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Research and application of anti-noise in deformation field of building

structure based on digital image correlation method
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Abstract: When measuring the deformation of building structure, there are problems such as cumbersome operation
and susceptibility to external influences. The digital image correlation method can overcome these effects, but the
noise generated by the actual environment will affect the accuracy of the measurement results, and then affect the
deformation field of the building structure analysis. This paper proposes a new digital image correlation method,
which uses Huber function regularization to obtain the gray gradient of the architectural structure image, and then
applies the N-R sub-pixel registration algorithm to obtain the sub-pixel displacement to improve the anti-noise
ability and stability of the algorithm. The superiority and reliability of the proposed method were verified by
simulation experiments, and concrete specimens were prepared. The strain field of concrete specimens under
uniaxial compression was obtained by using the new method, and the crack initiation, propagation and failure modes
of specimens under uniaxial compression were analyzed. The results show that the new method has good anti-noise
ability and can visually show the crack changes on the surface of concrete specimens in the form of images. It
provides a stable and effective visualization technique for studying the crack evolution law and damage
characteristics of the concrete surface from a microscopic point of view.

Key words: digital image; concrete;anti-noise

B LA VERERE A AR BN TR O SE SR HR AR, JRFR MR e L AR 0 X i 1 e, A, oy

P, TEERLEMBEATRCI. W LEAESR, X TR BE
T EER RN ) J5 1 AE A W G A sE 2, {HR T
KBy SR IR DT i Ok . =805%) B B

KB 2021-03-16

E¥mEE.: 2021-09-22

1% 445 75 1 (Digital Image Correlation, DIC)!?! & H:
M. N R SRS, W BRI ER

E£WAB: EFRARBHFREETHE (51209167, 12002251), BeviA HARFHFIEEVE BT H (2019IM-474) , VG20 BHE T R 2 4% B H

(2020KJRC0055)

E—1EH. kX (1996—), B, Wi, MM HFEGREGEREIGEELM. E-mail: 2440733517@qq. com



724 (7S )

BB R

%% RAKFRER) %03 %

[l N Ab AR 2 5 3 #B R BT G AH 5 1 0 b
FHEREBEAT T 5T, Castro S5 FI I 5 1 4% AH
P I A AR R O 4% 22 5T 1) JL AW Bk FE s Shah-
mirzaloo %5 R H B 5 QA S Jr k&l T
A12024 g RE 5 45 Sk AS ) o 4 DX IR 1) J) 330 B -
A% W RO T LR R A R 5 BRSO B
TS ARG Y, R B AR K
ARAFHE X12 & 48R 1) 3 R R Qg A Y e 1)
MG, 315 R e B 5 5 2 0 B4 45 R 21T
Pk, VPN TR RS 6] B =k EE T
WO HAr, ERFEGHEGENR Y, #
M 250 == [ 45 R G 7 v 0 R B Y 32 2 ) 3R (TR e
R RO R R D BRI IS, H M R
RERAMR RN FH. fFELhREd, BT RE
RO ) 20, A0 kG S ;= A M. O
THEEECT B A SGE  BUMERE J7, Sutton S5
BT 44 GCV(Generalized Cross Validation) fll
A PR ITT I P R M R I 0 Pan S0 $
— R R G 8 - H R /NI 5 v SR B E - e
KA, EHT /N T N R i . DL BT
SRR T BT ER A S E Y BT RE 1, (HAERF R
HAEAE A5 JF TR ) R 54 bR 450 4% Tikhonov 1F
DN R A P AR AR BE A BE B B, IO T R IR
UM R, SR AH AR 48 19 Tikhonov 1E Ak,
Huber b %0E WL B 50 1) o P RURS 2.

