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Quantitative Recognition of Ink Sequence in Laser-Printed
Documents Based on LBP-Color Difference Analysis
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(1. School of Criminal Justice, China University of Political Science and Law, Beijing 100088, China;
2. Beijing Xinnuo Judicial Appraisal Institute, Beijing 100083, China)

Abstract ;: The determination of the chronological order of red seals and black printed text in laser-printed
documents is one of the key issues in the field of document examination. Traditional examination methods
have limitations due to their strong subjectivity and lack of quantitative basis. Experiments were conduc-
ted by simulating two typical scenarios: “black first, red second” and “red first, black second”. Micro-
scopic images of the overlapping areas between different types of ink and laser-printed text were collect-
ed. By combining color difference calculation ( CIE1976 formula) and the Local Binary Pattern analysis
method, the variation patterns of color differences in the overlapping areas were quantitatively identified.
The results showed that, in the “black first, red second” scenario, the ink formed an uneven color distri-
bution with relatively high color difference values, ranging from 9.6 to 37.5, and the texture features
were relatively dispersed. In contrast, in the “red first, black second” scenario, the printed text covered

the ink relatively uniformly with lower color difference values, ranging from 1. 82 to 5. 36, and the texture
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features were more concentrated. The color difference in the overlapping areas of “black first, red sec-

ond” was significantly higher than that of “red first, black second”,

and the color difference value was

also influenced by the type of ink. This difference provides a stable quantitative basis for the chronologi-

cal order determination of red and black marks in laser-printed documents, effectively improving the ob-

jectivity of the examination process.

Key words: laser printing; ink sequence; quantitative recognition; LBP; color difference calculation
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AE, _, L 346. 379 8 43.297 - -
aat 395. 885 9 - - -
2 (8] 51.302 1 51.302 0.974 0.353
AE, , HN 421.534 8 52. 692 - -
Mt 472. 836 9 - - -
2 1] 128.522 1 128. 522 4.428 0. 068
AE, AN 232.174 8 29.022 - -
Mt 360. 696 9 - - -
x5 “ERBE'EMAEEENHFLBESIT
E[IyhAh 2
Deli MG MG
[ERER e Deli Deli MG MG Simma Shachihata  Shachihata
9870 9864 9893 97513 97520 97525 21532 HGN-2 EHP-2 97529
(k) (k) @)
L, 30.5 35.6 33.7 34.1 37.5 39 35 34.2 39 38. 1
Lab, a, -4.5 -4.2 -5.2 -3.3 -4.1 -2.7 -3.1 -3 -5.5 -5
b, 19.9 22.1 21.8 22.5 23.5 23.8 23.6 23.1 23.5 23
L, 33.9 37.3 37.9 37.5 40.6 2.5 45.8 36.8 41.9 40.9
Lab, a, -1.3 -4.1 -5.5 -5 -5.6 -3.7 -4.7 -4.2 -6.2 -6.1
b, 22.4 23.2 23.1 24.4 24.9 26.1 23.5 23.6 25.2 24.2
AE, 5.36 2.01 4.4 4.27 3.68 4.25 1.82 2.91 3.42 3.26
F6 “SREB"EE AE, ANOVA SR IRV Delio864 152 M0, 44 12 45 (1) K4 HEBR
AE,  EHR BmIE )y P mh Ja B RIAY 9 PR EAT ANOVA 204775 22 , 4
ZH1A] 1.548 1 1. 548 1.325 0.283 HINE T s,
Al 9.349 8 1169 - - HIE 7 AT, 214 Deliosed Fdi 5, AE, 3 41
Mt 10. 898 9 - - -

& 3 RN 4l 1, AEAR IR 25 E0 7 B | B AE
BORBCR NG ISR, < Je i e k™ J =X 55 B 1 B
3, AR I 2R 1 0 25 17 100 5 B TG 3 QR 3
HEHE B E YR TF 0,05,

=T 1 5 R nT LUK B, 6825 K e i
(1) Deli9864 ERYHAFREE J <« Fh Tl , e 7m Hak 43
AR5 S IR DI AE AE 25 5 AT Re AL K M T
LAY, R AT g S 8 22 KF- 52

