324 oM A = Vol. 32 No.5
2017 4 10 H JOURNAL OF EXPERIMENTAL MECHANICS Oct. 2017

XEHS:1001-4888(2017)05-0687-12

ERAYEANNEENS ST EGEXL

Ao F, E R
A% B K TR £ B GERR  E5¢ 100191

WE. M7 —FATENSMBEMILGH A Lled LA g3 F BEM£ GDDIC) F &,
FEBh T X I 69 R € o R R B AN A R R d B AR T VA8 it 75 A R ) 09 R KA B Aa AL de &,
REHEEZ e EhtEAANEERARTAS BRI EEFLE FHK, @it A 3D-DIC 4
Wizt EEt i BB e T AR . TARRTUAEBY LB NP TH, H
MM E B AFEBTS ARHDA LT ERBIET ZEH E M 3D-DIC F &k & A 2kt
Fel T AR, HTTHELRAENUE T, LA EAL S HEH L bY@ = 4T KT B
T AXFTHREEFZEABRIEHS T HMNTORIE P RDIEFARF LA AT R A

KEF: PARM LR FRGAEL T E; BEemA; AT HBMNE
hE S ES. TP391.41 X ERERIRAD: A DOI: 10. 7520/1001-4888-17-303
0 BlF

T H 7 AR TR B = 4 507 K% AH 2 J7 1 (Three-dimensional digital image correlation,
3D-DIC) A X AT B AR W A i 2 T = 4B A0 A AR I AT AR # ik L 2 3 I i .l 7 00 0 2 B BT R AR L3
JFHI 5 30 Bl 32 R0 A R v A O A 3 SRS 95 T S 8 A U Y Sl 1 DG I ) 2 HOR S E T RE R T
FEATIRARAT T 7z LA . SR L BB A AL B L TR) 2 ok 2 2 ) R 4 Wk O i 348 i 2R 4 )
A AR XoF ol FH X i A AL (ol v AR AL 79 /55 3 3D-DIC 17 7 - 4040 ) v 3 AH BIL AN &2 24 i) R s 3 AH
BLIF] 26 F AR ff 8 38 3D-DIC RS 4 CHH HE T B m sl A D 3 L+ J7 e 240E e, W, &g —
FALAE FH B AN AHAL Y 3D-DIC J5 v TC BE 23 B K b R AR AR G0 45 8 A R R 52 Z 1 -l 52 R G B
B AL 3 0 SRR A R T 3D-DIC Jy ik i B H .

22 AR G SR B AR A8 A5 S BT 5, 305 AR B AL S AR S B R TR AL 3D-DICH #H5k
BT ZRE, FCHRENXERAYL 3D-DIC J7 ik, 3l & 7 76 BG5Sk 11 7 s — A8 5 1Yt 2
SR (PP AT T OB BRI BT O T L A B T X e A e L Bl A A e T R4S
A3 o 20 A T AR AN TR A O 5 [ s 30 SR AR AL B 22 A 8 1T . B A0 L Pankow S50 5 # T E T DU 1T 4 Y
FAHHL 3D-DIC 258, I B i I & 1 S5 AR AE oh il AR T RS T A2 . Bl AR SCHE# X R G
HEOET PR IEAT TR IRBR IR T I 5 28 Ge A0 45 4 JUAT 2 85068 07 B T S0RG B2 f s i U Ll 3
ARG m R B ARG G K% 07 1 ) N T B 2T 43 9 52 G R TE w2 T M RS AR e AT
NG RNZE K Bl F1 2R S BRI L A L 3T X0 B R AT S 6 A BT HL 3D-DIC J ik 3 1 4 A7 3
S 2 I S L T ) N T A X RN P R ) T S RN AR TR

» YR B 2017-06-13; {&€E BH#I: 2017-08-05
HETH: EHEARPIFIES (11272032, 11322220, 11427802 F1 11632010) % Bl
BWAESE : Q978 W HdR . BT IR N S [k J1% . Email: panb@buaa. edu. cn



688 S, (2017 4F) 45 32 4%

JerA oo B O AR ML 3D-DIC 75 vk B9 A0 3 B B AT B I RIS (L RE % sk 4 52 2% A9 XUAH AL
[l 0 A, A B R e v VK28 . SR, A X LE AR HL 3D-DIC 5 ik AF7E — B E A2 . LU
AR AL AL 1h 2 (8] 23 B R S B ABL 3D-DIC I, DR O Wy 1 3 i el P 2% AN T Ol 6 20 ) AR T AR AL
LA ) 70 A PO A — 2 B /N T — 2 B AR AL 10 AT LA 3 S B I 6 o @ SRR OR B R AIR T AR e A U
PR N T S A AT BT T v AR AL B 2 B R 0 AR R A R EL 2 B A SR 4R 8 A B i e
% 25 ) 7 B B AR AR AR R ME LA 32 1 . DRI R i —Fh 2 #0L T, SAARBL 3D-DIC J7 vk , AT 76 A HEAH
BLZS 6] 70 H R i 9 A 0 SEBL = 4B B AN AR I 4t JC 6 B oA 2 A S H R

