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(1) NVIDIA GTX970 / AMD 290 equivalent or greater
(2) Intel i5—4590 equivalent or greater
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(3) 8GB + RAM

(4) Compatible HDMI 1.3 video output

(5) 2x USB 3.0 ports

(6) Windows 7 SP or newer

File A2 3 o] A1 PCE AHE-8h= AU 2 F8l=s o]83ko] 214
=5 A% #elste Aol oS g% ol
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(Location # File Info, File Code T)& 9=E gt} A4, 2= ¥ 9
< WA dds ole Ty AAES T deHs dolob Al
AU e Al2EE Fall A SEo] Ho| AdeAe dolobx H AU L
= 7AEH. 7AE tlolEl= Xmlvtd @A 0= Data Server ] H| o] EH| o]
Z~(Integrate_DB) H|°o]E-(Layout, Sevent)ol] A% ™ &= dolg+= 7
A HAEHE Al 2de] 73t 3 sl Alve o5 A e A
gol vt A, 7P HAENE AlATE AdA7F L Y AE 2E-8)
3 Ay ol whE 248 shed gEA AlA O o) AgAte] &5

|

kg FAsaL 94 AU o E g =R ol tig A A st 2 Al
7H& Data Server? dlolEjH|o| A2 HEdA HU}

) 2 A7E 9% 7dEA tufola W A= ofele] Fep Pt

[F 3-8] 7M3&A tulo]lx 2 ] 7] A

T W&
(1) o7~ * Oculus Rift DK2 ©]4 (Full HD)
(2) & mAl * TEPC(ZEFo]QE) 1 i5 /4GB /350 GB /HDMi
/017
(3) AFats *i5 / 8GB / 100 GB /HDMi / GTX960°]%
(4) A * Xeon E3—1240v5 (3.5GHz, 4C, 8T, 27}o]#lo]=)

(5) EHg]2 BT-300| * Android5.1

(6) ofel~70 X7 |+ win7, win8, winl0 64bit
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(1) &Fel=

[1§ 3—-12] o3~ 7|29y
[ 3-9] &2 A++4
T Oculus HTC Vive
Display OLED OLED
Resolution 2160x1200 2160x1200
Refresh Rate | 90Hz 90Hz
Platform Oculus Home SteamVR, VivePort

Field of view

110 degrees

110 degrees

Tracking area | 5x11 feet 15x15 feet
B Ui >
u.l P 1n Yes Yes
audio
Built—in mic | Yes Yes

Oculus Touch, Xbox One

Vive controller, any PC

Controller controller compatible gamepad
Accelerometer, gyroscope, | Accelerometer, gyroscope,
magnetometer, Lighthouse laser tracking

Sensors ) ) .
Constellation tracking system, front—facing
camera. camera

Connections HDMI, USB 2.0, USB 3.0 | HDMI, USB 2.0, USB 3.0
NVIDIA GeForce GTX 960 | NVIDIA GeForce GTX
/ AMD Radeon RX 470 970 /AMD Radeon RX

. or greater 480 equivalent or greater

Requirements

Intel Core i3—6100 / AMD
FX4350 or greater

Intel Core 15—4590
equivalent or greater

_58_




8GB+ RAM
Compatible HDMI 1.3
video output

2x USB 3.0 ports

Windows 7 SP1 or newer

4GB+ of RAM
Compatible HDMI 1.3
video output

1x USB 2.0 port

Windows 7 SP1 or greater

$600 + $200 (+$80 for

Price third sesnor) $800
DT review 2.5 out of 5 stars 4 out of 5 stars
(2) ¥ 24
[ 3-10] | =LA At
S Leap Motion
Device Type | motion sensor
Manufacturer | HP
Connectivity .
Technology wired
Interface USB
Accuracy + 0.00039 in
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Performance | 200 reports per second

Device USB cable
Accessories

Color black, white
Category

Apple MacOS X 10.6, Microsoft Windows 7, Windows

0OS Required 3

Localization English

Connector

4 pin USB Type A
Type

(3) MFats

(7}) Microprocessor support Intel Core i5—5200U(dual core,2.2 Ghz Intel
TurboBoost up to 2.7 Ghz)

(1}) Operating system: Windows 7, 64—bit support

(t}) System Memory support: Two—204—pin SO—DIMMs DDR3L—
1600/ 1333 16Gb of memory

