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Curved Texture Flattening Algorithm Based on the Light Field Camera
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Abstract For texture patterns distributed on the curved surfaces of objects, it is often necessary to extract and flatten the
texture patterns from the curved surfaces for the purpose of comprehensive display and subsequent usage. Therefore, we
suggest a curved texture flattening scheme based on the light field camera, especially the focused light field camera, which
can provide a high-resolution texture image and corresponding depth map without additional registrations. A curved texture
flattening algorithm is designed for this scheme. The algorithm divides the curved texture image into multiple overlapping
local texture images, corrects the local texture distortion based on the normal vector of the fitted plane for each local
texture image, and finally stitches the corrected local texture images into a completely flattened texture image. Simulated
and real experiments reveal that the proposed curved texture flattening algorithm can effectively flatten a variety of texture
patterns distributed on different curved surfaces, and the algorithm has certain robustness on the different image quality of
texture images and the errors of the depth measurements.

Key words texture flattening; light field camera; perspective projection; image mosaicing
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Fig. 1 Flow chart of the curved texture flattening algorithm
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Fig. 2 Schematic of local texture distortion correction

WE 2 s, /0 it e B 48E S T [ i e, BT 4R
71N B 77 1) B Ry G AE AR A T 1], 0 32 IX I S0 1T 7
PUAS AL , RI$2e BR O 7 1) AT AHAL AR AR 2R 585 , 7SR AR BL
& 2 J X L A5 o AR A6 BT FLAH AL AR B A X
W A X TE B BRI plane 1 F AR x, 482 A BL
Al bR FR e IS AR xR Ry
x'=KRK 'x, (2)
K K AL S0 [ 5 R A AL AL b 2R 8 % 40 B
BEAA B AL AR 2 (iasjn, o ) 8 5 J5 AR DL AL 5 22 H
(i bey)om R /NG 7o, B 4004 1 T o 1) i, 6
iB:iA*(iA'kB)'ks
Je=ky X iy s (3)
kB:nﬂn,|
Ao R i s B X RoR it X, BE R R
R Ky
kA'iB
Jacjs  kacjs o (4)
ineky jacky kioky
H1 2% /N D003 ) R AT R AE, T 5 IR AR AL O
S IR) R 151 2 v e e TS B9 ARAIL PG C A CT S B 2
AW TR SR PR 2 XEURE 5 S0 B
(9 RURE 5 R R A e — o xTE R D A SRR AR AR I g —
G LA AH ] A RUEE PR B AT A ] KBS PR 2 IR B e
S B AFAIL B 45 /I8 DXl B 5 A I
AR T IR 1 R T ARAS Y J AR I 4 B AR
B9 A8 A a5 4 A AR 45 Jmy B SO IE Y B JR AP BR O X
A bR AR 3850 53 A B R IE SCHE MG AT 35 50 A 4 A
2.3 ElfpE
PR DR HH R D IE B 8 i, A i v Oy =X &2
G Ry T DY B 4 5 ik R TR AR B B 4 5 T
R MR B G 2 8] A L e e R R 22 S
BT RRIE I PR3 7 1 B AT R4S 1 S TR DR IR

iA’iB jA'iB

R=|i, 'jB

2410012-3



% 60595 24H1/2023 F£ 12 B/ ERBFEHE

G2 BAAF A &L O BB 0510 5 & XS
I SR 0 By vE HLAA R G v

iy T 3 1 0 ) 3 SO A IE I, 45 SR i A BRI R B
B I S A RUBE B IE IR AT Y SR a0 B IER, AH 4R
JATR S G Z M PR R — N E
X d o R, SR 3R T X8k 0 B2 05 vk 4 IH — 1k
HAE(NCO)FE" T H e PR M IE RN T

— LRy PF 4 SR T S0 HE RS 2 R A D A i, AR AR B I
% i B %m0 S0 AR MR PF 2 S — i Jie S i B ARk 4t
FRES . NCCHEARH

Viee (u, v)=

zjvy[f(x,y)—ﬁ_vlt(x—u,y—v)—ﬂ (5)

(3 [ res=7 ] o —wy—o—7]]

S BRI 1 5 0k T — Y B R 0
e o) IR AR R R (o) B
UG 5700 PR 10 B JE 416 e R PR £ 1P (o)
T 0 PR ¢ 9 9 6 0 06 FE 8L 3R R
(s 0) A R0 NCC {ELH H NCC KB 56 ek 7 26

(ﬂ)

,. m«,fmmmmw KBTI, WA
> fRrh ARG B SCHA PO SHTB, Sy

7 A B TLANT

BoREEEAR. EARTE. rum. &
Ml

Feoaim CVe- 20 v
CATHR i AR ERR “ RIEATE” RIS B s, AR

PLREE AR MM & BB EAR N B iR, IR S?
G DA, B A RS B, 2R R U R A

i-lﬂ‘ﬁ' lﬁ»fxﬁﬁ?} i iﬁl éiéﬁcﬂﬁ.ﬁ }c m:, )\J'LF‘H Ill JMNY!

