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Abstract: This study proposes a novel nondestructive methodology for determining the formation
time of inkjet-printed documents through the integration of hyperspectral imaging technology with ma-
chine learning regression algorithms. Experimental data were collected from chronologically printed
samples produced by nine inkjet printers of distinct brands and models. The methodology framework
comprises two principal phases: dimensionality reduction of hyperspectral data and subsequent re-
gression modeling. In the initial phase, principal component analysis(PCA) and partial least squares
regression (PLSR ) were employed to address the high dimensionality inherent in hyperspectral datas-
ets. The interpretation rate of dimensional reduction of principal components derived from these di-
mensionality reduction techniques were systematically quantified, providing preliminary interpret-
ability for the model architecture. This phase effectively condensed the hyperspectral information
while preserving critical temporal features associated with document aging. Four advanced regression
methodologies were subsequently implemented on the dimensionality-reduced data: least absolute
shrinkage and selection operator regression (LASSO ), partial least squares regression(PLSR), ridge
regression(RR), and Bayesian regression(BR). The dataset was partitioned into training and testing
subsets at a 1 : 4 ratio to ensure robust model validation. Quantitative evaluation metrics revealed ex-
ceptional model performance across all regression approaches. The coefficient of determination (R*)

values for LASSO-PLSR, PLSR, RR, and BR models consistently approached unity (R* > 0.99),
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indicating near-perfect explanatory power. Furthermore, all models demonstrated minimal error met-
rics: mean absolute error (MAE) , mean squared error (MSE) , and root mean squared error
(RMSE) values were all proximate to zero, confirming high predictive accuracy. Statistical signifi-
cance testing yielded F-statistic values of substantial magnitude (p<0. 001) for all PLSR-based regres-
sion models, confirming the exceptional statistical validity of the results. Comparative analysis re-
vealed superior performance characteristics in PLSR and BR models relative to LASSO and RR imple-
mentations. Further explain the relationship between principal components and spectral bands through
the PLSR weight coefficients to clarify the role of key spectral bands. External validation using inde-
pendent hyperspectral datasets confirmed the models’ generalizability, with R* values exceeding 0. 9
(p<0. 05) across all test scenarios. Error analysis indicated that residual variations fell within accept-
able methodological thresholds, confirming measurement reliability. This investigation establishes
that hyperspectral imaging technology exhibits significant potential for forensic document analysis,
particularly in temporal authentication of inkjet-printed materials. The implemented machine learning
framework successfully decouples temporal signatures from complex spectral data while maintaining
complete non-invasiveness. The method proposed in this article provides a new solution for the prob-
lem of dating documents, offering substantial improvements over conventional destructive chemical
analysis methods.

Key words: hyperspectral imaging; machine learning; inkjet printer; timeline of inkjet-printed
documents
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Table 1  Inkjet printer models and genuine ink models
HP Canon Epson
Printer model Original ink model Printer model Original ink model Printer model Original ink model
1212 805BK E478 BK-48 14266 002BK
2132 803BK 1X6780 PGBK L8188 014BK
8210 955BK E500 BK-88 17188 106PGBK
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Fig. 1 Hyperspectral images of samples printed by different brands and models of inkjet printers
The band data in the figure have been scaled by multiplying with 10°, the original unit is reflectance (unit: parts per million, i.e., 10%),

and the axis is labeled as “Reflectance(x10%)” after scaling
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Table 3 Summary of LASSO regression results

