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Three-Dimensional Face Modeling Based on Multi-Scale Attention
Phase Unwrapping
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Abstract Phase unwrapping plays an important role in three-dimensional (3D) measurement technologies, and its
analytical accuracy directly affects the accuracy of 3D modeling. Due to undersampling and discontinuity of the
wrapped phase, it is difficult to obtain correct phase information for traditional spatial phase unwrapping, while
temporal phase unwrapping requires additional auxiliary information. For 3D face modeling in complex scenarios, a
phase unwrapping network based on multi-scale attention is proposed in this paper. In this network, the encoder-
decoder structure is used to fuse multi-scale features, and an attention sub-network is embedded into the decoding
network for contextual information collection. A FACE dataset of 5000 samples and a MASK dataset of 100 samples
are constructed, and each sample contains the truth values of wrapped phases and continuous phases for training and
testing of phase unwrapping. The root-mean-square errors of the proposed network are 0.0387 rad and 0. 0273 rad
on the FACE dataset and the MASK dataset. The structural similarities are 0. 9850 and 0. 9793 respectively. The
phase features can be extracted quickly and accurately in areas such as undersampled and phase discontinuous ones to

ensure the correctness of phase unwrapping. Finally, the effectiveness and feasibility of the proposed network are
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verified by comparative experiments.
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contextual feature information; encoder-decoder structure
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Table 1 RMSE and SSIM of different algorithms in FACE dataset and MASK dataset
Dataset QG BC U-Net MSAPUNet
atase
M s /rad Miqv M s /rad M M s /rad M M s /rad Mgu
FACE 0. 2048 0.7513 0. 1888 0. 7353 0. 0504 0. 9795 0. 0387 0. 9850
MASK 0.1112 0.7792 0. 1031 0. 8010 0. 0551 0. 9687 0. 0273 0.9793
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Table 3 RMSE and SSIM of different methods in

undersampling experiment

QG BC
Index ] ] U-Net MSAPUNet
algorithm algorithm
Miyyse/rad 0. 3392 0. 2688 0.0163 0.0135
M s 0. 6900 0. 7276 0.9952 0. 9976
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Table 4 Errors of point cloud model obtained by different

methods in undersampling experiment unit: mm

QG BC
Index ) ] U-Net MSAPUNet
algorithm  algorithm
Average
. 0. 7816 0. 7097 0. 1956 0. 0006
distance
Standard
o 0.5569  0.5977  0.6030  0.0174
deviation
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Fig. 8 Phase maps, point cloud models and errors of point cloud model obtained by different methods in phase discontinuity

experiment. (a)—(e) Phase map; (f)—(j) point cloud model; (k)—(n) error of point cloud model
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Table 5 RMSE and SSIM of different methods in phase

discontinuity experiment

QG BC
Index ) ) U-Net MSAPUNet
algorithm algorithm
Mpgyse/rad 0. 1364 0. 1180 0. 0543 0. 0291
Mgim 0.7192 0. 7888 0. 9650 0. 9754
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ZEN5% 6 s . AT LUK I, FIH MSAPUNet A= A
1) = AR (AR D 22 Fi /)N 3 9 BH T 482 X 9% T 52
kG FE 0 = e,

6 AHRCRZELE Y TR R RS B Y S AR 22
Table 6 Errors of point cloud model obtained by different

methods in undersampling experiment unit: mm

QG

Index ) ] U-Net MSAPUNet
algorithm algorithm
Average
. 1. 7725 2. 0420 0. 1083 0. 0065
distance
Standard
o 1. 1066 1. 4077 0. 6376 0. 0915
deviation

4.8 FEBEREE
N T 2D B E T 4R I 455 B0 R R A T P

42k 51 H/2022 F 1 B/RFEER
B TPU B Ml U-Net #4751 Fb , 56 30F HAE 50
AN BRSO RIFRCE . Hif, TPU kR
FH =8 o R 2R 8080K 1,8,64) =25 TPU,

& 10 R TE G RGN BT A 8ee AR (1) 80 3
P e 3A R S g AL, T B AR TE K EE T
FARAFEE L SR TPU 3345 3 19 45 S AE T 6
BRFT BT R T R A AR AN SE X3, I U-Net
A AR 57 A A 3 431 22 5 1T AL MSAPUNet A=
BRI AR, A Ry 3% 252 TE BT R 42, H AR T U-Net
RET/N,

