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ABSTRACT

Since the global financial crisis, manufacturing has suffered from a long-term recession.
To solve this problem, the government has established a large-scale investment and
policy, and recently began building smart factories that show up as the fourth industrial
revolution.. The Smart Factory is a fusion of ICT technology and works efficiently with
various sensors, devices and machines. Analog gauges are essential instrumentation
equipment used in factories and are used in many factories, but they are excluded from
the investment due to safety insufficiency and cost. Digitizing existing analog gauges
can prevent human and material damage and leads to cost savings in building smart
factories.

In this paper, we propose two algorithms for acquiring the information of analog
gauge. The first is algorithm using image processing and the second is algorithm using
Fully Convolutional Network (FCN). The algorithm using image processing was not
suitable for various environments and the results were not good. However, the algorithm

using FCN showed 2.1 times better than the Tesseract-OCR by F1 score alone.
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® 7|t &=(Step Function)
S4 A #E 91 dAstE = Serolth GAl 5ol The ek AR AAR
2 ALSEA ged 8 ko]l 0ol 13w Fudelng 2y ToA ghe] &

Aol AA dojuA "Frok 192199 4(2.14)= A s vERT

flz) = {? E“ 0; (2.14)

® X|I1Xo]= F(Sigmoid Function)
Nmel= @i 13 09 2e itk SAw Fudew gol vale A
Fash 2l thae sl Welnl e AA Wvlol AT gend $aa,

gy 9H9E A4S @ ol Vanishing Gradient Problem= 4271
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g S0 A 007 FHAAY

wlA wHEe] Wt 192,209 4(2.15)% AT
F42 vepact,
1
“‘:i -2 0 5 4
19220 AaRolE
F@ =17 215
T4e (2.15)

® ReLU 3 (Rectified Linear Unit)

ReLU[12]%= 9ol 05 Ho™ 98 FAaL Y=ol 05 dA Xotd 002 =
g8t ghrolth ReLUTE W ko]l 24 03 1o]2

ol AA =olen. 1H2.219 H(2.16)= A doE HERT

X Vanishing Gradient Problem

0
192.21 ReLU 37
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< (convolution layer)
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11234 112134
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4056 7 45
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® 71433 (Fully Connected Layer)
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2.2.5. FCN(fully Convolutional Network)
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Interpolation)S AF&3HCh SFA| 9 o] F Y HIPHS d5d #ht
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Aolm= g5 dHeolH7E ofyth. 1§2.262 FCNO| T%E5 Yehdth

forward /inference

- a
hackward /learning

21

713226 FCN9| TZ[2]
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2.3. Tesseract—-OCR

Tesseract-OCR[7]== OCRz}o| B efg]lZ siufe]™ 19851 HPolA 7S A]#skal
2006 A 5-E oA i 2 wjxEgk 9 Eglo]H o]l OCR(Optical Character
Recognition)> AliE-o|uf & -2 Q1E vfA & 7[A= e 7«2 dHdeds, dF

As, AFEH v A LHg FHE Y. 172.282 Tesseract-OCR2] o|Alo]w =27}

Brief history

Tesseract was originally developed at Hewlett-Packard Laboratories Bristol and at Hewlett-Packard Co, Greeley Colorado
between 1985 and 1994, with some more changes made in 1996 to port to Windows, and some C++izing in 1998. In 2005
Tesseract was open sourced by HP. Since 2006 it is developed by Google.

Brief history l

Tessemcl was originally developed al HewleIlrPackald Labomlories Brislol and al HewleIIrPa
ckald Co, Greeley Colomdo

beiween 1985 and 1994, wilh some more changes made in 199610 porl Io Windows, and some CHi
Zing in 1998. In 2085

Tessemcl was open sourced by HP. Since 2006 H is developed by Google.