AT — TP LT SR AL R B 2 30T, AL 3D-DIC J5 ik . AR B T B335 2 9 B 60 73
G I ) A 3 T P AR R LG e P A% AN [ 9 ' ik B AR BILSE T, I BOR (AR BILAY 21 €0 R K €0 36 3 2K
W, RAEBIRY R (O R T 23 B9 45 BAH L A9 20 @A (o 7 KR . i3 fl 1% LR 3D-DIC J3 Hr i $E 41 (5
A (0 PR a] DL O SR T i) =42 SRR IE . i Tizom ik ek e A R O A L& L L RE
o A AR PLAL I A9 23 B, DIk 5 1 2 A SAAH AL 3D-DIC J7 & B BRI .

1 ETEANEEENEEH. 28N Z48FEEGHEXTZE

.1 BBES

ARSCIT H# N7 R A EE T L FAHHL 3D-DIC R WK 1. i R4 th & 3CCD 5 CMOS M L. 5
BE £ R0 5 0 I8 R A K = HP TR (O3 R S ML s My R M) S, 3 S I A A Y
7B N £ U 2 1T RLARTT LA 2o T 2 AN [R) 1 O B B R AR HLAR L TR UAR R R i) MR . 58
) B AL 3D-DIC J5 35 AN R A9 02 » B T 43 e be 45 Ry 38 08 I v (0 R L 22 4 T 2% 016 B A5 381 %) 20 4 0
F MR EB RE 6 76 A ML AN [R) 230 € 1) 308 T8 R A% PR I Ao 4 L 2 10467 ¥ A 6 o 8 L 7 36 4 S AR DL 1 . A
7 AT S B BRI 4 0 T — 2 TR S R AR TE I

(b)

Sensor plane

\ of the color camera I

Blue channel sub-image Red channel sub-image

Bl 1 HEAMEHIL 3D-DIC R4 : () 7mRE; (b)) E
Fig.1 (a) Optical arrangements of the established single-camera stereo-DIC system; (b) The schematic of optical path
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Fig. 2 Schematic diagrams of the imaging mechanisms for (a) 3CCD color camera and

(¢) conventional CMOS based color camera with their quantum efficiency curves shown in (b) and (d)
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Fig. 3 The procedures (a) to determine the color calibration functions, and

(b) to correct the images with color crosstalk
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Fig. 4 The procedure to measure 3D shape profile and deformation
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Fig. 5 Photograph of the established single-camera stereo-DIC system for 3D deformation

measurements of a centrally loaded circular plastic plate
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Fig. 7 Measured U, V and W displacements as a function of the applied displacements for (a) in-plane

translation tests along the X direction and (b) out-of-plane translation tests along the Z direction
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Fig.8 3D deformation measurements of a circular plastic plate subjected to a central load normal to

the specimen surface: (a) U, (b) V, and (¢) W
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Fig. 9 (a) Experimental set-up for 3D full-field vibration measurements of a Chinese double-side drumj;

(b) a recorded surface image of the drum and the corresponding corrected red and blue channel sub-images
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Single-Camera Three-Dimensional Digital Image
Correlation using a Single Color Camera

YU Li-ping, PAN Bing
(Institute of Solid Mechanics, Beihang University, Beijing 100191, China)

Abstract: This paper presents a novel full-frame, single-camera three-dimensional digital image
correlation (3D-DIC) using a single color camera. With the aid of a skillfully designed color separation
optical path, the surface image of the test object can arrive at the camera sensor through two different
optical paths. The recorded color images of the calibration target and test object are then separated
into blue and red channel sub-images. By processing these sub-images using the regular stereo-DIC
algorithm, full-field 3D shape and deformation on the object surface can be retrieved. The
effectiveness and accuracy of the proposed technique are demonstrated by the experiments of shape,
in-plane and out-of-plane translation, and static and dynamic deformation measurement. Due to the
avoidance of the complicated camera synchronization and the realization of full-field 3D shape and
deformation measurement without the loss of its spatial resolution, the proposed technique
demonstrates great potentials in the fields of explosive, impact and vibration, in which full-field
transient displacement and deformation measurements are required.

Keywords: single-camera stereo-DIC method; color camera; dynamic deformation measurement



