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Abstract

In the inspection of various documents, the most common thing is the identification of black
handwriting. However, whether the types of black writing are the same and whether the writing
time is consistent in such identification have always been a concern. In this study, the black
handwriting was detected by micro infrared spectrometer and micro spectrophotometer, which
made the identification result more reasonable and scientific. In the experiment, 160 samples of
black signature pens were divided into three categories by using polarizing microscope and micro
infrared spectrometer. The absorption capacity of visible light of the three types of black signa-
ture pens’ handwriting at different time periods is measured by a micro spectrophotometer, and
the chromaticity analysis of the handwriting of the three types of black signature pens is carried
out from the absorption curve, so that the rule of writing time of the three types of black signature
pens is finally obtained.
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1. 5|8

HETER Z ROV IEIR R SR &R KRR SIS My = A F, JCHAE 2 5 R AF
RIE RN, 2P K B0 B0 7 SR LA S I R S . ETE TR, Hilqy 28K
BEM A SEATIR A SR U B SRR PR CAE 1], BfETRRE b Oyil s st g . KA. 2%
Pad = R & R =1 [2], MERANEGE & 25 AR AR5 5 1 Oy B S S5O N 1) 45 Py 2k
IEFUARR H 8, B, A farxd 455 2 10 A I TR AR A 5 B TR OB

RN ARSI, dEEDB DR RER, ERINEER T FZAMZEH IR SRR
AAS R 7 1200 PR P i AL B AR AT TR B IS A, IR DU I TAEME IR, BRI T
SOKFE AW GURh MR REEVER DA A Iy, A+ B %, IOF Byl il E T
A, RS RZBNRE . B SR ERRKN, e KA R SREL R RS
AAVEACARA, SRR ARGK AR 355 2 0 4% R R AR AR I [ R i A 26 7 28 K 3 IS T B 8] 1 46
SE[3]e FERRIRE P RFELKEROTERECTHIEE. MLREEFPERO TR
TAE . B RSB E R AR RIER . ASLIHT 7 E & TR BT B A RSB O
FEEEIL IRy RIS TR ER T, 38 L B G AT AT AN [ A S (1) 7R .28 7 28 SRR 2L AR [T 1EAT 23
I, AN RIS 6 PR SR 2 B0 D i Tl S € 2 23 A R et AN R S ) PR 28 28 A A i AT K [
FCo MTTIAF H PR 25 5 28 7300 5 I ()R] (A o A 9 WT BLO DAJS 80 R R vh JR 0 26 7 28 S5 /K
MR RS TR S5 e R it — 2 FE B, AT e — € OB SRR

2. SCROERSy
2.1. SEIGAPRI R AEAHIE

T 7 ) S 22 AN ] i R 5 PR (A8 2B B0 T, PR RS B0 5 IR EAI R bR e A4 B4R L
RN R T AR IREA, JEE T THREDCKME N RA7. FEARMA IR 1.

2.2. SERE{YER

2.2.1. BRI AET
SEIGAN A N CRAIC A A HI CRAIC QDI2010 TUKAh - 0 W, - i AMN B Yo e T, B e
P SR B I R AR O A, WF 73844 F % K 400 nm~700 nm (135 S 5 FEAZE 75

DOI: 10.12677/hjcet.2019.93035 242 e TREEHA


https://doi.org/10.12677/hjcet.2019.93035
http://creativecommons.org/licenses/by/4.0/