Dimensionality re- ~ Whether there 7

Printer model duction method is overfitting MAE MSE RMSE F .
Canon E478 PCA No 0.49 109. 64 17 186. 40 131. 10 7.22 0. 00
PLSR No 0.99 1.99 6.57 2.56 866 775. 35 0. 00
Canon IX6780 PCA Yes 0.18 134. 62 27977.71 167.27 1. 15 0.34
PLSR No 1.00 0.33 0.17 0.41 849 846. 89 0. 00
Canon E500 PCA No 0.76 86.29 12 090. 66 109. 96 20. 68 0. 00
PLSR No 1.00 0.26 0.10 0.32 1 786 596. 89 0. 00
HP 1212 PCA No 0.39 114. 11 20773. 46 144.13 7.67 0. 00
PLSR No 1.00 0.35 0.18 0.43 853 518.73 0. 00
HP 2132 PCA No 0.30 125.17 24 842.32 157.61 2.46 0.02
PLSR No 1.00 0.35 0.19 0.44 850 114.27 0. 00
HP 8210 PCA No 0.49 98. 19 17 593. 69 132. 64 12.30 0. 00
PLSR No 1.00 0.27 0.13 0.35 1129 398. 20 0. 00
Epson L4266 PCA No 0.22 122. 64 22 797. 64 150. 99 2.30 0. 04
PLSR No 1.00 0.35 0.18 0.43 682 200. 34 0. 00
Epson L8188 PCA No 0.47 109. 15 19 996. 20 141. 41 6.77 0. 00
PLSR No 1. 00 0.36 0.19 0.44 956 137. 14 0. 00
Epson L7188 PCA Yes 0.32 135.33 26 882. 48 163. 96 3.95 0. 00
PLSR No 1.00 0.55 0.57 0.75 335 085. 03 0. 00

CYIR T N SE[ =T T

Table 4 Summary of PLSR regression results

Dimensionality re-  Whether there R

Printer model duction method is overfitting MAE MSE RMSE a P
Canon E478 PCA No 0.48 112.72 17 616. 97 132.73 79.97 0.00
PLSR No 1. 00 0. 08 0.01 0. 10 69 032 733.49 0. 00
Canon IX6780 PCA Yes 0.20 133.67 27 321.52 165. 30 19. 87 0. 00

PLSR No 1.00 0.10 0.02 0.12 33534 964. 94 0. 00
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(8%4)
. Dimensionality re-  Whether there 2
Printer model . 5 . MAE MSE RMSE F p
duction method is overfitting
Canon E500 PCA No 0.78 83.08 11342.59 106. 50 86.27 0.00
PLSR No 1.00 0.09 0.02 0.12 31320 076. 82 0.00
HP 1212 PCA Yes 0.41 115.36 20 185. 61 142. 08 57.21 0.00
PLSR No 1. 00 0.11 0.02 0.15 24 650 383.22 0. 00
HP 2132 PCA No 0.33 125.34 23905. 80 154. 62 40.27 0.00
PLSR No 1.00 0.10 0.02 0.13 34 748 657. 85 0.00
HP 8210 PCA No 0.50 98.13 17 113. 41 130. 82 12.41 0.00
PLSR No 1.00 0.04 0. 002 0.05 182953 573.73 0. 00
Epson L4266 PCA Yes 0.24 120. 80 22 143.90 148. 81 25.29 0. 00
PLSR No 1.00 0.11 0.02 0.14 23048 933. 80 0.00
Epson L8188 PCA No 0.50 109. 53 19 182. 61 138. 50 41. 84 0.00
PLSR No 1.00 0.15 0. 04 0.19 17 618 604. 56 0.00
Epson L7188 PCA Yes 0.34 134. 30 26 195. 36 161. 85 44.67 0. 00
PLSR No 1.00 0.49 0.42 0. 65 1523 134.32 0.00
#5 WL
Table 5 Summary of RR regression results
Printer model DimerTsionality re- \X./hether. tbere 2 MAE MSE RMSE F »
duction method is overfitting
Canon E478 PCA No 0.49 111.17 17 337. 61 131.67 6.10 0.00
PLSR No 1.00 0.20 0. 06 0.25 2790 639. 71 0. 00
Canon 1X6780 PCA Yes 0.14 137.02 29 385. 64 171.42 0.32 0.97
PLSR No 1.00 0.22 0.07 0.28 1861091.17 0. 00
Canon E500 PCA No 0.78 82.58 11 299. 45 106. 30 13.93 0. 00
PLSR No 1.00 0.41 0.22 0. 47 555543.99 0. 00
HP 1212 PCA Yes 0. 40 113.74 20253.71 142.32 4.09 0. 00
PLSR No 1.00 0.24 0. 08 0.28 1942 860. 30 0. 00
HP 2132 PCA No 0.33 123.77 23 996. 52 154.91 2.89 0.00
PLSR Yes 1.00 0.22 0.07 0.27 2201 341. 47 0.00
HP 8210 PCA No 0.49 100. 27 17 387. 81 131. 86 4.30 0. 00
PLSR No 1.00 0.23 0. 08 0.29 1456 464. 94 0. 00
Epson L266 PCA No 0.18 127.38 24 087. 38 155.20 0.47 0.90
PLSR No 1.00 0.21 0. 06 0.25 1952392. 88 0. 00
Epson L8188 PCA Yes 0.49 108. 21 19 388. 36 139.24 6.02 0. 00
PLSR No 1.00 0.25 0.09 0.30 2010034.22 0. 00
Epson L7188 PCA Yes 0.34 134.97 26 236. 87 161.98 3.27 0.00
PLSR No 1. 00 0.53 0. 48 0.70 394 143. 05 0. 00
#6 DUl 45 RIS
Table 6 Summary of BR regression results
Printer model Dimen.sionality re- \X./hether.th.ere 2 MAE MSE RMSE F »
duction method is overfitting

