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Abstract: With the rapid expansion of the flexible display industry, represented by foldable smartphones,
simultaneous measurement of deformation and stress distribution across multiple structural layers under
bending has become a critical challenge for structural design and performance evaluation. A color multi-
channel optical measurement system, integrating multi-channel Digital Image Correlation (DIC) with fluo-
rescent labeling and the screen’s own display, is presented to enable, for the first time, synchronous mea-
surement of deformation and strain fields in multiple structural layers of a foldable screen during dynamic
bending. The display layer produces red speckle patterns via intrinsic luminescence, while the surface pro-

tective layer 1s endowed with blue fluorescent speckles by spray-coating a UV-excited powder, enabling
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non-destructive speckle application compatible with mass-produced flexible screens. Incorporation of green
fluorescent powder into intermediate structural layers during manufacturing further permits synchronous
measurement of additional layers. Color-speckle images are captured simultaneously by a color camera sys-
tem and spectrally separated. Full-field deformation and strain distributions for each structural layer are
then computed independently using DIC algorithms. The system attains in-plane and out-of-plane deforma-
tion measurement accuracies of 1 pm and 5 pm, respectively, satisfying the high-precision requirements of
multilayer material characterization in flexible-screen design and testing. Experimental results confirm that
the proposed method accurately and synchronously retrieves deformation and strain fields for each layer of
a flexible display, offering an innovative, non-destructive testing tool for reliability assessment of flexible
displays.
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Fig. 1 Principle of digital image correlation
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Fig. 2 First-order shape function

AR S 5G SR WU BL R G2 DA K [6) B ) 2
FOHR 2 M R I A B AL HEBE R ok S = 4R 4K
RS A S o 3 X E SR AR bR E
SERUAH ALY P9 A 2 80 (U FE B AR R X A
S5, AL =Yk A A A bR T T4 SR R ek
SR, ME 3R ,AX, Y, Z) N5 A bR

Left image Right image

Right camera
Left camera g

&3 XUH MR

Fig. 3 Schematic of stereo vision

R =W PP oyl R e A AL A SRR
W L0, O, A FHBLE GO o AR SH
SER R GE R, A SRR 0P, M & O,P, 1
BT, A 2R 28 A AT DL R R A Y
= YE AR

FH I AT X 2 0 P 4% T IX sk itk AT A A7 A AL DT
Bt , EH# S % = gE by AL ¥ IRl — 7 X 43 51 5 A8
T IG5 B 22 A RS DC I, B 8 AR 8 I A = 4 Ak AR
Ay ZJEHE S ITRAL R K B DT SRS
F| 307 B 5
2.2 ZERSENTHETNE

FEAL G2 1) DIC I & v, 4 4 3% 1T 1) S0 3 8
SRR R RN A S E S N TP §= 9.0
HA 2 R mre ik (W6 8 s ok &)
B, 5 30 HCBE XE DAY AR 6% TR O R S0, S B0
KGR T [ o T A% S0 W8 U TR S 2% 08 Y L 45
IRZTEN RN Z S5 . it AR SCR 9
AR IC A 38 3 A 1 DU ) A 2% T e Ik i B 2O
WK TEBOR OGRS 7 A e K 1Y v X L B 9
S 2, I 02 U B OB R 58 RAE 2
MAPERZNERER "

HE— 25 M, Sk S B 3 R 22 )2 A A 1Y TR)
W, A SCA5 6 2238 38 AR H R L FF B 26 R
Pric I WoR B ELBE R 22 5 WoR 2 B 3 BRI
BE U RE 8 o AS [ O6 5 34T X 4, il A 2 AE Sl
b Hp ST R R AT R Y R IE
S bl A A PR AR R E AR A 2 1 SO0 HUBE
Pric (9 B S i K )2 OLED R 2 WoR 1
LB, SEEAAE B RS AT IS R
FKE5 BIREN AR & 7E A
T 7 22 M B o A o B rp ik BB S ) & S
(s € 9% B ) /9 28 6 A R R 10 AT 2R 2 IR B
B HCBE B %6, BIAT SC BT B 22 2 A5 R 1 6 7
5N AR B ) A PR, AR O R AT
fERZE BoR 2 HBES N4 1T 5 AT B
St %% 0 T8 A8 [) 25 W i, 38 W] 7E B & AR 7= ol R
i 2 4B A 98O, S BN 2 HOBE Y 0k ST AR
i 28 58 U Z M B 22 )2 45 K 60 A% 5 0 R 1 RS
5 5 537

