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An Exploratory Study on Adoption and Activation of
IT for Korean Stone Industry
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B Abstract ®

Demand for stone products used as building materials is increasing. The construction industry, the value of the
stone industry is sufficient, but the domestic stone industry is very lag regarding IT utilization. However, the overseas
stone industry produces high-quality products using IT. In this study, we want to offer an IT application technology
priority fit for the stone industries. We identify the current status and production process of the stone industries, then
set the priority of various IT, so that obtain competitiveness in the domestic stone industries, and minimize the gap
between the overseas stone industries. Therefore, we used AHP method; stone industry production processes were
selected as the Enterprise Operation Management, Quarrying, Manufacturing, Construction and Maintenance of
first-tier. The second-tier ones are consisted of 30 factors out of IT elements. Focus group interviews were conducted
to confirm the validity of each factor. As a result, most important factors of first-tier was selected as the order of
Manufacturing, Quarrying, Enterprise Operation Management, and Construction & Maintenance. The top 5 of 30 factors
in the second-tier were selected Smart Sensor, Mobile Device, Robot of manufacturing, GIS of quarrying, and SCM
of enterprise operation management. And the factor that relatively less important was GPS of construction and
maintenance. If properly applied an IT application technology for stone industry, we expect to provide efficient
production lines and increase customer satisfaction, which will ultimately expand the promotion for the industry and
thus act as positive factor in promoting the stone industry.
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{Table 1> Introduction of Overseas Stone Industry Machinery
Nation Machinery Description Company/Source
T&D Robotics | The perfect machine between a traditional bridge saw and the most advanced CNG;| o e
. . . . - Salem Distributing
Lapisystem A working range is provided to complete the design.
USA LT-2D3D Laser | The device that reduces the production cost and problems caused by other template| Laser Products
Templator creation method while improving efficiency and accuracy. Industries’s
3D Laser Scanner | A device that captures the size of space and easily documents it. Farber and Hisert
Robo Saw]et Accurate and fast cutting in a limited space, producing slabs every 20 minutes Kamery
Poland Auto Blasting | The sand is sprayed on the stone for to carve character, and at the same time, Absorbs ABRA
CNC dust from the stone and proceeds to polishing
Turkey KT-80 Automatlca}ly ad]usts the cutting speed and information on system operating defects AGMMAKINA
of the cutting machine
Italy | Waterjet Cutting | The machines with multiple wire saws with 20 polishing lines and resin lines AATC
(Table 2> Smart Factory Level
Level Division Definition
. « Buildup a real-time dialog system for objects, services, and business modules through IoT/IoS
Acceleration . . .
and realize business in cyberspace
* Unique identifiers such as equipment, materials, etc
Automation » Automated implementation through object identification and telecommunication between objects
using 1P
Accelera- - — - - - - ‘
tion Factory Operation * Optimize corporate check and operation using Big Data and Cyber Physical System factory
Supply Chain Management materialization . ) =
* Possible utilization markets trend analysis and new product development, and buildup unified
Product Development enterprise management system
Enterprise Resource Planning|° CPS-based collaboration and product development to finished products, purchasing materials
D) gl o distribution, production to disposal on management in the internet space
N B . * Sharing Supply Chain Management and Engineering with other companies
Second-level middle * Global planning optimization and achieve real-time business through control automation
Automation * Measurement information, automated actual output and equipment control system automation
« Available control-based factory operation optimization and real-time scheduling and decision
Factory Operation making
Second » Growth-type factory management through periodic analysis and feedback
1§Vel Supply Chain Meanagement | © To share information on sale, production, and quality information of other companies, but
middle DY S operating stand-alone collaboration for information system
« Standard information and engineering information
Product Development » Automatically synchronized with smart factories for consistent automation with no additional
work required
Enterprise Resource Planning . Prod}lct_dcvclopmcnt system linkage and KPI development management and dashboard
monitoring management
First-level middle » Automatically obtain facility information as much as possible
» Automate enterprise operations by sharing high reliability information with other companies
) Automation » Automated aggregation of production information and measurement information
First Factory Operation * Real-time factory operation analysis and decision making
level To share information on sale, production, and quality information of other companies, but
iddle | S i : ¢ » I ™ ' g
middle | Supply Chain Management operating stand-alone collaboration for information system
Product Development « Generate baseline and engineering information for product development
Enterprise Resource Planning | * Improvement in cost linking factory operation system and automatic production plan
Base * To collect and utilize information on some of production, and to build up in own company
information system by minimum cost through utilizing the infra of other companies
Automation » Automating to collect an actual output information
Base | Factory Management * Physical Distribution Management
Supply Chain Management | ¢ Information sharing using the IT infra of other companies
Product Development » To manage product development project
Enterprise Resource Planning | « Improved collections and payments and inventory
Unapplied Everything is done by hand, and To collaborate with other companies via phone and e-mail

Source : KORCHAM(2014).
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(Table 3) Comparison Matrix for Pairwise Comparisons between ltems