(2}) USB Ports: Four USB 3.0 ports / Twe USB 2.0 ports

(v}) Onboard Serial ATA: SATA 6.0 Gb/s transfer rates, Supports
two 2.5inch SATA HDDS or SSDs 120Gb, Supports RAID 0,1

(¥}) Onboard Dual Lan: Supports 10/100/1000 Mbps operation
Supports IEEE 802.3

(AF) Wifi/Bluetooth support: Compliant with IEEE802.11ac standard,
High speed wireless connection and enhanced wireless security
Fully qualified Bluetooth v4.0

(o}) Onboard Audio: Stereo analog audio output and Microphone
input

(#}) Green Function: Supports ACPI

(Z}) Onboard Graphics support: NVIDIA GeForce GTX 960 w/3GB
GDDR5, 192bit, 4x HDMI 2.0(support 4K @60Hz)
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(4) A

(7F) Microprocessor support, Xeon E3—1240v5 (3.5GHz, 4C, 8T, =~
7ol dlel =)

(4}) Operating system, Windows Server 2012 64bit

(t}) MS—-SQL Standard 2014

(2}) 3.5Inch 4Bay

(v}) H730 Raid(0,1,5,6,10)

(¥ 16GB DDR 417000ECCUnbuffered

(Ab) 1TB 7.2K SATA HDD

(o}) 9.5mm DVD—R/W
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(5) EHge BT-300 7]

HgA (AR d=¢o)

[29 3—-17] 2HE$ BT-300

[¥ 3—-12] =wg]2 BT-300

T g2 BT-300

-2 OLED

g A7 0.43%12] ¢}o]=(16:9)

o g 8} e 921,600dots(1280x720)

s}zt 23%

7hdetH 7] | 320914

AR A 24ME

ERF Android5.1

PEES. %’ © MP4, MPEG2, VP8 / ©]W]#] : JPEG, PNG,
BMP, GIF

A 10m

o9 F=Al 1 191 x 178 x25 / AEZZ] 1 56 x 116 x 23
(mm)

T k74 @ 129g = 69g

7} 2} 50043} 2

| 2. g 16GB

A fﬂpj [ AR AN FHEE A [ Aol ZAA [ 25
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(6) ofelx~zh x& (3D ~AY)

T
A8 0.1mm 0.05mm
NS 15frames/s AF27M:<2s
FRJAEZFAZ | 0.2mm — 2mm 0.16mm
27 o 210 X 150mm
e Hl A LED
FAACTHE | o5, STL, ASC
A
0s win7, win8, winl0O 64bit
cpu Fo] {5 oAt
ram 16GB o]/
vga NVDIA GTX660 o] / vl e wWXEE 2GB ]
7H4 8,030,000
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[ 3—-14] AXEQo] o}7|H A

C# -4
ViSLU Common Language Specification C# 3
Data and XML Unity API(C#)
STU Base Class Libary Mono Runtime VM UI\;)TY
II\)HIEOT Common Language Runtime Unity Engine(C++)
Windows COM+ Services

Monot HE FIAF A L& el Alztd o TRAE sz mlo]
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13 g g 2o 0SE A3tk Mono VM= &3l U
522, FH2, #0S, Android, i0S 5 HH¥E WE ERHF Al P 3t
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7F HWA 5 CHolets AFEAE o] Bolgk Ao S Abgste], st H
g ZHES A8t HAaz, 1 o &= Microsoftell Al 9193 Xamaring &
& C# d°]=Z i0S, android, Windows Phone & HE|ZHE XY o] 7153
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W) AXE o] Afite

[3£ 3—15] AZE9 o /s

T8 ks
* Visual Studio 2012
* NET Framework 4.0
* WPF

g welA2H - C#

* Microsoft Access Database
* Lightning Chart
* Eyeshot 10.0

SD7FEAA A 2~H)

* Visual Studio 2012

* NET Framework 4.0
* WinForm

 C#

* Sardau Opensource

* insight3d Opensource
* 3D Max

goobx Al 2H

* Unity3D
* C#

* Visual Studio 2012
* NET Framework 4.0

* WinForm
c C#

R zEdE sy | J0ID

Client OS * Windows 7 ©|%F

Server OS * Windows Server 2012
* MS—SQL 2014 Standard

o]l Bl 1l o] A~

dleT e vl o] 2~ * Microsoft Access Database
* Android5.1

VUTIC * AR, Augmented Reality

2203 71 vjolE] $ale

(i —
N
H
N
e

Database SERVER®] Integrate_ DBZ %3] o]
XML (eXtensible Markup Language) ©lo]E] <} A7k d]o] & 7}
ML o]gk E=y|e]S s|Asichd 849 4 9= HA] 9dojgla 3
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dlolg 7} Add MDByd A= S wpdrg skl A% 5 2o
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IR AEAo A= MDB 3 B Algf vlolEjHo] 2 A =48 o)
1o, Main Database o] ZZ=24dE CRUD (Create Read Update Delete)
7ls=a A8t

