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Abstract: Methods of image enhancement for visible light photographic vein image are discussed. We pro-
pose methods of color signal blending on a photographic color vein image (RGB color system of red, green,
blue, CMYK color system of cyan, magenta, yellow, and black) to generate a grayscale vein image. The
coefficients in the blended color signals are adjusted so that the grayscale vein image is approximated to a
near infrared vein image. A method of image enhancement by irradiating the specific color of the visible light
to the skin is also proposed. The optimization of various transform coefficients for the vein authentication
are executed.
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Fig. 1 A wrist vein taken by a mobile device.

i, WATOREHLED 79 v 2T 4 b
NTEY, BFECBTHEPBEIT L LTHHTE 213,
ZOMEIIE ., T/, HIROLED 79 v 2274 M3
HELDOARDIRE TH L0, s OBERETE 5 LED
HWHbHDIEDn, HWREER, FFEO0REIEE L 2
LERAEND., F£2T, 22T 1,600 5100 RESASH
A&7 LED HERZ T, HGT 2 288) S & 2055 #IR
BOMHS 25 L, a2 EROE, ZOMEICONT
ST 5.

RO 2 BT, HFHimAK CFEBEIR 023 5 HEICD
WIS . F 72, WHDEIC X o TR S N E IR (S 2
Ok 2 BT 2 k% 3 BITRT. BRUREOTE
FTDOWT 4 BITRT . TBDEO RSN X 2RO &L
[ZDOWT 5 ETHRRS, T FUERZHCTHIRZBE L
TAERE 6 EICRT.

2. #HHERICE D FEHFROES

K 1IRT LI, EEHEBEON AFI12X > TFE#HIR
WY A, W SNEGIEA T — WS TH D, KM
HIZETFEONA RPERENTBY, ZhzFH L TFH
HEZFEOMNELZ2EDEL. ZOLE, WMEEFEED
I BB LR 10em BEICR D, T _E D b
TICHEA LTS 2058w, FE2LBEY L5 ET
TLE) &, BIRPHECHATLEYIZOTHA. F72
FHEHETHITE3) PR FEHA. B 2 EFEEH
ROWFIAERTH D, FEidhfe, HiRITERKOMICH
25,

3. BTHIC L 2EBA(t

FEHEIRD 7 7 —W{ED S IR Z ) ) 1 L Tz
L, ABRBREE L AERT S, 22T, WmEHEBNO
RICHERE T (2,y) & L, SEEICBIT 0, #&, FOME
%, #nZN R(z,y), G(z,y), Blr,y) LT, KM
X025 255 FTOERLY L 5.

2308



[BHRNIBFSERIGE Vol.57 No.10 2307-2315 (Oct. 2016)

2 FEHERO S 7 Wi

Fig. 2 A color image of wrist vein.
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Fig. 3 (a) A color image of a vein and (b)—(d) its color com-

ponents (red, green, and blue).
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Fig. 4 (a)-(d) Color components (yellow, magenta, cyan, and
black).
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Fig. 5 A near-infrared image of the vein.

© 2016 Information Processing Society of Japan

THb. B, M = max(R,G,B) TH Y, N =
min(R,G,B) Thsb. Bl H LEES %

H(xay)HH(xay)'i_ﬂl
S(x,y) — S(z,y) + 02 (7)

WS L. ZI2TO By, [ BEBRETH Y, @)%
% Eo HVENH L. HSV £ RAH 5 RGB £ 3R,
CMYK FfRIZEH L,

F(z,y) <1 —Zan> z,y) +a1G(x,y)

+ o B(z,y) + azY (2,y)
+asM(z,y) + asC(2,y)
+ aGK(x7y) (8)

2 % o CHIRIENE F(z,y) % HEKT 5.
4. EBHRBOFEE

EFHMRIZ L > THET 5 &, SBIRDVEEHICERTE 5.
FIT, STTRTATVINIATORIE v N T 4V
yxbrdl, b RMEE7 4 vy (BL7A4V
A:mm;&ﬁovmmmmTﬁ%%ﬁ% FhPob % E
W) ZEEET D, TARIMREOGE T T E R AR & BT
LCHIRZ 009 5. TR, AN EEE LT <,
RN CRETT 525, —J, MHPONEZBE /2L > Tl
IWEND., L7za5->T, EBIEIHA , EIRIZER V)
BoND., IR X ARG 2R 5 18T, RS
EHICFREN TV S

3BT 1] 5 [HiE3] 120w, &S
M7= FR RIS & LRIV IS & DREAED /N B &9 12

(a) Methodl (b) Method 2

(¢) Method 3

6 (a)—(c) BHEI L BRI
Fig. 6 (a)—(c) Vein images using each method.
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Fig. 7 The average approximation error against the value of
the coefficients in [Method 1].
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Fig. 8 Vein images against the value of a1 in [Method 1].
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Fig. 9 The average approximation error against the value of
the coefficients in [Method 2].
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(f) 180° (g) 225°
10 FEOEEE L 20FEEHR (BT,
315°)
Fig. 10 Color irradiated wrist veins (white,
and 315°).

(h) 270° (i) 315°

Al = 0°,45°,90°, 135°, 180°, 225°, 270°,

hue = 0°,45°,90°, 135°,180°, 225°,270°,

xR 1 Lo L GEE [k 3]
Table 1 Approximation error against the value of hue in [Method 3].

Hue A B C D E F G H I J ave ave(e)
white 6.31 6.69 5.66 6.69 4.65 7.64 4.64 9.69 8.17 5.30 6.54 —0.07
0° 6.28% 5.97* 5.35% 5.97* 4.30 6.98%* 4.34% 9.56* 8.19 5.27* 6.22 —1.10
45° 6.81 6.21 5.45 6.21 4.34 7.07 4.68 9.68 8.24 5.32 6.40 —0.51
90° 6.79 6.69 5.63 6.69 4.43 7.19 4.74 9.73 8.16 5.34 6.54 —0.12
135° 7.59 6.72 5.72 6.72 4.52 7.23 4.74 9.71 8.21 5.36 6.65 0.20
180° 7.55 6.42 5.57 6.42 4.51 7.21 4.64 9.71 8.08 5.39 6.55 —0.12
225° 6.31 8.11 5.57 8.11 4.81 8.11 5.03 10.41 8.23 5.46 7.02 1.18
270° 6.65 7.99 5.57 7.99 4.56 7.71 4.51 9.96 7.88* 5.48 6.83 0.29
315° 7.63 7.18 5.71 7.18 4.11% 7.50 4.45 9.63 8.34 5.45 6.72 0.25

® 2 HEMOSH

Table 2 Standard deviation of pixel values.

Method Standard deviation
R 19.82

G 17.61

B 24.73

(Total) 62.16

Method1 17.16

Method2 21.41

Method3 9.25
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Fig. 12 ROC curves for the each methods.
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Fig. 11 Matching score distribution for the genuine matching
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