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Fig. 3 Skin spectrum curve under different tension ratios
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Fig.5 The diagram of skin under stretch

3 ER-AREFHAEE

3.1 IBigHRE

EARRET Sk —HATZIRE, BT
fiff T Bz R ALh - 7 AR IR S T A S i N L 2 AL
el R i RS T R R R A A FRATHRE T
JoR B AR TE- i 2E R A A, R R R R R — )2
WA AN 5 BRI A R R A2 TR A 2L 52
e, Y5 A B Aff 0 300 5 2 A DR AR B T 36 7K 7 O [l
B RLAR S A, B8 B 7 1 R A H A, R A
Bz WRTEPE T 18] ) R0 L A, A AR (I8 36 2 )2 Sk
B as FEBE TR AR D LB A<,

% I8 3 BRI AN T TR A6 P L & 20 Ay = 1, U7 PR BE D7 1] O B0 i LU AT AR A

AFPL T REZRIRE bl N

>

1

(D
Va



53 M XUNE 255« BT iR G35 UG AR (9 B IR I 7 - 2 S S8 A AR AT Y 301

. h,
he = i (2)
Krp b, ARG ZEVE RS T WE R R A bl %A R4 .
B R BE— )2 B 6 2R P AR T DA E i W R B K ORISR 40 S SR 3R Ll 26 2 Ml R B KL Qo il
LR R R B K (O B T8 6 BV JE e~ cmo, ~ am ~ a0 73 912 B 8 3R L HbO, . Hb FIH£L 3% 1Y ik
), HREZIEE b AR Kubelka 1 Munk $2 H 9 J Bk 622 AL v 38 1 2 0 2 808 318 T.(D
ARG RO AT LA R N

sinh (b, (D) S, (D h.)

R = b.cosh(b, () S, (D) h, ) + a,sinh(b, (X)) S, (M) h; ) %
_ b.
T = b.cosh(b,S.h; ) + a,sinh(b,S.h.) “
K a, QOF b, 53 R
KD+ S0
a, (D) = s (5)
b.(N) = V&L —1 (6)

P KL LSO 53391 DAy 38 1 J2 W i 28 B5ORn BT 2R 8
HE Beer-Lambert-Bouguer FIIEUI AT LIS R 2 2 Bk 28 K. (O FE EZ 2Rl 258 K. (D 4
il
K.(D) = (1 — cuat) Ko (D) + et Kot (1 D)
Kq(AD) = (1 — ey — CIho, — ai) Kay (A + ey Ky, (A = CIIbo, Knhoz (D + a; Ky (D) (8)
2 Koo (O Ko, (D« Hi (O L Ky (D L K, (O L Ky, (O 435I B A3  HbO, . Hb IHZEFE 3 Jl 3 2
FIEL Rz B2 A WO R A8
FRAE Kubelka-Munk 558155 U0 ) B J2 R5HR Ry (0 K
K,(D + S, (0 — VK, (D (K, (D +2S,(0))

R, = a, (D) — b (D) = S0 9
o Ky (D) Sq (D) 435 Ry L e J2 0 W Ie 32 BSORN B0 &R 88
F JR 1 6 B R Rage i B J2 IR R B2 AR E N, Bk S E1E )3 %
_ TRy
Run = R+ 1_RR. R.R, (10)

3.2 XESHEVE
FZ IR v 28 KA R BBE e~ cmio, ~ e~ i 20 102 BB A8 2 HDO, Hb FITIRET 2819 v i) B W e 22 HUOAR
P SCERLT9 A5 o Hob il A200R R BE Sy 3 480l 21 A MR B 5 IV BE =2 L VR AR B A B B AR 41 2R
155 0 4RI 2T 2R LR R B F . 4% k6 B o AR R o3 BT TR L 3 2,
F 2 MRS R GRS EC

Tab. 2 Chromophore volume fraction of skin-**}

KIkRSH PR B
BRI 1.3%~43%

IIE=NEE 25%~90%
JIIRG TN A 2%~5%

RRET 2 ARFR 34k 0.35%+0.15%

AR 3085 KRB BUCR caa =10% s co, =2. 75 %0 iy = 2. 75 % » 0, =0. 35% . &l 6 b & A il
213 HbO, A ML A Hb 200 5 AR 21 2 Wl & 50,
3.3 B4R

WRAE 2. 2 W5 AR B 61 4 Rl A 15 AL rp BB Y 3l SR L 256 B IR AT B B AN AT R 46 1 & 2 Ay =1, 3R A%




302 (2022 )58 37 &

3

10 3
10k 3
10° F 3
E 10k 1
3 F|
W 10 F 3
=
= -1
' e 3
= FRUMLTE
'k o R AT E " ]
v A Mg ]
X v fierg
10" L A ! ;
200 400 GO0 800 10080
#</nm
&6 o A I R AL

Fig. 6 Chromophore absorption coefficient
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Study on skin strain reflectance correlation
based on hyperspectral imaging technology

LIU Xuliang', WEI Huixin', WANG Zhiyong', LI Chuanwei',
LI Linan', MA Jianxiong’, WANG Zheng®, WANG Shibin

(1. Department of Mechanics, School of Mechanical Engineering, Tianjin University, Tianjin 300054, China;
2. Institute of Orthopedics, Tianjin Hospital, Tianjin 300211, China;

3. Faculty of Intelligence and Computing, Tianjin University, Tianjin 300054, China)

Abstract: Hyperspectral imaging ( HSI) combines traditional imaging technology with spectral
technology, which can obtain the spatial and spectral information of the research object while imagine.
HIS enables the detection of skin cancer, burned skin, and expression recognition. In fact, the in vivo
human skin is often in a deformed state, but the effect of its deformation on spectral reflectance is
extremely poorly studied. Firstly, based on hyperspectral imaging technology, the human skin images
under different strain states and different wavelengths are measured, and the corresponding
reflectivity information is obtained. And then, the entire wavelengths from 425nm to 1025nm are
divided into several different bands according to the characteristics of the spectral curve.
Furthermore, the relationship between wavelength, reflectivity and strain is studied, and it is found
that skin deformation can significantly affect spectral reflectivity. Based on experimental results, a
deformation-spectroscopic coupling theoretical model is established. The results have shown that the
reflectance of skin has a linear positive correlation with the stretch ratio, and the correlation is the
best in the wavelength range of 425nm~525nm.

Keywords: tension ratio; hyperspectral imaging; skin reflectivity; skin deformation