E AF4E 93] ODBC, OLE, Jet Database Engine, DAO o2 7 ¢]
Database Ao]S 93+ WS HAESe] 1 = DAO (Data Access Object)
7} 7 wE SR 9 YA Ao R whasle] DAOE o] £33tk E3
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OCR (Optical Character Reader) ¥% Open Source= L FTF7} "%
t}3sttl.  Google, Tesseract OCR, Microsofte] MODI (Microsoft
Document Imageing) ©] W34 o]l 71 % Tesseract OCRS 3+=S X Y3}
W, 7} ol ARgET . Ao A= EmguCV % OpenCV dlle] &3k
AR B2 glolH 2o AREel wE AAEIY] R WAE 95t
Tesseract OCR t4l MODI #fo]B.elg]& AH&-3F31 o™ OCR Architecture
= [2% 4-4]9F 2o

Gra;geuéoior Adaptive E:%E:é‘nﬁ Character |,
— i ™ Analysls i
Image Thresholding (Binary [ﬁ'nage_- Out Lines
l Character
Find Text Line Out lines
and L Recognize
Words Into
i Words
Result Recognize Recognize Recognize
Wards Word le—| Word Word -
Pass..n Pass2 Pass1
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@ XMLT-%

£?xml version="1l.0" encoding="ntf-8"2>
<ProcessRoot xmlna:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xminz:xad="http://www.w3.org/2001/XMLSchema">
<EndSequence>2</EndSequence>

<Objects>

<LayoutChject name="CircuitA" type="Dynamic" code="CircuitA 000">

<Position>

<PosX>»-96.59577</PosX>
<PosY»-98.14387</Pos¥>

<PosZ>0</Posiy

</Position>
<Rotation>

<RotX>0</RotX>
<Rot¥>0</Rot¥>
<RotZ>0</RotZy

</Rotationy

<Movable>true</Movable>

<Events />
</LayoutCbiect>
</Objects>
</ProcessRoot>
(2% 4-61] XML 9] 7%
[ 4-43] 2] dlololby vx] 2Ee XML Holg +x A9
B 17 A
ProcessRoot|— 39 XML9 FHA¥ Roote] EjZ1o|t}.
EndSequence|— 3% 34 ZEA| A9 H}X]”L oW E 9] Al dn o]},
Obiects 28] T2 A2~ Yo v X == QB A EEo] A9 Hj1o|t,
: 28 dlojobx TR MM LHAEZY] List 4TS g,
Zbrte] guAES GehfE f-Lolth,
name %4 QHAES] 1§ o5& et
type £ Dynamic(54 )3} State(H4), Others(7]E}) =
LayoutObject] LHrol 2™, 717} oWl E £4o] Fojs)t= @A} e
A = enAER PREL,
code %€ 0|5 0014 ¢] =7} Rols|n], 8T ;= %
2 oHlES] S HAE AA A] AL&HT}
Position SHAES QX HH=E x, vy, z &S 7FIHh
Rotation LBAES] JlHd AHZ x, vy, z && 7FXTL
Movable Fow i AU F e LEAE ofH
g SHAE Hod EventEe 499 ejzo]t}.
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@ Z, 45 QA B B4 FARS vele 45 o|Est walsi
= Holt}

@ &, HAYQnAEs} Agslojoptt shz HE o= 5 o= Wy
A% Agarh

@ 2 i txi]l 2 dlofefe] F9i =17] Bl 91X)5 XML Data 28}

SPAE WA F A, F, G S el 91T LuAE 975} 2]
=

T using System.Collections;
using System.Collections.Generic;
3 using UnityEngine;

y BE 2

sap=of 2Esl HolE & Transform

ate Renderer m_pillar;
private Transform m_ceiling;

SerializeField] private GameObject m_ceilinglight;

SerializeField] private Transform m_doorObject — null;

