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Writer Identification by the Pattern Recognition with
Machine Learning

Abstract: Although computers process a lot of tasks efficiently, they are weak in some
problems like human recognition. One of these problems is a writer identification. In this
manuscript, the authors propose an efficient pattern recognition method to identify a writer
by using machine learning. The authors also give consideration to a logic to decide a author
based on sight information. In The proposed method, makes an analyze of handwriting images
geometrically first. And it identify a writer by using a pattern recognition with multi layer
neural networks finally. Aim more flexible writer identification with using multi layer neural
network. The authors implement the proposed methods on a multicore machine. And authors
conduct experiments to evaluate the proposed method, and processing speed. The proposed
method recognized a writer with 78 percent precision and the authors improved the processing
speed of about 8.6 times.
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ysis
FUN T2 R 22 R T ¥R AR I T 22 e
Department of Artificial Intelligence Kyushu Insti- Department of Creative Informatics Faculty
tute of Technology of Computer Science and Systems Engineering
JUM TRERZ R B ] L2 S B WAl 5 1 58 Kyushu Institute of Technology

133



57

1. [FU&HIC

AFTIX, BWWEEEZHA T O0—F»56 0
Y a— Rk DR R OEH A FIE R
REL, BEFEORELRITS. £/, FHLA
VAT LK BHBANFERZ T, SRERICED
< HIWERERIE AR IZ DWW T EET 3.

A, ANTHBERPAHAK R AR OR Y b DRk
BIFOER TN TEY, MEEeT>3 v a—
ADYERDPIEE>TWS, ZD&D BxfEHMa Yy
Pa—RADERE LT, NMAARNY 2 A%IE
UL T 2EBIERICED FHAMNBEMBBEL R
52 EMTFHINDG. UL, TOLDBHEHIZ
BWT, IV a—RI3ZDEZ R R
TETCWDEIEFEARY., TIT, #ED—D
UCESHANEET 5. EHHANE, EERH
DEFIHIZL > TEINAZEDTHED, TOD
BHEERETDREDTHD. EHHINIEEC
EHIEEN, EMRMVUFHMEREITHANS. £
72, VI N = ROFABEADY A V7 E
THEARHDO—FHE LTHWNDEZ EEH Y,
B2 DETEIZEEZRETHD.

EHEBANCHEE U 2 %75 e UT, HEf»5H
TAEEZHE L, EHEHBNEZIT2ED0RETH
nd 2. RS (1] 1E, HEEREICHED R
BEHAWEAY A VEFRBFEZREEL .
i S ORI T, FHREEEE LR OCREE %
WZEEIT, FEHBARITE OB EOEY % >
TEZHITIRBERNE NI BN >T VS,
7, REDL [21d, AMDHESHAES I, 5o,
FHEZEBELULWVEZFB TR RIZERL,
T AF YIRIIZ & 28 UWREHO R IE 2 2L
2. RELDWMZEIZEY, 77 AF v DI
NOHEWEEBHNREZB/LOLND Z LB >TW
5. ZNHDOWIFETIE, FEHOREEL2 E&HL, T
ZIZBENS AN EZHE TS 2 & T, MM
EBFHEEHNTEEEHIL TS, —BI,
FEEHBOEIZ & 2 FIETIIBMIEBH TS 521
DEHRT =B PBETH 5.

ARETIE, TR EOREME T 7 2 F v fifthr

134

2016.1.8-10

MEEHBANERNTH D Z 0D, S0
BRI & > THM 2R EE O 2475, U
MU, BBREROGI P, ZREDEKI 2D /-
DI, MEAHBERIZ LB FETIEARL, ATHIEEIC
SO FHEEHND L ERETDH. EHHNO &
DN E — RIS, N TAIRE
D—nHTHIEMFEIHNONS. KT, B
B =—a—Z b3y MU — 703, BRI EEE R
ICERITHD Mo TVD [3] 1, Bz R
BIZHWSENT WS, ZIT, EHBINHEER
Za—INAY N NT—T%HN5.

