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Abstract: The three-dimensional reconstruction technology for high-speed dynamic targets has
been widely applied in the military field. The conventional Fourier transform profilometry (FTP)
fails to resolve the phase due to fringe aliasing in the target edges and the damaged regions during
the 3D reconstruction of high-speed moving targets. To address this issue, a heterogeneous
complementary measurement method is proposed, which employs FTP as the primary means for
reconstructing the main surface morphology and the binocular intersection as an auxiliary means
for recovering the spatial coordinates of key edge feature points. The method is aimed to improve
the detection accuracy of edge sizes in transient surface measurements for the high-speed moving
targets with potential local damage. A multi-view cooperative measurement system which uses three
high-resolution cameras to capture the high-speed moving target is established. The primary surface
morphology of target reconstructed using FTP, and the spatial coordinates of edge and damaged
areas are computed based on binocular vision principles. Rigid registration between the binocular
point cloud and FTP data is achieved via the singular value decomposition (SVD) algorithm.
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Experimental results demonstrate that, compared to traditional FTP method, the proposed method

decreases the detection precision error of specific edge feature points to less than 2%. The results

validate the robustness of the proposed method in high-speed scenarios.

Keywords: high-speed moving target; Fourier transform profilometry; binocular intersection; three-

dimensional reconstruction; singular value decomposition
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Fig. 4 Schematic diagram of the system
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Table 3 Main parameters of pulse laser
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Table 4 Camera extrinsic parameter martix
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Table 5 Camera instrinsic parameter martix
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Table 6 Spatial coordinates of edge feature points and coordinate system unified results mm

e IR AR B YGRS (X,Y,Z) 25-26 AR R AR (X, Y,2)
1 (-28.77,10.52,479.39) (-29.79,-27.69,536.94)
2 (-25.33,9.63,480.35) (-26.37,-26.37,537.31)
3 2627 ALk (16.72,9.93,480.66) (-17.76,-26.11,537.01)
4 (-10.80,10.79,480.38) (-11.82,-26.69,536.48)
5 (-4.58,12.72,479.03) (-5.55,-28.71,535.52)
6 (-28.83,-31.56,532.59) (-28.83,-31.56,532.59)
7 (:25.02,-31.23,531.01) (-25.02,-31.23,531.01)
8 (-15.96,-30.99,530.85) (-15.96,-30.99,530.85)
9 2526 ALk (-10.05,-30.33,531.21) (-10.05,-30.33,531.21)
10 (-4.45,-28.97,532.54) (-4.45,-28.97,532.54)
11 (-2.38,-28.12,533.58) (-2.38,-28.12,533.58)

R (-29.31,-29.62,534.76) (-29.31,-29.62,534.76)
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Fig. 8 Edge noise of projectile (b) Importing binocular data of the left side of 12.7 mm projectile
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(b) Fused data diagram of the left side of 12.7 mm projectile
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Table 7 Quantitative analysis of 3D measurement error for 7.62 mm projectiles

Iy ik K& /mm K AR 25 /% #J2 B A4/ mm PR BT R /%
AR R FE 2735 2.06 7.62 3.77
FTP 26.42 1.40 7.61 3.95
WTP 26.51 1.08 8.22 3.75
ANk 26.99 0.72 8.06 1.82
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Table 8 Quantitative analysis of 3D measurement error for 12.7 mm projectiles

Jiik K /mm KBRS R /% #R BAf/mm BB BEAAAHR R E %
AR R 72.54 12.29 14.49 11.35
FTP 58.38 9.63 11.61 10.72
WTP 59.24 8.30 12.40 4.67
HANTVE 64.28 0.50 13.25 1.83

HI T 2 B0 5 R N TR sk R RSO T ik 5 3l it AN+ 1 px 5 £2 px (19
R A, FAERRBURZE X E S HAE  AOAPish, IFEgrit SEmHE 5 iR AR
2N SVD FCHEf A 52mi . NP i, HAZ, W& 9 P,

®9 P

Table 9 Perturbation effect

LBNRFAE £ K /Mpx FAKERETNIEE/mm R ERRER NN E/mm
LS £1 0.05 0
CS N +2 0.1 0
GOy £1 0.02~0.03 0.03~0.06




ey £

0.04~0.05 0.06~0.12

HHEE 9 A1, fE+] px KW, KEL
AR RN, KR SCTTIER D&
N Tk iRz A — g gatt. sk
Z42 px W, Bk SR ZE F B &,
T L2 pit i 22 BRI LR LA &

22 b, MECTAESE FTP £0R, H AN
Ji T HE 0T A R OB R RS MR SR Re 1,
LT B e K A ¢ 5 R I M R A e
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£, Aymndia sl B AR IR 25 S5 4t 7R
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3.4 RBREN

