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Abstract

The electric power utilities as important social infrastructures should be
operated stably without any failure in supply of electricity. For stable
operation, it is necessary to input huge amount of resource and investment
throughout power generation, transmission and distribution facilities.
Particularly, constant inspection and maintenance of the facilities requires
MgNyskMedrnanpowerandadvancedtechndoge&Inspheofendhss
efforts, the electric power industry is facing serious challenges from social,
economic and environmental problems. In this regard, a number of robotic
systems have been tested and applied for inspection and maintenance in
nuclear power plants and high voltage power transmission lines. The Electric
Power Research Institute (EPRI) which conducts research, development and
demonsﬂaﬁon(RD&D)reaﬁngtothe%Snemﬁon,ddhmryanduseof
electricity for the benefit of the public has also required efficient technology
management in providing a blue print of robotics technologies in electric
power sector for the future. The organization wants to centralize the R&D
capability of robotics technologies which are dispersed by each division in
order to prevent duplicated investments and manage its R&D capability
effectively. This research is a step towards assessing the current robotics
technolo%/ bein% used in the power industry and identifying the technologies
that would benefit the industry most by using the Technology Development
Envelop (TDE) approach.
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Project Overview

Project Background

- Electric Power Research Institute(EPRI) wants to centralize the R&D
capability of robotics technologies which are dispersed by each
division

- To prevent duplicated investments and manage its R&D capability
effectively

Project Objective

- To evaluate the current robotics technologies and identify the future
development strategy in power industry with the Technology
Development Envelope (TDE) methodology

Introduction of TDE

» “_..to link technology to organization strategy so that managers can
understand where technologies fit into their organization strategy and
where the technologies are going in the future.”
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Six Steps for Formation of TDE

Step 1: Develop a forecasting model using Delphi for identifying the trend of
emerging technologies.

Step 2: Identify criteria and technological

A \ Step 1: Technology Step 2: Technology
factors satisfying a company’s Forecasting Characterization
objective. v v

Step 3: Assess the technological 5"';’;3;2’::,]“9' St ;’lg;::‘i:';h"“'

characteristics of each emerging
technology along the factors.

Measures of Effectiveness

Step 4: Develop a hierarchical model and
determine the relative desirability of
measures of effectiveness on the L

company’s objective. v
Step 5: Technology Evaluation |

Step 5: Evaluate the value of emerging
teChnOIOQieS on the Company,s Step 6: Formation of Technology
obj ective. Development Envelope

Step 6: Construct the TDE and technology
development paths.

Project Timeline

15t half of 2016 Sensitivity Analysis &
10/31 Kickoff Meeting Documentation

Technology Factor Evaluation Development
11/30 Model Verification of TDE
2014 ‘ 2015 09/30 Model Quantification 2015 | 2016

0 1th G
BIDIOIDIDE

07/30 Model Validation
04/15 Forming Expert Panels
02/15 Model Development
01/08 15t Monthly Meeting
01/01 Official Start
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Potential Hierarchical Decision Model (HDM)

|| Identifying the Robotics Technologies which Benefits the Power Sector Most ||

=
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Assignment of Experts on Items of HDM

The Potential Hierarchical Decision Model (HDM)

