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Abstract: A single-camera, dual-prism panoramic three-dimensional digital image correlation (3D-
DIC ) method was developed to enable full 360° measurement of internal surface deformation and to
evaluate its effectiveness for internal morphology characterization of circular pipes and pipeline defect
detection. A single camera in conjunction with a double-prism optical arrangement is employed to re-
produce a stereoscopic (dual-camera) imaging effect by refracting light through two prisms oriented at
a prescribed angle, allowing simultaneous capture of left and right views. Panoramic observation of the
entire inner surface is achieved via reflection from a convex mirror, providing continuous 360° coverage.
Subsequent digital image correlation processing and coordinate transformation are performed on the ac-
quired images to reconstruct the three-dimensional displacement field and strain distribution. Morphology
experiments indicate a maximum absolute error of 0. 4 mm, with the majority of measurement points ex-

hibiting errors within 0. 1 mm. Deformation tests show a maximum relative error of 3. 86 % in comparison
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with strain gauge measurements. The proposed system demonstrates high accuracy and practicality,

achieves simplified hardware through optical design, and enables high-precision measurement of inner pipe-

surface deformation.

Key words: panoramic measurement; digital image correlation; single camera; internal surface deforma-

tion
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Fig. 10 Axial displacement distribution under different loads

R A PR R R, R AR AN Bl A v XY S T IR =9 A O VA S VT [ DA S VA= T 4
T H UG T g S A R BT L RUGE B G ) R
0T BRI R G R L A T T AR A % 3 0 NSO 5 DIC B8 . & rha] LA



5515 44 TR A, 45 < 31 il 10 S 5 A PR ML 4 s = 4R BT RS A G 1 2485
60
£50
" 40
20

x/mm

o,

XI6'3

20 0 20 x10* 20 20 x10° 20 0 20
y/mm y/mm y/mm
(a) 5SO0N (b) 100N (c) 150N

x/mm
[ ] (3]
S o S
T T
[ |
1 [ ' S © —
—_ —_= O 3
n [ b
x/mm
.
%)
e e e}
1 1 1
I @
| |
i, . S e e B
R = = O < .
x/mm z/mm
(3] 1)
S o S B3 2
S

20 0 0 20 <1 20 0 2 =
y/mm y/mm y/mm
(d)200N (€)250N () 300N
SRR NGk UL i DR S

Fig. 11 Axial strain distributions under different loads

B, S5 I R A Lo AR R A R B KR
2535 % 83. 81 pe, e KAHXT 13 22 4 3. 86 % , 7E ]
e Z A, b T W% R G AE AR & by ]
M

F3 HMETMELERITLE
Tab.3 Comparison of strain between DIC and strain

gauge measurements

Ay /N DIC/pe NEAEAL/ pe
50 611.25 598.73
100 945.48 938.92
150 1289.71 1 255. 86
200 1633.94 1603. 55
250 1978.17 1938.98
300 2 253.54 2169.73

3.3 GREAEEN

RSP — L AT TR E B PSR DN S g . X
S 56 55 A8V 56 S 6 T B A T RS A TR AN (]
ZARAE T TEATAE BB , WA 4 () PR

Kl 12~ & 14 24 6 4% 1) 2 A 4 R 45 38
BE (1 4 57 JA] 1) AR ) Rl ) 6 8% 00 A o T 3o
K451 50,100, 150, 200, 250 #1300 N, #]
DL M, o s fof 45 450 T80 )9 BE 19 J8] 1m) AR 1) 60 A% O
IR TR O R . 558 A TE M
P, Jo] 1) 5 7% 37 AR S B BT AR 7 BT R
{8 DX T G 6 001X s AH R 2% . A% 1 6 % s A
R, 7E B BE AL B, A RE ) N Y e 4 TR
TR, AH AP DX 38 A 52 0 v 1) 1 B2 K 3k A 43 A Bl
Ak W, ER LR b B R
XF N 1Y Jey AL A% de KR B 3 i T L DI, AR
BT SR A A I, BB X0 B 0 3G IR T 3k
20%~30% , U6 W12 b Wi B2 9 55 {1 45 ) 55 28 Ay T
Gy 77 HE Bl AR TR

Pl 15 J2 4 (8] AL 5 B 8 38 7E N W] 46T R Y
LN S I o A S S I o8 ] < SR L Sl N R |
L1 X5 b, T DLBH S &, i B T 76 0 B 1Y AR
{8 S = v T A DR, OB T ] Y G S 1R
[ N AE AR v X5 28 AL 50 N 2B S & 300
N, 12 B B X B 07 78 26 3o {1 34 08 K T 58 I 45 BE
AR Ak, 2% BT B B 07 B X 3 A A8 TR i o A A
TR 5 B A 2 AT A 1, R B B O T B Y A AR



2486 GF K TR 55 33 %

0.6
0.4
10.2
0
-0.2
o — . — -0.4
-20 0 20 40
y/mm y/mm
(b) 100N (c) 150N
0.6 0.6
0.5
0.4 0.4
0.2 0.2
0 0 0
-0.2 -0.2
-0.4 04
-0.5
y/mm y/mm
(d) 200 N (e) 250 N (H)300 N

B 12 R TR T A s 8% o Al

Fig. 12 Circumferential displacement distribution under different loads
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Fig. 13 Radial displacement distribution under different loads
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Tab.4 Comparison of strain between DIC and strain

gauge measurements

i far /N DIC/pe NEAEAL / pe
50 406. 65 378.32
100 925.84 903. 39
150 1441.85 1417.52
200 1961.98 1913. 96
250 2482.45 2415.58
300 2925.89 2 837.56
PRI
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PRI b B o T B RO VR 2 A . SR R T A T 8K
4 5 iR, RO Bd 5 AH BIL 2 B ER AR B XU
3D-DIC &4, it DIC 33k T 4245 360° =
Yt A5r B AR AR S A, I L A AR AR e AT T
L B AR KX iR 228 0.4 mm, K5 &
K4 X R2ZETE 0. 1 mm PLIA, 28 T8 5256 4 5 K
R 22 18 1 83. 81 pe, I KAHXT R 22 3. 86 %, 5
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