PR, AR SCHR HE — ol A 250 RS A G ik ) &
TREE R AZIE, KM Huber bR %0 F WA AR B2 BE
19 N-R 3 HEATI0AS 2% 00 0 o SR 32 v 4 7 R MR AH 6 1%
MIHTNRRE ). R SR AR Sl R 4 T TR B Y
AR, B5a AR R E R R AR 2, 4 AT iR
TR R S B B, AT A B AR A T IR BE
ZLE IR i R TR A nT AR 7 1 R ) i T B

1 EF Huber-N-R H#=F=BE{&H XX

0 1 0 5 5 e 0 R 24
T, A T B R R
ERWER T KO RIERA y—y(x). HA = 0
KR RIS 57, Wi A

|yl —y(x) | <0 (1)
A, o MRZE(BHEH), i=0, 1, 2

TR o (ORI v (o), 5
ML AR I TRy 1

(@) = [ Koy mdo<e<1 @

X v (OMFERIT; K(x, o) %L

B ()i L Nz, R
¢(y"‘):%\| Ky —yli+a(y”) (3)

R « HIEWALSE H o« >0; T(y ) hHEER
Tikhonov IENALAIZEREL T (v" )N

TG = Iy =] 1y @ fde

AR FZIE N IZ R % T(v" )h

Ty )= Ivy () lli=Tal Vy (2) [de(5)
K, V(O v (OWBEEE.

SCHRL13 ]#5 Huber eRESINIZEREL ¢ (v ) 1E
PRI T(y" )R

T = vy ) = [ 1 a7y () | d

(6)
O(Vy" (1)) Huber ¥, RIXXWT, R

1 . 2 *
Jsz 5. 17y <0

(Vy (1)~ 1
lo(1 75 @ 1~ L) i

o N * _ %

s 0 m B | vy (o 1= |2+

oy oy oy’ &

O |2 R AR A R i,

Eljag; o (t+hz/*y* Oy k.
MASZHZ R 6y )
$ =5 1Ky =y l34al Ty I (D)
o, 2 FEXE[0, 1] E¥e: r,=ih, x,=ih(i
=0, 1, 2o, w), A= EATERRIS, R(2)%

i+

y(x) ~ ZhK(I,tj)y"(tj) (8)
ZEiRE, 2
Vi = Zthyfx = ZAi,jij (9)
A BR 224 1 364 T 25 H0E AL 35
oy (&) vy (tia ) —y" ()
o h (10)
& t=nph, "WAX(10),
%}f”%y” (L) =y ()= yi —yf =Ai
(11)
A (10) By B EAZ sRECH
By =5 1Ay =y I3 +al @(Vy ) |
(12)



%5 ik ®, %

BT T BN 5% 10 R S 45 4 AR TR 37 v B HUMR I 52 B o7 A 725

kT A5 BRSO 00 AR AR, R RHZ bR R AR
AN 2, AR/ 0 LR DL BChL T R
[A"Atal(y ) ]yi=A"y (13)
K A RAMNEEET; L(y )=hDxD, E
(3" )% R, B

o 0 .- 0
. 0 (751
E(y )=
0 oo e wu,

JéA% A <0
:/H\:l:lja ui: 1 .
Wo(aiza, Hofth

(A 6 13048 - 4 4 0 A5 T 0

TSI AR R BRI R R R R A
#, SRR AR S R S A TR R
TXH K PEREE )G, 5 Newton-Raphson 5% 4%
B, IR BE AR AR AT

2 HENMESBRATETREIE

TR R R R R, R A
THRHLDT BT B ok A LR Bk - R AR . 1
LS I T AR Al 5 RO AR i BB AR RO L 3L
H. e &R AE 855 AT o s . i S L
it ¥ 4 Intel Core i9-11900K 4ZbFHZS, 64.00 GB N
%, MATLAB #4:hAs 0 2020b. R H] zhou! ' &%
N $ 0 ST BB AR A R R AR T G A

any>§¥ww(<wa;§ywv)

(14)

\any>ﬁywm(—”I*M,“J”ﬁf—ﬂyyk%.%fva
k=1

RZ
o s 05 FLSEEE v R B e A% T 507 R AE LAY

gi(Ey{E?Ej‘j ONZSS); Uy Uy j‘? X, Ny jffmJ:E/‘]
MR, w.. ou, . v v, AL TE S TN B

—Wr s X R BURRAE sUBURE B s S 2 000, 14
B PrRN 512 X512, H{ARIEH I, =255, HFEA

WURL AR r 2, HApRZHOh 0. 1 PR h & T
MATLAB $ A2 pl i) % (8 AU RO .