= ﬁmf ﬁmm mw 'A.f nan
4R R SRR, o EAHEE _.;u,.k*r 30

E8rke

P 3 T SO SO e 7 AR AL 05 o () SR IER 5 (B) T

:'.";umr&rﬁmmﬂ FHEMEE. FUFTNERE
TR T 6, BRATLE
Frpierssriatyre vat el e RN

o 10.55
50 10.50
Ly T 10.45

i 100 10.40
£150 1035
LU
¥ 200 130
S 10.25
AGIE E 2560 10.20
< 300 10.15
Mt 10.10
s 350 Tnod
400

b s T IR .l

Xk IO SF- 8% ik BRIV PG R ¢ B4 AR O A% 6

3 LB S EIE

3.1 HEFRE
3.1.1 4 H%E

Sk 565 F 1 AT 30 B TR B A A T AR LK
QAT HAJT LG AR AL A i T 30 28 Pl 45 Rk g 8
BT — RIS RTS8 . (FESHRE T A
R 2.5 mm. =N 2 mm B R AR AR B B AR R
RS A AR A AL G A HL G ik S T A A A T O
HIE, Sk a7 PR DL, B A TR AR EE S W EE L
10 mm, #EAT KRN 1A MG, R AL G R FEEC
401 pixel X 601 pixel , 2K K/N K5 pm. B FEH H
— AN A R TR B ASE 4D S0 B NG AE A DB A AL
BARBCR o K W AR T A4S B0 L R R S FE SR N
SN G i bR S BB 3 AL 4 ) o HL A B
e PR AR R BE IR 1A 3 SR SC T A B R ) 3 3 [
GRNER B e, 3o B S 7 AR Shy S 30 % 52 2 DR L g 3
5 Ry 5 A LR 4 UL TR

(b) Depth /mm

100 200 300 400 500 600
Horizontal axis /pixel

TR 2]

Fig. 3 Simulated output of light field camera for the curved characters texture. (a) Texture image; (b) depth map
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Fig. 5 Correction results of local textures. (a)-(d) Local textures before correction; (e)-(h) local textures after correction

(a) (N
r"._: t -':.. 4 :'..' iu. ]
JRRE B XK
Bk, Ll LExE L
b0l T 553 ‘ m'sit'fiﬁ ;
1, 8} BR. bl -
T * b
| i BRI, MROEFHR | g

- ER, LRBEEA " ER, LEHELA = ER, DR s
LR BmBHEA, KAHHA, kﬂﬁﬁ,ﬁ&)}{.i LK%, W
8, Fpt R A

| B PSRRI
iﬁﬁﬁiﬂ
e

K6 ERPHHEE . (a) B 5P R RS B PR  (b) K4 it T S0 3 i Joe - 45 51

Fig. 6 TImage stitching. (a) Stitching of the local texture images in Fig.

5; (b) texture flattening result of the whole curved surface
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Fig. 7 Flattening results of different texture images. (a)-(c) Original texture images of fingerprint, chinaware and mural; (d)—(f) texture images

of fingerprint, chinaware and mural on curved surface; (g)-(i) flattening results of curved fingerprint, chinaware and mural
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Fig. 8 Texture flattening experiment based on the focused light field camera. (a) Curved finger image output by light field camera;

(b) depth map output by light field camera; (c) flattening result of the curved finger image
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Fig. 9 Flattening results for textures on surface with different degrees of bending (the image at the lower-right corner is a close-up of
the region labeled by rectangular box). (a)-(c) Texture images on curved surface with different degrees of bending;

(d)~(f) corresponding texture flattening results
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Fig. 10 Flattening results of noisy texture images with different contrasts (the image at lower-right corner is a close-up of the region
labeled by the rectangular box). (a)—(d) Curved texture images with 0. 2-0. 5 contrasts; (e)—(h) corresponding texture flattening
results (contrasts of 0. 2-0.5); (1) (1) curved texture images with 0. 6-0. 9 contrasts; (m)-(p) corresponding texture flattening

results (contrasts of 0. 6-0. 9)
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image (the region labeled with rectangular box is the local texture selection range); (b) flattening result
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(D~(j) correction results of local texture images without depth noise; (k)~(0) correction results of local texture images with
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ez WEURNXLA I APk SO RIS g R Y Ok AT S VR D B2 K R
Eﬂm‘ . VB 8 5 o A R 5 AN ]k 1] R Y Je) A 8 B R

