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Abstract: Machine vision displacement monitoring technology often requires the pre installation of
artificial markers, and the installation of artificial markers is not only limited by multiple factors such as
site environment, construction cost, and structural surface characteristics, but may even be difficult to
achieve under certain harsh or special working conditions. Therefore, this study conducted research on
marker-free machine vision displacement monitoring methods. Specifically, a low-illumination
environment marker-free machine vision displacement monitoring method combining homomorphic filtering
image enhancement algorithm and RG-DIC is proposed to address issues such as missing image details,
insufficient brightness, and difficulty in stably extracting and accurately tracking natural texture features
of target structure surfaces in low-illumination environments. To evaluate the effectiveness of the proposed
method, low-illumination environment displacement monitoring experiments were conducted, and active
markers were set as benchmarks for verification. The results showed that the root mean square errors of
horizontal and vertical displacement of natural markers and active markers were 0. 33pixel and 0. 35pixel ,
respectively, and the displacement of the two showed a highly consistent dynamic change pattern, with

correlation coefficients higher than 0.75. In summary, the marker-free machine vision displacement
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monitoring method can maintain stable recognition accuracy and monitoring reliability without artificial

markers, and can effectively overcome the adverse effects of low-illumination environments, providing a

feasible solution for expanding the application of marker free machine vision monitoring technology in low

light conditions.

Keywords: machine vision; displacement; monitoring; low-illumination environments; homomorphic

filtering ; digital image correlation ( DIC)

0 3%

BILA AL 58 0 B M T 5 AR R R I 4 i =X e
JE S DL e Z2 H AR [ 20 ) 45 58 H e,
SRy I A AR T AR 45 R B M 0 R %) SC B R T
Bez— 0 S SeEUHL AR L B AR U RS 2
ATAEE R IR E N TAREY ., R0, X TR
5 EA Gl e 2 i SRR B A B i IX B, N T i
Wz e, D, S bm AR LA A o 57 B8 M 0 45 R
BB O ZBAR R T AR AR R
R Y B AR AR S v A T, R Rl &5 4 3R
T Y SRS BRARRAE (TRLBBE 1 3R 10 M BT | B9 485 4 R 1
VT AR S B R ) A O KR ARFAE , 38 5 X K AR
FRIEAAT BARERER SUCHC, SC L Z5 M A A8 50, 3%
TR L WD 25 S 3455, AT DR AP 1 9
IS5 R 1 58 P T ME DL BN B2 N AR Y
AR EE 7B A v g

FIHIE, ©A — 282238 X b S AL s Aot 62 7% M
W A FE R T MG, Shao 457 HEH—F T
4237 = IR B LA D 1) A 422 Aok O 2 2 A% i D
T BT ALK G S I 5 A TR BE 2 2] B mi A
AR, Jo s B FEAR RN AT 58 i H ARl &, Bartilson
ZLEUS) L — ol R B /N TR 22 4 B A A T
FOR 55 o B e fiuh X 07 A8 T 235 SR kAT 58 ORI
YUk 7 HAE S5 A8 R W PEAL R A R S TR
SV 7. Li 2600 X KA X Ay & B ML 3R
SRR ), 4 T — e T e iR e
I 757 ( discriminative scale space tracker, DSST) ,
TP I S48 14 R 2 R B 5 2l A e iy R 1Y
[ N T TR AR AT B S i SO -
A%, T BB VTR BT R, R 15 A 1 M R SR A
e, I L IX BB Bk 1Y SEAT 8 KA R 4 Y PR B O
8 IR IR I S5O 25 PR3, T4 2 114
BLA AL e B8 W 0w L) s 4 i B IO R IE O, &) &
MG F 8 I B bR IR R A R, R E R T
BLaS L0 AL RS W A B2 BRI T HAE 2 KA
R I RO PR B o b R AL AR L 6
WO Ty 2 A AR ST .

25 L RTIR AR SE Rl A R 25 D8 i o ks 5 ]

SEPE BT 0 50T R A 56 55k (reliability-guided
digital image correlation, RG-DIC) , #&H T —F K%
W bR LA e AL RS Wy vk . G, TR
PR ALER AL 8 LS W X5, A i E SR i W1
HEUE 4B RAE SR Y S R IRAR S 1Y P S
KI5, BfS SR [ 25 ke 4 5 Sk RO B B R
AR IEA TR SR AR T, RGE BT HAE RO L
SUHRAN TR S D7 T AR AR SRR B, B BT
HaE 5 I EMR , R RG-DIC B8 KR A W
Fike , IF LA Shbn 5 W 0 B A S HL SR, 23 K AR
PR A% 5 B S A B 4 %00 i 25 55 AR DG Bl T
JIr i S bm AR ML A L o (5 6 s 0 7 9 AR RO 3R 8% R
BRI AT

