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Artificial Intelligence—based
Smart Factory Framework for
Manufacturing Process with
Industrial Internet of Things

Jin Bae Kim

Department of Industrial Engineering, Graduate School
Kumoh National Institute of Technology

Abstract

In this study, construction and build a machine learning and artificial
intelligence algorithm based smart factory platform for surface mount
technology process to produce a finished printed circuit board mounted for
the control of electronic device parts in various industries. To this end, an
industrial Internet of Things platform is attached to each equipment of the
surface mount technology process to dock process information related to
production and manufacturing and the Industrial Internet of Things sensor
module to collect sensor data and collect it from the database. The process
of acquiring process data is done in real time and is collected under a wired
or wireless environment for analysis and control remotely from a factory-—
scale space composed of multiple processes and an independent space. In
the existing process, manufacturing automation of production facilities has
been advanced, but process issues directly related to quality problems and
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equipment failures are being solved manually by the manager. To overcome
these limitations, a smart factory based on artificial intelligence algorithms
1s built to design a platform equipped with effective functions to advance
the production of factories, including surface mount technology processes.
The main functions are to implement a virtual physics system to collect and
monitor process data stored in computer hard disks inside equipment and
facilities and sensor data collected from industrial Internet of Things sensor
modules in a database, and implement a platform scale smart factory. It
forms an enterprise system equipped with clustering and tracking of
production products, generation of production product classification models,
time series process data prediction, and production product quality
discrimination.
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[oT: Internet of Things

ICT: Information and Communications Technology
CPS: Cyber Physical System

MES: Manufacturing Execution System
ERP: Enterprise Resource Planning
PLM: Product Lifecycle Management
KPI: Key Performance Indicator

RFID: Radio Frequency Identification)
RMSE: Root Mean Square Error

SVM: Support Vector Machine

RNN: Recurrent Neural Network

CNN: Convolution Neural Network
ReLU: Rectified Linear Unit

AOQOI: Automated Optical Inspector
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Adapted relative rankings from World Economic Forum Global
Competitiveness Report, using Fourth Industrial Revolution categories .
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Switzerland 1 4 1 40 6.75 34 OM
Singapore 2 1 9 35 9.00 49 DM
Netherlands 17 3 8 6.5 12.50 9.4 DM
Finland 26 2 2 19.0 1.25 101 DM
United States 4 6 4 140 23.00 10.2 DM
United Kingdom 5 18 12 6.0 10.00 10.2 DM
Hong Kong 3 13 27 45 10.00 115 DM
Norway 9 7 13 19.0 11.50 119 DM
Denmark 10 10 15.5 17.75 125 DM
New Zealand 6 10 24 215 6.25 136 DM
Sweden 20 12 7 12.0 19.75 14.2 DM
Japan 21 21 5 12.0 18.00 154 DM
Germany 28 17 6 9.5 18.75 15.9 DM
Malaysia 19 36 20 355 34.50 29.0 EM
Portugal 66 26 28 245 32.25 354 DM
Czech Republic 47 29 35 35.0 44.75 38.2 EM

| South Korea 83 23 19 200  62.25 41.5 EM |

Chile 63 33 50 42.0 39.25 455 EM
Spain 92 30 37 175 61.25 476 DM
China ¥ 68 31 56.5 64.25 514 EM
Kazakhstan 18 60 72 59.5 68.25 55.6 FM
Poland 81 31 64 48.5 58.00 56.5 EM
Russia 50 38 68 475 114.00 63.5 EM
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Any TIME communication

- on the move
- night
- daytime

- outdoor
- indoor (away from the computer)

- at the computer .
Any PLACE communication

- between computers

- human to human, not using a computer

- human to thing, using generic equipment
- thing to thing

Any THING communication
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o1 FA4oMHe= A¥ £ (Cream Solder) XA (20~40 um )l A F-H
gt vi2= (Metal Mask)e] A 3 A%, Fine Pitchell t-g-317] #13%k
A AEE, A% AAGCH W) Pl dasta F¥d s

A = AAr 716 Fol ST

(3) PCB #A& &34
Az FAANME BGA, CSP F3#o t-g3t7] 93k & tIE HAK

[e]
s, &4, A7Dek AFA FES 9% AT F(Underfil) 54 7=
A (Flip) &A1 th-2(Solder Bump) 5°] &7 ¥t}

e >

4L PCB % t8d + JA=s 25443 &g, d4 7}

712 W3 7} soF sk, A Pb-free &0 A&
2l [TEI . W AAeE B Y 8
9} Hot Gas, #@l°l#], M(Beam) £U ™ 7|&0]
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5|
(2