Objectve | 1dentifying the Robotics Technologies which Benefits the Power Sestor Most |
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16
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New Validated Model
H Identifying the Robotics Technologies which Benefits the Power Sector Most ||
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Model Quantificati
|| Identifying the Robotics Technologies which Benefits the Power Sector Most H
Perspectives | ‘Func\ionalily | 0.3 | Design |0,2 | Technological |0‘15 | User Experience {0,22‘ Electronics ‘(],13
1
0.2 Global Positioning | 0. 0.2 |+ Remotely/Wircless
Multi-Environments | 0.33 High Precision . 0.15 Visual Capability
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18
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Model Quantification — Global Weights
Perspectives Criteria Gl
Weights
(F1) Multi-Function 0.20 0.08]
(P1) Functionality 0.30|(F2) Multi-Environment 0.33 0.10|
(F3) Multi-Applications 0.47 0.14]
(D1) Heavy-Duty 0.16 0.03|
(D2) Moving Flexibility 0.28 0.06|
(P2) Design 0.20((D3) Size 0.20 0.04]
(D4) Contamination Proof  0.17 0.03|
(D5) Nondestructive 0.19 0.04]
(T1) Global Positioning 0.19 0.03|
(P3) Technological  0.15|(T2) High Precision 0.38] 0.06)
(T3) Real-time Assessment 0.43 0.06
(U1) Easy to Use 0.38 0.08]
(P4) User Experience 0.22 (v2) Upgirad_able 0.13 0.03
(U3) Maintainable 0.13 0.03|
(U4) Safe and Fast 0.38 0.08]
(E1) Remotely/Wireless 0.22] 0.03
(E2) Visual Capabllfty 4 0.15 0.02] To get Technology Value, each
(E3) Dual Communication  0.25 0.03| . .
(pS) Electronics 0,13 (4 Data Processing 0.12 0.02) GIOb?I Welght will be. y
(E5) Interference Proof - 0.l multiplied by the Desirability
Radiation Score of each Technology
(E6) Interference Proof — q
S 020 003 | Alternative.
Electromagnetic Field
19

Description of Desirability Curve

* Adesirability curve presents the preference on the technological metric of
each factor. (Gerdsri, 2007)
* Development of a desirability curve*

- Step 1: Identify the best and worst desirable limiting metrics that each
factor can take on.

- Step 2: Verify the measures of effectiveness whose desirability value
is linearly proportional to their numerical value between the two
limits.

- Step 3: Develop a semi-absolute scale by assigning 0 point to the
worst and 100 points to the best desirable limiting metrics under each
factor.

- Step 4: Calculate the relative desirability of the intermediate values
between the two limits.

- Step 5: The relative desirability values of metrics under each factor
can be graphically presented as a desirability curve by arranging the
range of metrics value on the horizontal axis (X- axis) and the
desirability value on the vertical axis (Y-axis).

Source: Gerdsri, N. (2010), “Strategic evaluation of technology”, in Daim, T., Gerdsri, N. and Basoglu, N.
(Eds.), Technology Assessment: Forecasting Future Adoption of Emerging Technologies, Erich
Schmidt Verlag GmbH & Co., Berlin, Germany.

20
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Desirability Curves
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3 ™
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spplicarions
o
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21
Calculation of Technology Value
Robotic Systems
Submersible Mini-Robot T ission Line Robot
Global Desirability [Tech Desirability [Tech
Perspectives |Criteria Weight |Tech Metrics Values Values |Tech Metrics Values Values
Multi-Functions 0.06]2 (-ocomotive-abiliy, 100 6.00]> (rocomotive-abilty, 100] 6.0
imaging) imaging, sensing)
Functionality |Multi-Envi 0.10|1 (Underwater) 100 9.90 ﬂn(ec;” the transmission 100 9.90
- et 2 (Inspection, 2 (Inspection,

Multi-Appications 0.14] Monitoring) 80| 11.28 Monitoring) 80| 11.28]

Heavy-Duty 0.03[- 17| 0.54]4 (MTBF 2.0-2.5y1) 100] _ 3.20)

Moving Flexibility 0.06|3 (4-5 DOF) 71 3.98|2 (3-4 DOF) 43| 2.41

Design Compact 0.04)3 (Small) 100 4.00|2 (Medium) 67| 2.68|

C Proof 0.03]0* (<0.5hr) 0 0.00|5 (>3.0hr) 100 3.40
Nondestructive 0.04/0 (No function) 0 0.00]0 (No function) 0f 0.00|

Global Positioning 0.03|- (Unavailable) 0 0.00{4 (0-2.5m) 0 0.00)

Tech i High Precision 0.06)4 (95-99%) 100 5.70]4 (95-99%) 100 5.70
[Real-Time Assessment 0.06/0 (Unavailable) 0 0.00|5 (Spontaneous) 100} 6.45)

Easy to Use 0.08|4 (one-time training) 83 6.94|3 (few training required)| 67 5.60)