IR AEL (8] FZ N G 7 25 50 A 3 R s 3 25 R
(B EME <0.05) , X FBAEARR 35 ED 7 B | B e
BORBCRGE BT, AR D B 2 A1 6,25 AE
HATAE B B ORI . R AR K BN 7E B e o (0 2
F e bR AE {E 8, SR K B 5
TR BRI TE (R SRR PE T AR i 22 5%
3.2 SRR T

D) Deliog64 4 2 AbRAE g ], H: LBP 73 A 45
W 2 FiR,
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RT “SHEBRKR"BE AE, ANOVA HIF4ER

(Z=B& Delio864)
box [eNE|
pAC
XIE IR AdE B F B
4| 90. 187 1 90.187  5.707  0.048
AE, _, M 110. 629 15. 804 - -
it 200. 816 - - _
410H  102. 240 102.240  8.239  0.024
AE, L, 4N 12. 409 - -

it 189.102
4] 167.556
AE, AN 119.879
BT 287.436

167.556  9.784  0.017

7
8
1

86. 862 7
8
1
7 17. 126 - -
8

E 2 Deli9864 LBP'4H1iF &5 7 B

M2 FTLUE Y FREE N 1.2 3 MR R EGE
A3 2974 116 000 .16 750 1 17 750 , B A 4R AR
N 8 MR Z B (218 750) A4, K B E(E AL 1R
RPN 5], Bk, W] DU AR AR 1 €6
BRI o FRAEAEA 1 ~ 7 PR R S
ZYERHEME N 8 MR FEER 1Y) 440% |,

LA Simma21532 £ 2 4b KK S A, H LBPY
SFTEE AN 3 R,

M3 BT UL RRAE(E R 1 ~7 G R BT R T
FEAE(E R 8 BIMR 2 HHE (2990 000) , AR AF (E 7E
(£ RO E & o A S T N A < B & 11 X (£ )

E 3 Simma21532 LBP 43 {EE S E

1 ~7 BB E R SR R IEE Y 8 MR R A
% 133% .

D) Delio893 45 1 AbRAf sifE 2 MR H LBP' 43
Mres R anlE 4 fios

4 Deli9893 LBP' 451 {& 4> 7 &

53R, Deli9893 11 ¥ 5 i JE W 5 T Sim-
ma21532, FHAFME R 1 ~7 WG E B A5 (Y
72 500) 29 EFEAE(E R 8 AR K E i (29 35 000) 1)
210% .,

N T2 AN TR NI AE P AR R AR I L
TR IR R R 1 ~7 AR E R
BOSRAEE Y 8 MR 2 Bt 1) HL(EDR R IR A0 B
RN p, GERANE 8 PR,

®8 TRMEMMBYAESIT

Deli MG MG
EfiHh Deli Deli MG > Simma Shachihata ~ Shachihata
Mk 9870 9864 9893 97513 97520 97523 21532 HGN-2 EHP-2 97529
- (k) (k) Okt
p 3.2 4.4 2.1 1.3 2.1 1.3 1.1 1.7 1.2
Vol IR K e T a5l =1 N U S () iV

SPSS 4 Xt p {EL 1T ANOVA 43 #r, 45 S nk 9
.14 -

M9 T LA 1A R (4 22 B R BN e
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BB I e ORI R 0 A B SRR
Eh R B2 T AR B 32 Gk (B >0..05) .

*F9 “SEERRKR"IHEE p ANOVA DGR

p SEHFM AHE ¥ F i
21 [m) 0. 056 1 0. 056 0.043 0. 841
AN 10. 469 8 1.309 - -
Bt 10. 525 9 - - -

TEAS A E I, Deliog864 14 147 B e v, ik 3
4.4 FLR M Deliog870, 4 3. 2, iXJ& 1T Deliog64 11,
Fr KRR R4y, 55 H At I B TR B A A e 22
S, SEIT R BTEROWZ5 14 I AN [7] (04 €808 43 A B
R, Ak, Deli9870 1) p (EAHXT AL, I BE S EN & 1Y
A TR FRHR A G, S 2005 e 855708 A0 1 A A
FHABEDIh Y D 1 s O M TR | HE
TEE A 8 G R B A XD, HE il p (T