TE 2 38 38 8 BAR A L H AR R & G
A Y HICBE 1] 58 AT LA gk ST G T A AR R e R



2358 e K TR

33 %

SRS . B4 AW R G LB G
Wi 107, A BIL R 0 45 40 06 &R 48, FF A G Ot 2 ik
T2 B B B 40 (R) (4R (G) (HE(B) =3
A, JF 3 0 % 55 2 341 S 1 CMOS & 8 4% L.
g A A% TR A A WS B K BRSO B
BE AR 52 0 RGB = 18 38 K0, 0 5 M g ol
R RMERE . MR AMILEENZEE
BB ZE, ZE UMk A NFEMEZ
I N, A 2 )2 N AR B i R S A
T

400 500 600 700 800
Wavelength/nm

P4 BT TR AR AL Y D 38 i 7

Fig.4 Spectral response of selected color camera
3 AN B MR ST

TE =4k DIC EoAR R G T I 4 (9 ANl
JEE 73 M7 2 O B 45 SR AT FE PR B R0 3R o I A
FEW R IR B RE R, H v 0 AN 5 B R 0 1Y 3 %
PR A AP E PR JER VE B PR A5 45

ok A 4R B 22 AR 2 T TR E = AR RT IR
BAKBAR N Z TR R GEARE . %
J5 ¥k 5 TSR 1 B A TS i A 5 A0 A A
PRAEZ A 28T B R, 15 TC 1 45 1 5 b B 42 1
Mo TE VTSI L T L AR 24 RS R R S R R
ARG W0 G 2 B AT Al s 0 i /g
il 0 B HE PR R AR W R LS AL A
I B R A A U A E S A B W B S U
KL B VT E I B 42 1 X A b ol T DR S A AR R
AT A 32 B WS T, N RS R AF TR IR 25 R
ZSLWRRE SRR . ARAERE R Z5 g, AT
DA JH 98 ) i B B 5 50 1R 22 AR A U 22 o R AL B

PRE S BT E L 00 o MR IEAA -

Z

[m,—m(0,X,)F

2 i=1
e — ’ 3
7 N—P (3)

o, AR S UC AR bR, o (0, X)) S T
P E 2000 1 45 ) B B AR A, N2 I A B
G 45 ] i BB, PR AR SR BB

oy o UL KA A5 & Z 800 B b R B Ja-
cobin % B¥ 5 Hessian i FF Y . H A5 o £ 7] &
A

2

N
arg min gp(&)zznmf—m(ﬁ,X,JH (4)

Ugﬁ.l‘%%%ﬁ‘]:

T —1
_ g Qm | dm
N A L I FVR Py,

ff Fl 1C-GN (Inverse Compositional Gauss-
ian-Newton) 5 1 X |84 317 WAR F VT AT, itk o
v PRI AR M P HICBRE ] 58 BTt L IXORUST AL
BAL 1 A 4 5 W S0 B I RS RE L E T R B A
BB 0 5 00 3 U D A A A 0T A AR X 0
AN E Y 52 e 0] DL 200 o AR TR BR BSOS R
VE P H F XORCSE 8 2 B 0 N AR = %
K E R R ) A PR DG A R b S
Eﬂ‘j:

ol. (5)

Z;Zﬁ?(fv%‘)
=2 @

z lfyz( fn}’_f)

Kt io(u),o(v) o BIMRER w, v 5 ] AR E B,
o F] LA 3 %) 2 2% R il A Laplacian 557k 1%
Loy R RS AR PG A 5 ] B R
FEAWE G, A BLIG e £ Ol 207, 8% 2%

X 3 (Region of Interest, ROT) i R 2k 1 400
pixel X 1 500 pixel, %I 5B 9 M & X 38k 2 24 93
mm X< 100 mm, DIC 434, F X R/l 21X
2UR R PR 1B F, DL FOkS B 5115
FasE M o MRS Sutton SN o B EIR A K
D4 B2 19 43 B, DIC R80T 43 i35 2 4 0. 01
BE A 0.05 B E M AL A . 454