Canon E478 PCA No 0.48 112. 00 17 511.27 132.33 5.63 0. 00
PLSR No 1.00 0.08 0.01 0.10 25044 597.78 0. 00
Canon IX6780 PCA No 0.15 136. 60 29 159. 28 170.76 0. 37 0.96
PLSR No 1. 00 0.09 0.01 0.12 10659 111. 38 0. 00
Canon E500 PCA No 0.78 83.31 11 473. 61 107. 11 12.43 0. 00
PLSR No 1.00 0.01 0.000 1 0.01 56 155 851 558. 30 0. 00
HP 1212 PCA No 0.39 115.39 20 962. 36 144.78 3.29 0. 00
PLSR No 1. 00 0.11 0.02 0.15 7237 768. 44 0. 00
HP 2132 PCA No 0.27 128. 13 26 172. 35 161.78 1. 86 0.07
PLSR No 1.00 0.10 0.02 0.13 10 431 790. 09 0. 00
HP 8210 PCA No 0.49 101. 46 17 601. 56 132.67 3.85 0. 00
PLSR No 1. 00 0.01 0.000 3 0.02 391 836 750. 27 0.00
Epson L4266 PCA No 0.20 125.28 23 368. 66 152. 87 0.72 0.70
PLSR No 1.00 0.11 0.02 0.13 7117 526. 81 0.00
Epson L8188 PCA Yes 0.49 108. 19 19 501. 64 139. 65 5. 64 0. 00
PLSR No 1. 00 0.15 0. 04 0.19 5206 676. 47 0.00
Epson L7188 PCA Yes 0.32 138.21 26 891. 17 163. 99 2.27 0.02
PLSR No 1.00 0.49 0.43 0. 65 446 051. 44 0.00
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Table 7 PLSR weight coefficients of key spectral bands for different inkjet printing samples

Serial Key spectral band (PLSR weight coefficient )
number Canon E478 Canon IX6780 Canon E500 HP 1212 HP 2132 HP 8210  Epson L4266 Epson L8188 Epson L7188
603. 58 986. 52 793.43 713.92 475.39 871.32 915.13 947.58 975. 17
KSB1
(-25.38) (-31.39) (-14.79) (-33.35) (27.91) (20.81) (39.10) (-30.35) (-60.93)
} 645.77 981. 66 936. 22 702. 56 687. 96 853.47 907. 01 846.98 400. 75
KSB2
(-24.18) (29.32) (-13.39) (29.46) (24.95) (-20.27) (30.01) (-27.55) (47.52)
785.32 846. 98 770.71 533.80 855.09 416.97 720. 41 795. 05 540.29
KSB3
(-23.32) (-29.09) (13.01) (-28.12) (-24.90) (19.52) (29.25) (26.90) (-44.38)
819.39 631. 16 809. 66 608. 45 993. 02 694. 45 473.77 996. 26 991. 39
KSB4
(-23.08) (28.26) (-12.78) (25.60) (23.25) (-17.13) (28.82) (25.58) (42.56)
. 731.77 783. 69 412. 10 502.97 621.43 869. 69 947.58 647.39 756. 11
KSB5
(-22.62) (26.88) (11.79) (25.31) (23.13) (-16.83) (28.62) (24.63) (-42.39)