LR 5%

Table 1. Black signature pen collected in the experiment

T ERPUENERETFTE

SN RS i ERFAIE e e FEAR G5 i FRRFALE T
1 45 0.5 =t AGR640C2 81 FEHE 05 =t AGR65280
2 45 0.5 J=t AGR640C3 82 FEHE 05 J=2t AGR65281
3 L5 0.5 25t AGR640G0O 83 E Tk 0.5 25t AGR67T02
4 L5 0.5 B2 AGR640J5 84 E Tk 0.5 256 AGR67T03
5 L5 0.5 2% AGR640N4 85 E Tk 0.5 25t AGR67T34
6 L5 035 2% AGR640N7 86 E Tk 0.5 2t AGR67T65
7 L hHE 035 2% AGR640NS 87 Tk 0.5 2% AGR67001
8 L5 05 2% AGR640N9 88 T 0.5 2% AGR67038
9 A5 0.38 2% AGR640S6 89 Tk 0.5 2% AGR67091
10 L5 05 2% AGR640S9 90 T3k 0.38 2% AGR68103
11 454 0.38 2% AGR640T7 91 T3 0.5 2% AGR68105
12 S48 0.5 2t AGR640W3 92 A 0.5 2 AGR68107
13 L 0.35 2t AGR640Z1 93 A 0.5 2t AGR68187
14 LHE 05 2t AGR640Z8 94 A 0.5 2t AGR68004
15 LHE 05 /2% AGR6400D 95 45 0.5 25t AGR640AC
16 L 0.38 /2t AGR6400N 96 L 035 25t TGR6406U
17 45 0.5 2t AGR6400U 97 L 0.38 /2t TGR6408W
18 L 0.38 2t AGR6400V 98 L 035 2t TGR6409W
19 45 0.5 2t AGR64007 99 A 0.38 2% TGR65255
20 L 035 /2t AGR64018 100 L 035 2t FGR6407U
21 4405 2t AGR64037 101 LB 0.38 2% FGR6409T
22 4405 2t AGR6401P 102 45 0.35 25 SGR66002
23 451 0.38 25t AGR6401R 103 451 0.35 25t SGR6408U
24 A5 0.5 =% AGR6401T 104 451 035 =% QGR6409U
25 414 035 2% AGR6401W 105 45HE 035 25t AGR6408N(411)
26 451 0.38 % AGR6401X 106 JTRERH PS-1930
27 45 0.35 25t AGR6401Z 107 I ZX9T09D
28 L5 0.5 25t AGR6402A 108 FUf 0.5 K16
29 45 0.35 25t AGR6402E 109 W W 4T MR-664
30 L EHE 0.38 2t AGR6402] 110 LT EE SR BT666
31 LE1E 0.38 25t AGR6402M 111 g RESCH AGP61405
32 L5 0.5 2% AGR6402P 112 T E 1505
33 L k1E 0.35 2% AGR6402Q 113 JTHIBARSE SR GP3053
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Continued

34 Sk 0.5 2t AGR6402W 114 HEA GP532

35 LEHE 05 B2t AGR6402X 115 H 5% 0.5 I 5 BL-P50-B

36 45HE 038 2t AGR6402Z 116 JRIEE T BLN105-A

37 A5 0.5 JRJt AGR6403B 117 YR IEGNZS 0.5 BLN75AW

38 45 0.35 2% AGR6403E 118 IR 0.5 B BLP75-A

39 4414 035 25t AGR6403M 119 LRARE 0.5 B L1-0.5

40 451 035 2t AGR6403Y 120 H 5% 0.5 BEpE LFB-20EF

41 L4 05 2% AGR6403Z 121 =35 0.38 BEIELE UM-151

42 AEE 0.5 J=ot AGR6404H 122 AR 0.5 #EhI BXRT-U5

43 A5 0.38 J2t AGR6404Y 123 YR 0.5 T4t BLN75-A

44 451 0.35 2t AGR6405U 124 HARHEE 0.5 BLN-UBGS5

45 451 0.35 J=t AGR6405X 125 HARHEE 0.5 & BX-V5

46 444 0.38 25t AGR6406D 126 =357K 2 (UM-100) UM-100

47 4515 038 2t AGR6406Q 127 RS 0.5 Bl P1-0.5

48 S5 0.35 £t AGR6406S 128 FERE 0.4 Pk 02037-01

49 4k1 035 J=ot AGR6406T 129 JRIE 0.5 HTHEK BLN25-A

50 A4 0.38 R AGR6406V 130 T 4R 0.5 I 22 BL-G2-5B

51 S5 035 =t AGR6406W 131 H AR 0.4 FEH LHM-15CA-B

52 S5 035 2t AGR6406Y 132 H 45 0.5 BE0E2E BL-G3-5-B

53 A5 0.3 =t AGR6407S 133 T 5K 0.5 SIBRE BLLH-20CS-B-CHN

54 444 0.38 256 AGR640TW 134 T 4 0.5mmy B F BXC-V5

55 4 035 2t AGR6407X 136 =35 0.5 kg UM151(0.5)