Table 2 Influences of the depth noise on correction of local S . - i L
texture images with different normal vectors V2 TR R ik % 22 Y 5 vt AN T DR R k) R
Area a b c d e ﬁfﬂmﬁyxﬁﬁEMUEH}%?gEﬁﬁi@o %ﬁu
0/() 0 6.992  14.410  22.767  32.766 0. 005 mm A 1 22 #5537 TR B2 W& 75 1) 8 A ity 1T 20 B Jg o
0'/(")  0.015 6.978  14.422  22.794 32.794 LERRWT, J 4 SURE R P SR M SRS 10 LAY
AE /(°)  0.015 0.014 0.012 0.027 0.028 VR R 22 B — B i . SCRE N Y, RS R

Vice.ms  0.986 0.957 0.954 0.949 0.932

FR A ETF BRI TR 22/ B AR L

2410012-9



5

“h 1w

BT T 2 B SF- R) AL 5 I T R AR DG 3 1

B SCHR RS- T5 58, F it T — 2 il i SCR Rk
PRI OGS AAILARAS 1 S0 21 IR Kk B A9 % B2 A B
o A 38 ek g T3 SR R S BEA IE A R B 4 =
A B RS RS ER . — RO SRR, B
AR AT LA AN () 26 A S0 3 A () 5 AR R ot i 1 4
AN ) P 45 ot o S0 B0 A - L i T % 38 0 1R 2
Xt SRR 2 A — R . SE PRt A AL it 1 SR
V-SSR T AT RO o X T S R T A
S P ORI 7 48 20 52 US4 E B 5t e S 1S AL A
SERI G ARHL R A 8 1 IR iy 4 530 0% mT A4 2
LG 1) JRESP- S B B AL R I 3 S S PR BOAY  5K

(1]

(3]

(7]

(8]

& % X #

Ramm R, Heinze M, Kihmstedt P,
solution for high-resolution 3D and color texture on-site

et al. Portable

digitization of cultural heritage objects[J]. Journal of
Cultural Heritage, 2022, 53: 165-175.

JE R, =, TR SO BT A = R BRI ST
WOL LI TR, 2019, 56(19): 191504,

Tu D W, Lan H, Zhang X. Digital three-dimensional
reconstruction technology of cultural relics[J]. Laser &.
Optoelectronics Progress, 2019, 56(19): 191504.
XUDEAE, Bl 28 . e TR0 3 A% v it 1 7 1 20 4
SRR WOESCH TR B, 2021, 58(18): 1811024.
Liu X J, Lu Y T. Extracting fingerprints from surface of
curved objects using computational light-field imaging[J].
Laser &. Optoelectronics 2021, 58(18):
1811024.

Yang F. Development of a fast panoramic face mosaicking

Progress,

and recognition system[J]. Optical Engineering, 2005, 44
(8): 087005.

Puech W, Bors A G, Pitas I, et al. Projection distortion
analysis for flattened image mosaicing from straight
uniform generalized cylinders[J]. Pattern Recognition,
2001, 34(8): 1657-1670.

Colombo C, Del Bimbo A, Pernici F. Metric 3D
reconstruction and texture acquisition of surfaces of
IEEE
Transactions on Pattern Analysis and Machine Intelligence,
2005, 27(1): 99-114.

Meng G F, Wang Y, Qu S Q, et al. Active flattening of
curved document images via two structured beams[C]//
2014 1EEE Conference on Computer Vision and Pattern
Recognition, June 23-28, 2014, Columbus, OH, USA.
New York: IEEE Press, 2014: 3890-3897.

Lee J H, Ha H, Dong Y, et al. Texture Fusion: high-
quality texture acquisition for real-time RGB-D scanning
[C]/2020 IEEE/CVF Conference on Computer Vision
and Pattern Recognition (CVPR), June 13-19, 2020,
Seattle, WA, USA. New York: IEEE Press, 2020:
1269-1277.

revolution from a single uncalibrated view[J].

(10]

[11]

[13]

[14]

[17]

(18]

[19]

[20]

(21]

2410012-10

E605F 24H/2023 F 12 B/ ERBFFEHE

T Bk RO RO R T e AR, 2020, 40
(1): 0111001.

Fang L., Dai Q H. Computational light field imaging[J].
Acta Optica Sinica, 2020, 40(1): 0111001.

e, BRER . TR R AR AT AL A 25, ] D2 [T].
LLANS OB TR, 2022, 51(2): 20220110.