KSB1-KSBS5: the first, second, third, fourth, fifth key spectral band, respectively
2.4 [EFEBE
ARSI EORASERI A I U ROR ARSI S AR A A b, A E R S R X
FEPLSE L ROT sifhr, BB FTERHLILHEE 20 S804, L 180 Z i A o FH miy STl 3 5 B R A48 12847
FRIIE 5> BT SR, BERITRCR WL 8
F8 AT £E R

Table 8  Prediction results of the regression model

PLSR BR
Printer model 7 7
R MAE MSE RMSE F P R MAE MSE RMSE F p

Canon E478 0.98 15.14 444. 61 21.09 226.11 0.00 0.98 15.15 445. 08 21. 10 166. 66  0.00
Canon IX6780 0.98 18.70 663. 55 25.76 59. 60 0.00 0.98 18.72 663. 65 25.76 33.47 0. 00
Canon E500 0.93 48.27 3315.42  57.58 14. 67 0.02 0.93 48.28 3316.05 57.59 15. 69 0.03
HP 1212 0.99 10.62 145.22 12.05 235.44  0.00 0.99 10.62 145.22 12.05 139.20  0.00
HP 2132 0.97 27.52 1050. 57 32.41 24. 80 0.00 0.97 27.52 1050. 57 32.41 16.90 0.01
HP 8210 0.99 8.61 219.26 14. 81 163.49 0.00 0.99 8. 60 219. 10 14. 80 100.63  0.00
Epson L4266 0.99 11.32 153.28 12. 38 148.04 0.00 0.99 11.33 153. 67 12. 40 77. 65 0. 00
Epson 18188 0.99 12.70 202. 65 14.24 133.16  0.00 0.99 12.69 202. 54 14.23 83.42 0. 00
Epson L7188 0.91 34.03 1846.56  42.97 9.58 0.02 0.92 34.03 1846.91 42.98 8.23 0.03

HRAE R TN, BSAE S FME ZE R0 4 KIS L S R BRI, AR IR £ A a el 5 6
JIEeE . AR AT IR ZE v A, 4 PLSRAFESRBUS , PLSR A1 BR [UHAY p (E34)/NF 0. 05, EARE
TR, FREIGSE R T BRI (H,) , R AR 2 i RRE h AR B F NS HE Y., |



512 3] BOWEE . JETRDEHD R BOR BB TEN ST o 1) S 5T 2485

T MAE S48 PRS2 PR BN AR, Tl MAE S548br tHBLAY fh 2250 B A AR 25 5, SCIBR 1 A0S
FRIRIE T M BRI o DR 7R ST A T BN ST T pscid T ) RS T 8 39~664 K, A2BE 626 K, 119 15
ST EDALI LA TR 45 5 v RMSE (9 35 K BRE (57. 59 420 9. 2%, HAER LS E =, +60
KA BRZETEH L LA/ ARG AR L R SCHHILIR, e 28 E TR, TESFIRETEHN . )88
RRZSRAEN ,  RGE AR HAR AT TS TENALET D SCAFTE Jc i 1) ) 25531 o

3 & it

RS I {4 PCA Fll PLSR J7 VA XS AN[E] St . -5 A g SR T ED A St 1) 5 G i 5 1 20 1 7 B R AR 2
Buabs, JFEdeEEAE b, SR LASSO IS, PLSR., RR A BR PUMISERIGT & S FTENHLE LAY & Gt 45
PEATIEIE . 25 R R, PLSR A BR ) [0 VAR T LASSO [8] ) FI RR ., [F]H 853 PLSR A & R B0 fe 1
F oy 5 B G, DABHIRSCHE RS I B E o Il A RCREE NG R KT 0.9, HpE¥/NT
0.05, FEBHBIAI KA SRR AR MG 222 X, R B IR 2ETE S RO Y . 455
TN, R EE AR B AR T LLS TS ST EDAILET BN SCAETE A 1) 0] o AR ST B R S R R) R A
HERERR . ORI AOTE  FE0 R . 4520, AR ER At sad TE S5 /K I Ta) A P it 7 —FpIofit
TR HARFER ST . RS T RS E IR SIE . 1R DL RO R IREE AR, 4Rk A2 S
W3, BB PR T DL S n Tk
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