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Online Detection of the Ink Film Thickness of Metal Sheet Printing
Based on CCD Method

MA Sai, CAO Chun—ping, SUN Yu
(Nanjing University of Science and Technology, Nanjing 210094, China)

ABSTRACT: Objective The detection of ink film thickness of metal sheet printing is one of the key technologies in the
printing quality control field. According to the development trend and the characteristics of metal sheet printing, an online
detection system was proposed for the ink film thickness of metal sheet printing. Methods First, the ink film thickness d
and real-time image’s RGB values of the signal bars were obtained through experiments. Then, the relationships of the basic
attributes of colors (lightness (L"), saturation (C :b ) and hue (h.,)) calculated from the RGB values and the thickness of the
ink film were analyzed and the significant corresponding relationships among them were found. Last, an ink film thickness
prediction model was established using Extreme Learning Machine (ELM). Results The simulation results showed that the
accuracy of the ELM method was much higher than BP and RBF methods with the average relative error of 2.27%, and the
maximum relative error of 7.33%. Conclusion It was proved that this detection system could well realize the function of
ink film thickness detection and could be applied to the actual testing process.
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Fig.1 The flowchart of the experiment
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Fig.2 The common signal bars
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Fig.3 The image acquisition system

AL i P IT AT A RMGOR B I A I R M E A
J7 0132 SR AT EN Sk /A1 1Y) 32 BB X 1A 5 2%, 75 3
KA S 5B RGBAA . (HICHR[ONA N RGB 5 58)2
JEREZ IR AR . ML, R GRS LY
A1) CIELAB (88225 [0]" FR0 B (A ) BEAS J@ o, B L
Co M h, 5 B2 2 [ X R R o A2 AR
A A 77 5t RGB L Hefs 2,

i RGB {458 CIEXYZ {4 %23 (8] i) = B X, Y
MZ, RN

X=a11R+a12G+a13B (2)
Y:a21R+a22G+ang ( 3 )
Z=ayR+a»G+auB (4)

A, ay HBEPFREPE R E o

HX,Y,Z{EF] CIELBA (25 B L, a", b {H )
TR RN

£ Y

L* = 116(Y")

173

_16 ifyl > 0. 008 856

L = 903.3(%) if% > 0. 008 856 (5)
a* _ 500[(XA;)1/3 B (YYN)I/3] (6)
b = 200[(;;)1/3 - (Zzn)m] (7)

Hi . X,,Y,,Z 2 CIELAB (A% 25 [A] (bR (e . 4
B XIX,, YIY, 5% Z/1Z, /N F 55T 0.008 856, A 4 % B
7.7877f+(16/116) FrAC, Horh fI& XX, YIY, 5L Z/Z,.,

ML ,a b {EARFIL,C,,  h.fH:

L'=L (8)

C: = +Va’? +b"’ (9)

b—) (10)

h, = arctan(
a

Hr,

0° <h,<90°

90° <h,<180°

180° <h,<270° (a'<0,b'<0)

270° <h,<360° (a'=0,b"<0)

G CCD A ML R 5 2 g £, R A~ X (2)—
(10) , X HAEA T E A2, A5 2 5 a X L, €, Fll ha
o 28 2L (M) T S8 3R/ SE B s W& 1.

SRy O R b XL B R IR S AR £
P Z AN DG R 4 S g0 B s 2 S L T 4 1

MW AT LIE I, L, C, 58ZERE d2ZhF
ERENRR, Mh,S5RZ2EEJNLCRRNLE,
X JEH T ha AE1E 360° BHFG M) &, $ K 4e 100 ~
100° Z [A] 854 i | 360° AT A5 & 4d, &l 4d 7]
W, h 5 222 R d Z AIBAFFE B 3 X C &, A
W 3 I A AR A £ SR I o B R A

FOEE

(a>=0,b"=0)
(a"<0,b">0)

2 EFWREINWL,C, Mh,S5HERE
R E R EAHBE 531

T R FH CCD AHAIL S B A I A S22 R B, T %k
BUA S AT [T 757 CCD AHALAY RGB



H354 5234 L3RR BLT COD 194 AR Bl 28 2 R FE LA I 5T 123
F1 KIEIE
Tab. 1 The experimental data
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121.8424 121.8404 63.53 42.63 344.39 0.237
121.8435 121.8408 52.71 51.23 348.69 0.310
121.8433 121.8405 45.55 55.97 350.66 0.331
121.8443 121.8409 40.14 62.28 349.18 0.399
121.8685 121.8413 2.79 83.51 24.96 3.148
121.8687 121.8414 2.27 83.86 25.57 3.175
121.8702 121.8423 1.75 83.68 25.57 3.240
121.8698 121.8417 2.09 84.39 26.07 3.267
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Fig.4 Dependence of the lightness, saturation and hue of color of

the obtained prints on the thickness of the ink film
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Fig.7 The predictions of the thickness of the ink film
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Tab.2 The predictions of the thickness of the ink film
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