S s R 2 AV 0 O s TH R O
¢ B I 2 1 M T 5 2R R BN g 2R R R R 4R ) IR OE
A5 DURR 0 G0 W (H A7 A8 O B0 1, s e i Jo
FEZE R A e s B AT . B2 (b) 2
NaCl i Ak G TR 56, T 58 2 B0 A
WO 7 B0 A8, DORR M T SR AR DR R TR TR A i
FL, BRRNEAAW T RN RBERSH, A1
SO A AR, A R T g Sk BT A Btk
BRSO B RS A, HOIR R 0 B b oy A 7 B
ARSI Z ], IR A HE S A — i O
PNGE RN ENLNHE € RN W R R N
fi, Bt dmERME/R. B2 (o) &KCI|
T AL TE IR 50s B i B2 00 B, 52 B0 2500 TR JE 45
¥, 52 (b) M. B2 (d) & KCIE#H<k
2600s FHFE M R, ST @458, W BaRgyy
W FLR AR A, DURR L 58 36 By o B2 AN H ) Hotk
TS, SR R 2R R 51 R R AR 3
BRF; G50 B W 2 e 0K 5 1 Bl 2R M TR A B,
TR PESs AR E SR, BIREZEREEY
)43 AT, SR € B B Xt O U R T 4 ol B0 G
X

ARG ELREMEE S, vHb T 45 SEM

32 BR T B 23 B 5 R R SRA 4 13 RE B 11 A S 1R AR
AN R, SO S I SO LI AT 8 R AR 2% kit
FE b R R . E AR K AR SR, AT SN
A E Sy R B TR A, A A W B T S M 4
i - T R (TN o R e & B e (A B 7
TRRS YIRS R LA R R
I 1 A7 S i i 2 2 25 08 B AR A, L Ak
To Aot ELIE T 4 G R R i B R, T2 I SR
175 B AR ST PR TSR SRR T A

300um

(b) T=2600s M NaCIIjT B

(a) T=>50s NaCITBUSHF

() T=50sMKCITLRFHE  (d) T=2600sMKCITLRFHIE
2 OIRD M4 5 5645 81 0 55 7 ORI DT RUIR 5
32 XHKERBEREHRIE
B A1 % FL R fOW R AR 2 IR T B &R
R PR K 0 GO A RS R AR SO i [ AR
ME o AW ST K FLAR W A B 5 B T K R R R
Fo il &, i SEs s B A AT R AL, B R R
9 300rpm, i PEAS ] 30 5 50 434, L hdl g T &
K43 5 SR 50 % A 3050 By K FLAR W, IR R
OIRD Pl (g R b AT W, 25 R WK 3, #ik
55000 o AR A 25°C B R R R R AT . 7E 30%
K B R 30 43 Bk B X R B 1 3 (a) HY,
W A R E R M, REARIIE,
JE SR R A ROE L, RIS Y
ot PI B 1) 4E 4 2 50 43 Bt R L3 (b) o, W)
T 5 A Y S VA T et ST R R S
T ) PR R T B . XS KR 509 AR R
P FE 30 0 Bp Xt BE AL 3 (o), A2 50 i TR 7 5
M, R AR SOt BB A XA 55, H SR T ) 2B K
BBk oA, Wi R A AR x &b, B SRR
BRE 5 dk i $F 2 50 43 Fh xR g 13 (d) W%
B, FLARM R A BRI A, WO 1B) K& A 4
SR BB S FRLE A, 4y B 5 % 224 R 5
ATV OB AT B, VR R SE 2404 T 100 Z 350pm X
i) . Z5 b, % OIRD BUR & 4t e 65k i T AE 2L R
9



TR BOK G BROUL A5 A, 3 BT AR R 98 R R R TEE 4 (a) th, KPR N A 2O 5 5 i

RSP SEIE A s AR S A A &, IR A A 3L
AR OV AEPESR U TR 5 25 15 E

300um

(a) HEFE30min 5 7KK 30%

(b) HiFES0min 7K #30%

300um 300pm

(¢) BEFE30min /KA 50% (d) B 50min K 250%
I3 OIRD Z G2 WLl ik FL AR e 2 i

OIRD A (4 A A=A 55 0 1 A4 S5t o7 A6 0 4 16
B, R ok mT N T S A I VA e e A T oK A
Wy A DL T 3 SE RS, A A ) B 2 e S
B IC AR IC 8 R R A 24 W i A o R 4
33 XSDSHEHSUERADS =X RIE