AR fF T B A5 21 A9 3% S A0 A7 7647 7 10 5080 T
fia] b 7 i B B E — AT (B A AR A (B ]
w3 (8O . Bl 11 JB/x T MSAPUNet, U-Net Fl
TPU B AE 4 60 3By 4e XA A7 {E . AT LA & FH
MSAPUNet F| F e #5088 W A 57 T30 H 14 32 2 AH o7
BALE 3 9, T AE O M LA R S A . SR
TPU 5535 75 BEAR A % S5 AH A0 5 Bl & I =5 451 AH 437
ISR B R VA AR TR R N
Wiz s A5 e, | AT AL, A T TPU Bk, 78

b

Lh PR AE # 1F H FR B MSAPUNet H A ¥ 5 1 &
etk

Phase /rad
(a) (b) 329590 ra
= 150 200
£ 150
> 100
50
0
0 50 100 150 200 250 —0
X /pixel
Phase /rad (@ Phase /rad (e) Phase /rad
] 200 200 - i 200
50 150
150 E 150 - E 150
A 100 &
£ t & 100
100 N 100 ™ = 100
0p 50 100 150 200 250 °© 090 50 100 150 200 250 0050 100 150 200 250 ©
X /pixel X /pixel X /pixel

K10 shas Hbssesass

o (BB () #RWIARAL ; (ORI TPU S5 A B AR 5

(D FIFH U-Net £ BAIAINE 5 () FH MSAPUNet A& % (A7
Fig. 10 Experimental results of dynamic target. (a) Texture map; (b) wrapped phase; (c¢) phase generated by
TPU algorithm; (d) phase generated by U-Net; (e) phase generated by MSAPUNet

% i

B A 2 bt = A NI R P L Gk SR
) FORAEANNL I AT AR R R L 4R TR T 2
JURE T B 7 AL B AR 52 58 T M 45 (MSAPUNet)
TEFTHR W 25 A i A - e 25 SE 8L T 2 R

FEFFAERD G IFd i 51 A B 1 M 2% 1 J7 UK R
23 RS S SEBE T PR A A AR LTI . AR
OCARE A A 3 22 K sl 2 H AR 5256 78 4 A 1Y
FACE 45 52 H1 MASK 4l S, Jr 2 1 2% /4 A
LTRSS QG A BC Sk L el =0 T
5 AEAN A . TR HIAE FAR ALAS 1 22 52 50 v, i i

0112005-10



Position /pixel

B has HARSEE e 60 1AL
Fig. 11 The 60th column phase in dynamic

target experiment

£ 1 1 22 55 U-Net # He 43 Bk T 17, 18 %
46. 40 %0 IREETIRIE I Wikt A B R, B
SR TR DX 24 P A 7 J T & SR A oy AR (ELHL Y B 1y
FEATE IR I [R5 | [R)I4s ToREITS, U
S B HEACR AR BT LU UIE M8 7R R TR B 0L T Y
FAO R HERE , F— 20 58 5 I 2 - e 1k

(2]

(3]

(4]

(5]

5 X X
Tariq R U, Ming Y, Zhi C, et al.

intermodulation

Passive
measurement of Radiofrequency

interference shielding gasket [C] /2019 International

Applied Computational Electromagnetics  Society
Symposium-China ( ACES), August 8-11, 2019,
Nanjing, China. New York: IEEE Press, 2019:

19514251.

Liu C, Ju W G, Zhang G, et al. A SDN-based active
measurement method to traffic QoS sensing for smart
network access [J]. Wireless Networks, 2021, 27
(5): 3677-3688.

Zuo C, Feng S J, Huang L, et al. Phase shifting
algorithms for fringe projection profilometry: a
review[J]. Optics and Lasers in Engineering, 2018,
109: 23-59.

Guo W B, Zhang Q C, Wu Z J. Real-time three-
dimensional imaging technique based on phase-shift
review [ J]. Laser &
Optoelectronics Progress, 2021, 58(8): 0800001.
FOCH, kRl REA. LT HB ALY S
RGBT R RGR ] BOGS G TR,
2021, 58(8): 0800001.

LiuL, Xi DD, Chen Z J, et al. Three-dimensional

shape measurement based on hybrid dual-frequency

fringe analysis: a

fringe projection [J]. Laser & Optoelectronics
Progress, 2021, 58(12): 1212001.

X, BAL, BRkld, 5. IRA UKL =4
WJrEL]. Mot Seh kg, 2021, 58(12):
1212001.

