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Research on Acquisition and Recognition of Image on Encrypted Paper Made of Magnetic Fibers

ZHANG Kaisheng® WANG Ze
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Abstract: A acquisition and recognition method of the image on encrypted paper made of magnetic fiber was proposed aiming at the problem
that the encrypted pattern on encrypted paper made of magnetic fibers cannot be recognized by naked eyes. The encrypted image acquisition
device first performed strong magnetic treatment on the magnetic-fiber encrypted paper, then sprayed magnetic powder onto the magnetic-
fiber encrypted paper to make the encrypted pattern appear, finally a CCD camera was used to obtain the image on the encrypted paper. A
method combining an improved machine vision algorithm and Convolutional Recurrent Neural Networks (CRNN)was proposed based on the
original images to construct a recognition model for encrypted paper pattern. The detection and segmentation of the encrypted pattern were
realized through the combination of Gaussian filtering, Sobel edge detection operator, improved OTSU, etc. , the segmented images were
then input into the CRNN network to complete the feature extraction and recognition of the magnetic-fiber encrypted image. Experimental
results showed that the accuracy of the proposed model reached 98. 37%, indicating it could solve the problem of recognition of encrypted
pattern on encrypted paper made of magnetic fiber.
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Fig. 1 Magnetic fiber encryption pattern acquisition device
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Fig. 2 Flow chart of magnetic fiber encryption image acquisition
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Fig. 3 Encrypted image photo of magnetic fiber
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Fig. 4 Magnetic fiber encryption pattern preprocessing process
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Fig. 5 Comparison of processing time results

3 EFCRNNEImMZEERIDZ

3.1 CRNN M2 45H

FEARR TR I RE TR LR AR TN, T8 B Jn % ]
SRR FARFEU) B4 2Z 0] 0 ) B AN [ 1
1M FRES AR AR, % BUS W] ReAE 72 74T Rl
I, A% 50 B AR v B A 7 51 1 i o
TR, PR E 2 H ISR A, o TR
of AR F ) B £ A i ] R TR R TR T LA S
5 8 R FH CRINN YR B2 48 228 19X 44 FRIIATE B b 28 ) 28 41 45 )
TR A W28 R B 40K N 25 F4F R . CRNN 9 2% £ L i
HF AR 5 (SO, & — s 31 0 19 AR R
D11 R SN N S N R S o MR IR s R e

(a) SUSTEN A

(b) 20201 Y E i E

£, BERSEESAL GE AN A TE 70 B A PP 9 o
Hh AR IR 2

CRNN [ 45 th 8 BUZ | 18 R 2 FEE 5% )2 4 1™,
CNN F1 RNN (Recurrent Neural Network ) FJZH & f57)
XoF i A PEIG BA BE TAT TL E EE0K AL E =
32 MM E, HH EE CNN 35 R 28 00 2% A 1Y R 6% £ R
ZIFATIMER . T RS A E K SRS
[/, CRNN RZ8EU) 7 2 18 e 8 5m A CNN 242
WRURR AR (BT, 4 BA R IE T i AL RNIN i 35 )22
X REAIE ] 2 0 B — &R 3 AT SR ARAS 00 4], e
243 CTC (Connectionist Temporal Classification) %% 5%
JZ X PP SN B AL R TN A bR 25 7 91 . CRNN [ 2% 2544
K 7 fos

(1) B2 287K oy

CRNN [ 2% 45 14 ) CNN & FUZ R JH VGG16 19
RA5K, T RETEL AR AT ER B K R T
TEERINIRE R, PRy T AR IR 6% 2 i ) AT
FE, K VGG16 LA 3 RIS 4 -t A2 A RN
I 2x2 R 12, il A B REE2T 4 2 B R 2t — &
B, WAL A B AR AR 81, F AR
WAL Z SR U R AR, i TR AN AL 21
JRERIE N HE TR, R AE B T R R Y
LR DX ISR O 7 o A5 B 28 D) 286 1) KT RSV P XoF
B AFRIESEAT AR LML), 34 Relu (Rectified Lin-

(é) F7HKE A7 [/

Bl 6 e R 28 X el e A &

Fig. 6 Location map of encrypted pattern area

o 42021 4F5F 40 4 55 6 3]

.67.



BARIRE

- kel T HAR
((((. HBRZ

s m R
(Y ]

Lo R

’ ’ RS

M LSTM
M LSTM

[IS[-IUL-[SISIT] By

| «QUST”

CTC

K7 CRNNZE L5 E

Fig. 7 CRNN algorithm structure diagram

PREAE A CNN F 0T PR,

(2) EIHZE 2558 3

K CNN A5 21 548 Ak [ 2 48 O 4 ik 5 57 B AL RNIN
JZ, RNN P42 R F 2 3] R EAZ M 46 (Long
Short-term Memory, LSTM) 4844, LSTM J& RNN E’J—
e, A L W2 BATT. ﬂ
F 1A, HRERE ST ??féﬁﬂﬁﬁﬁuri1
J5 T A 2 LA 3 5 g o f 4 Tt 2 %W“LﬂMﬁi
BCE BB S R IT I RUE P S B RN,
752 BB S B LA BT RE o %« O o I 20 A g AR

ear Unit)

fEm A, o MG RE, FREFE A, W £
R IL=(6),
f=a(W,-[h_,.x]+b) (6)
K, WORBEAE R b NS MR [F

B, BT BEETTC. T o W TAER RS
AN (7)~X ) FR .
i, =W, -[h_,.x]+b) (7)
C,=tanh(W, -[h,_,,x]+b,) (8)
o,=0(W, [h_.,x]+b,) (9)