122.28 Tesseract-OCRY] #-& of A
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3. olE=I AolX AH =

H Ao = olF 21 Alo|A9 AHKRE AAstal o]lE WHIaA sk}, A A|SH
= HHe AFEH ¥ AT Tesseract-OCRS ©]-&3F #lH I FCN¥} Tesseract-OCRS-
0]8-3}+= HHol] ¢l

3.1 SEAZE ol &F o2 AolA X Y=

ol oAM= FEA ] oA FaElEE o] 85t ofd R AloXe] HEE g
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T1#3.6 kel wE goldle] o S AE

® o= Ao]x ke ¥ dY
ofF 2 Ao|x e s #=dH7] 3] Tesseract-OCRe A&ttt 12t
Tesseract-OCRE Al F-o|u} Azt 77o AFeo] zy Fxul olAleimz 72373 72+

ok T oolRE EEI 2A e AL

Box number: 1. word: ??
Box number: 2. word: ??
Box number : 3. word: '6'0'
Box number: 4. word: "\’
Box number: 5. word: "'
Box number: 6. word: '40’
Box number: 7. word: 'RH[;'
Box number: 8. word: '80";
Box number: 9. word: "W100'
Box number:10. word:".0/
Box number:11. word:'120'

71937 OCR ZA7H(#)7t 5 Fu(F)
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Box number: 1. word: ??
Box number: 2. word: ‘??
Box number: 3. word: '6'0’
Box number: 4. word: ‘X’
Box number: 5. word: ‘40'
Box number : 6. word: ‘80°
Box number: 7. word: /'
Box number: 8. word: “.20";
Box number: 9. word: "100'
Box number:10. word:".0’
Box number:11. word: '120'

“1%3.10 OCR Z3H(#)3} 53 AH(F)
a9 3,103 o] AAE B FdHol Tesseract-OCRS 483t x5 24Tt 40

I} 80, 100, 120,= =2 4= At}

o 7Zt%= A4t

O9-E3.118F Zo] 2xE 270l e A4 o olgd R AlolA] Y SR
S AR = du AGB)S ofdEa AolA el AANS UEdY. o=

Tesseract-OCRZ Zrolll =x}gkol o= oAF2] ZFEgholt).

Ty~ Ty {:c: N4y

ratio =
@1 - @2 9 . Z_ILE

3.1
Value =z, —ratio(©, — 6,) (3.1)
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o] AwWE ATdEolAS Faste] £4F & AuA FAch AW

Aol d § vhed Has whEs A7RA] st Edel ARSE HolH

Mo

T % 550%°]™ ICDAR2015(International Conference on Document Analysis and
Recognition)[10] HloJ¥] % 275783} 23 epdE g ofbdma AlolA] deoly 2758
A T oelE e ge P olFolx glom ouA shiheh onA )
Bol Q= AL B4 AAE NS 49 A3 AP 2AU BA9 ghow o
Fol4 gk,

th. ICDAR HI°lHE AR o] HA T WAok dedde 9l AHgadin. 2
h

ICDAR Hlo|H = AAEgA B 5 = ARle] s F dlo]g o]

H3.132 ICDAR2015 Hlo]H ] 4S5 YEal 193,14 o= 1 Alo]#] Ho]E 9]

T42 e
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602,173,635,175,634,197,602,196,EXIT
734,310,792,320,792,364,738,361,12R

71¥3.13 ICDAR Hlo|E ¢ F4
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78,171,93,169,93,185,78,187,20
82,121,98,119,98,136,82,138,40
111,78,126,76,126,92,111,94,60
154,56,169,54,169,69,154,71,80
194,66,216,64,216,79,194,82,100
218,102,240,98,240,113,218,116,120
223,149,244,146,244,161,223,164,140
204,194,225,190,225,206,204,209,160
206,215,218,212,218,220,206,223 ###
139,209,177,204,177,210,138,216,###
139,216,182,210,182,217,138,223 ###
138,225,159,221,159,227,138,230, ###
139,245,190,237,190,246,139,254 ###
103,212,110,210,110,224,103,226,0