ARSI E RGN e 2K JE 52 2 TR 22
TR SEAREm, DL X 5 B 2 YRk A7 ] 2
AT

DFMLR EFR ZE . ML NSNS EUIAR E
SRR APV SR e LY 7y = R
R ek EB LB ENHZ ST, 3
HGRFE ST = 4E AR P2 A RGME RS o 1R
PR 9 RN 3T, +£1 px PR R BIRZEXT
SALKE IS 2008 0.05 mm, 3R H AR
FIFZIAZ) Y 0.03~0.06 mm, 2B R G hs &
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2)ELRHU 5 A0, Bk & et
B SRR S MR 5680, hER
A B3 T S 8 PT RE 5 1R R e i e i, PR
2 BUNELE, BE FTP ARG 3R EURS B2, 0
TE R ALIN S DX IR N B . A SCERER %
ke (20 ns) WOHIE BHFNIR ST 6301l 48 it »
1E— R LR T &I .

RGP E . SRR ST R A
(1) i o YR HIR 30 T g 5 SR AL S 28 R A
IR, B bR E S B . AR
G0 K FH IE 7S TH R 4 A 2000 I g A4 X [ 3%
%, HAREMENIE. BTG g
KO 5 R, HR AN 7E I R ] P 5

A HAHAUALRE AR N, X DB 45 SR A2 A B

g FRTR, fEMA IR, hrElk
26 RN 28 AU A2 R T A o ) AT 3R
TR BN 15200 7E BT 42390 Bl o
4 Z5ip

ASCHE T —FIET FTP BB ARFIM

HAZ =R s B Anbids =4 H i ik,
B EELR

Dl 3 H B EE N FTP Jik3K
310 B A =4 UG S BRI e, Tk
B9 1 GARFAIE sk UK 2R 22 AR 2% LA
W, RS T PRI S X S I A

2)FET AN 120°3 T2 &, HEEZ AR
IR RS, RO EEIAEE T A MR
B H AR LA SUEMG, FERI FTP kA
R SEIL T idiE sl H bs = 4ERe BRI &, o
BTG /M7 PRSI 5 T AR R e T
PE=EE TR,

3)EPXT FTP JiikAE B hnili 4 ) Jmy ik
078 DX A A AR AT AR BR8P ) R, R FH X H
A8 42 SRNG5S BRRFAE 5 23 [ A b, FF3d T
SVD FiESEHN H 5 FTP iz (P4 bR
Gi—, SEBLT WAL TAR .

4) 38 I A [ HI R R 1) SE S SR E T
R U, SRR LT IETE Bl B A 5%
T R Ae e SR H ARl = 4E I3, N
Uz B H br e A X = g AP T B
HARTTE.

ACEILH FTP A EEA S5 X H L6 R
HAHSE G, SEOL T 0 mEdiE B H AR ) = 4k
o SR, ARSCTAEAARAE — & MR IR PE,
FEARILLE L RN T TH -

DU AL GO S TR N ARV, BIES
WHEAE, FEEAE ., 4 HbrRmaE ke
AR, N 3% i 5y R B S 4 8 A e
PR ZE « RRAGIRERFE T RS ST IRHE A2
SR, "EsE.

2) M HITBIF F0 0T G 35 R ) 58 45 44
XFTRE R FR TR 2 S RN e B 2R B iy
T H BRI IE FH = 78 BHIE, PTRER H
WA ZE R SEUNEIRZ .. KR RS
MR 55, WAk HANT AR S H bR
R IE

B BRI MR, WA
—sE miRia s H s —4EE @5, N
eI RoR B B 7 e ST o =1y ¢ ]
fil T %

Z£2Z3Hk (References)



(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

MRE T HE RS, WA T B
BRMB K AR RIILGRIMEAR[]. Jo
HIerHAR, 2023, 21(4):26 -33.

CHEN X Y, BAI X, YU Z, et al. Efficient sub-
pixel edge detection technique based on Fourier
single-pixel imaging[J]. Optics & Optoelectronic
Technology,2023,21(4):26-33. (in Chinese)
XUY Z, YANG J F, DONG Y Q, et al. Direct
fringe projection profilometry based on the
spatial frequency distribution function in optical
3D imaging[J].Optics & Laser
Technology,2024,174:110695.

VINNICHENKO N A, PUSHTAEV A V,
RUDENKO Y K, et al. Background-oriented
schlieren with image processing based on phase-
shifting profilometry[J]. Experiments in Fluids,
2025,66(3):47.

HAN M Q, CHEN W J. Dual-angle rotation two-
dimensional wavelet transform profilometry [J].
Optics Letters,2022,47(6):1395-1398.

K, MRk, BT, ARG T
AR S e JER R F K N [0]. R KA 2
##,2023,37(2):76-80.