515 M IR F . 2

1 B0 R AR SC ) L B 22 2

AR [] A I 2359

N (8) 5 ARG S B, AT Z G X I 1 A7 B8 Il
FERE AT IR TH N 1 pm (IHTAR 5 pom, 6 2 28 PS50 L
IS ) D oK o
¢, = Mo,, (8)
Xz o, S TP BTE A B I AR 2% 5 MO R A
TR N S BRI g O AR R B Y
{8 5 0, SRy 05 B 0 S 1) VA R0 %
4 ATMREBGHGE TGt H
IV AR 37 2 RAE MBS U FE 0 OC B ) B 4
L% ST W A P S R A A G 7 AR L AT
i RaP N Y ¢ RO T O i L BT = TR N S |
AN BN T AR R TN 37 14 43 A )RS B 4 7
R I AR B XA A AR A R B T
BT RS HEOCHEE B I th R F
TR ARG
I T X 6 B8 37 AT BRO(E 22 73 23 0 3 ORI
P, NS S 1 T BEOR R A R D) R A e A MR
RS I B BRI LT o PR A SO AR
R SE VP IE 456 SG(Savitzky-Golay ) 41
£ o fige AR kBT DT i R IR R R 5
A H bR I R RO R AL 1 S O e I
S PR AR, AR B R SR R B AR R
it 4B (K-Nearest Neighbors, KNN)# 2, 3 42 48
U E*T'Ejﬂqub‘ TE 45 58 A2 N 1 R AR A
B P s i) P S o T AR AR R T A R AR A
;&Kﬂﬂi N B E, U140 o KNIN #2500
W FEAR B A, Z 5 2k KD # (K-Dimensional
Tree) MESBHAY R . RIG /b 3k, F
FHAB B BT A 19 s 3 PR U0 T ST
Jry ST T AR AR AR o FR MR = 2 0 A8 3 3 B R
BB gk A AR R Ak Oy 4k DIC L A% 1Y 3 55 1R
W, s A HAR s B BT AR U
SUP SR AR B H Z4E SG B U AR LA A
(2K
u(x,y>:a<)+alx+a2y
‘U(I,y>:bo+ bll‘+bgy’

KA cw, v YR AL R TR, a0, b,
FRELA W B, ar, a5 S du/dx, du/dy B AR T
8,61, 0,50 9 J& 0v/dx, dv/dy B9 A T, W] LA

(9)

MR/ Z B E S
o, 38 A A B A B BN T 5 N AR

>N TE

fie i B 1155 H Cauchy W A8, Ho5K 53 51
e‘l—a—al
dv
€y=a*y=bz : (10)
Yoy — @+a—b +a9

KRASEARBE T 15 H Green-Lagrange I 72,
JO7 728 5 3 53 A

1, .
E“=m+E@H%O
1
Ew:bﬁg(aﬁbg) . (11)
1 1
:7<a2+ bl)_’_g(alaz—i_ blbz>

7 AR 2 0 A K A I R AR A, R AR — A
W REE 7 ) (T ) B IE R AR o Y AL bR R e F%
2 3 J5 1] B, B39 AR 4y d S | [R] B OE R AR i 3]
WAl AR AR IE P T R R AR S Y b 28z
FERAS B TR R AE 2, NIk, G4k FR A
TR R AR 2 FAF B A AR A

5 mMexrkhEaER
5.1 LWRE

SCU AR Ge A BN S TR, 22 M BEEE & B E
TS & b 3R E S WER 0 (0 9 L HEE
N L R A= S ARG € S S Il E
8 5 B 0 AT 7 T R S AR ) A o R i 1
Tk A AR B B AT A TR X R N 28 % 1 AR
W W52, GniE 6 fr s, SEge e 2 B R 2
WEUR T W (A R 2B EEE , 1 B s 2 LA B
AL E R DL R R R R 2 S BoR 2
B AN AR o SR 5 AN G TRAE R R OB H T
i 0 e T S 7 o T I L = 0 D O V3
K o 520 DAl 2 A B e 30 22 % B A
a b, LB AR OG5 5 T M o