AR 7)e FARE (19 2.23]19 Zo] A H L

Loader Screen Printer SPI Mounter Reflow

TR == AR =2 7]Ho] FYEH+= PCB Loader, ‘a‘% LE¥3slo] HAF 3|2 E 18]+ Screen Printer, &
o] 2 =¥ FHJUE7FE AASH= Solder Paste Inspector, AAF 3= B3#2 A% s+ Chip Mounter, =X % 35
=ola HAx 32 FES Julsty] 93 Reflow Oven, 9}/\45] A2 32 7]¢o] 2= PCB Unloader® T4 =t}
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2.3.2 B9 A% 7l AY AT

D Y 4% 7le €39 7 - &4 BA 497

i A Ve TS FAskE AL e F A AH(Chip Mount)
Anle] mak, o4 WUAE g A TiEd iE AEHem AGtskal
FoEolut taEgelet 22 A% A AEFS A% 7P ke FEE0
AArEAA gEge Yo AAS de=Add dis] HdAlska, EFo] Jdud o
AAroll Al HES AR 3 o AAFow HA F= 7)o Aasi. o9
#HAalo] Ax 3 A Adwe)o) nak oA HAE 93] Fiber Sensor® &3k
AT7F Aok [2" 2.24]9F o] Hap F A% HujY AoE g AT ES
ofol| Al AAlZ F-Fo] B wHA grokedl, A% siivta QR1sHA HW, =
Zo] 7HA AL = A F FES v4E Aol

(7% 2.24] u&7bdetz 29 w4t Fae w5 AW



Sensorg -3
= WAeg 7
dyo] FF
AZ As)] A= =
A e A A e

) r

S ]
G FAl el A7t %‘35‘}3‘—3 7t Aok AR

=3 Ao e HE I (Vibration Feeder)?] H-2 wh21S 7| A 35te] A4k
S el aglar A7ke] Fiber SensorAlAE F3] F35 A3 o3
AZ STt 71E Ao R Ay E s 28 JYHE F ﬂgi A8k
ot A o7 I3 = 7|4 Al~BS DA AL, Fiber Sensors &-83fo] <F
dHoE A e A7 & 5 A " ﬂr 34 :
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PCB Loader

Magazine Loader Reverse Loader
SL0-120 SVT-180

X-Ray Inspection

Screen
Printer

Sereen Printer
HP-5205

IMT Inspection

Inspector
‘Solder Paste Inspector
«v-B030.2

Solder
Paste

Chip Mounter

Mounter
YCM 8800VXII

IMT Assembly

Optical Inspection Manual Soldering

Nitrogen Generator
Nitrogen Generator

Reflow

Auto Optical Inspection
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A% 1% A9 dolox
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A 71e FAH dA dEE AdE
5] & 71 AEY] FHE 121744 ojH, o
. B A A

Sﬁoltﬁ, 2El A3 Al F 45R A 1A AR
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5 AFE Y st=r Tl AgE
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Computer
(inside Equipment)

Computer
(inside Equipment)

Collection @ kumoh



Screen Printer AH] & o2 EW A ALY, 2FA 7++E, PCB ol% 4]
E

2k, AbolE ERSYL, HlO]AE AREAIZE, HO|AE JHEE, npid R E, npid
ARG AIZE Fol Z]EE o] AH] o] A AE Tk

ols ¥ T 7P B o]fFE oF7|st= ¥ Screen Printer®} Chip
Mounter “gH]o]™, o] F7] H|o F&HS [1¥ 3 ]JJr [Z19 3.4] %ol
] UiRoll A 35 wgFo . FAol= 2 o) Wwol WAstL o2 <l

[7¥ 3.3] Screen Printer YoM 32E 1287 {3l
a3 JEH g2 EXd = 22X Z
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___ Solder " Chip Mounter
''''''' S Screen  Paste i Reflow
Printer  Inspector. ;
 Screen Printer Solder Paste Inspector.

