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Supplementary Figures
(a) (b)

Printing Speed Calculated Noise

(mm/s) frequency
30 0.0735 Hz
60 0.147 Hz
90 0.22 Hz
120 0.294 Hz

Roller Circumference = 408mm
Noise frequency due to roller eccentricity = Printing Speed/Roller Circumference

Figure S1. (a) Schematic showing gravure roller eccentricity resulting in nip force fluctuation, (b)
noise frequency due to roller eccentricity calculated considering roller circumference of 408 mm at
different printing speed.
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Figure S2. Time domain data of (a) nip pressure, (b) observed overlay error in MD, and (c) predicted
overlay error in MD. Frequency domain data of (d) nip pressure, (e) observed overlay error in MD,
and (f) predicted overlay error in MD.

Supplementary Tables

Table S1. Description for the typical parameters in the R2R gravure process in Figure 1.

Parameter Description Parameter Description
T1 tension in the unwinder NIP1_M nip force in the first unit (motor side)
T2 and T3 tension in the first unit NIP1_F nip force in the first unit (front side)
T4 and T5 tension in tbe second NIP2. M nip force in the second unit (motor
unit side)
ip f in th d unit (front
Té6 tension in the out feeder NIP2_F nip force m eSiileec)on unit (fron

Table S2. Data mapping algorithm for registration error, tension and nip force.

Cases Camera triggers Tension and nip force data
Case 0 0 trigger 5 data points /s -> 0
Case 1 1 trigger 5 data points /s -> 1
Case 2 2 triggers 5 data points /s -> 2
Case 3 3 triggers 5 data points /s -> 3

Table S3. Tension and nip force data.

Timestamp T1 T2 T3 T4 T5 T6 NIP1M NIP1_F NIP2_M NIP2_F
2022-10-05

199420.0 59 52 5 47 45 39 3.8 45 59 5
21022541200; 55 53 5 47 44 395 39 4.4 58 51
2022-10-05

1294904 55 54 5 46 43 39 39 43 6 59
2022-10-05

1992906 59 54 5 47 43 385 3.9 4.4 6.1 54
2022-10-05

12940.8 55 56 5 48 43 385 42 47 6.3 57
2022-10-05

1294910 58 56 49 47 45 39 4.4 47 6.4 5.8
21022;41310;’ 56 56 49 5 46 395 47 4.9 6.4 5.6
2022-10-05

4014 55 55 49 49 45 4 47 5.1 63 56
21022;41310: 54 55 49 49 45 395 48 5.4 6.2 5.5
2022-10-05

104018 54 54 48 5 45 4 5.1 55 6.2 53
2022-10-05

1992990 54 53 49 47 43 405 55 5.7 6.2 5.1
2102254122025 54 53 49 48 43 405 56 58 6.2 5
2022-10-05

120409 4 54 54 49 46 43 405 59 58 6.2 5
2022-10-05 54 54 49 47 43 4 5.8 5.8 6.2 51

12:24:22.6




2022-10-05

1994998 58 54 48 47 43 39 57 5.6 6 49

Table S4. MD and TD camera triggers data.

Film_Result_X Film_Result Y

Day Time Minute  Second

[mm] [mm]
5 12 24 9 0.196 1.183
5 12 24 9 0.083 1.139
5 12 24 10 -0.036 0.792
5 12 24 10 -0.062 0.444
5 12 24 11 -0.037 0.115
5 12 24 12 0 -0.135
5 12 24 12 0.013 -0.347
5 12 27 52 -0.012 -0.605
5 12 27 52 -0.021 —0.562
5 12 27 53 0.02 -0.534
5 12 27 53 -0.007 -0.547
5 12 27 54 0 0

Table S5. Mapping tension and nip force data to MD and TD camera triggers data.

Film_Result X Film_Result_Y

Timestamp T1 T2 T3 T4 T5 Té NIP1._M NIP1 F NIP2_ M NIP2_F
[mm] [mm]
2022-10-05 12:25:00 0 -0.49 6 52 5 4642 4 5.5 5.3 5.8 4.7
2022-10-05 12:25:00 -0.006 -0.479 6 53 5 4.6 42 4.05 5.1 5.2 5.7 4.7
2022-10-05 12:25:01 -0.007 -0.514 5.885.38 5 4.664.44 3.88 4.1 4.7 5.8 4.76
2022-10-05 12:25:02 -0.011 -0.537 573523 5 4.6 43 392 353 4.07 5.83 497
2022-10-05 12:25:02 -0.014 -0.604 5.65 52 5 455433925 4 4.4 6.05 5.25
2022-10-05 12:25:03 -0.014 -0.578 5.5 5.37 497 4.7 4.37 3.9 4.33 4.77 6.37 5.73
2022-10-05 12:25:03 0.007 —-0.552 54 54 5 4.6545 3.85 5.1 54 6.3 5.5
2022-10-05 12:25:04 0.017 -0.532 5.575.27 4.97 4.574.43 3.9 5.63 5.77 6.3 5.3
2022-10-05 12:25:04 0.006 -0.479 57552 5 46 43 4 5.7 5.85 6 49

2022-10-05 12:25:05 0 —-0.481 572536 5 4.684.343.86 4.8 5.2 5.78 4.74
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