ARG EW S AILCHPL LR AL 2) , 2
N A ] A0 £ R 4 52 PR e 78 25 47 ) 7 b i R
T 2 R A SUAH HIL AL B L T AR AL A 7



2360 b e

33 %

Axis of rotation

Controller

Support plate

i -\ UV illumination
Camera I Camera 2%

L)

PS5 VRG22 J2 0 2 [ 25 ) 92 4 2R 487 28 A
Fig.5 Schematic of synchrous multilayer strain measure-

ment experimental system for flexible displays

O, B PR PRI W I BOT LA T, Sen ik — 2 2R
PEBE AR N AR ST 192 25 BB AE D 2R i, 98 3l
o S ARG A UK B R B A o A v XU
PLIR) 2D R B B e I B BE R, L R 4ok . 45
B BT AR AR B3k X SR A B B BB 8] 4T 23
B, S O D 4% J2= A n 28 B b ™ AR L A%
AR .

K6 BRERES Wos
Fig. 6 Image of sprayed speckle and displayed speckle

S R B AN T R R B ] A AR LB S
JAT Apex AP-3200T-USB. E & — # 3 T 3
CMOS (Complementary Metal-Oxide-Semicon-
ductor) BB 1 Tolk RGB AHAL, 7T % % 6 KR 1Y
BT I TT

