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Abstract

of the camera 1s limited and may differ from the color gamut of the display device. Skin color is among the most sensitive

During the acquisition and cross-media reproduction of videos, colors can be distorted because the color gamut

colors to the human eye. Therefore, skin-color distortion can deteriorate viewers’ video experience. Skin-color
enhancement is a processing technology that adjusts a distorted skin color to improve the display quality. Particularly in
video processing, the self-adaptability of a skin-color model must be improved while considering the real-time performance
and computational load of the algorithms. For these purposes, the present paper proposes an adaptive skin-color
enhancement method for real-time video processing. The update of the skin-color model is guided by shot boundaries,
which can reduce the computational load of updating. Second, a dynamic skin-color model updated with the shot boundary
is built for skin detection. Finally, the preferred skin-color model and skin-color enhancements for different races are
achieved through subjective experiments. The proposed method achieved higher mean opinion scores than the existing
methods in subjective evaluation experiments. In addition to achieving the targeted skin-color enhancement, the proposed
method significantly reduced the computational load of model update.
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Fig. 2 Common shot boundary types. (a) Hard transition; (b) soft transition
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Fig. 6 Skin color sampling process. (a) 68 feature points; (b) feature point number and area division; (c) calculating the midpoint

coordinates to determine the reference point; (d) 210 skin-color reference points
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Fig. 11  Distribution of preferred skin color of Asian. (a) Distribution of 30 points in the YChCr color space; (b) 1D plane fitting;

(¢) 2D quadric surface fitting; (d) curve determined by intersection of the 1D plane and the 2D quadric surface
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Table 2 Update times of different skin models

. TV Sports  Reality
Model Movies Total
Dramas programs shows
Guided by video 332 284 905 133 1654
Frame by frame 9547 9411 15462 9164 43584
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Table 3 Execution time of each module

Execution time /ms

Speed /

Method Total time /ms
Shot boundary detection Skin segmentation Color enhancement (frams+s ')
Skin color center None 14.03 12.06 26.09 38.32
Ellipse mapping None 13.45 11.99 25.44 39. 31
Proposed method 1.53 9.12 12. 14 22.79 43.87
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Fig. 12 Comparison of visual continuity. (a) Original frames; (b) Ellipse mapping method; (c) proposed method

3.3 BreEEIIEMHN

& 13 J@oR 1 Fir $2 Bk €038 5 Oy vk X R iy N6
J JHR DX S8 A7 Bk 0 14 5 S BB RO XS . S T
TR T Ml R 7R B R £ R 1) A8 Ak R ot G e T B R X
S PR R AR o B — B s 4 SR v 22 0 SRy DG ot [
A5 e S T DX 3k, A Sk 8 ek R £ G 5 Y it RS S
LT Xk . 8 BT B bR R 1 B O Tk B AT R SR S
JOR €0, S A5 B SRy 2T B A AT S 0 B 4 v Y gk R
Jik €2, o

R A ] B A5 06 5 2 o %) Fl A0 R 2 3 T
B, BE 5 A8 20 2R E S 5 B RK 6 ER R 0
TR SE5G o 30T 52 50 R FH B o) 3 o 282 o o VT

J715 (SCQE) , 3 £ 10 B 43 #F % 2 3840 < 2160 , i i
R 60 frame/s A FEAS T , 43 51 SR FH K €8m0y o503 A
[52] e F 2 5 JOT i K €0 3 56k 9 R g B LA B B R AT bR
o s A B N IR A R B AE N T A A R B T
BRENLHEY O R fEM — A Lo S5 ZWIEM 90
RIETCIRIR S WG BLT 43 0 WG AN [R) 10 A A A3,
JEAELL, 101X [H] N X i U & 1) 4000 P 45 v iy Bk e A 7
TSy o e, TR R J5 32 % i A5 A B B 3R A
B 24 3 043 (E (MOS) |, @£ 4 BT 7R o 525 45 RAIE
HH BT 2 Pk €0 1 5 vk R R — LN B3RS T P
B WA {E, SCBE T B AT R R G B

