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Color Quality Evaluation Methods for Holographic Paper and Its
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Abstract In order to measure and analyze the color of holographic paper and its printings with light pillars
accurately and stably, the integrating sphere spectrophotometer is selected to collect colorimetric values within
different periods of light pillars and different angles in fixed position of holographic paper (or printings) based on
analyzing the microstructure of paper. The collected values are analyzed to build up two color measurement and
analysis methods for holographic papers and printings. Compared with the existing methods, the measurement
methods not only improve the working efficiency, but also greatly improve the accuracy of the measurement. Those
methods can provide an efficient and objective evaluation way for the quality inspection of packaging and printing
enterprises.
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Fig. 1 Superficial and lengthways microstructure of holographic paper
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Fig. 2 Visual and microcosmic effect of holographic paper and its printings
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Fig. 3 Chromatic values from vertical multi-sampling and rotated single sampling measurement methods
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Table 1 Mean AE,, of sampling points chromatic value after translation

P1&.P3 P1& P2-without reversal P1& P2-reversal P4&.P5
AE 2.62 4.72 1.37 0.69
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Table 2 Maximum AE, from one fixed position with different angles of three holographic papers and printings

Method 1 Method 2 Method 3
Pa-1 Pa-2 Pa-3 Pr-1 Pr-2 Pr-3 Pa-1 Pa-2 Pa-3 Pr-1 Pr-2 Pr-3 Pa1l Pa-2 Pa-3 Pr-1 Pr-2 Pr-3

