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Abstract: Experimental analyses were conducted on the color mixing effect of the developed full-color
FDM 3D printers, verifying the color mixing uniformity of the designed mixing nozzles. Thus, an RGB-
CMYKW color matching calibration algorithm was proposed based on FDM 3D printing of polylactic acid
(PLA) filament and BP neural network. CMYW four-color silk materials were mixed in different propor-
tions to obtain 529 mixed color samples. Using SOFV -1xi image acquisition equipment to extract color
(RGB) information from mixed color samples under standard D50 light source, and combining the color in-
formation extracted from the standard color card under the same acquisition conditions for color correction,
529 RGB-CMYW color conversion sub samples were obtained. The sub samples were used for training to
determine the FDM 3D printing full-color matching calibration algorithm. The developed full-color FDM
3D printer was used to print 24 color chips, and the corresponding color differences among the printed color
chips and the standard 24 color card were analyzed and calculated. Results indicate that the color error dif-
ference is generally small and the color features may be well replicated. At the same time, actual 3D color
model design and printing are carried out, further verifying the reliability and practicality of the proposed
color matching algorithm.

Key words: fused deposition modeling(FDM) 3D printing; color matching; color mixing; calibration
algorithm; neural network
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Fig.1 FDM full color 3D printer
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Fig.2 Five-color mixing nozzle
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Fig.3 Color mixing print samples
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Tab.l1 The RGB values of the 10 points

75 R G B
1 116 71 50
2 116 69 51
3 114 69 50
4 117 71 48
5 116 69 49
6 118 73 49
7 118 71 48
8 118 71 49
9 115 70 48
10 117 72 51
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Fig.4 Partial sub-sample
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Fig.5 Photo of sample and color card under standard

light source
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Tab.2 Gray scale color difference before correction

RE @ | A | JKEE 8| KL 6.5 | JKIES | KHEE3.5| B
R, | 243 | 200 160 122 85 52
R | G, | 243 | 200 160 122 85 52
B, | 242 | 200 160 121 85 52
R, | 214 | 188 156 109 71 36
WIERT | G, | 212 | 188 156 109 72 36
B, | 196 | 174 142 96 65 34
% | AE | 20.7 10 5.9 10.4 9.4 10
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Tab.4 Node errors for different hidden layers
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Tab.3 Gray scale color difference after correction

HeaB | FE | KEES | K 6.5 | KIS | K 3.5| B

R, | 243 | 200 160 122 85 52

FRiE | G, | 243 | 200 160 122 85 52
B, | 242 | 200 160 121 85 52

R, | 243 199 160 121 85 53

KIER| G, | 242 199 161 121 85 54
B, | 242 | 200 159 117 86 54

t2E | AE | 0.4 0.5 0.5 1.4 0.5 1.1
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Fig.6 Neural network model for color matching

calibration for FDM 3D printing
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5 0.002 06 0.001 84 0.003 29 0.002 40
6 0.001 37 0.001 27 0.003 71 0.002 12
7 0.001 55 0.001 22 0.001 53 0.001 43
8 0.001 32 0.001 62 0.002 57 0.001 84
9 0.001 99 0.001 96 0.002 53 0.002 16
10 0.001 82 0.001 53 0.001 53 0.001 63
11 0.001 70 0.001 89 0.001 42 0.001 67
12 0.001 13 0.002 08 0.001 31 0.001 51
13 0.001 25 0.001 74 0.001 70 0.001 56
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Fig.7 The 24-color sample and standard color card
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Tab.5 Verification color block color difference

FRifEE B RGB (5 RAMSERGBIE | B2

R

é [=)
L G B R G B AE

1 115 82 68 101 79 68 4.52

2 194 150 130 196 149 136 1.95

3 98 122 157 100 123 151 2.07

4 87 108 67 86 105 70 1.58

5 133 128 177 130 128 174 1.34

6 103 189 170 116 173 161 8.11

7 214 126 44 203 121 48 4.36

9 193 90 99 183 95 102 3.97

10 94 60 108 88 63 103 2.73

11 157 188 64 166 179 67 4.73

12 224 163 46 214 161 53 4.03

13 56 61 150 58 70 141 4.72

14 70 148 73 60 123 58 11.56

15 175 54 60 156 58 58 6.41

16 231 199 31 233 182 46 8.09

17 187 86 149 174 89 158 5.21

18 8 133 161 20 121 140 9.31

19 243 243 242 228 227 224 9.70

20 200 200 200 195 196 176 7.52

21 160 160 160 164 165 150 3.89

22 122 122 121 124 125 112 3.16

23 85 85 85 74 74 80 5.76

24 52 52 52 40 34 35 9.85
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Fig.8 The designed 3D color model
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Fig.9 The printed 3D color model
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