Flexible screen

loading device UV illumination

~~~~~

v

P 7 ZPE R 22 2 N2 [ A5 T ik 52 56256 5
Fig. 7 Experimental setup for synchrous multilayer strain

measurement of flexible displays

5.2 XWHER

Pl 8 Sk 2 1 B in 8 B v 3 3 & AR A
TR EN A 2 = B (RELE R AR ) . B 8(a) AT
VLA M, 97 & i (P T & 7 1f 92 /ol 180°) R 2
F) I AR 43 A B S #4940, R R B R N AR AR
TG BB R Z AL T s T R A . T
0 (P 4 & 7 Tk A Dy 90°) , i I8 8(b) A
UL 2 2 09 N A2 43 A0 & A AR AL R X 3
AL G RN BN S R A T
KB N AR B B, OG0 7E 5 3T 3 & Bl 0 X
N AR AR AT N 2. K 8(c) AT LLE Y, FET
e IR B B (P AT & T T e R T07) , R R
AR oy A N 2%, EB 4y X8R R AR E — A 4
H, Of B R 2 R AR B R I — R TS
LR R A N DA AR AR Ay W 2 T AP 5 o o B
J2 T T i R 32 W R 46 R K, DT B0
AR

&S ED , REME R ZEH M T B
{14 J07 A8 4 v DX, HG b 2 11 0 AR 4 rp B 42
s, XEZRWERNEZZ2EMREEAC. H
F AN B2 (0 MR IE 1 5 R R, e &
i RPN AEANVC LS . K2 R AR 4
DX 3 AH X6 43 150, AR (B R R B8 /0N, o )2 4 g AR
IR W AR AR . X AT AR A
R R R AL T A5 A T 2 AL 32 B 0
FUH 45 0 1 3K A & b B v, ml DU 5%
BN AB oA A R A B AR, X R AL
b U S R R 2 A S T N 2k T B 2 )



5515 3] IR T L2l

1 B0 R AR SC ) L B 22 2

AR [] A I 2361

Surface Displa
lp i 2x10%
l 2.5x10*
Engineering principal strain 2/mstrain

(2) $r & AT =N
(a) Strain distribution before bending

Surface Display
. . |
-110
Engineering principal strain 2/mstrain

(b) &M ERFN0° B 28 AR 55 A
(b) Strain distribution at 90 degrees bending angle

Surface Display 10

. . -130

Engineering principal strain 2/mstrain

(©) I EALIRFNT0 I 27828 53 A7
(c) Strain distribution at 70 degrees bending angle

K8 TAEENAE 2 = &

Fig.8 Cloud map of engineering principal strain 2

T JC R 3 RAS BE NS 2R 0 JIRAS R R S AT
B b Y DR o Y BN AR AR

TESERp, by it — 20 5 23 A 2 P B A ) i
JZ2 Y AR o3 A LA S5 AR R s, s
Pl R T — 2% 2 el A S il g O\ ) R (U S A
Jrla G2 SR IR R S R 2 0 A B
I 25 i 1 A i AT X LG A AT, A0 9 T .
TR G852 W 75 52 B PRI I ) 2R 48 1Y) M 7S AT
TR AT B A ] AR A
2 E 10 fis .

M 10 AT LA Y, K25 s 2 1Y 8 A8 53 A
L5 08 2 B P B R AE R — 2, B R I Ay
B Bl B O A AR SR TR G . SRR AL R JE Y I
R R AR 25 S K, S 2 A i R g A8 1 R {1 b 3
m TR X WG 2 2S5k AR iy

P9 5 4 B DX IR 2R AE 1325 53 A 19 R 2
Fig.9 Sampled line to demonstrate strain distribution

crossing bending direction

Folding process 1 strain curve

10
=
S
'5.E
e
2
BN
o.8”
s .
.go 2 30 — Display layer
8 — Surface layer

400770 20 30 40 50 60 70 80

Length/mm
Folding process 2 strain curve
20 - . - - -

— Display layer
— Surface layer

Engineering principal
strain 2/mstrain

-60 1

800770 20 30 40 50 60 70 80
Length/mm
10 760 A8 70 v SR BE R L i AR

Fig. 10 Strain on sampling line in strain field measure-

ments

Rk P22 Sk S T SR R 45 IR AE 32 T
P B 0 R — B R T O 8 & e X
b S P L L PRt N UM L1 U S VR B U B A
AR R E o B, S — PRI T 2R AR
[ 2 W0 42t 753k 14 A 2k ) A, g T A B e 2 1
PRSPl #rp s AT o et T EE N S



2362 b=

K % T

33 %

WA o X — S5 R H A By T 22 B A S PR I HT
s DAL Ak REFR TT

AR SCHE T —Fp 5L T £ 38 DIC H AR 19 3
PEBE 2 2 R0 AR & 7 vk . Iz Or A LA A
TR )E R BUEE RSO mE TR Kb ] 2 5k
% A% 3R ELEE I #5238 i 3D-DIC 53k Xk
BESEAT T IR, A6 R — D o J&] 0] P S B LR A 2
OLED 75 J22 J AT 22 vp 8] )2 09 0 A8 43 A1 i 47 AR
Bz ol 2R 20 0 i A AR 6 2l
BAZ B2 AR T LA 43 ) i S 4558 1B T 1 AR R AL
Y 5 R AE Y . SE T R G AE N 5 E SR AR TR
IO BE A AR 3 1 pm 15 pwm, 7840 R e bk