56 254 0.35 5t AGR6408A 137 B 0.38 BLIF E-TTS1-CN-BK

57 448 0.28 29t AGR6408B 138 =05 KTE UB-205

58 44 0.5 2% AGR6408R 139 JRIE 0.5 Bk KL105-ACH

59 2503 2% AGR6408S 140 H 5 0.38 B4 BL-G2-38-B

60 25 0.5 2% AGR6408Y 141 BTy 0.5 4% BE-100-BK

61 414 035 5% AGR6409E 142 B4 0.5 15 AGPA4901

62 444 0.38 B3t AGR6409H 143 =350.28 2=k UM-151(028)

63 2517 038 26 AGR6409N 144 H 5 0.4 BEEEE LF-22P4-B

64 4517 038 2 AGR6409X 145 H 5% v S ER BXGPN-U5

65 A4 035 JR% AGR6409Y 146 5K 0.5mm B E BL-VB5 VBALL

66 Fifsk 0.5 2t AGR670A4 147 =3 0.38 il UMN-138

67 Tk 05 5 AGR670B1 148 7RI 0.5MMYGEL DONG-A-0.5
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Continued
68 Tk 0.5 2t AGR670B4 149 PEH 25 7% C-JB JBI-CN-BK SX-60A5
69 T3k 0.5 25t AGR670E6 150 T 5K 0.4 H4140 BLLH-20C4-B-CHN
70 Tk 0.5 25t AGR670F2 151 B 0.3 ] JJH15
71 Tk 0.5 2t AGR670G4 152 % 0.4MYGEL DONG-A-0.4
72 45155 0.35 5% AGR66020 153 B 0.5 BT 11749
73 4 b4 0.38 2% AGR66023 154 B 0.5 HiFH JISI-CN
74 454 0.35 2% AGR66026 155 ¥ 0.38mm3-ZER DONG-A-0.38
75 B 035 =% AGR66103 156 =R HIE T SN-101-FINE
76 R A5 05 2% AGR66118 157 BT 0.4 ) JJSIS-BK
77 R A5 0.5 Bt AGR66124 158 BEL 0.7 A o JIBI5-BK
78 A 0.38 2t AGR64072 159 BE L JIGR o e 2 JI15-BK
79 k48 0.5 2% AGR65202 160 T 4R 0.25 SHBkE BLLH-20C25-B-CH
80 A 0.5 2% AGR65238

M EAREEAT RS, WSROV DG S 2, AT X PR (028 5 2B 2B T A I 1) 3 A AR T, 45 3100F B
FEA I SR AT I, X B 280 1 € 2230 0o 2% 1] Fl A 110 7 3l ok, SiEBide IV L D 400~700 nm 22 [A]
MR WX, SeIE R B IR

2.2.2. {BIIMTIRAT ISR

FTIR (Fourier Transform Infrared) {8 748421 415 (A5 NicoletiN10):RAES BT EGE S
S AR S A3 B BUE S (RO . T RIE IR S & F B i, A S AFERER
Rt Bk 2%, P I {8 B AR S AT A B, R A8 B RO R i U A K Y 4T ARl
S B (4]0 B TAN [F AP R A S8 K AN [R] 155 234 T R 21 4 e L 25 [ R AR 5 2 s e W ic s K I 20 A1
M= A LD AME B F 25, Bt nr DL 20/ R E 2R S 2 I E B R R 2. s
PBUEFE A 0~4000 cm ™, SRR NIE .
3. XBAE
3.1. BEMHATIM ISR & ik