Loader Reverse Loader', [ Hp-s208 KV-0030-2 A
SLD-120 SVT-180 ¥ \

Nitrogen Generator
Nitrogen Ganarator

Screen Printer

[Z2% 3.5] MEYA §4 &Aool 7FHo] UA 4=
7€ 24 A 7 34

Collection @ kumoh



3.2 A& AHE UEYY "R

3.2.1 AFE AFE AEH 74 R A B

AT E MEAA o &4 75 A% WReR e Ale
AU ZAES =9iste] Anl 2 sl HEYA 4 84S 58k,
A Al ERIES AAste] A WF UEN A B ARS sHA &L, I
HAolARE 71 A Ve AS A% AHl # ARe Abe JdEHY &
Aol A & F d=F UESAT T4 d4S 755

A Al AEY EFERE2 [2" 3.6]0 yERd A
3Z

=
3} 7o) IntelAle] Edisono]gts= AFE 218yl == Zo|t}[37,38].

Wi-Fi/BTLE
module

Embedded

USB ULPI
i 2.4/5.0 GHz

transceiver

70-pin 1/O connector

PMIC

[71¥ 3.6] Intel Edison A= QIEY &

WiFi 2 Bluetooth 145 A[staL, [Z17 37104 ®i= A3 o] Intel
Atom ZZAA 22nm Al2=® 2 3 CPU(Central Processing Unit)E A3t
th Al2El 2 2 500MHzol A Asske ol [A-32 o7t AEFrEo] 9l
o}, o] olFlg A= Tl CPU =o] Alelo] IMB AAI7F &f5E 2 9o

Collection @ kumoh



= wygo yzmz 2 Ay z=y ¥awEy, 3 9w SIMD(Single
Instruction Multiple Data)zte= W& T2 A4S X Y3t} Intel Edisone 2~
nfEE = Bl 7]7]9 22 4% gulolAE & e AHE QIHY

Eaolth,

intel'

ATOM

inside”

V' [ Wi-Fi dual-band
| ® ™ .
\ (802.11a/b/g/n) Intel® Atom™ Processor GPIOs, various buses

S (dual-core 500 MHz)

Bluetooth LE
1 GB LPDDR3
(PoP)

(with 2.1 + EDR)

usse

USB 2.0 PHY

VBUS
3.15t0 4.5 V input
3.3 V output
1.8 V output

[2™ 3.7] Intel Atom X ZA]|A

Intel® Edison 70-pin connector

Intel Edison A= Q1Y B59] AAgk WA= [% 3.1]9 <} At}
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[3% 3.1] Intel Edison AFE QQEJY 2] A

Major Edison Components

SoC(System—-on—a-chip

22nm Intel Atom Processor(Dual-Core)

RAM

1GB LPDDR3 POP memory(2 channel 32bit)

Internal Storage

4GB eMMC(v4.51spec)

Broadcom

Wireless Dual-band(2.4 and 5GHz) IEEE 802.11a/b/g/n
Onboard antenna

Bluetooth Bluetooth 4.0 + 2.1 EDR

Power

Input 3.15 to 4.5V

Output 100ma @3.3V and 100ma @ 1.8V
Standby: 13Mw

Power Standby(Bluetooth 4.0): 21.5mW

Standby(Wi-Fi): 35mW

Firmware + Software

CPU OS5

Yocto Linux v1.6

Development
Environments

Arduino IDE
Eclipse supporting: C, C++, Python
Intel XDK supporting: Node.JS and HTML5

MCU 0S RTOS
Development MCU SDK and IDE
Environments
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3.2.2 ¥4 dA& TJEE &/ HEHNA T &3 TF

ole} Y=ol Al AA ERQE B2 TF38H7] A8 AHES A= [

2 3.8l Yo} 9= CISCOAMY] AIR-AP1852I-K-K9 #Hlolt}. IEEE
802.11ac Wave?2 ¥ +S A Y3lar 3 Spatial Streams A Y3d}+= 4x4 th= 9
g Ut 89S AYst. T g9 2.4GHzeF 5GHzE A 9¥sha,

1.7Gbps Hlol¥ £EE& AlFsit), 2uld 7]7]9] Ade 9 W1, WHe 9
S 58 FE 7]%9¢ Transmit Beamforming 7]<o] %-g&xo] it}