B 1 s E
Fig. 1 Simulated speckle pattern

DA SCH R B0 R R, SR T LA AL

BUBE [ 6F Lb 52 30 6 A6 B vk L N-R JEUY | Tik-
honov JEFNA LB AT 40 . R PEFRAE AUMURL 2L
s A1 1 200 43 PEER K 256 X 256, BRBE R /DN A 4 pixel
B BLALEBE A o 2 2% AR, B 5B « J7 ik
FF£ 0.1, 0.05, 1, -+, 1.0 pixel, A% 20 BBk
PEEIVE M AT Ja G, AN, 4 nlfH b
AR PY AR A TR, SRR R 2 PR,

I 2(a) . (b)w]FE H U Fh R vE 0 #4168 1% 22 10
FERC/NEY TS B N 3R A T 3 3, A B B ik ) B E iR

R )
ZAHE T HoA =M B R G s K, HbriE 2
W—E & T HA =F 5%, N-R ik, Tikhonov J7
AR HE IR ZE . R EWEAAHE. K
W, FETCMERIRZS T, M6 ih I & 0 B iR 25 48
K, oAt =R AR SRR — 5L

Q004 ~® New algorithm 2
-®-N-R
= = Gradient melhnr]/ \‘
#0.003 7 = Tikhonov A \
B A -
ZF0.002 | . ;‘_\
=z A [N
E At b -~
20001 | & . N
E . ° ol 'Y
= g - R wr\
v L4 ®e o \X
0.000 i 1 1 1 1 ' J
0.0 0.2 0.4 0.6 0.8 1.0
Displacement/pixels
(a) brifi 22
0.002 1 . New algorithm \
- e N-R ! 'y
~& Gradient method
. 0.001} == -Tikhonov l' \_
<
; -~ ".h:~A
£ 0.0004 ¥ LE
£ UV00% e 27
= e gp, gt
i yata 20T,
~_0.001 | \ -
—-0.002 1 1 L 1 J
0.0 0.2 0.4 0.6 0.8 1.0
Displacement/pixels
(b) ¥IE % 2%

B2 F1MEEFNETRTERZLR
Fig. 2 Comparison of noise-free calculation errors of

each algorithm

Hi R SCEe mT R, AR BEAT AR 3% B I S



726 [T 7S = S N SN

¥ RERFHEMD H53 %

of B A ) ) R P R 2R AR, N RE R A S B T
B, AR i SRS S0 HBE S B %) R A = b
BRI BTN RE S UE TR, AR A 2RI s A
1 500 %40 BEER K 256 X256, BUBEI /N A 4 pixel
MASSIBOBRE ], 5 = 2 J7 ) F 4% 0.5 pixel £
ZHEUER, BIMANBE RO, JFEH 100, 107,

, 10 —ZH e, ARk 9 IR AR TE S G
oI I R Y LV BT AD s S 7 N 8 157 S
mE 3 Frs.

HE 3(a). (b)) W FH, =FE LN R 2ZE
LA 152 25 HE i 2 MR 2 1) 388 i 4, N-R 3L )
b 25 R ¥ 1% 25 3 K, Tikhonov 7 1) br if 22 il
B R G IR N Hae /N T N-R %, Filik(E =
FhE L AR E R IR 2 /. KWk, fEAa M
RERZS T, #7006 78 T F 550K B B 3 e 7= A 9
BARE W N, e T A% R E R
.

04 = Tikhonov
- ®-N-R .
» =® New algorithm -
< .
% 0.3 L4 ]
= @
= e -@
= .
e .- ®
E) 024
E
S 0.1F o
o ~
&0 e —r . . et e ™ *
6 o - K e
— ]
0.0-— - - —a —m — [ Rt ,
-6 -5 -4 -3 -2
Noise variance/log
(a) bRifE 22
0.02
0 = Tikhonov . -
“e-N-R °
~m~ New algorithm
. 001 »
] @. -
E . 3
£
o
£ 0.00 . ® L
g - .
o .
=
=
~ ~0.01 .
e e —
R R R
. * — B -
N - L -
~0.02 ot ~— m )
-6 -5 -4 -3 )
Noise variance/log
(b) BfE B

B3 BAEENRBREELER
Fig. 3 Comparison of anti-noise performance of

each algorithm
3 RBETRMERTHEMNELR
Shy B UE B 1 TR L SR T vp ) AT SE R % S bR R
FHPERE, AR ST R IR BE 1 58 b s 4 X 0 030V
BRUESCHE. SRBA G0 C0 TREELIAME, R 7Y
RHHFH R LA TRBEH WE-30 1T )7

AEIMBRIE AL (AP 4 B o) I it s i A i ik, e
RAREREA 300 kN, WERFE< 120, RIH]
xR BE LA R W 2 AT N TE S W, B R OoR 2R
ARG EiE AL, A5 2R A LED B eI
BATANG. X R, TR BE R 3 5 I R
FRAERRERR TRIERERE. ML, B
SRR | AAEEROG . RS M S ) RS .