FyiE— 1N Delio864 Fl Deli9870 X p H
SEH RO A3k T 4 S R HERR IS, A SPSS Ak
{EX} p (HIEAT ANOVA 28T, 25 R 04 10 iR,

K10 “HRBER"HSEEp ANOVA HiTER

(EBMREHE)

p M HME ¥1J5 F L2
41 8] 1. 000 1 1.000  24.171  0.003
HN 0.248 6 0. 041 - -
Bt 1.249 7 - - -

1E 2% Delio864 Fl Deli9870 it f5 , ¥4I p
EAEAN R B 28 70 2 ] () 22 SR B G v i 3 MoK
F(BEM <0.05), XK, ZEARR] B 55 B0 I B
EHBE R B BT, B b R S (o o A
(1) 34 5 T FE AP J 2 DK

2553 BT 3R, 7K BT ) 240 50 i R 3k
TmPEEDI , 3 T e 5 7K M R A AR 5K £F 4 T 2
B R B 5 A O, DT A SO0 2 T B
BIS e RE
3.3 AE 5 p {A2 5 H 5T

TEC B R AR SR AE {E A p {H 35 3 45
AE{HEHTE9.6 ~37.5 Z[i],p (H{EFI#E 1.1 ~4. 4
Z 0], e FOEFT B SR Y SRR 2R R
(1o WOCITENSBAE INIAGE R 5, T8 B EL A 00
B 1 N5 55 4w 1 LR 2 T, BT e R TSP
A 5340, BEBT, BE 2 BRIl AR R [R] 5 0k 5
WA, AKPEENIM B AE 8 (S8 26.89) 5 p {H
(B(EHR 2. 1) BE 5 TImEEM e AE 5 CF5 R

18.18) Fl p {B (HMH My 1.28) o X2 P Sy K 4k B 3
E LK S 2, W TN B A I A A s T
OIS A ED R Sh v A v R, Rl
KA BT 23 A R 25 T T P A R 2 R AR T
Feriak F10) (0 B i 7 B R 2 v R R AL, 45 A I
WK 5375 R TR AL, e 2O GG T B
HAIAImERZE, R k2 &, A AT
JLR A PR, T B0 i 10 AE {5 A p {H,
M Z T IPEEIH U B2 oy £ BB
Atk YRS, R S AR TR UURRAE R AR IX A
LI B 2 3l 2 23 AR T R S A B S BT
O R R IR, SHOCLR UG, %
SRR T, AE F p {EERFIRTEAR

TE“ ST B St | AE (R AN R E
BEHTE 1,82 ~5.36 Z Il X FEIE K N BOGITED
PUAEC A IR AR TK LT ER a7l i), S50k 38 2 fin #4
E 5 RE % 2 [ 7 55 A6 BT R, B L &) Ho e 4
(TR 2 B T B R AN 500 FE X Rh IR P
T, TERERYS, RHOLE —SER S, AE
HIE BN, p HIAR H A5, Bk e
BB RS B 35 )2, /D T DR B R 1 22 S iy
Jef o A3k 15 AE K HARE

4 ERNARE

4.1 (O ZETTRAE A BRI KT R ) R

I SR G T T, AR )R R BRI AR OB T
ENSRb R O RN R ER, “ERE
BUENT AE (HEETTE 1.82 ~5.36 Z 0], ¥I{HY)
h 3014 bRifEZE R 1. 18, BB Fa e f—ny (2%
IR, HLA5 BN I 22 (R AN AEAE 350G K

MHZ T, “eBE R IEO T, AE [H ¥ S
FITE 9.6 ~37.5 Z (], (H 2l 21.5, brifE 2= R
6.55, BRI E R ShIRE, @ik ANOVA 447,
KB AE A5 BN B 22 M AF R et L B
25,