. } e

[2¥ 3.8] CISCO AIR-AP1852I-K-K9 F4d dlax IZQE
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3.2.3 44 A1E UJHY AA EE
wal g9 AF 714 FAY Screen Printer®t Chip Mounter FH]o] =7 = 28 ALE QHY A EE
el A [ 3.2], [F 3.319F 2ol Aglssi
[ 3.2] A& AHE JIEY Aol AT U 7HE A AX BE
Product Sensor Operating Output Measu.rable Power Supply/ Sensitivity | Feature
Type Temperature| Type Axis Consumption
ADXRS453BRGZ
Gyroscopes | —40~105°C | D8/ 1y i</ 7 | 3105V / 6mA | 80 LSB/deg/s| -°0
SPI deg/s
| . Digital / 3—axis 2.25to 3.6V / 400, 200, B
Accelerometer| -40~120°C Spl MEMS 900uA 100mV/g
Eval-
3.3to 5.25V/
2 - 2-axis Max 1.15Ma _
Accelerometer| =40~125°C | Digital (YX.ZX) (Standby 20mV/g
225Ua)
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YA

3.3]1 AdE AbE dEHY 2%

jad)
=

v AN e

Product Sensor Operating | Measurable |Measurable |Power Supply /
Type Temperature | Temperature| Humidity | Consumption
TEMP2CAN(S-SHT-CA) T
(rovitek) Smperature 0.0~123.8°C| 0~100%
Humidity 0~70°C (£0.01°C) | (+£0.03%) 5V / 60mA
Sensor
Industrial
Humidity - 0~50°C ? +g%‘) 5V / 500uA
Sensors o7
T9602-5-A (Amphenol) )
Industrial 90~80%
i Humidity | -20~70°C | Analog 4oy | °V/750mA
/ Sensor y-”
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http://www.mcuboard.com/shop/goods/goods_view.php?goodsno=14869

3.2.4 AP & A= JEHYo] #AE W A% Ve ¥4

¥ AR Ve FAHS FAsks M) 9 AdB]el PCB Loader, Screen
Printer, Solder Paste Inspector, Chip Mounter, Reflow Ovenell A& <14
Z &2 Intel Edisong [27 3.9]1¢9} o] USB Serial W2 o2 73}

@ ZFE e #R puTTY Configuration X
ogr SHA) =2IV) E=ESTH Category:
e nmHE B EISGIIL:; Basic options for your PuTTY session
ging 5
3- ZEE 22(27) ~ A DESKTOP-7SVE3MQ & Temiod Spoch)the desfstion w et fo cowed 107
f} N2 ER > =g |DE ATA/ATAPI HEE - Keyboard J = -
> @ =Y 2HEY > 7 WSD 0184 23Xt |l [com (115200 ]
> O¥E §5Of > HEY3 0jE Feajures TR
> Ea—%%g > ? [A3 ceo)e & Window ORaw  OTeinet ORogn OSSH ® Segal I
, & 2 ASR LIS > B CI2E30| 02 s i T —
> @45 > @ e % VIE EOIE B e Ve Soamons
& N % > B 2UE e | l
X HE Xia: A =
v & xma , § H2NT YA HEEY . T =
= a3 3 , i M2E H02 2 AY HESE | & Connedon riuBe
> B NHA P28 S2Is > | 2ZE0 TR - Dat Save
N S RREX-E o i+~ Prog
> 4 ore g 2 8 i Delete
> 3 OIOIE BX| e
) T O Ol el
> (h N2 HEBY Close window on ext:
, 0 HEE OAways ONever (@ Only on clean ext
, B 7|2
v @ ZE(COM &P e ]
ﬁ Intel Edison USB Composite Bt Smecdl
dison Virtual Com ort(COM16) ||
> O Z2HA
, = ZUE v

[2¥ 3.9] USB Serial #2107 AA4% AFE QY ZHZ

] Yo g HirgHd e 3 AHE 2 A #EE doly =2
st go] uraad AgE e oldd ¥4 HolHES £ A #
Aoz AHE JIHY E33% Intel Edisono] AZAET, Hgh An] @ M|
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4 ﬂE-‘Hi A B TE5S fal AAF A8 AR JIEY

AF3F IntelAle] Edison A} 149 ZHE3} CISCOALY
=
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’,? Wireless Access Point
(CISCO - AIR-AP1852I-K-K9)
/ Data Lake Server Tower
i ! (Dell — Precision 3630)