0210014-9



F£60%5 F2H/2023F 1 A/HASBFEHRE

FI13 k@I . (a) B @ AR (b) AR (c) BRAEA AT

Fig. 13 Skin color enhancement. (a) Asian; (b) Caucasian; (¢) African

R4 BB UL A (98 1 220 5 5K PRG0S AL DL Sk Ry B T HE AT SEORT AT AL AR TR
Table 4 Mean opinion score for subjective assessment T T 0 TR B A A B S R 5 YR
of test video T 25 BT 0 i G 0 R R R 4R 85 1 0 A AR [l 0
MOS A B K TR 43 B IS N VE s e BT RS, T
Index Original ~ Skin color Ellipse Proposed T X =2 AR B R R B ST T X A [ g
video  cemter  mapping  method A S o €548 3 I S D S 3
! o1 oY 0z 6.4 TR DB B R G 1 IR . SRR W] L T 4R O
’ 02 o 06 o8 kT L AL Ak AT 55 0 SN PR AR SR L 9 EL AT AT
’ o0 >0 o o7 S B R ) A K €6 3043, 5 A 7 A I L L
! aE e ne = SR FY 25 4 P R
5 4.9 4.2 4.3 5.4
6 4.5 4.0 4.3 4.7 & % x #
7 4.6 4.9 4.7 5.2 [1] Francke H, Ruiz-del-Solar J, Verschae R. Real-time hand
8 6.9 6.8 6.4 7.2 gesture detection and recognition using boosted classifiers
9 5.8 6.3 6.1 6.6 and active learning[M]/Mery D, Rueda L. Advances in
10 6.8 7.0 7.4 7.8 image and video technology. Lecture notes in computer
science. Heidelberg: Springer, 2007, 4872: 533-547.
. [2] Jones M J, Rehg J M. Statistical color models with
4 é:Fll: T8 application to skin detection[C]//Proceedings of 1999
" ) . » ‘ . IEEE Computer Society Conference on Computer Vision
et T#W%ﬂ:yﬁl}fﬁ%ﬁ% 5| AR ST A 1 and Pattern Recognition, June 23-25, 1999, Fort
JOR 3G 5 7 s o B Ak gL ACEE Sk BRI Ok | Collins, CO, USA. New York: IEEE Press, 1999:

0210014-10



$£605 F2H/2023F 1 H/HAESBFFHE

(3]

(4]

(6]

(7]

(8]

(9]

[12]

274-280.

Zafarifar B, Bellers E B, de With P H N. Application
and evaluation of texture-adaptive skin detection in
TV image enhancement[C]//2013 IEEE International
Conference on Consumer Electronics, January 11-14,
2013, Las Vegas, NV, USA. New York: IEEE Press,
2013: 88-91.

Chen H S, Wang T M, Chen S H, et al. Skin-color
correction method based on hue template mapping for
wide color gamut liquid crystal display devices[J]. Color
Research &. Application, 2011, 36(5): 335-348.

Kim D C, Kyung W J, Ha Y H. Preferred racial skin
color reproduction in an image based on race classification
[J]. Journal of Imaging Science and Technology, 2015,
59(2): 020504.

EWH, EEE A SDEIRAE T MR 6 BRI
U] AL TR SR, 2017, 53(5): 164-169.

Wang T, Wang B L. Enhancement method for color face
image with non-uniform illumination[J]. Computer
Engineering and Applications, 2017, 53(5): 164-169.
Kim D H, Do H C, Chien S I. Preferred skin color
reproduction based on adaptive affine transform[J]. IEEE
Transactions on Consumer Electronics, 2005, 51(1):
191-197.

Park D S, Kwak Y, Ok H, et al. Preferred skin color
reproduction on the display[J]. Journal of Electronic
Imaging, 2006, 15: 041203.

B S S (9 SUNUE/ e RN IR O I &8
2016, 37(3): 146-152.

Wu P, Zhang X. Acquisition and reproduction of
preferred skin colors[J]. Packaging Engineering, 2016, 37
(3): 146-152.

VEUR, skNT, BERTR, S LCHSV A E T B A HE T
10k 3 3 07 5 (7). B Bheg R 24, 2011, 31(5):
515-520.

Jiang J, Zhang X N, Liang Z H, et al. Skin-color
enhancement with adjustment factor in color-space of hue-
saturation-value[J]. Chinese Journal of Vacuum Science
and Technology, 2011, 31(5): 515-520.