LLAMEEASOTTFHLE . IR RERUE B K OB, KLU TR AT LA HF, o R Seanfe A
FR R SLIOEAE BRI SR TR A kAL, FRH e R B2 1E MR, THF omnic R4, ERESUEN
TAYR, EHIEEN 0~4000 cm™, FEPEENES, K 16 YO8N —HIEBCT I, B HEAREAR
AP RN
3.2. BRAEEETHERNEEFEMERE ST

B B Y CBETH LG Tk 30 4385 B AIE FHEIR, FFik$E 400~700 nm n] WLYEIE A,
E5H BBAFEARBE T R OIS E b, DUER IR Z B FEAR FRIRE &, 2 AR
5 THERYS 5 RBENLSERE A, 8 T ELE SR WA i, IRt 5 ORI
7P IE S B R B/ IME TG . AT T AT A, 0] A 285 SR AT C FE 4 A
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4. KRS T
4.1. BEMLMEELRERS S

B SCHR GO S (0 (R A A A S 4 R B G S TR =2, (ST 441
U 160 i 3 (B REAIEAT 0ot MBS BT, MEATHID 236, T 0% = K dh 5 M 3

LA, BhE A —Fh R SR ROAE SR ARFE 2 SAHIA . BL 120 SHEAR. 156 SHEAR 160 SHEAME A=K
FEA R MR LTSN AT o, LK 1

T00] T

a
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Figure 1. Infrared absorption spectrum of sample No. 120, No.156 & No.160
B 1.120 5. 156 SF1 160 SHARILLIMRUKIEE

wE 1R, E 120 SEEARM AN BOEE B, 3296.69 em™ AL MR IIE L T 120 SHEA &4
N-H ##;3296.69 cm™' Fi11636.69 em™" P AN X 35k [7] B 77 7E IR Wi e B 17 120 5 REA 244 25385 1042.77 em™
AR B T A C-N ERIFEAE, 697.34 cm ™ ARSI IE T 120 SHEA & X0 Rk, W)
CATERE 120 SREA M EEA R N SR, ORGSR 242 NS FIL BRI SRR h, &8 =N
AL,

7E 156 SHEAR ML AN OERE I, 3354.19 cm ™ ARSI T 156 SHEA R & #25E; 2926.47
em ' ARSI BERE T 156 SREA T AR S o BRI 1699.87 cm ' A TR g B EA 156
SREA PR 1082.72 cm ' AL B 156 SREA TR . BRI RN RAEBE
HOINBENERNE R N L, AR IR ARG & R I fE N, R, ATRABEER 156 SREA
(1) 35 B BRI K R

£ 160 ﬂizlsﬁﬁq%%itlﬁcy‘t brf, 334672 cm ' ARTFAE RIS B T 160 SREA S N-H #;
3346.72 cm'\ 1457.12 cm™' Al 1418.24 cm™" = AN XIS A I AEAE R O B T 106 S FREA & R IR 1 K
4s 1339.17 e KRR T 160 SREAHIFIE A HI3E; 1215.69 em™ AbFMR I LI T 160 SR
ARG RT BEMTEAE; 1053.48 em ' AL IWIIE T EA T 160 SREA P& C-N ##; 669.34 ecm™ AFFAER)
WS S T 160 S REA R AFTEA XU ZRIRIAEAE AT AU IA 160 S FEA A BB 23 Hh 5 1 45 58 1 A
gy, MHRFE, RTHE, SMERENGFE, &l TRELRTZREEYREA TR =
(. i PR BT B A R R A e A b B A =2, (617 LA LR T 160 5 FEA 2 B Ak
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SYRIRE S R BRI RS, DRI 160 5B AR 1) 3 BEZH RO 23 9 45 i 56 R BEAHVR & T T

SIS SE R, 120 SHEAN DL BN 32 B B ) RS 156 SAEAC N DUR By EFEA
B G ( BR R T 160 SHEA N AR BRAIZS S AR GO F B U RS TE . PR
BOETFENLAIOGIE B UL EREGOHERAT 503, B 1~67 5 71~103 5 105 5 109 5 147
5y 152~159 SFEARY LR BN T B B RS TE; 68~70 5 106 5 120~146 55 148 5
BEA g LS i 5800 1 B O (R SR 2572 104 55 107~108 55 149~151 55 160 SHEAS U J2 LA
R B4 R AN B B ) RS, TEILANER 2.