<

R

A A
- =
Ié;‘“, IoT Platform &@%| JoT Platform
- (Intel Edison) (Intel Edison)
Accelerometers
Humidity and Gyroscopes
Sensor a7 Sensor A — Ny
S Computer Computer —
(inside Equipment) (inside Equipment) -—
a == =TT
*.F O TR = . e T
- —_—
o Real-time Data Monitoring in CPS Model
U =
Y
Loader Screen Printer SPI Mounter Reflow

(14 3.11] W A% 7le 345 A AAE A= AEY A AH o7 A
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[ 4.1] AAF RUEPE S A% 7 =9 A" dads

Algorithm for real-time monitoring cyber physical system
10 |I < [oT Platform
2: E < Computer inside the Equipment
3t |M < IoT Sensors module
4:  |W < Wireless access point
5: C < Cyber physical system
6: |for 1<t<T
7 while true do
8: TunePower(l)
9: TakeSystemNetwork(E, M)
10: AccessWirelessAcessPoint(W)
11: s < getcommunicationSignal()
12: ifs=10
13: Take a process data(Pd)
14: Take a sensor data(Sd)
15: Data transfer via wireless access point(Pd, Sd)
16: C, < getdataRealtime()
17: TakeRealTimeData(Pd, Sd)
18: RealTimeDataPlotting(Pd, Sd)
19: end if
20: end while
21: |end for
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4.1.1 AN BRYE RS % 7H =8 A=® 74

A AAE AARE RUE"ES A% 7 2 AaES St s
(23 4113 o] 7. A 345 33 Zdz dAste] Az =
UHHES A M =2 Alased 94 sigit. i 3Ake Rl A
Hol EAE HirE el Aaky v R 5 T AsFol Anle] F9lE AIRE
IA AIZE AbolE EHlS EdlE AARtew i ® Rdoln, A ¥
goll A Aoko] o] Fo] AW AAtew dAsEo Y = AlAFCA At
H= Egol /pF s gl dAn AN BUEHPE S A 7HE =8 Als
ge] sy sidel= W AF Vle eA4e TS Ao Adudd

Screen Printer, Solder Paste Inspector, Chip Mounter, Reflow Oven®l Z}Z}
gl AAE ALE QIHY AN REZEH FHE dHolHIE AAeE B

UHY A= £%% 5= dd otk
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SMT Manufacturing Process.

~SNT B3 BHl #1 Screen Print SMT 33 TH| #2 Solder Pasted Inspection

100,
100
80 50
60
0
0 T | 14:10:30
: ZE &3 WABHITSOFVE
A & 83 WM[CHS-MSS] ‘\ saaaﬂ;a 124~38V/7TmA
Q?/ ggggg;":ﬂﬂwlw UAE 1.0 lux/ SBYP :~65,535 x
o S
1
© HOIE HI0j2 A2 &3
05 SUTAIZE 23 202¢ $)I5t
of— e

14:10:30

HZE WAN[EVAL-ADXLITIZ)
SITUBF :18-36V/300pA
UAE XY -212%2Z- 230

SMT B Bl 23 Chip Mounter

X-axs
Yeaxs
——Z-ais

05

14:10:30

JARE WM[EVAL-ADXLITTZ)
SSVYASF :1.3-36V/300pA
QAT XY -212%Z-230

0s

1410:30

NEE WH[EVAL-ADXL3TTZ)
S3VUYREF :1.8-36V/300pA
UAE XY -212% Z - 230

®

SMT B 2| #2 Solder Pasted hspection

150
[ watt Sansor vaius |

14:10:30
HR ®T HWAMC100C-C2KB1S]
BYS:0005~0.1%
Ft= - 100kHz

_F-ctory SR 2R

R AP(Wireless Access Pont)
CISCO / AR-AP18521-K-K9
[EEE 802 11ac Wave2

24GHz, 5.0GHz

IoT Platform 21H| TICH LT}
Intel 1.6~2.6GHZ Dual Core

8gb LPDDR3 1866MHz RAM
Windows 10 Pro xB4bit 0S

Data Lake Server 2| 32604
Intel Xeon 6-Core

64gb LPODRS 1886MHz RAM
Windows 10 Pro x64bt 0S

R

(2% 411 EW 2% 7% 49 AN RUEPS g sy
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¥ A% Ve F4S A% Y] 9 A¥] F Screen Printert W]
Yo FE5 SAHsE 55 MM I5S A5 Y3 7154 AA7)
F2wo] [27 4.2]13 o] AAzto g Al dolErl RYUHH FHr}

SMT 373 =HI #1 Screen Print

100

[_

Humi Sensor Vaue]