Random times

1 5.58 6.69 7.43 2.97 3.10 0.85 2.10 1.79 2.47 0.90 1.50 0.43 0.74 0.95 1.01 0.29 0.33 0.19
2 8.27 6.07 5.25 2.71 3.35 0.73 1.61 2.12 2.47 0.90 1.30 0.26 0.60 0.90 0.85 0.36 0.26 0.21
3 6.84 4.59 8.90 1.88 3.28 0.58 1.61 2.14 2.19 1.57 1.28 0.32 0.61 1.07 0.83 0.28 0.31 0.20
4 8.20 4.59 6.20 2.02 2.41 0.67 2.39 2.00 3.05 1.01 0.94 0.24 0.69 0.96 0.73 0.42 0.32 0.18
5 5.00 6.67 6.19 1.80 3.83 0.72 1.50 1.58 2.89 1.28 1.35 0.30 0.78 0.80 0.98 0.44 0.39 0.26
6 6.64 6.95 8.33 2.71 2.80 0.45 2.42 1.82 2.27 1.52 1.20 0.34 0.61 0.90 0.90 0.50 0.33 0.29
7 8.77 5.22 8.32 3.27 2.55 0.47 2.37 1.95 2.78 1.52 1.38 0.26 0.51 0.92 0.75 0.49 0.37 0.22
8 7.44 4.31 5.51 2.42 2.89 0.67 1.63 1.91 2.57 1.37 1.20 0.34 0.61 0.98 0.79 0.26 0.30 0.17
9 6.21 4.55 7.18 2.01 3.57 0.82 1.49 2.08 2.96 1.02 1.42 0.27 0.84 1.06 0.79 0.28 0.28 0.30
10 5.19 5.22 8.50 2.06 3.16 0.52 1.70 1.99 3.01 0.81 0.91 0.32 0.51 0.74 0.85 0.39 0.40 0.19
11 8.57 7.12 7.92 2.08 3.07 0.49 2.07 2.14 1.94 0.95 1.13 0.26 0.65 1.19 0.92 0.50 0.32 0.20
12 6.16 3.85 7.69 2.36 3.04 0.84 2.27 2.30 2.21 0.95 1.19 0.37 0.84 0.99 0.88 0.28 0.44 0.16
13 5.84 6.95 6.10 1.93 3.27 0.48 2.10 1.65 2.92 1.42 1.39 0.47 0.72 0.87 1.20 0.30 0.26 0.16
14 4.68 6.63 7.11 3.27 3.80 0.67 1.46 1.83 2.30 1.03 1.03 0.25 0.59 0.98 0.87 0.28 0.28 0.16
15 7.77 6.95 6.72 2.45 3.05 0.80 2.25 2.03 2.44 1.26 1.13 0.34 0.69 1.14 0.75 0.42 0.41 0.20
16 5.44 7.12 6.17 2.02 2.94 0.55 2.08 2.09 1.88 1.51 1.41 0.31 0.51 1.11 0.80 0.28 0.35 0.18
17 7.78 5.04 5.47 2.09 2.94 0.63 2.02 2.29 1.87 1.03 1.44 0.32 0.84 0.68 0.67 0.28 0.32 0.17
18 5.88 4.50 7.57 2.09 3.80 0.76 2.46 2.26 2.47 1.09 1.28 0.27 0.50 0.68 0.80 0.42 0.44 0.24
19 7.44 6.18 7.30 2.19 3.10 0.84 1.74 1.63 1.81 0.94 1.28 0.34 0.75 0.89 0.82 0.42 0.44 0.22
20 4.68 5.22 7.92 2.99 2.96 0.82 2.50 2.05 3.16 1.39 1.20 0.27 0.69 1.00 0.78 0.34 0.32 0.16
21 6.51 4.90 7.69 1.80 2.91 0.47 1.50 2.19 2.51 1.52 1.44 0.31 0.65 0.80 0.98 0.49 0.26 0.23
22 8.71 4.52 6.52 2.70 3.80 0.59 1.72 1.76 1.77 1.28 1.54 0.24 0.53 1.13 0.87 0.32 0.38 0.18
23 8.65 6.07 5.71 2.02 3.29 0.50 2.60 1.51 3.26 1.32 1.21 0.31 0.67 0.96 0.75 0.50 0.44 0.21
24 6.51 4.26 8.32 2.36 3.53 0.54 1.81 1.64 1.87 1.28 1.28 0.33 0.70 0.99 0.92 0.36 0.40 0.19
25 5.74 7.29 5.51 2.81 2.74 0.46 2.57 1.91 1.87 0.94 0.93 0.31 0.68 0.93 0.82 0.49 0.33 0.20
26 6.51 4.97 7.55 2.06 3.26 0.64 2.51 2.26 2.19 1.39 1.29 0.24 0.53 0.74 1.09 0.41 0.27 0.17
27 8.54 5.74 6.19 1.79 3.27 0.72 2.49 1.89 3.10 0.87 1.37 0.34 0.72 0.84 0.75 0.49 0.44 0.16
28 5.97 5.01 8.24 2.70 3.56 0.60 1.67 1.94 2.01 1.37 1.09 0.35 0.62 1.11 0.82 0.34 0.39 0.26