Table 2. Black signature pen sample classification

F2. BREEFERMOLBER

TR BRI (AT em ™) FEfL =
1~67;
71~103;
2500~2000 105;
= ;
(S 1660~1620 109:
147,
152~159;
3500~3150. 68~70;
B 1650~1450- 106;
R 1230~1030- 120~146;
730~650 148;
3500~3150. 10;0‘1‘;)8_
KRB MEMRES 1660~1450. ’
149~151;
1245~1255. L60.

4.2. BRSARBAEKBERS S

TERA T G RETE X FEARF 254 T ORAEH) 160 FPANRIFEA I B AR TN, T FEASEIEAREK
2 AL e AR K SRR 2, T SIE S NS [FRFE s EAT RIS B A SRR 32 S R s it £
AR AR LL /MR SO B SR A5 S5 18, 20 T TE =l 23 I 38K R 2% B E 3 ARk, DA YRR
ek AT, A 2,

M 2 BT LR H L 120 SREACHARER 1R BB F B R IO 88K, LIRS BE 7E 1 48 AP X IR %6 2R
TR, FERT DG X O EE I AN KIE A BT EL L, AT DRI R B A 1 R 2 2 B o
BIEEAR—8, B ZRAR, HEAMHS MANOCRIGEAEZER, 72 B TREAY ST A SR
W5 22 i AR 2. DL 156 SREACNARR A, S 5N EE UM 8K, OB IE eI 5
HMIX 5 o FEARALL, TR B B A I K 1Y O T O T RGO, 1T HAE AT £0 AN IX RO Z R R BE ., HLAE
600nm~650nm Z [A G W IE(E . DL 160 SHEAAMRE IR B 45 R G EK, HIRBOLIE 5 DL &
SN EE RS S KEE AL, ANAEE LA XAV 72 R

43. ZHARREMS BESHENXAR

AR b3 (0 S A o e SO i B, RT DB IS B A IR S 160 AN SREGAE AR AN 2 A 4R5K 1 Laa.
b SEEEHYE, KA GRS .

P (LT *al *b1%), (L2*a2*b2*) 2 [AE a2 5 i LA €472 AE12 3R, HK/NA: AEL2 = (AL*2
+ Aa*2 + Ab*2)1/2, (HiH AL* =12* — L1*; Aa* =a2* —al*; Ab* =b2* —bl*). i, "iHHEBEHRD
FESIAI B 22, H ks LR 3% 160 MREAS ) € 22 1l R U T 34E[ 7]
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a A 120 SREA I ERHIHOCRBOEE R, b A 156 SEEARRMCRBOGER, ¢ A 160 SHEA R EHIERBOE R
Figure 2. Microscopic spectroscopic absorption spectrum of No. 120, No. 156 & No. 160
2.120 5. 156 S 160 SHAM TR LIRS IEE
BT = AN R g (28 77 28 s 7K 03 il REAT () BRI (AL 06, R AR P45 B 1 (22 08, ) AR SZAR .
MR, DU e, Lk 3.

Table 3. Color difference analysis of three types of black writing
=3 ZREEFEMEESN

I IR(CR) B AE 4iaEK AE A AE
1 8.5885 9.2833 12.3347
3 4.2835 6.3520 6.4868
5 3.8904 4.6732 4.4628
7 9.1928 4.8870 6.8257
15 7.8287 5.8858 6.6725
30 6.6147 6.8602 6.4041
45 6.6232 7.9617 6.1224
60 6.4537 9.1250 5.7078
75 5.9832 9.8656 5.4547
90 5.7866 9.8989 5.4475

120 5.7056 9.9290 5.2548
151 5.7096 10.3212 5.1688
181 5.7124 9.9622 5.1368
212 5.7132 10.2170 5.0775
242 5.4802 10.1369 5.0533
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43.1. TERS AREBENEG R FET T EZMAE TS
2% 3 doR B I ZEHAEE I, R Excel B W ITHAE > BIRE 1~7 FF 7~242 RG2S
RS BAER A, W 3. K 4.