80
60
40
14:10:30
& 57 HM[CHS-MSS)
N ZIHLWEF : FCH 7V /60044
i Q2T - 5%
‘ X-axis |
Y-axis
Z-ads
05
0
14:10:30

SSVYAEF 1 1.8~3.6V/300pA

Q HES HMEVAL-ADXL3T7Z]
DT XY -212% Z- 30

(1™ 4.2] AAZF 2UEHPS Y3 7 528 Al AR A
Screen Printer®]] 28 &%, 7k 54 A4 Holg RYEH 4

o

Solder Paste Inspection #H|:= 338 AAL Au]EA] AJato] o] Fo] A=
X2 Ao JNEFIE 3 23] Qdojof stH, T 3] Hlo] Ajo] Fof
7HA = bET mebA 22E SAS] A 4= AHE §4] He AE
Ql stodof 37| W 2= AXNE o [1¥ 4313 o] 2% 54
AAREE FHEE HolgHE AAo s ZUHH 317 93 sjdo] T4 5

o} St
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SMT £ ZH| #2 Solder Pasted Inspection

100

0

14:10:30

\ S =F HMBHI7S0FV]
=3 ‘&J/@% :2.4~36V/TmA

QI2tE ;1.0 lux/ ZZYE : ~65,535 lux
(19 4.3] AAZF EYUEPS 3 71 B2 A AR A
Solder Paste Inspection o] F28 2% AlA dolg EFYEHE I

Chip Mounter 1] 745 2719]
4 82 7Bl Chip 4% 3] 913
W URolE 23] BES A% 3]
v e so] Agie mepA 7
Bie A& SHeAT 2 Fol
o) [71% 4419 Fsle] WAk

SMT 37 ZH| #3 Chip Mounter

1

05

14:10:30

& E HNEVAL-ADXL377Z)
@ S2TYWEEF : 1.8~3.6V/300pA
QAT XY -212% Z - +30

X-axis
w— 0
Z-axis

05

14:10:30

&S MM [EVAL-ADXL377Z)
Q SSZTY/HE : 1.8~36V/300pA
Q2T XY -£12% Z - £30

(719 4.4] AAZ FYUEHS 9% 71 S8 Al AE oA
Chip Mounter “gH]e] F2te 71457 AlA doly ZUHY g
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Reflow Oven?]

Ho

ol A

Faar, [ 4.5]9 2
g =4 AlA dolg RYUHY #d

°©

1=

pzs
=

=]
T

btk

14:10:30
TS =7 U NMC100C-C2KB15)

BYT:0.005~0.1%

S

[———' Watt Sensor Valua]

I : 100kHz

I

P
Ea

74

[e)

=

g
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100

T
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pal
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7
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7 RUEY
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of ol 7450 Ut
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4.1.2 33 dlolg x3E {3 M E7 A2 TE

B odTaaE me A% 7% B AN BUHYS
NzEs) o) BA HolHE 23 7] 99 A4 BeAs
3 ol 7@ a9t
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Equipment #1 Screen Print Equipment #2 Sorder Paste inspection
O\ _CPS_Phaseisensor_data_folder\sp\sensorihumi O _CPS_Phase2isensor_data_foklerisphsensoriilu
Select Sensor Humidity Sensor Data Select Sensor lllumination Sensor Data
@Humidty O Accelerometer | 00 (@ Mumination T
Humidity Sensor Value lllumination Sensor val
Sete dste 6 / \ /‘1\ =i | Sette date
Year Month Day Hour Minute 'S5 [ \ / \ Year Month Day Hour Mnute = 0.5 [
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5.3 AT LaugFol HEd LrEHED] ETAF

5.3.1 Recurrent Neural Network(RNN) &i1g]Zo] 28" AAYE 34
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[71¥ 5.12] Autoregressive Integrated Moving Average (ARIMA) &38| &S AFESH
A JEe] A AE T dHolE o