Factor 01 Factor 02 Factor 03 Factor 04 Factor 05
Factor 01 1
Factor 02 1
Factor 03 1
Factor 04 1
Factor 05 1
{Table 4> Questionnaire for Pair Comparison
Importance
Factor A - - - - Factor B
(«-)A is more importance Equal B is more importance(—)
Score ® ‘ @ ‘ &) ‘ @ @ @ ‘ ©) ‘ @ ‘ ® Score
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(Table 5 First-tier Stone Industries Process Operational Definition

First-tier
Dimensions

Operational Definition

Enterprise Operation | Share information systems between enterprises to save and support information flows related to

Management design, sales, ordering, etc.
. Before making stone goods, utilize IT to improve productivity and obtain secure safety for
Quarrying L. . .
mining raw stones efficiently to supply raw materials
. Customize design according to customer’'s demand and it is possible to reduce error rate, time
Production

and product quality of manufacturing process and save energy.

Construction and
Maintenance

It is possible to improve the accuracy of position and the hookup of materials in the construction
of the stone product. In addition, it is a service that notifies the maintenance to the customer by
detecting the imbalance of the product through sensors.
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(Table 67 Second-tier Factors Operational Definition
First-tier Second-tier . L
Dimensions Dimensions Operational Definition
To improve business relation between customers, to manage of data and analysis for maintain
CRM customer and promote sale, and management system with various channels such as website,
telephone, and marketing data
The system that links integrated management of all processes required for company management;
ERP information on all elements of production activities such as manufacturing, distribution and
services etc
Enterprise SCM The system that manages material, information and finance into delivery process of wholesale,
Operation retail, and consumer
Management The system that improves process controlled improvement and quality productivity by enabling
MES quick response to be manufacturing problems and various demands change; it is a system to
support various activities in the manufacturing process, and receives various information related
into production and production and manages it in real time
Monitori The device that uses to create a profit for a company by observing and analyzing data for
onitoring o
each element of first-tier
Mobile Device The device that identifies data of each element of first-tier, and handle data
RF Sensor Thg _deVice tl_]at can detect temperature, pressure, vibration, etc using radio freguency; so real-time
(Radio Frequency Sensor) position tracking forA the safety of quarTying equipment and Wgrkers, and detection and management
vy Sensor,
of equipment stopping at early warning and dangerous radii by locating the approaching object
Wi-Fi The device that can do Expanded Wi-Fi to telecommunication well in deep quarries without
i-Fi Mesh . .
the need for power and cables
((él);) al Position System) The technology that can manage work safety by checking the location of equipment and workers
Remote-controlled The device for exploring resources without environmental constraint and allowing them to be
equipment safely and efficiently mining through remote device control
- . The technology that enables quick decision-making onto field data by collecting and analyzing
Quarry Big Data Analysis data from gemstone exploration, quarrying and drilling-log
3D Modeli The system that provides 3D visualization and model data by precisely expressing the shape
. odeling . f .
of minerals spatially in 3D for assessment of gemstone reserves
The system that facilitates the establishment of a resource development plans by analyzing
GIS the distribution and status of gem-stones and the development environment by collecting the
spatial position of the drill-log in the satellite together with the topographic information
Monitoring Thc dcv@cc that providcs a safe yvorking cnvironmcn't by monitoring the work environment
in real-time through display devices or instruments in automated system state
};12 réon al Digital Assistants) The device that can check real-time about worker and machinery through transmission data
3D Modeling The simulation techniqpe that can classify djmepsions and textures; before factory processing
product, create customized design drawings using 3D program such as 3D CAD and Revit
3D Print Th¢ ma}chine that can mmlml7e the errors of p_roduct prqduction by confimﬂng the product
design in advance by utilizing the design drawing that fit the customer’s needs
DS The forecasting technology that can scan raw material, and efficiently process designs to make
3D Scanner .
on 3D modeling
Manu- CAM When the design data of a drawing is transferred, the system that performs preparatory work
facturing for product production based on the data
CNC The machine that enables mass production for precision processing of product by controlling
movement of cutting tool through computer during cutting
Re The machine that replaces the human labor force on the actual plant and raises the precision,
obot .. R .
and efficiency of the work line and reduces the risk
Smart Sensor This sensor that can efficiently manage energy for the control and process of machine
Mobile Device The device to check process of stone products, and then to detect and control errors of machine
GPS The technology that can prevent the disruption of the process by confirming the delivery location
(Global Position System) of the stone products from the processing plant to the site
RFID The device that inputs the ID of each good created by the 3D modeling program in the manufacturing
(Radio Frequency Identification) | process to the RFID chips to automatically manage information on the factory shipment
VR The device to check work sites in advance through simulations, and to prevent mistakes by
(Virtual Reality) solving problems before site construction
Construction Smart S The service that can notify the customers about the maintenance by understanding the horizontal
and - SENSOr level of the construction product
Maintenance The technology that records the field in real time and telecommunication it to manager or headquarter
Web Cam so that the contents can be fully grasped from a distance to predict following—up management
and process management
Robot The technology that is applied to the field by combining position correction and materials by

automated methods for stone products using moving robots

Mobhile Device

The device that confirms the process and to send message lack of material to head office then
to send material to site work
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(Table 7) Experts who Responded of the Survey