Zuo C, Chen Q. Computational optical imaging: an
overview[J]. Infrared and Laser Engineering, 2022, 51
(2): 20220110.

ki, BE, B, S N TEE RS EZNLY
KR k] Jesregdl, 2023, 43(7): 0715001.

Zhang H, Li X, Li H, et al. Research on light field
deconvolution algorithm for plasma three-dimensional
reconstruction[J]. 2023, 43(7):
0715001.

s, R, SRR, & T 2UME RALED
R 2506 5 AR 25 RS OF R [T]. 6 oF 2 4k, 2022,
42(9): 0911001.

Yang M X, Zhao Y M, Zhu F X, et al. Terahertz light
field imaging occlusion removing algorithm based on
Acta  Optica

Acta Optica Sinica,

multi-perspective  synthetic aperture[J].
Sinica, 2022, 42(9): 0911001.

Ng R, Levoy M, Bredif M, et al. Light field
photography with a hand-held plenoptic camera[ EB/OL].
[2023-02-05]. http://www.graphics.stanford.edu/papers/
Ifcamera/lfcamera-150dpi.pdf.

Bishop T E, Favaro P. The light field camera: extended
depth of field, aliasing, and superresolution[J]. IEEE
Transactions on Pattern Analysis and Machine
Intelligence, 2012, 34(5): 972-986.

Monteiro N B, Marto S, Barreto J P, et al. Depth range
accuracy for plenoptic cameras[J]. Computer Vision and
Image Understanding, 2018, 168: 104-117.

Lumsdaine A, Georgiev T. The focused plenoptic camera
[C]//2009 IEEE International Conference on Computational
Photography (ICCP), April 16-17, 2009, San Francisco,
CA, USA. New York: IEEE Press, 2010.

Georgiev T, Lumsdaine A. Focused plenoptic camera
and rendering[J]. Journal of Electronic Imaging, 2010, 19
(2): 021106.

FLF, £, BHR, LT ROE R B E ML
BEAL BRI T ] RO, 2022, 49(21): 2104002,
Wang H P, Wang Y, Zhao S C, et al. Quality inspection
of countersunk holes using binocular vision with crossed
laser lines[J]. Chinese Journal of Lasers, 2022, 49(21):
2104002.

RGP, B R, SF MR A L 4L b = 4 AR
2905 YUk BT g8 (). Ot 2 2 4, 2023, 43(9):
0917001.

QiuJ L, FuZ, Jin H L, et al. Near-infrared three-
dimensional imaging system and recognition algorithm for
subcutaneous blood vessels[J]. Acta Optica Sinica,
2023, 43(9): 0917001.

Lin X, WulJ M, Zheng G A, et al. Camera array based
light field microscopy[J]. Biomedical Optics Express,
2015, 6(9): 3179-3189.

Khan M W. A survey: image segmentation techniques[J].


http://www.graphics.stanford.edu/papers/lfcamera/lfcamera-150dpi.pdf
http://www.graphics.stanford.edu/papers/lfcamera/lfcamera-150dpi.pdf

E605F 24H/2023 F 12 B/ ERBFEHE

[23]

International ~ Journal of Future Computer and
Communication, 2014: 89-93.
Dhanachandra N, Manglem K,

segmentation using K-means clustering algorithm and

Chanu Y J. Image

subtractive clustering algorithm[J]. Procedia Computer
Science, 2015, 54: 764-771.

Sammouda R, El-Zaart A. An optimized approach for
prostate image segmentation using K-means clustering
algorithm with elbow method[J]. Computational Intelligence

2410012-11

and Neuroscience, 2021, 2021: 1-13.

Hartley R, Zisserman A. Multipleview geometry in
computer vision[M]. 2nd ed. Cambridge: Cambridge
University Press, 2003: 202-204.

Ghosh D, Kaabouch N. A survey on image mosaicing
techniques[J]. Journal of Visual Communication and
Image Representation, 2016, 34: 1-11.

Lewis J P. Fast template matching[EB/OL]. [2023-02-05].

http://scribblethink.org/ Work/nvisionInterface/vi95 _lewis.pdf.


http://scribblethink.org/Work/nvisionInterface/vi95_lewis.pdf
http://scribblethink.org/Work/nvisionInterface/vi95_lewis.pdf

	1　引言
	2　算法原理
	2.1　曲面分割
	2.2　局部纹理校正
	2.3　图像拼接

	3　实验与验证
	3.1　数值仿真

	3.1.1　仿真设置
	3.1.2　仿真实验结果
	3.2　基于聚焦型光场相机的纹理展平实验

	4　分析与讨论
	4.1　曲面弯曲程度
	4.2　纹理图像质量
	4.3　深度误差

	5　结论