29 8.69 7.20 7.98 3.06 3.26 0.49 2.64 2.19 2.52 1.52 1.42 0.46 0.51 1.08 0.89 0.48 0.27 0.18
30 5.37 7.39 4.75 3.27 3.80 0.66 2.60 1.73 1.77 1.33 1.03 0.26 0.59 0.92 0.76 0.50 0.33 0.18
Mean 6.79 5.73 7.01 2.40 3.21 0.64 2.06 1.96 2.42 1.21 1.25 0.31 0.65 0.94 0.85 0.39 0.35 0.20
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Table 3 Chromatic value comparison of holographic paper and printings for different positions measured by method 3
Pa-1 Pa-2
Position A B & A B C
L* a° b’ L a° b" L’ a”  b* L* a° b’ L a° b’ L* a” b’
0° 91.45 0.86 —3.22 91.81 —1.2 4.1 92.78 —1.15 2.72 90.01 1.16 —2.09 90.28 1.34 —1.92 90.78 1.39 —2.66
45° 91.03 —0.51 1.24 93.41 —0.77 —0.55 93.75 0.27 —0.43 89.89 0.36 —L.73 90.27 0.49 —1.31 90.26 —0.56 —0.19
90° 91.67 —0.81 3.8  92.21 0.46 —2.76 91.94 0.82 —2.97 89.72 —1.58 2.35  89.91 —1.49 2.58 90.17 —1.15 3.1
135° 91.47 0.61 —0.39 92,02 —0.13 —0.39 91.53 —0.16 2,14  91.57 —1.32 0.29  91.79 —1.14 —0.09 91.97 —0.18 —0.05
Mean 91.41 0.04 0.36 92,36 —0.41 0.10 92,50 —0.06 0.37  90.30 —0.35 —0.30 90.56 —0.20 —0.19 90.80 —0.13 0.05
. A& B A & C B & C A & B A& C B & C
A 1.09 1.10 0.46 0.32 0.64 0.34
Pa-3 Pa-1
Position A B C A B C
L a° b’ L a° b" L’ a”  b* L a° b’ L a° b’ L* a” b’
0° 91.87 —0.07 3.29 92,14 —1.22 —2.22 9L.77 —0.76 —0.92 77,59 1.1  60.9 77.79 0.79 61.35 77.84  0.66 61.56
45° 92.8 —0.16 —0.71 90.92 —0.39 1.97  90.21 0.49 3.54  77.8 0.53 6177 7757 0.45 61.93 77.44  0.68 62.06
90° 92.52 —0.69 —2.95 91.71 —0.35 2.77  93.52 —0.77 0.17  77.55 0.89 62.14 7813 0.6 62.52 7872 0.4 62.75
135° 91,57 —0.56 1.67  91.64 —0.66 —1.41 91.89 —1.24 —2.92 78.93 0.67 62.84 77.74 1 6L12 T7.44  1.15 60.58
Mean 92,19 —0.37 0.33  91.60 —0.66 0.28  91.85 —0.57 —0.03 77.97 0.80 61.91 77.81 0.71 61.73 T77.86  0.73 61.74
. A & B A & C B & C A & B A& C B & C
A 0.65 0.53 0.40 0.26 0.22 0.06
Pa-2 Pa-3
Position A B C A B C
L a° b’ L a° b" L a” b L* a° b’ L a° b’ L* a” b’
0° 35,02 0.85 —29.67 34.88 1.23 —29.18 353 —0.14—28.85 44,92 48.05 29.22  44.57 47.82 28.88  44.23  46.87 28.91
45° 34,78 1,72 —30.13 3499 1.33 —29.83 35.24 1.1 —30.2 44.81 47.78 29.01 44,51 47.48 28.68 44,27  46.64 28.56
90° 34.59 0,97 —28.7 3473 0.5 —27.89 35.35 1.19 —30.67 44.74 47.67 29.03 4447 47.55 2879 4411  46.35 28.52
135° 34,21 053 —26.82 34.8 0.3 —27.61 34.86 —0.28 —27.42 44.69 47.59 29.13 44,5 47.39 28.88 44.37 46.66 28.58
Mean 34,65 1.02 —28.83 34.85 0.84 —28.63 3519 0.47 —29.29 44,79 47.77 29.10 44,51 47.56 28.81 44.25  46.63 28.64
. A& B A & C B & C A & B A & C B & C
A 0.34 0.89 0.83 0.45 1.35 0.98