S AT HHA AT 91

(Table 8) First-tier Factor Priorities

Bt | Cdtaion | respondents 0TS Factors Weght
IT and Enterprise 4 years~6 years 1 1 Manufacturing 0.388
Operation 6 years~8 years 1 2 Quarry 0.269
Management over 8 years 10 3 Enterprise Operation Management| 0.187
Quarry over 8 years 5 4 Construction and Maintenance 0.156
Stone Industry over 8 years 10
Table 9> Expert’s Importance of Each Factor of
First-Tier
4. ATEA B A
Factor Expert | Bxpert | Bapor
4.1 = M2t QlElR Manufacturing 0388 | 0226 | 0470
Quarry 0.210 0.567 0.180
dHs So HED A9, opd AEsbEe IT Enemrise Operstion |5 | 15 | o169
480 v o)A At AHP #4006 #xa) Anagemer
_ _ _ B Construction and
B A AMEE EESHIA A FBHA Mainenance 0181 | 0054 | 012
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{Table 10> Second-tier Factor Priorities of Manufac-

turing

. Total

Priorities Factors Weight

1 Smart Sensor 0.229

2 Mobile Device 0.213

3 Robot 0.160

4 3D Modeling 0.116

5 CAM 0.097

6 CNC 0.071

7 3D Scanner 0.070

8 3D Print 0.044
ANe Y AR G5 9N JrA Fa
S5 B, TR o f4e] Haxet d8 ¢
Ak S FAE = A sk AlF TR
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“Monitoring(0.077)”, “Wi-Fi Mesh(0.061)", “PDA
(0.049)” =912 UFERSITE 329176 991744 &
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(Table 11> Second-tier Factor Priorities of Quarry

Priorities Factors \%/F;‘;a}llt
1 GIS 0.217
2 Big data Analysis 0171
3 Remote-controlled equipment 0.161
4 GPS 0.102
5 RF-Sensor 0.034
6 3D Modeling 0.078
7 Monitoring 0.077
8 Wi-Fi Mesh 0.061
9 PDA 0.049
DR E PR AT G5 649 3
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(Table 12> Second-tier Factor Priorities of Enterprise
Operation Management

Priorities Factors Vggtga}ll ¢
1 SCM 0.294
2 ERP 0.204
3 MES 0.201
4 Monitoring 0.117
5 CRM 0.09
6 Mobile Device 0.08
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(Table 13) Second-tier Factor Priorities of Construc-
tion and Maintenance

(Table 14) Total Factor Priorities of First-tier and

Priorities Factors \%/I‘;‘;llt
1 Robot 0.280
2 Mobile Device 0.176
3 Smart Sensor 0.153
4 VR 0.125
5 Web Cam 0.104
6 RFID 0.096
7 GPS 0.065

719, A, Az A R FAEE ] A
T glo] IT &85 918 2415 30709 53
18915 E 59l WA
“Smart Sensor(0.089)"7} 71 =o] F7FEGlom,

Second-tier
Co Total
Priorities Factors Weight
1 Smart Sensor of Manufacturing| 0.089
2 Mobile Device of Manufacturing| 0.083
3 Robot of Manufacturing 0.062
4 GIS of Quarry 0.059
5 SCM of Enterprise Operation 0,055
Management
6 Big Data Analysis of Quarry 0.046
7 3D Modeling of Manufacturing| 0.045
Robot of Construction and
8 Maintenance 0044
9 Remote Device of Quarry 0.043
10 ERP of Enterprise Operation 0,038
Management
10 CAM of Manufacturing 0.038
10 MES of Enterprise Operation 0033
Management
11 GPS of Quarry 0.028
12 CNC of Manufacturing 0.027
12 Mobile Device of Construction 0,027
and Maintenance
12 3D Scanner of Manufacturing 0.027
13 Smart Sensor of Construction 0,024
and Maintenance
14 RF Sensor of Quarry 0.023
Monitoring of Enterprise
15 Operation Management 0.022
16 3D Modeling of Quarry 0.021
16 Monitoring of Quarry 0.021
17 VR_ of Construction and 0,020
Maintenance
18 CRM of Enterprise Operation 0018
Management
19 3D Print of Manufacturing 0.017
20 Wi-Fi Mesh of Quarry 0.016
20 Web Cam of Construction and 0016
Maintenance
Mobile Device of Enterprise
2 Operation Management 0.016
91 RFID of Construction and 0015
Maintenance
22 PDA of Quarry 0.013
23 GPS of Construction and 0,010

Maintenance
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