WRIT 35, 1HF . AR R GG I 5 4 D] &R e 0 B2
#ie, 2019, 31(7): 1377-1386.

Chen F F, Ji Z P. Face skin detection and color
transferring[J]. Journal of System Simulation, 2019, 31
(7): 1377-1386.

DR K, 4 . 3T DeeplabV 3+ 5 1 & S WL A 45
G Y MG E SCorHIT] Mos 506 722 kR, 2022, 59
(4): 0410008.

Qiu Y F, Wen J Y. Image semantic segmentation based
on combination of Deepl.abV 3+ and attention mechanism
[J]. Laser &. Optoelectronics Progress, 2022, 59(4):
0410008.

WEHE, BISLIH, SRS LT G DeepLabv3+ 9 4% B §2
YU S HISR T MoE SO TeE kg, 2022, 59
(4): 0410015.

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

0210014-11

Yao Y, Hu L K, Guo J. Improved lightweight semantic

segmentation algorithm based on Deepl.abv3+ network[J].
Laser &. Optoelectronics Progress, 2022, 59(4): 0410015.
X, PR, BT, 4 U-Net 4581 ik K H A P 2
R 4 30 10 BF 5% 25 a8 (0. 0Ot 506 i T oF i R
2022, 59(2): 0200005.

Zhang H, Qiu D W, Feng Y B, et al. Improved U-Net
models and its applications in medical image segmentation:
a review[J]. Laser &. Optoelectronics Progress, 2022, 59
(2): 0200005.

by ZF, ERM, I8, 55 BT EUH U-Net it Jifi B8 43
WA ET] HOG 5Ot oAk, 2022, 59(2): 0210010.
Yi S L, Wang T W, Yang X L, et al. Lung field
segmentation algorithm based on improved U-Net[J].
Laser &. Optoelectronics Progress, 2022, 59(2): 0210010.
Jain V, Learned-Miller E. FDDB: a benchmark for face
detection in settings[D].  Ambherst:
University of Massachusetts Amherst, 2010.

Korsunov N I, Toropchin D A. Recognition method of

unconstrained

near-duplicate images based on the perceptual hash and
image key points using[C1//2015 IEEE 8th International
Conference on Intelligent Data Acquisition and Advanced
Computing Systems: Technology and Applications,
September 24-26, 2015, Warsaw, Poland. New York:
IEEE Press, 2015: 261-264.

Viola P, Jones M J. Robust real-time face detection[J].
International Journal of Computer Vision, 2004, 57(2):
137-154.

Shi X P, Shan S G, Kan M N, et al. Real-time rotation-
invariant face detection with progressive calibration
networks[C]/2018  IEEE/CVF
Computer Vision and Pattern Recognition, June 18-23,
2018, Salt Lake City, UT, USA. New York: I[EEE
Press, 2018: 2295-2303.

Kazemi V, Sullivan J. One millisecond face alignment
with an ensemble of regression trees[C]/2014 IEEE
Conference on Computer Vision and Pattern Recognition,
June 23-28, 2014, Columbus, OH, USA. New York:
IEEE Press, 2014: 1867-1874.

Garcia C, Tziritas G. Face detection using quantized skin

Conference on

color regions merging and wavelet packet analysis[J].
IEEE Transactions on Multimedia, 1999, 1(3): 264-277.
Tan W R, Chan C S, Yogarajah P, et al. A fusion
approach for efficient human skin detection[J]. IEEE
Transactions on Industrial Informatics, 2012, 8(1): 138-147.
Phung S L, Bouzerdoum A, Chai D. Skin segmentation
using color pixel classification: analysis and comparison
[J]. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2005, 27(1): 148-154.

Stottinger J, Hanbury A, Liensberger C, et al. Skin
paths for contextual flagging adult videos[M]//Bebis G,
Boyle R, Parvin B, et al. Advances in visual computing.
Lecture notes in computer science. Heidelberg: Springer,
2009, 5876: 303-314.



	1　引言
	2　研究方法
	2.1　镜头边界检测
	2.2　皮肤区域分割
	2.3　肤色增强

	3　实验与分析
	3.1　实时性能
	3.2　视觉连续性
	3.3　肤色主观评价

	4　结论