St 25 R U v R I ik rp o 22 2 ) B
Ko FIEE R RY AL B, R R B
5 B2 110 IO AR 43 A7 A7 AE B35 25 5« 3R 2 K IR N AR
KR T B 2, FLAE S 3T 47 2 b DX 30 )R 3
N7 A% B v i S s )2 00 3R L E NS Y I AR A
B P18 b T 5 P B i AR HE P X X —
MG R R4 5 25 ARG VR T A S g 2 0w )i
FREBE R T 222G EMAET &Y o R

SH Wk

[1] KARL L. Efficient and flexible solution[J]. Nature
Photonics, 2011, 5(12): 716-718.

[2] LEE S M, CHO Y, KIM D Y, e al. Enhanced
light extraction from mechanically flexible, nano-
structured organic light-emitting diodes with plas-
monic nanomesh electrodes [J]. Advanced Optical
Materials, 2015, 3(9): 1240-1247.

[3] B &4 . ETF Abaqus s & J1 24247 o b
[J]. 3 S Ausksh 42, 2013, 22(S2): 404-407.
XUE Z W. Analysis on dynamic mechanical behav-
ior for optical adhesive based on Abaqus[J]. Com-
puter Aided Engineering, 2013, 22(S2) : 404-407.
(in Chinese)

(4] &4, H74E, A%k, . WIKARGPERS
e B A L ERELT]. m o FHMAMAFE L
#, 2015, 31(2): 155-159.

SUNJTY, HUANG JJ, ZHOU H J, et al. Prepa-

ration of modified liquid optical clear adhesives con-

WA 2% J1 2 AT O, O T S R B SR B
FEREL PR Bt TS W XN A
1 35 23 A BT, ) AT R AR 7 4R P U, AT
& T- AR 1F B AT AR S . TR R T
1 G BIBE £ AR AE B A 45 K B TR (9 JR BR P, H A
A2 e B9 MR L RTINS 1 52

TEAR KRBT, T L — 28 5 i & Ry &
Vil e )R B 2R 2k (9 e, 5 R R (i
FEOLHUBE) A 78 J2= (L0 6 7R B ) 2 i 2 il
TE A ()25 0 0 5, A R BT ST AALIR] 2
FABE , AN [A] 1 B2 0 1T 5, b 1 IO 3l it 22
ML A 3 SR I AR E V. BeAh B TR A 3h
I A5 R A 15, 3 i i P 478 2R TR 2 fi
F AL, T2 I S 4% = I A Bl A R OB A2 A
S BLAE L 55 P BE A

EEmmk A=A
FRAEMEBFERE, FBRET AT,
oML ERNE KBEEESNE B
B85,
A E L FAZE BB, IR,
T ey &R
IR FRPATERE AR,

taining spiro-orthocarbonate expanding monomer
[J]. Polymer Materials Science & FEngineering,
2015, 31(2): 155-159. (in Chinese)

[5] TUH, ZHU CY, GAO Z R, ef al. Calibration of
coherent optical fiber bundle with LCD screen for de-
formation measurements [J]. Optics and Lasers in
Engineering, 2023, 161: 107372.

(6] X ER, B39, k%, F. W& OLED it &

(25 97 5 1 [T s dh 5 2 &, 2018, 33
(7): 555.
LIU ZH ZH, LIAO D M, JIA Y ZH, et al. Stress
simulation of foldable OLED screen bending [J].
Chinese Jowrnal of Liquid Crystals and Displays,
2018, 33(7): 555. (in Chinese)

(7] #E%,Z#, 27, F. BT COF XEH LI
FEaRZ N KR T] ks 25,
2021, 36(8): 1121-1127.

ZHENG H B, WANG Y, WANG N, ez a/. Analy-
sis of metal layer in flexible screen on COF bending
[J]. Chinese Jowrnal of Liquid Crystals and Dis-



o515

1 B0 R AR SC ) L B 22 2

AR [] A I 2363

[8]

[9]

[10]

[11]

[12]

[13]

plays‘, 2021, 36(8): 1121-1127. (in Chinese)

K, A, RAL, F . MR COF S r4s i

Escﬁ%ﬁﬁcﬂaufr[ ]. #dh b 2w, 2024, 39
(9): 1205-1213.
ZHENG H B, XU Q, LIANG ZH, et al. Optimiza-
tion of flexible-screen COF bending structures by or-
thogonal design of experiment[J]. Chinese Journal
of Liquid Crystals and Displays, 2024, 39 (9) :
1205-1213. (in Chinese)

:%*“% IEMR, GETF,F . HTHNRIOERE
FW&W&M@I?&UJ. & Raw, 2022, 37
(7): 840-848.

HUANG ZH H, WANG J B, GAO H'Y, et al.
Simulation and influencing factor of flexible screen
based on cohesion model [J].
Liquid Crystals and Displays, 2022, 37(7) :
848. (in Chinese)

MR, BRES, NE . FREKRZEEEFITE
TR BUEBII/OL]. & A %, 2024: 1-8.
(2024-12-25). https://kns. cnki. net/KCMS/de-
tail/detail. aspx? filename=GC1.X20241223005&.
dbname=CJFD&.dbcode=CJFQ.