ZHANG R H, QI' Y, YAO W J. Application of
spatial frequency estimation in fourier transform
profilometry[J]. Journal of Nantong Vocational
University,2023,37(2):76-80. (in Chinese)

ZUO C, TAOTY, FENG S J, et al. Micro fourier
transform  profilometry(UWFTP): 3D  shape
measurement at 10,000 frames per second[J].
Optics and Lasers in Engineering,2018,102:70-
91.

WEED, SVEE BT, 45 BT S0k Goldstein £
Dl AR A EOR )], JtAsAaR, 2023,
43(5):78-87.

YOU Q, WENG H, ZHAO J, et al. Fourier
transform profilometry based on improved
goldstein branch-cut algorithm[J]. Acta Optica
Sinica,2023,43(5):78-87. (in Chinese)

SEOK J H, AN Y T, HYUN 1] S. Single-shot
calibration method based on Fourier transform
profilometry[J]. 2024,
49(17):4987-4990.

RSHEX, BRICHE, SR AL T A 1 fE AR

Optics  Letters,

[10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

B A SR BB R AR]. JeF 5T
R,2025,23(1):67-78.

DENGY H, CHEN W J, ZHANG Q C. Circular
fringe projection profilometry based on
transform[J]. Optics &

Technology,2025,23(1):67-78.

windowed fourier
Optoelectronic
(in Chinese)
MK, ApR ST, ARfE, & T HREIECIE
P FRUR (0 2% SRR R R R [J]. b D
(3D ,2025,18(5):1097-1110.
WEIPF, DU H B, ZHU Q, et al. Single-frame
color stripe contour technique based on fast
iterative filtering[J]. Chinese Optics,2025,
18(5):1097-1110. (in Chinese)
QIAN J M, TAO TY, FENG S J, et al. Motion-
artifact-free dynamic 3D shape measurement
with hybrid fourier-transform phase-shifting
profilometry[J]. 2019,
27(3):2713-2731.
LAI X, CHEN

Optics  Express,
X. An optimal principal
component analysis method for carrier removal
in Fourier transform profilometry[J]. Journal of
Modern Optics,2023,70(10):603-612.

WANG Z Z. Single-shot 3D reconstruction by
fusion of fourier transform profilometry and line
clustering[J]. IEEE Journal of Selected Topics in
Signal Processing,2024,18(3):325-335.

HANY H, FUY J, TIAN S Y, et al. An improved
Fourier transform profilometry and phase coding
for 3D shape measurement[J]. Optical Review,
2025,32(3):486-496.

SHI W X, ZHANG Q, XIE H M, et al. A
binocular vision-based 3D sampling moiré
method for complex shape measurement[J].
Applied Sciences,2021,11(11):5175.

WANG Z X, YUE J, HAN J, et al. Regional
fuzzy binocular stereo matching algorithm based
on global correlation coding for 3D measurement
of rail surface[J]. Optik,2020,207:164488.
BV, EIRFERRR, . 4L A i
R AR R[], % T ,2010,31(11):
1438-1443.

TANG Y P, WANG Q, PANG C J, et al.

Application of panorama stereo vision on



(18]

[19]

[20]

maritime target scoring[J]. Acta
Armamentarii,2010,31(11):1438-1443. (in
Chinese)

MzsE. 28 A bRBOLHORE Rk RO H =4
HEFEVID]. ALt ALR S8 K5, 2023
DENG H L. Research on high-precision
binocular 3D reconstruction algorithm based on
laser speckle for moving object[D]. Beijing:
Beijing Jiaotong University, 2023. (in Chinese)
B hE, BRI, AR =R RGB HEY
SMBIEG G = EEEOR]. ARG E
% 2 55,2019,38(5):59-62,70.

PIJZ, LIANG Y Y, HE H S. Three-dimensional
reconstruction technology combined high-
efficiency RGB gray-code with phase-shift
method[J].
Technologies,2019,38(5):59-62,70. (in Chinese)
730K, EARM. HE T DY gty 2 B S 1
FHN LR VCAC BE ] fedn e & L

Transducer and Microsystem

[21]

[22]

11£,2024,45(11):310-320.

XING W X, WANG Z Z. Active stereo vision
matching algorithm based on four color
Journal of

2024,

structured light line pattern[J].

Ordnance Equipment Engineering,
45(11):310-320. (in Chinese)

TR, T WA AL I 5% 2% SUBR Y i
ST ERT L[], A TRk
,2023.

ZHANG C. Research on high-speed three-
dimensional surface shape measurement method
based on high frame rate phase shift sinusoidal
fringe projection[D]. Chengdu: University of
Electronic Science and Technology of China,
2023. (in Chinese)

SORKINE-HORNUNG O, RABINOVICH M.
Least-squares rigid motion using SVD[EB/OL].
(2017-01-16)[2025-10-22].

https://igl.ethz.ch/projects/ ARAP/svd_rot.pdf.