E RO

2.1 RHHEEOHE

EPNS ED LD ITRBEE LT IO
T, BECWL D20RES R IhTWS [1))2).
RS [1] ORIZEIZE YD, FORE I PREICEY
LREIEDOAEZHWEZLETH, MAKEZELN
BIEMHMOTVD. 2, RED [2] OWF%IC
XD, FHEEEBLULNT I AF VI D5
BEOHENS, MAEEZELNDE Z LRS-
TWd. TIT, BEl=—a—-S01xy NTU—72
ZHWD L TCRMBHBANNTEL L FH-L, F
HEEHREZRL AR REEEZMB L, Th
WD, BRI & PO 72 SR AN AT B
ThHNIX, EHEZREEE?S &) @OKEETOM
BN TEBLFHTEDZ2DTH5.

— AR, ERIRATIZ B 1T B A EIZ LT O
4 DIZHFTE D [4).

(a) BB, 0¥, YIFARYT MVIER

(b) 77 AF ¥ {&#

(c) friE, TeRIEH

(d) ZEREIRIREE - BEIARIE H

ZONHEND, EPEEROREIE S U CRERR
CALE - IREHRE VS, ABEIZER D BRI
FOTHDIBREDHNNITA D Z LD HIRERER
Z, FORIIPEEIIMEAMEEZRTZENOAM
&, WIREREHWNS. £72, T7AF v ERIZ
AN ERTEDNRERTH D BN, RE
5 (2] &, BEFOTEIC & o CEPHEGE T 2 A
F ¥ AT DIIIA RS DE U S 72 DITH U\

2.



57

MFREEZREL TS, AT, 79, HEMA
B 5 DFINIZ OV THRETT 2 720, Thz
R, 22 RRREE - BIRRIG IR FIRRIC, Zkk
REEE IR A BV FRINS 2D, AV
B, BARIIZIE, A0 3 D2 KEE e U Tl
5.

)IBEY A NI S A

) A

) XFD AR
WIZ, THoDOREHIEIZ DWTIERS.

2.1.1 BEERANITSA

EGIENT BT D A TS AT R IREEIZN
UCHEHFTZDREME € DEBZEDOHRDILE %
RGTTIT7THY [4], BN, el g
L. L ANT T LI 256 BEBEDEEHIZ DOV
TREIND 720, 256 HDEP MK I NG, Z
ZT, p=256 £B<L. LA NI T AIF—RIFIZ
HHRE2EIIH U TCHAEINDG EDTHSD. L1,
PRI E O EREA KD TH D 720, mife
WO ANT T LAEFRT DI LIXREOKEE D
ETHERD L. TIT, “fEEGETAZIZL
TeANTILRHALKL., ZHUTEY, EHFD
FEEBMZDOWTDAL AN S LEZHMTED.
2.1.2 EHXE

SEPHIER L BT & O FL AR B R X
NDMEHRTH D720, MNiE - BRBEHROR L
UCZEEGOEZMEZDE D% AW, BUED
BAALD - OIZHERME 0 % 1, HHEE 255 %0 &
U7z, Bk U BZEMEE2ZDEEHANILEED
BEBUIE R TH D720, T—REMD DIz
Ak U 2~ BB ECHEED 117% 1 DD "B & A
BRUTHERANFERERE T o7, EREHOKX
XXE559 X 163 7L THEND, [HELEH
U Z-HEF#EIE 163 fAOBMETHEINSG. I T,
g=163 £ K.

2.1.3 XFOHBEX

EIHOKRY - KEIEZRTEHME LT, Eifim
BOS> LT ERTWEMEOESGEFH L. I
ENTFTOLHERLEXETD. XFOLHERIE, &£
Bl —o1 2% 1 HOBIEN SRR I NG, =
T, r=1%&8KL.