% 3 AT, (O vk 3 0 E: B A R A sk b HE B AR SO A 10 5 e {HL % 5 1) 406 ik 3 1T S [ 7 1 38 A0 1k
R EL Rl ity AN ) B8 X538 a5 38 50 P 0 R ), 3 ook [ — 451 CEp R ) 0 2 0 -3 285 1 P i B 4 CIELAB 822
HRT 1.0t :Pa-1 H AQB 5 AC.Pr-3 ' ALC)OMTEIL . (HA STy vk — E L BB Al Fl sk k47
2T 5K A B ) b 17 € 32 000 R 0 25 LR 3K
T4 R 28 FOCH 4R SRR RN 26 Fh LUIZ ACTK A 3 AR AR ST BRI A CTELAB €8 22 25 J430 8,

STRESS [ 71 D14 195 F il o 75 v 45 31 1) € 25 153 25 AR G, 28 i ekl 4R 54 4Kk 7] STRESS {24 60% ,
26 i LAIZACTK S BE A R 4R S5 B R S 3] STRESS B R 19 %6, 38 B P # 6 A 4R 565 4R, 75 Ff il dt D7 325 22 1]
FATE—E 19 2290 (STRESS i 60 %) , A& 4 B4 v LG L 36 B F 405K 6 A Jr 1) A [l o7 B0 2 0y 326 1) 485 21
R T B R 25 3 (A& 4 b No. 18 4R 5 40 5 1 0 42k % 5 40C B Rl & B, 79 b 0 3 O vk i 25 SR LW A
(STRESS 4 19%) , ¥k s 5 H I — 0y 45
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Table 4 Color differences of the holographic paper (printings) obtained from two measuring methods

Holographic paper Holographic printings
No Rotated Vertical Visual result e Rotated Vertical Visual result
1 0.8 0.8 Pass 1 0.2 0.3 Pass
2 0.8 0.6 Pass 2 3.7 3.4 Fail
3 0.5 0.5 Pass 3 5.8 5.3 Fail
4 0.4 0.5 Pass 4 0.6 0.9 Pass
9 0.2 0.1 Pass 9 0.3 0.3 Pass
6 0.2 0.3 Pass 6 2.1 1.3 Pass
7 0.8 0.7 Pass 7 5.7 4.5 Fail
8 3.2 2.6 Fail 8 6.4 6.7 Fail
9 1.8 0.8 Pass 9 0.6 0.5 Pass
10 1.1 1.4 Pass 10 5.3 4.1 Fail
11 0.5 0.4 Pass 11 0.9 0.7 Pass
12 1.5 0.4 Pass 12 2.5 2.6 Fail
13 0.3 0.6 Pass 13 1.6 1.9 Pass
14 0.4 0.9 Pass 14 0.4 0.5 Pass
15 0.2 0.3 Pass 15 0.2 1 Pass
16 0.5 0.6 Pass 16 0.2 0.4 Pass
17 0.7 0.7 Pass 17 0 0.9 Pass
18 0.8 3.4 Fail 18 0.4 1.4 Pass
19 0.3 0.7 Pass 19 2.5 2.7 Fail
20 1.1 0.4 Pass 20 1.4 1.6 Pass
21 0.4 1 Pass 21 0.6 0.5 Pass
22 0.3 1.1 Pass 22 4.9 5.5 Fail
23 0.1 1.1 Pass 23 1.3 1.2 Pass
24 2.2 2.6 Fail 24 0.9 0.6 Pass
25 1.2 0.5 Pass 25 0.7 0.6 Pass
26 0.5 0.5 Pass 26 1.8 2.2 Fail
27 0.5 0.6 Pass
28 1 0.2 Pass

Note: 1.The samples marked by black and bold font are the inferior-qualified product judged by the company with the
visual assessment, which have the color differences greater than CIELAB 2.0 by our two methods. 2. The sample marked by
underline font is a special paper (NO.18) with the asymmetrical distribution (with the distribution of 5 cm, 7 cm, 5 cm. 7 cm,

-++) of holographic light pillars. which cannot detected by the method of different angles in fixed position.

25 BT 3 T ARROGAE Ty )N R AL B T R A AR S (H R R R T AUk A M BR A e
YA A b sz AR 0K e ) B R, o R TR 0 e A B LB /N ) B R o SR DU A A JRR ST, S SN ED R
FE b 22 W I AR SR AR, ] A6 e 2 W i 5 3 2 o (SRR 3 5 X ) 8 IX BT R /N I R ik A T
X A P N b A (ELI S ) 37 B B SR AN A R A, A T BB R A AR B AR B i (R 4 P No.18 4
SH40 .

4 25 2

TEAT M T FEAE 4R S 40K SOW 45 48 Y Lt I, 26 FH R A3 Bk =X 40 6 o6 B2 11 20 A7 D' A 5 S A€ A A 5 B0 Rl & 1)
S I, FF 3R T I T AR AR T 1) AN () A7 0 A A D R RPN ik . A STRESS
T A O IR AR AT TR L A A E VAN 5 L L T A R B UK ) B 5 DA (6 1 BT AR
7 1) AN R ASE B 0 78 T 3 6 S A R S BT R P € S TR T I AL e DN R T
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