T193.14 ofd® I AelA HelH e T4
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® Tesseract-OCRS ©]-§3 ¥
FCN2  o]&3le] F=d =AY £AY 7heAel w2 99& s 4
Tesseract-OCRS  2]-&-3}o] =3t} 193,15 Tesseract-OCR®] =5 A& e}

Wt

Box numer:1 Text :W

Box numer :2 Text :lirecau
Box numer :3 Text :Psi
Box numer :4 Text :40
Box numer:5 Text :60
Box numer :6 Text :30
Box numer :7 Text :10
Box numer :8 Text :20
Box numer :9 Text :501

1%3.15 Tesseract-OCR9] #= A3}
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4. 4%
4.1 43¢ 874

OS : Window 10
CPU : intel i7-3630QM @2.40GHz

RAM : 12GB

® FCNS o] 83t ofd =1 Aolx AR 5
OS : Ubuntu 16.04
CPU : intel i5-6600 @3.30GHz
RAM : 8GB

GPU : Nvidia GTX 1080T1

® Tesseract-OCRYF AFE-(FCNS- o] 83k old 21 Alo]x] AKX 59 1)
OS : Window 10
CPU : intel i7-3630QM @2.40GHz

RAM : 12GB
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4.3 FCN& o]83 old21 AolA AH 5 AY

FCNO| Ayts nolFm 8279 ofda 1 7oA ojux& 4

o2

o AHg-stsiet

¥ 4.3 Tesseract-OCRYF AF&-3F 72 9-o digt 2}

oln| A A3 = Ax)
Box numer:1 Text :'
Box numer:2 Text '3
Box numer:3 Text :"
Box numer :4 Text :“
Box numer :5 Text :// T«~r"""
Box numer :6 Text :[/2/
Box numer:7 Text :f
Box numer :8 Text :‘90
Box numer :9 Text : 070
Box numer :10 Text :7
Box numer:11 Text :1
Box numer:12 Text :,1"
Box numer:13 Text 1?7

3370= 137 BF FA|

Box numer:1 Text :y\\\"\y\r
Box numer :2 Text :so
Box numer :3 Text '
Box numer :4 Text :§
Box numer :5 Text :40
Box numer :6 Text :°c
Box numer :7 Text :80
Box numer :8 Text :1;
Box numer :9 Text :Eyes-«100
Box numer :10 Text :I;
Box numer:11 Text :~
Box numer:1 Text AWM
Box numer :2 Text :w”
Box numer :3 Text AN
Box numer :4 Text :600
Box numer :5 Text :§
Box numer :6 Text :mm
Box numer:7 Text :3200
Box numer :8 Text :V
Box numer :9 Text !’
Box numer :10 Text :Ean
Box numer:11 Text :V
4 Box numer:12 Text :;,1"
Box numer:13 Text :0:15;7!
Box numer :14 Text :5v
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# 4.4 FCNZ o] &3 ofd2 Alojx] Ar 25

= A3
Box numer:1 Text :W
Box numer:2 Text :lirecau
Box numer:3 Text :Psi
Box numer :4 Text :40
Box numer:5 Text :60
Box numer :6 Text :30
Box numer:7 Text :10
Box numer :8 Text :20
Box numer:9 Text :501
Box numer:1 Text :80
Box numer :2 Text :80
Box numer:3 Text :4R
Box numer:4 Text :C
Box numer:5 Text :120
Box numer :6 Text :100
Box numer:7 Text :40
Box numer :8 Text :0
Box numer:1 Text :Mbps
Box numer:2 Text :M
Box numer:3 Text :700
Box numer :4 Text :hon
Box numer:5 Text :m
Box numer :6 Text :300
Box numer:7 Text: 0
Box numer :8 Text :M
Box numer:9 Text :5V
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¥ 45 AA HAE dolg Al i3t Axt

AUE NS F1 score
Tesseract-OCR 11.78% 20.36% 13.48%
FCN +
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