5
16 SerializeField] private float m paddingDist = 4F; EEE 2o Kol
17
18]
19
20 &
21
22

23

24

25 |

, float posz)[ -]

Bl BEES M.
nt s 22 24 </p
/ nt">AfE 2§+~ </param>
void CreateCeilinglight(int hCount, int vCount)[...]
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o &) =)
(3) B 18 A &
H sateh process ®
Order Job Type Applies T
[ AlignPhotos B Choris
2 impotMaks A Chunks
3 Optimize Align.. Al Chunks
4  BuldDemse(l. ARChunks
§ Busld Mesh Al Chunks
& Bulld Tedure A Chunks
T Smooth Modedl Al Chunks
& Export Moded Al Chunks
Fidd.,. Edit. Remoe 0s
[] Save projact aker each step

Cancel

(219 4-72] WADY ¥ AEHScript LS4

W) widdy AA e A

gl Absst Ru A shdolt
B cdit job
Job type:  Import Masks
Apply fo: | A Chunks
Settings:
Property Valye
Mathed Friom Background
Dperation Replacement
Tolerance a0
Filename template 2 EH Zbackgroundjpg
Folder
[ ] [coal |

A

4%

<?xml version="1.0" encoding="UTF—-8"?>

<batchjobs version="1.2.0">

<job name="AlignPhotos" target="all"/>

<job name="OptimizeCameras" target="all"/>

<job name="BuildDenseCloud" target="all"/>

<job name="BuildModel" target="all">

<param name="filter_mode" value="0"/>

</job>

<job name="BuildTexture" target="all"/>

<job name="SmoothModel" target="all"/>
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<job name="ExportModel" target="all">
<param name="coordinates" value="LOCAL_CS[&quot;Local
Coordinates (m)&quot;,LOCAL_DATUM[ &quot;Local
Datum&aquot;,0],UNIT[ &quot;metre&quot;, 1, AUTHORITY [ &quot;EPSG
&quot;,&quot;9001&quot;111"/>
<param name="format" value="12"/>
<param name="path" value="C:/temp/out/outl.stl"/>
</job>

</batchjobs>

[21¥ 4-73] A3 B35 Script_1

<?xml version="1.0" encoding="UTF—-8"?>
<batchjobs version="1.2.0">
<job name="AlignPhotos" target="all"/>
<job name="ImportMasks" target="all">
<param name="method" value="2"/>
<param name="tolerance" value="40"/>
</job>
<job name="OptimizeCameras" target="all"/>
<job name="BuildDenseCloud" target="all"/>
<job name="BuildModel" target="all">
<param name="filter_mode" value="0"/>
</job>
<job name="BuildTexture" target="all"/>
<job name="SmoothModel" target="all"/>
<job name="ExportModel" target="all">
<param name="coordinates" value="LOCAL_CS[&quot;Local
Coordinates (m)&quot;,LOCAL_DATUM[ &quot;Local
Datum&aquot;,0],UNIT[ &quot;metre&quot;, 1, AUTHORITY[ &quot;EPSG
&quot;,&quot;9001&quot;111"/>
<param name="format" value="12"/>
<param name="path" value="C:/temp/out/out2.stl"/>
</job>
</batchjobs>

(2% 4-74] A&3F B5 Script_2
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1 SRR s 100
2 g9 4 70 v e 2
3 B84 2 HA 3} 100
4 FOE ZF9-= AA 100
5 Mesh 343 100
6 Bl A 100
7 REzAs) 100
8 HEHSH(STL) 100
33t 96.3
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319 59 A5 P4 AT 9F S5 L HEAA ofe17 w2

= | E ulelslo[a]uleR glalglolalgl8le
- 8 , oupoooog Ponopono
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329994712928 92

GISs Z=1% 39

No. | #% #e 54 % A% Be B4 5 | FE6E
1 7,942,107 7,674,652 96.6
2 7,971,610 7,682,601 96.4
3 7,537,303 7,320,238 97.1
4 7,608,539 7,252,214 95.3
5 7,945,732 7,841,719 98.7
6 7,879,266 7,645,421 97.0
7 7,903,108 7,492,659 94.8
8 7,832,358 7,441,549 95.0
9 8,346,238 7,702,588 92.3
10 8,255,291 7,861,143 95.2
11 7,936,401 7,536,833 95.0
12 7,919,445 7,451,444 94.1
13 7,970,891 7,549,266 94.7
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No. | % wel 94 % A% Be B4 5 | FE6E
14 7,648,744 7,287,541 95.3
15 7,832,672 7,331,709 93.6
16 8,003,100 7,565,374 94.5
17 7,804,843 7,541,930 96.6
18 8,185,807 7,599,705 92.8
19 8,214,211 7,713,767 93.9
20 7,982,762 7,427,972 93.1
21 7,868,138 7,410,060 94.2
22 7,962,424 7,604,155 95.5
23 7,608,779 7,380,485 97.0
24 8,002,043 7,756,540 96.9
Ein 95.2
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ABSTRACT