K, WRRRATIBERSR:, b, FnEAl R
By WONMEREERM, b NEJZRE ;s W,
PR, b, M T TmE . M4 &5 MEEEIC12
C, M TS T 85 B /i f, - C, - FUBT 38 in i

.68.

fEfE R, - C AAm, HA&REEA M (10)H7xR,

C.=f-C_ +i-C, (10)

W 0 1AL 25T — B 20 BRI P 91 Rk =X
(1D~ o

h, = o, - tanh(C)) (11)

S 9 R BT A B 2R R 51 B 2

@)%%F

28 38 A BRI 28 ) 248 TRV B ot 28 1) 24 2 BU B R AT
ﬁﬁ?ﬁﬁ%F,Lﬁﬂﬁﬁﬂ%FM%ﬁﬁA%%
JZIEATRIPE . CTCJZ BT HE ARG B i 25 X 45 (1) J0)
AL FIITI, BB G AL E(E
B, 5 Softmax 43 BEAH LTI A T 25 1 i AF, fif ok
TS A SCAR N FF B i A ) RT3 Ao e S5 PR SCKS:
“-S-U-SST” WA “SUST” FE X 55 o

W 2 2 T B 2 R MR AL S, 8 X
L={A, B, C, ..., X, Y, Z,0, 1,2, .., 8, 9}
26 NKE W SCFFF A0 M ECF AT ES . EH0TE
b2 255t P8, 8 e o R e AT T
FF, AN ERATAH, & UiAZ AT

THES ML, & XHnRA)FTR, THIERMZ
W 250 R B K
B:L'" — L' (12)

TEPEIRM LM T x = 2y, 2, o, 2
FEMTEOLT , CTC 25 H 8 LR =X (13) R .
p(lx) = pru> (13)

Hr, mep™ () NI & A G /Y 42,
mam%b% ﬁﬁtw%ﬁn
L(S)=-In [I p(l]x) }g 1np(”x) (14)

xl)eS

T¢,SﬁWﬁ%,mu ﬁﬁ 4 AP
WUV R P 30 A AR . B AR eRBCAT B R 20 B
A FAEREA e i A A bR 2 A 3 e B A £ R E
TEBR G R I A S, sl e/ IMER O R gL, i fil
i 0 I A RR 2 AR AR KR
3.2 HEPELYE g 4tk E R
3.2.1 ¥

B S (o FH 1 7 4 i 2 SR B 2 A 11 600
skEG, P E Al i ER 200 9 . gl R
BRI 200 5K . FRERUBCTHR A 0 % B 5 200 K .
FEER A et 3 R 1 RS 25 BEATL A L 150 5KA4E
YIRS, it 450 5k R IRAE 4 1 600 ik ]
B R EIGENE RS . DIZGEMNRER
BHR3 1,

China Pulp & Paper Vol. 40, No. 6, 2021



BAIRE

3.2.2 SIS

Z 5% B AT A b P 25 2 Intelxeon Silver 4110, H &
#i 2.60 GHz, W AF M 32 G, % & NVIDIA Quadro
P4000, #:4FE £ 4K Ubantu Linux 16.04., 2 ] python
3.6 i 5 LA SR EE 7 2] FF K HEZE TensorFlow-gpu ¥
WRIFTRIF RS .
3.2.3  SIEGAEy

ToUAL BRI AT 1 5 f7 — 20 SRR VE T B V£
e EE, BN I RSTAAAE RN —IYTE L,
BN AL EURHE T IH— AL AR 38, 1T CRNN 45 (1%
A BEUGHLE T EG S BEh 32 g, KEEAMEZIK,
DAL MK 52 A7 I 1 1 T A % S g — 13— 1k R
128x32, £ A CNN M2 HEATHEAFHE R

CRNN W 2% fifi FHREHLES FE T % (Stochastic Gradi-
ent Descent, SGD) XJALAIGEITHLAL, shESHOkE
0.9, WG HEE R 0.001, CRNN EL{AK [ 244 2%
InFE 1R, R1T, BRI s 5k
WALRI LA p I TERIAL.

#£1 CRNNHIMELER
Table 1 Network structure of CRNN

R 45k k s P
52
X[ LSTM Feit )2 (256)
X LSTM Fei = (256)
BHF 31
BIZ FRIEIE (512) 2%2 1 0
k) o 1x2 2
Heriefk
HBZ FRIEIE (512) 3x3 1 1
HeariEfk
L2 FHIEEI(512) 3x3 1 1
k)2 [gn] 1x2 2
BRZ FHIEE(256) 3%3 1 1
HBRZ IR (256) 3%3 1 1
bz % 1x2 2
HBRZ AL (128) 3%3 1 1
k)2 o 2%2 2
BR)Z FFAEE (64) 3x3 1 1
HAJZ N (32x128)

3.2.4 LIRSS

SR A I R AR R A 1 600 5K R 2T 4t in
2 MG B SR FH et ) T B v A A T YR oy LA A
BN A FAF X B, AR5 R CRNN AR TE 1 4% =7

o 42021 4F5F 40 4 55 6 3]

o TEMNEE FAFR AT, WEHRHC595 5K, miahig
BU%499.17%.

T AR 0 R it A o A 2 DL R A
AR E 8 Fin . W FAE L 100 WG B I
S, I G HENR KA 5] 98.61%, U4 MEf R
iK% 98.37% . I ZRAe A AR i) 08 2%l e AR e 7
0.2/

1.0 L5
I—’:,7. L4

—=— Y| ZRAEHER R

/_>
0.9
11.0

—o— MK HER

s
Bkt

—— g 103
o WAERR

0.7 — g ——p

0 100 200 300 400 500
AWK

I8 il A A R AR AR P 28

Fig. 8 Accuracy and loss value change curve
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