1 RSNSOI W7 %

B EIMG AH % ((digital image correlation, DIC)
Je— R AT R 91 BB h AR R R B AR AL, 4
B EUE T DL L5 40 0 7% 5 A8 T8 W T 1 = 42 fi
A AR Bl ) R R T 1 SRS
PRV R ARFFAE 3, 380 28 X)L P15 i 15 Jae 2 i X
(region of interest, ROI) N HF1E 5 AT/ Ji i K &
AR, SR RS S RN N AR S WK TR
SRS LA L0 I i E A, I, W T
AR N A A ARTIE 3 NG I /N TR 32 ) (O
Pk N ROL 22 E A IF 03247 8002 51 33 A4
TIXEENAS TR R, HAE S IR 2E R
P E AL I RS T B, B0 I 26 R]8, RG-DIC
TR 6T b B AR A 1 DX BAE Sy b 7 AR AT 00 4
DERC, BT A8 i S AR B, 1) 2 0 o % TUAl <18
ARSI IS L AR OC R AR PR UG 4% T
LR DI 25 B TR S AR 5 I RS
A R G 1 PRI R P DI BRON 35 ) BN %
ST br S AL e 2 A I, AR, S i
BLERALRE I Ft J7 32 A8 R A 7 #8 W A 55 1 B9 nl
PE SR, 5 52 R R R 9 T4 (B R A% e Fik
A AEROLIRG ) |, 2 R BURGAS LERE 5 5 FERR A, £l
PEBAR IR FE AR/, M L) 52 B R SR A 35 W 3B B
PRIt T BRI R AT a7 B, H Y
PRI S A o A 45 - () AR DR R B k| B K8



2026 No. 13

S B WIAE SRR DL L (LB I B 5 49

AL 7% (histogram equalization, HE) | B 1&E W B 7
& £ fif 1k 8 7 (adaptive histogram equalization
AHE) | B RUBE PR I 3 58 59075 (single scale retinex,
SSR) F1Z8 R A0 X i 448 5 34 15 ( multi-scale retinex
MSR) o Hirr, [m] 285 I8 I 3 5 50 123 3 R o D A
XoF PG S8 P49 PR AT 50 4 R i A1 8 43 it LA 22 S Ak 1Y
EPSFIHG SR AL B A7 SR A O B 2 SO0 L AN
JE YR, T4 T AR AR B i, 48 T o, AT
GERLG T RS UE P SR 5 RG-DIC 3.1, JE I
T IO CIREE S b A AL g e AL W D Uy s Ui
FEUNIET 1 7, 165, R 0 [F) A5 D8 0 0 50k $2 71
RO IR e PR 1 R A X6 LU B2 508 W B8, DT A 488
R FIRFR WA . B, g iR R b A
FEOEW] S X HE BE & 1 R AR AR 35 ) IX A R ROL
e 6 M SRS B F 8 R RO S o 3 BB, 1
F RG-DIC 550k 3 ORI A7 B 15 B AH G5 ik
wnr,
L1 AT R S R A B

48 DIC 5516 ROT &l 2345 A RS A 1A Y
FIXHE, N ROT 22 EAIUEE 1 41 BT 46, #5 BR
BATBOE SN WIUT AR AL B X, A IX
SR A5 SR 4 Ry AR R A8 AR ORI Sl R G AR B B
KA SIS iy I 5 DX ARG At DE I, a2 T 208 B 4

i s B &R EE R T A
SR FERH SE B, AN ANk, t1 50T 1R
LNAE LA F IR, Y 0T — F XU 5 R R
MR B RS Bl iR 22 J K, 2 S 80R 22 W T3 i 4%
HRUERE, MfEPe ik A 3T, RG-DIC Bk kB
A e F HRE FVRRAE 3 ) KRR A R 4, DA
PRUFHERASES TR 4R VT BL , A FH AR &8 - X 38 A8 TP % 2k
B AR A, A 3 L SR A RS A AR I P R A IX
By, b 4 R 1 2 T B TH T F S AR I 4 A ¢
FREON & BMRAIUT 56 B F X A B 1T, A
A 2500 i R 25 A% 4, P2 m i R . AR
16, 514 DIC B kAL, RG-DIC 5% ROL X
Ay R RS AR ) B 1 DX, (LA Sl e % 4, 5 s o
Fb R R i 25 SOBURR R 1Y XS R BT T S DUT
AIHE R XA B R T2 R R R
T I AR TE H S 4R B AH OC FR B (E o LA A, OF
X R FF AR A OC R B R 7 HE S 3, U
TP (KRR KN T4 ) 2T HIARF X k2
iSRRI Z e 2 AL Al BT
FEAT 4 AR TR R AR TE RS, I 00 BT 5 45 4B 5k
FHEMFIC R BN B ; SR 5, 33 W AR AU xT
G R B0 R 1) & 3l 4R E A7 3% 238 3 LIRS 1 oK
fif5r A%, [) B 503 X I A7 48 I AR OC R ACHE) T 5 I

.H%}lﬁﬁﬂﬁi@%ﬁﬁ& !
TRIRER
: ;
|
' |
|
5 ; G5 ﬁ !
: [ﬁ s — B R | R Hﬁﬁﬁ&exf’] '
. |
! |
! |
! |
|
|
S
o m e e .
| RG-DICH¥ RS !
|
|
|
|
|
WHAFFE| | BIrZNCC HERARFHEE ﬁﬂt%j(ZNCC“K I
: (2% PUERLE RS ) (- Yo
|
|
| |
|
|
| EL o
! BILRE N S>— |
. |
! |
! |
! |
|

B 1 RAFERIRENB[AEALRE BN ERE

Fig.1 Flow chart of marker-free machine vision displacement monitoring method under low-illumination environment
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Fig.3 Raw images collected at different times
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Fig. 5 Displacement monitoring results
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