—-100-

Collection @ kumoh



5.3.3 Convolution Neural Network(CNN) &x#&o] JL&H AX 3=
718 £ #$EE {3 AvlEgED TIF

Convolution Neural Network(CNN)&targ]&o] A8&5 A= 3= 7|3 +
A WEE Qe AvtEREY ZAFE ddolAs W A Ve 3AY A
Y5 HFY stevsged AFEE 34 HolHE 5 AL AlEe oA
olf F3ES CNN &digl&s 7|We g stgele] Fd E3FFd g &/
2aS FAgste] olF 7|Hte R HAE stazt sk A 3= 7| A4 A
F olF|A] doly FYAH} 7 RES &3 FE FEH EFF GES ALt
st} [1¥ 5.13]3 #o] CNN ¢aglso] A&H dxf 3= 7| F4 3
= A 2AntEREY ZHE ddolM = AR 3|2 7| o|n|A| Holy [
< gEete B EES AAS H, HAAF st} e HZAE AFE ol A&
TEY GE FE, BEEFFE =S Aklete ddE A ET
Convolution Neural Network(CNN) panel
L 5ad fnished PCB image Edg8 defection
Quality check '
Non-Defective probability - | 98.6866 | Defective probability : | 131341 Coaity condition check
[Z21¥ 5.13] Convolution Neural Network (CNN) &1 g]&o] &89 A}
= 7| 4 WES s AntEAEY EYF
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[ 5.2] A=k 3|2 7| #4 $HEHE 93 CNN &g

CNN algorithm for PCB quality discrimination

—

M < Training set of PCB Image

Repeat

N < GetConvolutionFilters(CNN)

foreach n in N do

¢ < ReLU(ConvolutionLayer(n))

P(n) < GlobalMaxPoolingLayer(c)

F(n) < FullyConnectedLayer(c)

S(n) < SoftmaxLayer(c)

O | 0| | O | O &~ | W | Do

end for

10: | until stopping criteria has not been met

aL = O XC:i) 5
delgs < Ax 2 7|¢e) o|ux] delHE Holy HPo= ARgsiH,
A AbE Y ZHES Fdl dlolH Holaz s " A
32 73k olu]A] HolHE S5 dHolH FHs MOE Fi CNN ¢aeas
ARgStel EAS FEoL S EES AT CNN dags2 HY L,
ojn A sof WHE ol S FE5ke] A dHolH A¢e LSt g5
at7] wtel F AA]dol dashA &vh A dACA ™ oA Hol
B H§ M Convolution HHE F3sle] A date]l €t ZHE
8 5ol FEHW ols A Ferel AL H=d ol Sl HolH <

7}s3ttt. 2 Rectified Linear Unit(RelLU) &4
s = dlely olnx] HIEY EAHS F
o

54 9 2
A HolA walthd thAl @ Ha )
[e]

S S
7 2 #w U LayerZ JUolE = AL ov|sith, AEFA
S M Fully Connected Layero| A& mlA 9t 7= 2AAs
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[4 Smart_Factory_Platform_based_on_Artificial_Intelligence -

RRM9L0E
Smart Factory Platform based on Artificial Intelligence and Machine Learning Algorithms for Manufacturing Process Equipped with Industrial Internet of Things
Condition setting panel Data monitoring panel for the set period Artificial intelligence algorithms panel
Process equipment selection T = T T T T T T RNN panel
Select data type 685 2019 7 | 1 Leaming data period 10 Test data period " Leaming
The history data folder was accessed. Llg X axis Y axis iction Z axis Data Clear
675
History Data ! " RMSE - | 2.80498 | Variability - 0.311665
10:00:00 10:15:00 10:30:00 10:45:00 11:00:00 11:15:00 11:30:00 11:45:00 12:00:00
Equipment and sensor selection 690
mount v |acet v -
680
chip mount equipment-accelerometer #1 675
Folder Access " 100000 101500 103000 104500 170000 111500 113000 174500 120000
700,
Duration setting panel a0l
2019 |[7][1 Generation ol
10 |~ n Data Clear

L L ' L L s L L
10:00:00 10:15:00 10:30:00 10:45:00 11:00:00 11:15:00 11:30:00 11:45:00 12:00:00

Machine learning algoritms panel

K-Means algorithm panel
2019 (f Data Merge

Number of Clusters 3 Learning Model Generation

Support Vector Machine(SVM) algorithm panel
2019 i Data Merge

Learning Model Generation

Test data import panel Load finished PCB image Edge detection
2019 7 1 10 43 Quality check
Data Clear Test Data Import Non-Defective probability - = 98.6866 | Defective probability | 131341
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14 2¢¥ 34 44 5¢ 6¢
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Il Production Count per Month
o [ Defective Product Count per Month

10559 EA
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Forecasting interval determination through RNN algorithm
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