FIIH OIRD e 8 AR £ 58 X1 B2 4 0.6mmol. /L
B BF B 1 36 T IS ME ) SDS ¥ Y 28 & i AR P B

114 B 2% S J@ AN P HEA T S
JRIEH

77.00
: 67.38
57.75
' 47.13
: 37.50
= 28.88
1925
: 9.625

0

05 10 15 20 25 3.0 35
£ x/mm
(a) T=0slti}

G y/mm

0 05 10 15 20 25 30 35
K x/mm
(c) T=118sf}

SV, P R e KR A 7 A T AR R
T SDSIMAEZR Kk e, TR sk 1 22 5 51k
B 22 SRR, 2 N T SO TN R N
10

AT, R R S 2R I ROW R AR AR Ak
VW W T e 25 A, REAR AT AT A X B 1 4, {3
TE G XS RT DLW E B — SO 20 R 25 5, X AT
FE A2 T RPN B 0 0 46 AN 1 50 1 B T vk O ik
INESF S, S, 2 e SO T R IR
MEE 722 Kty , wE 4 (b) Fras, ¥R+
T BT % v B R RE RS BE o FEIR W AT,
Al DL B0 e i X, 3R I O A 9 R T
We BE AR MAE PO XK, BERE, UUER
MR B R . XA R T AR SRR
2 T AN [m] DI Y 3R T gk Ay Hh B 25 S, R 5K ) 8
(R 2 T I 6 R N T = e I A D I
R oh 22 X JE RN o 33k AR A 8 A5 3 VDA e ) i
Zomdh, R MmN, FE4 (o)
W, ZE R — D, B2 e SO B
TS VRCHT I — 2D m AT RE TR IR S Y R R R
JE P RE TN W 2, T R T R A B R U A .
R4 (d) h, ZERIBERRA, BN mEA
TR o ot XS T R 22 Y 25 RN AR
ﬁﬁ W T8 R AR i a5 A8, T AT I R
WG IR, SRR AR A AE, (A
T W R D, X I iR B AT bﬁﬁﬁﬂ&ﬁgj, AR
AT AERE, T A Y BE P SR

JREEAE
77.00
25 6738
20 57.75
£ 47.13
= 15 37.50
B 28.88

19.25

0.5 9.625

0 05 10 15 20 25 30 35
K ¥ x/mm

(b) T=100sk

&5 y/mm

iR 1.0

0 05 1.0 15 20 25 30 35
K J% x/mm

(d) T=436s}
Bl 4 SDS ¥ R 7% % B2 v B 2% SR 200 (1) OTRD 3 2 L &l

M T 38 WP o 8 e B B2 23 A, I B 78 A Y
PEAT 5 B R R A9 SRR AE . OTRD PR 3 Al 15 5 4t
DA i 3 B RS2 I W I RE g, 3 w] T Sk i



%18

R,

BT RAGG R 22 HOR 19 R R G B

BRI BEAA R A i AR P S0 e ST 5K ) 25 551 R
Y is A, B AR S T, T
BHERE; fEAWIBETJ7 T, BEAY D LSS AR Wi o el
e DR e N DT SO e B s IS B Y e 57
THIEAER . 40 A P A A SR BB L A

4 4 it

ABE 5T B IE RS TR T RSO S g 22
(OIRD) HARMMERR RGE . KRGS B
AR AR S FZ B EAR, 92 T 60Hz IR T Y
P A%, U B AT B 5 36mm” Y X R, i
1 g8 4141 77 T FERT 10 43, (] e 24 SOK Sk
M 7y BEAE . RGN T Eh U WA B 54 AT
T A LR W OUE 2 R L€ L L R 3 T I M 5
75 Rt FE b D 22 R Y B A AR . i ARRRIC .
i I 25 0y BB R N BB IR T & R R Bt
T A 2 K bR A U Y B 2 o BRI R AR A T
SRAT )R TTH o ROk AR B AR T i 4 R
W GRY KRR E R, FFIRRIT Rk 2B OIRD
AR FR G, LA S 52 RS A5 5 A5 AR 5 1 [) 20
i, LU o HOW R R AR SR AEBE T o
S % 3k
[1] WangK, Guo L, Xu C, et al. Analysis of the current develop-

ment status and application prospects of coal reservoir micro-

structure characterisation technology[J]. Renewable and Sus-

tainable Energy Reviews, 2025,221:115939.

[2] WuX, Zhu C, Wang Y, et al. Micro/nano lasers for biomo-
lecular sensing and cellular analysis[J]. Photonic Sensors, 2024,
15:250123.

[3] Huang H, Wang C, Liu G. Tailoring the interface structures of
micro-nano materials for electrochemical and biomedical appli-
cations: a review[J]. Journal of Alloys and Compounds, 2025,
1035:181532.

[4] Zhu X D, Wicklein S, Gunkel F, et al. In situ optical charac-
terization of LaAlO3 epitaxy on SrTiO3(001)[J]. Europhysics
Letters, 2015,109(3):59902.