A Study on the Improvement Method of Work
Through Motion Analysis and Virtual Reality

Kim, Hyun—Jong

Major in Smart Convergence Consulting
Dept. of Smart Convergence Consulting
The Graduate School

Hansung University

In market environment in small and medium manufacturing
enterprises, kinds of products are various and their life cycle becomes
shorter in order to satisfy demands from a variety of customers. In
market conditions with these dramatic changes, the paradigm of
manufacturing is changing to that with low price, various kinds, and
flexible production methods. In order to respond to these changes, small
and medium manufacturing enterprises should have an ability to design
and realize the system for improving work to respond quickly to
demands from market.

For the improvement of work conducted in small and medium
manufacturing enterprises, it is done by redesign process without risks
and wastes based on motion analysis and to verify it through realization

of test bed in physical space.
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These activities of improvement of work methods are done in some
companies with better situation for capitals due to burdens of cost for
installing and operating test bed. That is, most of small and medium
manufacturing enterprises just apply the redesigned process through
motion analysis without physical test bed, or do not try it.

Recently, technologies of virtual and augmented reality have been
considered to replace physical test bed in innovative activities for works
and the related simulation systems are being developed now.

The current developed systems are partially applied to researches
focusing on large enterprises such as automobile or shipbuilding and
large—scaled instrumental industries, and these systems are those of
designs to exchange the designers' ideas, namely educational systems to
deliver skilled personnel's know—how on design system and work, and
they are different from this study for designing optimized work standard
by figuring out characteristics of workers by process.

In small and medium manufacturing enterprises, about 98% of the
domestic manufacturing industries, most of them adopt the process to
assembly parts according to order of work, focusing on workers, and
they are vulnerable to run their capitals.

Therefore, to improve work of small and medium enterprises, it is
necessary to develop verification system according to optimized work
design with low cost and high efficiency, available for applying to almost
all small and medium enterprises not simulations aiming for designing or
educational training.

The final goal of developing technologies in this study is development
of virtual test bed simulation system to analyze and optimize work
efficiency for designing and verifying work successively conducted with
lots of workers, materials, parts, and devices.

The contents of development of core technologies are as follows: First,
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development of motion analysis automation technology of work using
image analysis technology; second, development of layout and scenario
system for environment of verification; third, development of virtual
reality test bed for controlling test bed scenario and time synchronization;
and fourth, development of integrated managed system including
managing virtual objects, managers, projects, and analyzing work
efficiency.

This thesis, suggesting necessity and goals of the study through trends
and limitations of the existing studies, and consists of analysis and design
for developing system for improving work through motion analysis and
virtual analysis, development of the system, and conclusion about the
results.

The suggested technology includes various ones such as Multi Platform
based on C#, 3D object algorithm using Eyeshot Professional, storage
media saving technology by 1image processing algorithm, linking
technology between MDB Database and MS—SQL, Gap analysis
technology using time data between virtual reality test bed system and
work improvement system, Chart technology using Lighting Chart library,
and LOB real—time monitoring technology based on theory of industrial
engineering. Based on this technological convergence, it is available to
build a system for improving activities of work design with low price
and for saving cost to educate and train workers. Based on it, by
providing a system for raising participation of highly skilled workers and
conducting work improvement with small and medium enterprises' own
directions, it is also available to transfer effectively functions of highly
skilled personnel. In addition, to change the existing work environment, it
was required with huge capital, personnel, and energy but now it is
available to conduct simulations in advance for figuring out disadvantages

and problems and for saving cost of improvement of work.
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It is expected that this study will be able to provide test bed based
on virtual simulation to various industries including defense and medicine
and to be expanded and utilized as contents service for purchasing and
using depending on necessity after manufacturing 3D objects and

educational training system using virtual reality.

[key word] motion study, virtual reality, work study, work measurement,

Image process.
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