B4 RmmigE
Fig. 4 Test loading equipment

I A B TR L - R AR 2L, Wl 5 PR,
W12 v 2 b AS [ B 220 B0 00T 8 B 1 AR 2 1 2 ) T
6. R4 437 4 W AR 7 Pl ] LT B 3l I 2 A 347
MR s - o Al e 4 T B0 SR ECm AL LA, Al A
JE L5 TR BB A U PE ) 42 )R 40 R ALE

HIE S T RUR 120 k4 800 DA 381, %
R2F & 6 (a) (AR 2 8], b i 20 3 A AR A/
BeJG, BEE MR E N, TREE 1 R AR . &5
o2 B ZITRBE A B T RN SE TR IR
TR B, R HIF IR A T8, B B ) 42 3 B
BREME 6(b) R, ExEp Bl 7 AKXk
B AR DI, P B0 22 D DX R R R AL X sk
JEMEEL. 3 I ZIR R 6 (o) BriR i AR =,
AR 22 O 2 Bl T W AR P X, I
I SRL T R B BA A, MG N W AR h 2
M, RN B, R SRR, Bk 4
W2, HE 6(d) e R e 2 B A
AR R AR EE, MAOWMER TR,
AFE ] T REIR, (R e i A I R 58 4 i TS
RESE AR PR FF AR AR TE A, BeJS, B2 ) AT R,
REELBIR, HRA —ZErRERES, &N
Tyt AR SR N AR, SREUA W 4 TR
HEEMNMAGE2ER. 5 HZRE L 52 m
I, Bl 6 (e) IREIFE Y, oI A R R AR B v X 3
AT AR, Pe AR AR, T



%5 W sk B, S BT EUR A IR @ I LS AS T by o 0 PUMRE 5T B N 727
35 4
021
30}
25 3 5 E
£ or
£ ook g
20 :
R :
= 15F = 0.2
Iy
10F a
2
5k —0.4
. 1050
. . . 500
0 0.05 0.1 0.15 1000
FAE 1% 950 400
900 300

5 RSB 2k

Fig. 5 Stress-strain curve

(d) 4R} Z-) Hy
x 10

(e) SN ZI-) g

E6 &I HATHNERE

Fig. 6 Strain cloud diagram at various moments

WA, b T B HE AR S E S M R R 8
WBTNEAE 1, AT T 5, BB LG T
TR A B SRR R T %, SR B T AR B G
TR BN T 2 (4 R T P R B T
ELS IR A% % 4 0 T (G B e, X IR R
PRI AT AR AT 3 0E R 0BG G2 A5 H O pixel.
B PG 5 0 b 3k S 5 00 P A 0 4 52
SEINIE T R, BT AR R b R
TR, B, O LUE b R 0 i B i
S5 S0 H VR B BT A 1.

235068 JE = o 8 T BT ) A A T
R 1 BEE AR 0 pixel B = RO A9 2
SRS, B 1 T4, N-R M Tikhonov

7 RETMBE
Fig. 7 Concrete displacement field

TR BB R Z2 5 R AR SCRR B0 2.5 f5 A 1.5 £,
P 2253 ) AR SO 3. 5 %A 2 £, AR
FEL N-R % Al Tikhonov ik i+ S & KA & F T
20201 1000, (ESEPRAYMEFE IREE . AHEL N-R i
A Tikhonov §%, Huber b 80 1E W4k J7 i Py 44 #) 2R
JEE BT LA 280 /N W e ok ) R L A S, R
T AR AN G Ik AR R Bk L AR TR I R b Y T R fE
Ty, PR T BT EAR A S TE B O SRS B A
R

F1 BEIRAMBA O pixel HEFMBEENITHEIREMZHEME
Tab. 1

The calculation error and calculation time of the three

algorithms when the theoretical displacement is 0 pixel
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