HU X F,LONG Z H, SUN Z. Numerical simula-

840-

tion of folding in flexible screens with ultra-thin ad-
hesive layers [J/OL].
2024: 1-8. (2024-12-25). https://kns. cnki. net/
KCMS/detail/detail. aspx? filename=GCLX2024
1223005&.dbname=CJFD&.dbcode=CJFQ. (in
Chinese)

x4, RE, P EE, F TR T
25 ML AZ IR E%itlﬂﬂﬂ. HFAE LA,
2023, 31(20) : 2930-2942.

LIU H, LIANG J, YEM T, et al. Comparison

of deviation in aircraft casing deformation measure-

Engineering Mechanics,

ment based on data mapping optimization[J]. Op-
tics and Precision Engineering, 2023, 31(20) :
2930-2942. (in Chinese)

LIJ, DAN X, XU W, et al. 3D digital image cor-
relation using single color camera pseudo-stereo
system[J]. Optics & Laser Technology, 2017, 95:
1-7.

FRAE, TR, FTMH, F.ETHFRERBGMX
4 22 5 S A oL A A BT (CRp ) [T, ke 5 b
B F i, 2024, 61(3): 0312001.

LIJR, WANG H Q, PAN W L, ez al. Analysis
of flexible

screen bending strain measurement

based on digital image correlation(invited)[J]. La-

Chinese Journal of

[14]

[16]

[17]

[18]

[20]

[21]

ser & Optoelectronics Progress, 2024, 61 (3) :
0312001. (in Chinese)

HE,RHER, FRA T YRS IE M AL
B 4 1) =B UG AR ik [T]. 23 h &,
2007, 22(6) : 556-567.
PAN B, XIE H M, L1 Y J. Three-dimensional
digital image correlation method for shape and de-
formation measurement of an object surface [J].
Journal of Experimental Mechanics, 2007, 22(6) :
556-567.
WANG Y, GAO Z, FANG Z, et al. Rotating vi-

(in Chinese)

bration measurement using 3D digital image correla-

tion[J]. Experimental Mechanics, 2023, 63(3) :

565-579.
RAEF, AR, BRT . ETZHEETEIRZ
MG A B B AR A [T]. 8 5 F R, 2024,

44(11): 1112001.
ZHAO H T, TANG X Q, CHEN ZH N. Full-
field thickness-direction strain measurement based
on multispectral digital image correlation[J]. Ac-
ta Optica Sinica, 2024, 44 (11) : 1112001. (in
Chinese)

ZHANG Z. A flexible new technique for camera
IEEE  Transactions

on Pattern

2000, 22

calibration [J].
Analysis and Machine Intelligence,
(11): 1330-1334.

ZHU L M, LUO H G, ZHANG X. Uncertainty
and sensitivity analysis for camera calibration [J].
Industrial Robot, 2009, 36(3): 238-243.

WANG B, PAN B. Random errors in digital im-
age correlation due to matched or overmatched
shape functions [J].
2015, 55(9): 1717-1727.

SUTTON M A, ORTEU J J, SCHREIER H.
Image Correlation for Shape, Motion and Defor-

Experimental Mechanics,

mation Measurements: Basic Concepts, Theory
and Applications [M].
ness Media, 2009.
KMy, £, G, F . LT HFE RGN

%GI@#M@%E%TEH%U] RFAEL
#2, 2018, 26(5): 1061-1069.

ZHU F P, GONG Y, BAI P X, et al. Study on

Springer Science &. Busi-

strain measurement accuracy of optical extensome-
ters based on digital image correlation[J].

2018, 26(5) :

Optics
and Precision Engineering, 1061-

1069. (in Chinese)



2364 e KEE TR 55 33 %

[22] xm, 282K, K&, F. ET/NEELRLML spectral noise reduction algorithm based on wavelet
EEMD 454 SG M40 /MG e 5wk [J]. 4o sh 3 transform optimized EEMD combined with SG
K, 2024, 46(12): 1453-1458. [J]. Infrared Technology, 2024, 46 (12) : 1453-
LIU G, GONG Y Q, ZHANG H, et al. Infrared 1458. (in Chinese)

TEE RN

FRE(1990—), J Wi+ BIFFFE 5L,
2019 4F T 3 [F L g 22 o2 3 19 1 -2
fi, 2019 4F % 2021 4F- 75 3 [¥ % P4 74 L
o o R B 2 o A L
B, B S U 4 2
58 i R R 1 S SO
ERRREIEEEEE mry WOoLZEWBEARSF M. E-

mail: lijunrui@hfut. edu. cn