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

0112005-11

423 5 119/2022 5 1 B/RFER

LuY G, Wang X Z, Zhong X H, et al. A new
quality map for quality-guided phase unwrapping[J].
Chinese Optics Letters, 2004, 2(12): 698-700.
Goldstein R M, Zebker H A, Werner C L. Satellite
radar phase
unwrapping[J]. Radio Science, 1988, 23 (4): 713-
720.

Zhang Y, Feng DZ, Qu X N, et al. Application of a

novel branch-cut algorithm in phase unwrapping[J].

interferometry: two-dimensional

Journal of University of Electronic Science and
Technology of China, 2013, 42(4): 555-558.

SKRWE, KRB MUNT, S BRI AR AR L
TR I . PR 24l 2013, 42(4):
555-558.

Huntley ] M, Saldner H O. Error-reduction methods
for shape measurement by temporal phase
unwrapping [ J]. Journal of the Optical Society of
America A, 1997, 14(12): 3188-3196.
Ohtsuka Y. Real-time electro-optical heterodyne
signal processors[J]. Opto-electronics, 1974, 6(3):
235-241.

Chen L., Deng W Y, Lou X P. Phase unwrapping
method base on multi-frequency interferometry []J].
Optical Technique, 2012, 38(1): 73-78.

W38, XB3Ch, 28/NF. JET 200502 R ) A A A
WHEINEL]. e EHOR, 2012, 38(1): 73-78.

LiJ L, SuH]J, SuXY. Two-frequency grating used
in phase-measuring profilometry[J]. Applied Optics,
1997, 36(1): 277-280.

Spoorthi G E, Gorthi S, Gorthi R K’ S'S. PhaseNet:
a deep network for two-
dimensional phase unwrapping [J]. IEEE Signal
Processing Letters, 2019, 26(1): 54-58.

Wang K Q, Li Y, Qian K M, et al. One-step robust
deep learning phase unwrapping[J]. Optics Express,
2019, 27(10): 15100-15115.

Wang K Q, Dou ] Z, Qian K M, et al. Y-Net: a one-

digital

convolutional neural

to-two deep learning framework for
holographic reconstruction[J]. Optics Letters, 2019,
44(19): 4765-4768.

Zhang T, Jiang S W, Zhao Z X, et al. Rapid and
robust two-dimensional phase unwrapping via deep
learning[J]. Optics Express, 2019, 27(16): 23173-
23185.

Chen F. Phase
profilometry [ D].
2005.

Widge. ShaS = 4k 1 % M & AR A7 & I [ B3 A BIF 5T
[D]. W#: PR, 2005.

Liu H C, Halioua M. Automated

phase-measuring profilometry of 3-D diffuse objects

unwrapping in dynamic 3-D

Chengdu: Sichuan University,

Srinivasan V,



[19]

[20]

[21]

[22]

ARIL L
[J]. Applied Optics, 1984, 23(18): 3105-3108.
Zuo C, Huang L., Zhang M L, et al. Temporal phase
unwrapping algorithms for fringe projection
profilometry: a comparative review []J]. Optics and
Lasers in Engineering, 2016, 85: 84-103.

Qian ] M, Feng SJ, Tao TY, et al. Deep-learning-
enabled geometric constraints and phase unwrapping
for single-shot absolute 3D shape measurement[]].
APL Photonics, 2020, 5(4): 046105.

Niu Z Y, Zhong G Q, Yu H. A review on the
attention deep learning [ J .
Neurocomputing, 2021, 452: 48-62.

Hinton G, Deng L, Yu D,

networks for acoustic modeling in speech recognition:

mechanism  of

et al. Deep neural

[23]

[24]

[25]

0112005-12

E 2% F1H/2022 F1 B/RFER
the shared views of four research groups[J]. IEEE
Signal Processing Magazine, 2012, 29(6): 82-97.
Girshick R. Fast RCNN [C] // 2015 IEEE
International Conference on Computer Vision
(ICCV), December 7-13, 2015, Santiago, Chile.
New York: IEEE Press, 2015: 1440-1448.

Sara U, Akter M, Uddin M S.
assessment through FSIM, SSIM, MSE and PSNR:
a comparative study [J]. Journal of Computer and
Communications, 2019, 7(3): 8-18.

Zhu Y J, Liu L R, Luan Z, et al. A hybrid phase-

unwrapping method for optical interferometry based

Image quality

on new parameter map and local plane approximation

[J]. Proceedings of SPIE, 2006, 6292: 62921C.