1205 BEAR1~7 R [ ] 5 6822 1 BR 8

10
® i
j.]JrH 8 -.- o*
g
& 6 .
o N oo A AR PO
o> 4 R R L
o
N 2
0
0 1 2 3 4 5 6 7 8
RH
Figure 3. 1 - 7 days carbon black component writing color difference with time
[ 3. 1~7 RIRBEA S Fils & ZRERT B A9 2L
K 3 Fis B ECN » = 0.6005x> —4.7327x + 12.81(R2 = 0.993).
FRRY] 1~7 RRERE R & — ke B, RD
y=Ax’ +Bx+C,(A >0)
1205 FEAR7~242 K FA BT 1) &5 6,22 ) o5 B
10
[
W & e
il P L S
& 6 [ S AT @ & ... ®........ 0. o
&
oo 4
8
- 2
0
0 50 100 150 200 250

RE

Figure 4. 7 - 242 days carbon black component writing color difference with time

4.7~242 RIRFBAK 5 7k & E B E A L
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4 FR R HCA y = -0.95In(x) +10.409(R* = 0.901).
1M 7~242 RIS EEBNTE B A 3 Hes ¥, B
y:Aln(x)+B,(A <O)

Hr, 4, B, CEANRBIMKSHL, y NEOERMEER, x AHEHE.

PRI, 5 B B ) D 5 SRR AS 1 € 22 B I (8] R AR A 3 AR 0, AE 1~ R, BN T287
ESRKHGE R PR AR, ARGl 2 BEAE N 1] 5 R A R 3B R, X 215 SR ik AN
XTIt SRR, SRR AR 3 Bt B RSO R AR R AR AR e B B R R
GHER B FHEREEAR, WAE 7 KRG, BHRREERL&ET —MOEE, FFaRBASENREE
FIREE, BEEIN (A B e, i T HAd A B By ol T AR e /b, T ¢ R T A B B P U
P MR R BT, SEROOEIZIEN, R&GETRE.

43.2. TEMSAGRENEEEFEFIT G EMATEELHAE
B 3 gl f 5 oy F Il M e ZE BRI, R Excel B00F B IIThRE 20 X 1~7 KA 7~242 K
SN ENSEE LA, WA 5. Ko,

156 5 FEA1~7 K B 8] 5 €8, 22 1) R 2K

10

9 e
" 8
g 7 .........
tg A R Q..
x . ............................ ®
or 4
§ 3

2

1

0

: 1 : ; . 5 6 7 8

RE

Figure 5. 1 - 7 days crystal violet component writing color difference with time
5. 1~7 REERBE RS Filk & ZRERTE R EE 1L
15 R BOA p = 9.2225x 7 (R® = 0.950)
HEEREZY] 1~T RIS R & e 2, B
y=Ax",(A4>0)
1 6 FR R BCA y =1.65721n (x) +1.7634( R* = 0.920)
1M 7~242 RIS HREBORE A0 Hepr g, B
y:Aln(x)+B,(A >O)
Hrb, A, B BRNERBIPAHRSHE, y MEERNER, x HHE .
PRI, 32 BEAH BRI G R IR AR Y C ZE B TR R AR (A B R R0, AE 1~T RN, T4
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Figure 6. 7 - 242 days crystal violet component writing color difference with time

[ 6. 7~242 REEFR LAY Tk & ZERhRT (B A9 22 1
QRRZELBIE R AGR N, SR T B SR IR L SIZHT NI, A I R RS 45 b 5 et 0 B A o 5
AT TSR, AL 7T RZJE, S0 IERTE R LRSS oK IR, ARk it 2 g ETHFIZ D
o] — AN PETE, a4 R A S IS R
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Figure 7. 1 - 7 days mixed composition writing color difference with time
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Figure 8. 7 - 242 days mixed composition writing color difference with time
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