Ex User  Gpgradeabie 0.03|0 (impossible) 00| 286 00| __2.86
v Maintainabl 0.03|4 (< 6 hrs) 50| 1.43)3 (<12 hrs)) 25 0.72
|Eas1 0.08|- (Unavailable) 10 0.84]- (Unavailable) 10 0.84]
Remotely/Wireless 0.03]1 (<x00 ft.) 100 2.86|5 (>10 miles) 100 2.86

Visual Capability 0.02]0* (VGA) 5 0.10]0* (VGA) 5 0.10

Electronics Dual C 0.03|0 (<1 MSPS) 0 0.00) ; (“rl)ol((JJ'\:g/MSITS)1 50) 1.63]
Data Processing 0.02|- o 0.00f2¢ secto 20[ 031

Gb/sec)

Interface Proof 0.03|0 (<2.7 uySv/h avg ) 0| 0.00]- 0f 0.00

Tech Level 56.42) 65.92

22
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Calculation of Technology Value
Robotic Systems
Concrete Crawler Robot Snake Robot
Global Desirability [Tech Desirability [Tech
Perspectives |Criteria Weight |Tech Metrics Values Values |Tech Metrics Values Values
4 (Locomotive-ability, . .
Multi-Functions 0.06|crawling, sensing, 100|  6.00]2 (Locomotive-ability, 100]  6.00
. . imaging)
imaging)
4 (Underground, tight
[ Multi 0.10|1 (high reach areas) 100|  9.90|O" Narow pipes, high o 0.00
reach areas, variety of
terrains)
3 (Inspection, 2 (Inspection.
Multi-Appications 0.14|Monitoring, 20| 2.82 L ’ 80| 11.28
. Monitoring)
Maintenance)
Heavy-Duty 0.03|3 (MTBF 1.5-2.0yr) 50| 1.60]3 (MTBF 1.5-2.0yr) 50 1.60}
Moving Flexibility 0.061 (2-3 DOF) 29 1.62]5 (Infinite DOF) 100, 5.60
Design Compact 0.04|2 (Medium) 67, 2.68|3 (Small) 100 4.00
C ination Proof 0.03|5 (>3.0hr) 100, 3.40{1 (0.5 - 1.0 hr) 25 0.85
Nondestructive 0.04]? 0 0.00{0 (No function) 0 0.00}
Global Positioning 0.03[? 0 0.00}? 0 0.00
Technological |High Precision 0.06|4 (95-99%) 100, 5.70|? 0| 0.00)
|Real-Time Assessment 0.06|5 (Spontaneous) 100 6.45|5 (Spontaneous) 100 6.45)
Easy to Use 0.08|3 (few training required) 67 5.60|4 (one-time training) 83 6.94]
Expl;?ie;nce Upgradeable 0.03]5 (0- 25%) o __0.00]7 00| 286
intainabl 0.03)3 (<12 hrs) 25 0.72|4 (< 6 hrs) 50 1.43]
East 0.08|- (Unavailable) 10 0.84]- (Unavailable) 10 0.84]
Remotely/Wireless 0.03[2" (<1 mile) 100 2.86|2" (<1 mile) 100]  2.86|
Visual Capability 0.02|- 5 0.10{0 (Analog NTSC) 5 0.10
q Dual C icati 0.03|1 (1 to 40 MSPS) 50| 1.63)0 (<1 MSPS) 0 0.00
Electronics
Data Processing 0.02|2 (500Mb/sec to 1 20| 0.31|0 (<100Mb/sec) o| 0.00
Gb/sec)
Interface Proof 0.03]0 (<2.7 uSv/h avg ) 0| 0.00]0 (<2.7 pSvih awg ) 0| 0.00)
Tech Level 52.22] 50.80|
23

Conclusions

* Functionality has been identified as the most important
perspective.

* Transmission Line Robot was rated as the most valuable
technology in this case

* This presentation demonstrated how we can integrate the
following concepts
 Hierarchical Decision Modeling
* Technology Value
 Bibliometric Analysis
* Social Network Analysis
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