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Single-frame color stripe contour technique based on

fast iterative filtering
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Abstract: In order to achieve real-time 3D measurement of dynamic objects and to overcome the measure-
ment accuracy limitations caused by spectral aliasing of different carrier frequencies in traditional Fourier de-
modulation methods, as well as the color coupling problem in color composite stripe projection techniques,
this paper proposes a three-frequency color stripe projection profilometry method based on fast iterative fil-
tering. The method first captures a color image using a CCD camera, where the red, green, and blue channels
carry gray stripe images with different carrier frequencies. Background interference is then reduced by com-
ponent subtraction, followed by carrier frequency separation and color decoupling using fast iterative filter-

ing. Subsequently, the Fourier transform is applied to the carrier-frequency stripe images in the red, green,
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and blue channels and the wrapped phase information is extracted. To achieve accurate phase unwrapping, a

spatial domain unwrapping algorithm is employed. The low-frequency phase is first unwrapped, followed by

the middle and high-frequency phases, which are unwrapped sequentially to complete the entire phase un-

wrapping process. The simulation and experimental results demonstrate that the proposed method exhibits a

phase unwrapping accuracy that is 7 times higher than that of traditional Fourier methods. In comparison

with other single-frame demodulation methods, the proposed method demonstrates superior accuracy and ro-

bust noise resistance, thus providing an effective technical solution for high-precision, dynamic real-time 3D

measurement.

Key words: color composite stripe projection; color coupling; fast iterative filtering; Fourier transform
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Fig. 4 Comparison of the unwrapped phase and reference

phase solutions obtained by the proposed method
and the FTP method. (a) Reference phase; (b) ex-
panded phase of the method in this paper; (c) phase
error map of the method in this paper; (d) expanded
phase using the traditional Fourier method; (e)
phase error map of the traditional Fourier method;
comparison of the reference phase and the expan-
ded phase obtained by the method in this paper for
(f) the phase data of the 640th row and (g) the phase
data of the 300th column, and (h) the error of the
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Fig. 12 Initial RGB channel signals of the deformation

fringe image in column 256 and the high, medium,
and low carrier frequency components separated
by fpFIF2. (a)~(c) The distribution of the low-,
medium-, and high-frequency channel signals of
the initial fringe image in column 256; (d)~(f)
the distribution of the low-, medium-, and high-
frequency channel signals after separation by fp-
FIF2 in column 256
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Fig. 16 Phase data expansion and locally zoomed data for

the 288th row and the 350th column using the
method proposed in this paper, VID-based method,
BEMD-based method, FTP, and four-step phase-
shifting method. (a) Phase data expansion of the
288th row for the above methods, where the black
solid line represents the method in this paper; (b)
local zoomed-in image at the nose region in (a); (c)
phase data expansion of the 350th column for the
above methods; (d) local zoomed-in image at the
nose region in (c); (e) absolute errors of the meth-
od in this paper, (f) VID-based method, (g) BE-
MD-based method, and (h) FTP method compared
with the four-step phase-shifting method for the
288th row and the 350th column

®1 AXFHE. EF VID#GE. &£F BEMD 75
B\ FTP F RIS HEBEMBAIRE BAHFR
iR% (RMSE)) F55 288 17558 350 IT5 5 %5 &/
FREZE (SD)

Tab.1 Phase errors (RMSE) and standard deviation
(SD) of the 288th and 350th rows compared to
the reference values for the proposed method,
VID-based method, BEMD-based method, FTP
method, and four-step phase shift method

Method RMSE/rad 288 row-SD/rad 350 column-SD/rad
fpFIF2 0.1736 0.1995 02112

VID 0.2062 0.4830 0.3236
BEMD 0.2512 0.4437 0.3579

FTP 0.8986 0.9616 0.4514

TEHATT T (W 2), REGECIED: (fpFIF2)
BHEFEHY 0.9612 s, % VID(36.211 5 s) #1 BEMD
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Tab.2 Comparison of the speeds of fpFIF2, VID, and
BEMD empirical mode decomposition

fpFIF2 VID BEMD

Time/s 0.9612 36.2115 1.8265
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Fig. 17 Key frames from the videos of dynamic facial ex-

pression changes
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Fig. 18 Unwrapped phases of the facial dynamic video ob-

tained by the proposed algorithm and selected key

frames showing expression changes
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