R HE— 2 W1 B, 7R e m R IE LR,
AE {55 W BN Delioged , Hita 251 K 33.9, it
i T HABED I, 358 Deliog64 7E R ST | Al fE 5 HiAth
HEENAEAE 22 5. Deli9864 FR%s hbriE Ky« #b+
110 S 1 2 B W s e S/ S O 10 i P R R i
SRR I G 8 25K

Bk Delio864 J5 , AE {E 78 A [H] B i 22 [] 1) 2%
SRR X EIh M R SR BR JE R T L
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X ZEAEAE B S R R K P B ) 254
38 H R T B,

PRIt €5 2 1 7% SBUTEL S BT AN I8 sh R B AT LAy
DX 3 A B s} I 1) E AR A

24 AE {H7E 1. 82 ~5.36 8], H. p {H P sh i
BN AR e ARG AT

2 AE {7 9.6 ~37.5 ZIal, H p {3 3higE
R, AT A R« e B fR R, LR Y AE (il it
25 B, AT A K B AT S
4.2 EMPERTLEBOGAT BN ERGE b0 4 A Rk i

I 25 0TS LBP B33 XA 6] B 78 0
FTENESE [ 53 AR FRAE HEA T Ak 0 0T, & B [ 1
JB A B I 7 €8 R2 43 A RS AT 1k T T 2R B B g 2
o XFTKPEEMINT &, fE“ SR E AR T, K
PEENIRIE B A B Sk (IR I AE {E7E 23.2 ~31.5 2
], ¥I{E H 26. 89, brifE2= J9 2. 95, LBP'HRE(E /34
HORAIE(E R 1 ~7 IR B S HRIEE 8 MR R 4K
I HAE (p ) ME R 2.1,

X PRI I &, 2 e B 5 AR O T, T
PEEIIE B B G AR (.25 AE {HAE 9.6 ~24. 8
Z I (HEBR Deliog864) , ¥I{H A 18. 18, brifE 22 3.9,
LBP R AEAE 73 A, p (HAE 1.1 ~ 1.7 ZI] 349{H K
1.28, @it EST 025 (AE) IS (p ) B 1L
B, AT LR A B8 ) ez 360 £ L BEORS i 119 1 R S 4k
FHN WA

5 #ig

A 58 3 BT 10 Ff AS 6] 1 5 A B S, R
CIE1976 {6,223 F1 LBP 4R AF{E 0 Hrids , 52 T A
[ BV AEOG T T BN 8830 b B o3 A FRAE . 255 3R,
“CORRJEERTEOUT, Sl K AE {HAE 1.82 ~5.36
Z I BN T SRR AR IS T 1 9.6 ~37.5, 3%
o R 5 88 i B8 )2 7 S BRI T R ST 22
S,

TEA AR Y5208 T, 7K B 7 S50 3% 1 42 2R
BRI A A R AR . SEIe K B Y 350
p {2 2.1, B E & TIMMEENIR p {6 1. 28,

FE R 2 SR REAE T R TR BRI BT AN TR
JELER BN FE 22 (E o0 A B SRR BE A 2 SR L AP AE
ek AR B 2R,

ARV F AR T RI2P 0 UE T T LBP -
825 AT A A SR I P TR 7 T B AT AT, Rk A A
o TR TAERT #E— ek, &%, YTt R A&

TRGE T B AR PE N B 7 25 L A oA AL, Rk
H I 7% 2= SE P 3w DAY S 2R HE , NN SCROR] |
A i B KR A AR AR T A LI
Y AE FHE 5 O, BRI B R — 4k S i 4]
B RS TNs 5 I = HE R 5 R A o T B,
BT SRR HERRZE M X B 7 B TR AT 0 B R METBIL
i, 5835 X = 4R HRRAE A AR 5 PR, S s B
oA I TR AL RR AL, AR A TR BT 22 i 1) A i
ARAETT G, S AR B e 2 1w DURR AR @ 5
A RS A R s e, ST [ — PR B A
] it e BT 1 B A3 2 5 A TR s 4 o R
MEAR T KA T T e o R — 2
S0 UEJFCRE P79 P, AR TSR (80 1 5 S I (L
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