[5] LiM, LiX, JiD, etal. Label-free OIRD detection of protein
microarrays on high dielectric constant substrate with enhanced
intrinsic sensitivity[J]. Talanta, 2024 ,276:126201.

[6] LiX, WuS, Feng Z, et al. Label-free and real-time optical de-
tection of affinity binding of the antibody on adherent live cells
[J]. Analytical Chemistry,2024,96(3):9.

[7] Song C, Jin WJ, Leng W X, et al. Nanoscale probing of salt-
modulated HPAM oil - water interface adsorption: Stability
mechanism of interface films[J]. Results in Engineering, 2025,
27:105707.

[8] Qian S, Wang C, Fang C, et al. Disentangling extracellular
current of electroactive bacteria with oblique-incidence reflec-
tion difference imaging[J]. Nature Communications, 2025, 16:
7032.

[9] Meng Z, Zheng H, Qin F, et al. Mechanistic study of the ef-

fect of hydrocarbon unsaturation on the distribution state of wa-

[10]

[11]

[12]

[13]

[15]

[16]

[17]

ter molecules at the oil-water interface by oblique incident re-
flectance difference technique[J]. Energy,2023,276:127658.
Qing M, LiuJ, Huang Q, et al. In situ probing of wax precipi-
tation of waxy oil using oblique-incidence reflectivity difference
at open bulk surface[J]. Fuel,2022;316:123436.

Zhan H 1., Wang J, Zhao K, et al. Real-time detection of di-
electric anisotropy or isotropy in unconventional oil-gas reser-
voir rocks supported by the oblique-incidence reflectivity differ-
ence technique[J]. Scientific Reports, 2016,6(1):39306.

Wang J, Zhan H L., He L. P, et al. Evaluation of simulated res-
ervoirs by using the oblique-incidence reflectivity difference
technique[J]. Science China Physics Mechanics & Astronomy,
2016,59(11):114221.

BRI, RIS, P, A BETORET SPRAY K A 1Y 5 SEOL R
PERFIELT]. Je A, 2024,50(04):508—512

Zhao Jingtao, Zhang Zhenxing, Sun Xiang, et al. Research on
surface enhanced fluorescence characteristics based on fiber
SPR([J]. Optical Technology,2024,50 (04):508—512.

RAGH, IR, KIRFE, S5 BT HL 26 SO0 A
i BRI B AR [T]. Sz B, 2025,51(02):252-256.

Wu Chuanchao, Su Hongjin, Zhang Zhixiang, et al. Elliptical
thin film measurement technology based on Fourier transform
infrared spectroscopy[J]. Optical Technology, 2025, 51(02):
252—256.

Wang Q, Zhang X R, Li Q, et al. Anti-allergic drug screening
in single living mast cells by means of a novel surface plasmon
resonance imaging system[J]. Sensors and Actuators B: Chemi-
cal,2024,404:135286.

KA, I, R, S BB BRI R R T] Ot S
Yo F Ak, 2022,59(10):11—22.

Zhang Yu, Lian Jie, Wei Mingyang, et al. Research progress
on ellipsoidal imaging technology[J]. Advances in Laser and
Optoelectronics, 2022,59 (10):11—22.

XFE VRN O S5t 2 8k TE bR 1L W T 8 A ELAE T 3l
PRl RE[D] st HE BB R, 2015,

Liu Shuang. Study on the dynamic process of protein interac-
tion with the method of oblique incidence light reflection differ-
ence without label[D]. Beijing: University of Chinese Academy
of Sciences, 2015.

it W TR 5010 B 22 PR B3l K SRR 23 T AL R S R
B P AL BT FE (D], L5 A7l 2 (a0, 2023.

Meng Zhaohui. Research on the control mechanism of molecu-
lar cluster structure at oil water interface based on oblique inci-
dent light reflection difference technology[D]. Beijing: China
University of Petroleum (Beijing) , 2023.

BEHAY, MR AT, sR/ANES, AF T M OGO K iR R
RYPRLEE L CMOS Wl R B2 [T]. 62 A, 2022, 48(06):
696—702.

Qi Yanju, Zhao Nanjing, Zhang Xiaoling, et al. Research on
dual cmos measurement technology for particle size of sus-
pended particles in water based on forward light scattering[J].
Optical Technology, 2022,48 (06):696—702.

BPRAR, EWS, PRIESE, 5§ . BT Marangoni Z00 i 06/
W R ELT] AR PR, 2024,36(10):1541—1558.

Wei Zhenlin, Wang Hongfei, Chen Yaliang, et al. Micro
bubble/droplet manipulation based on Marangoni effect[J]. Ad-
vances in Chemistry,2024,36(10):1541—1558.

11