(1
(2
(3

135

2016.1.8-10

3. HHEEARWE/NRY— VR

31 Z—a—J)bxy NT7—7

ARETI, BRFEHOFEDO—DTHDH=a—7
Wxy N =7 HOCTELEHNETo7/7. —=a—
Iy " T—=21%, EFMELAZ=a—nY (M
T, Za—a Y eER) 2L HOLTF TRy hU—
JEMEL, TORTHESREZRYVERTIL
&> THIMLEEZ 175 7T ZALTHD [5).
Za—INWARY N3 BEEE DD
MR 2 EASBE TS, M1iIloa—BY 25
. Za— B VIE AT ORI IR Y A
ETHRAKLTHIIND. FKOBEBIIEY H D
M, VIEA REEEAWEZ X Q) Iy TES
NEEERT. VA RBEBIZE IS0
ZAL UM U CHERRBABTH Y, BEEWITHK
WRTWbZa—F)xy hT—=7TLHY
LENTV3.

M1 EFNVELAEZZa—1v

Fig.1: A model for neuron.

1
flz)= Tt op— (1)
WIZ, =a—mit&kd 2y N7 —27 OREMIC
DNWTHANS, 2y M7 —27 OREEIZITREER &
MHHAAGMMWH 203, NE—V@BIZANT NS
EXNDZHEME R, BEMIY hU—2 1
ZTOZDEY) RO Iy NT—2T, ANE,
M, HOE»LERINE. ANBIZANES
IR Z A ISR EEANEZET D ETH D, HF
MEIXRIBROEDIZR L THAZEY, E5EE
295 THERLEEA2ITOETHD. HOEIE
Za—INEFY NI =DM NKEREED DD
BRETHD. BEEMAY NT— 213D &5
D=2 —OVHEDOAIEEEZE D, HEE —E LM



57

Tfibhd. ADENSHIEARD D HERIXIE
FIMEERE, WA S AT A D FHEIEY S
MEHE L ITENS. M2 ICEEN_a—5 3y
NT)—2%Rd. ZIZT, o, IANBIZFHDOA
NESOEE, m; FHEE ] EHO=2—1 v
DS, op EHENE K FBHD=a—1 DI,
v IANBIBFH=a—0 Y ohEEj FHOD
Za—arveOHOKEEAE, wi ldHHEE ]
HHOZ=a—oVrbH Ik FEHO=a2—DO Y
EDBDIEGEARKRT.

IE75 EEE
ANE HhE B HAE
— Vi
I Wi
T
o ‘O V!
B# & H
SO O = O
§ LAY
/a0 il
a —
B RS
2 BER—a—-IVExy v T—7
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Fig.3: A learning model of the back propagation.
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- for (int i=0; i<lim; i++) {
- for (int j=0; j<lim; j++) {
+ for (int j=0; j<lim; j++) {
+ for (int i=0; i<lim; i++) {
sum += vec.at(j).at(i);
}
}
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Fig.7: Better efficient access to an array by loop ex-
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+ for (int j=0; j<numUnitO; j++) {

+ img.at(j).resize(inputpath.at(j).size());

+ for (int k=0; k<inputpath.at(j).size(); k++) {

+ img.at(j).at(k) = new ImageAnalyzer(inputpath.at(j).at(k));
+ img.at(j).at(k)->init();

+ ¥

+3

for (int i=0; i<cycle; i++) {
for (int j=0; j<numUnitO; j++) {
for (int k=0; k<inputpath.at(j).size(); k++) {

ImageAnalyzer img(inputpath.at(j).at(k));
img.init();

- signallnput = img.formatInputSignal();

+ signalInput = img.at(j).at(k)->formatInputSignal();
script.learn(signalTeach, signallnput);
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Fig.8: Reduce of the number of access to file I/O.
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FE=a—0 v
200 520
1000 | 61 61
FEME 5000 | 67 61
10000 | 67 78

%2 BB TOMIE (%)

Table2: Identification rate on the experiment B.
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Table4: An execution environment of the original sys-

tem.
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x5 HAB{LEBEOY AT LADFEITERSE
Table5: An execution environment of the speedy sys-

tem.
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Fig.9: The elapse time of the proposed method.
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