Development Plans to Realize Autonomous
Operation of PGSFR
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Autonomous driving technology will advance in waves

>

Maturity

Partly
automated

Highly
automated

Fully
automated

Autonomous
(robotic)
driving

Global
megacity
networks

Legal
protection

Technology

2015

Scoring system
for preventive
driving

First-generation
automation
and control

Highway
networks

Internet
standards for
mobility apps

Sources: Rinspeed; AT. Kearney analysis

Daily legal
protection for
car rental
and car-to-go

Second-genera-
tion automation,
pooling

Regional
or national
network

Camera and
image processing
and interfaces

Legal protection
based on
mobile devices

Third-generation
fixed-distance
automation

Selected
megacities

Radio frequency
and interface
standards

2030

Legal protection
for all kinds
of devices

Fourth-genera-
tion automated
traffic junctions

Micro-/mobile
city metropolises

Control and
automation
standards

T

2035+

Legal protection
for all kinds
of devices

Fully automated
traffic flow
management

Globally
interconnected
megacities

Fully automated
networks/
telematics
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Narrative Definition

Human driver monitors the driving environment

Automated driving system ("system™) monitors the driving environment SINIEZ=HE LB [level 25) |

Mo
Automation

Driver
Assistance

Partlal
Automation

Conditional
Automation

High
Automation

Full
Automation

the full-time performance by the human driver of all
aspects of the dynamic driving task, even when enhanced
by warning or intervention systems

the driving mode-specific execution by a driver assistance

Execution of
Steering and

Acceleration/
Deceleration

Human driver

system of either steering or acceleration/deceleration using i o

information about the driving environment and with the
expectation that the fuman driver perform all remaining
aspects of the dynamic driving fask

the driving mode-specific execution by one or maore driver
assistance systems of both steering and acceleration,
deceleration using information about the driving
environment and with the expectation that the human
driver perform all remaining aspects of the dynamic driving
fask

the driving mode-specific performance by an sutomated
driving system of all aspects of the dynamic driving task
with the expectation that the human driver will respond
appropriately to a request to infervene

the driving mode-specific performance by an automated
driving system of all aspects of the dynamic driving task,
even if a human driver does not respond appropriately to a
reguest to intervene

the full-time performance by an automated driving system
of all aspects of the dynamic driving fask under all roadway
and environmental conditions that can be managed by a
huwman driver

and systam

System

System

System

System

of Driving
Environment

Human driver

Human driver

Human driver

Systam

Driving Task

Human driver

Human driver

Human driver

Human driver

System

System

Modes)

n/a

Some driving
modas

Some driving
modes

Some driving
modes

Some driving
modas

All driving
modes

Car)

Adaptive cruise control
Lane keeping
Emergency stop

Driver assist
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Blind Spot
Detection

Park Assist Emergency Braking

-_

Surround View

Pedestrian Detection

Collision Avoidance

Rear Collision
Warning

Traffic Sign
Recognition

Park Assistance/ | | :
Surround ; Adaptive Cruise Control

View

Lane Departure
Warning

Park Assist

Surround View

Cross Traffic Alert

(Global navigation satellite system)
(98 J]|=) (Light Imaging Detection & Ranging)

B Long-Range Radar Short/Medium Range Radar M LIDAR Camera M Ultrasound GNSS
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Machine Learning

- Machine Learning
- Supervised Learning
- Unsupervised Learning
- Reinforcement Learning
- Expert System
- procedure
- Disadvantages

- don’t know

Different cluster analysis results on "mouse" data set:

right/wrong probability (blackbox)

extrapolation

underfitting / overfitting (cost function or
objective function)

- Deep learning (neural network CHX])

Original Data k-Means Clustering EM Clustering
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PGSFR &# (1/2)
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PGSFR &3 (2/2)
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=d (2 SFE 208t Alil HI&)

] by INPO (Institute of Nuclear Power Operation (¥ X}

oin

. HSE (3/1) QF= XIHO! EA0| oM HE, 30%= O BT (Y 42
=gs

BUMSAHI). [1995~1999]
« 21 of 26 (81%)7F human error by NRC.

« The report disclosed that “the risk is in the people—the way they are trained, their level of professionalism and
performance, and the way they are managed.”

-, U 2H/QXIES Q¥ F XN, 1

oin

- KINS homepage [opis.kins.re.krl human error 20% OIWH ({2 =A™ 1A Ald, S0
Lt Xl Ald X2l w2 XA, = X2 20 IS =8)

Reference) Human Performance Improvement Handbook, Vol. 1: Concepts and Principles, DOE Standard DOE-HDBK-1028-2009.

Human Errors

Events

Organization
Weaknesses

80% Human Error

& Individual
W Mistakes

0% Equipment
Failures
eamy RIMXMATEY 13
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- level 4 autonomous unmanned reactor operation with
artificial intelligence for PGSFR

- Internal accident + external event 112ist X} & 2H

- License 215 (XLEA XHEFY 7| : AB7HY Ha)

Physical World

Cyber Physical Interface

D i )

Cyber World

Autonomous Operation and Optimization HMI
Safety Autonomous | Predictive
Management Operation Maintenance
Domain Intelligence Services Domain Expert Assistant
§ (Al Assistant)
Risk Health Fault e

| Analysis | | Prognostics | | Diagnostics
c (] ]
S % Al Components Simulation
5 Knowiedge || Machine || Inferencing sy || 5o
2 © - — Simulator
o5 = Big Data Platform A
2| | 8
™
8 g Monitoring & Control
‘3 % Smart ) Cyber—Physical Simulator

Sensing & Monitoring Optimal Control
L 1
¥ m Digital Twins
\ Assels (Pumps, Valves, Sensors, --) h Cyber—Physical Model
T | (Physical, Rule, Data)

)
S

— OIRAXHMPR . 14 -
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Roadmap HI 2t (How)
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» ExoBrain, EHHE X227, google car, AlphaGo,

Watson Mxnet, TensorFIOW... . . X )it _' i"tobedalacorru?tic')'rlf
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= PGSFR 24 8! 35/ Xt& ofjMd/= M/ 0| Et=} gﬂ%"y'i K AU AlAH F&?EM
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. HA| T = Z201, 2R
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= M| dat HdE Y X[
» QA EZSE MM BEAM (ex KAIST SMR DHHZ, IR DHH= SHZ HIOHEII RO
A3 H88 = ) (PLEx-Core RTSSESE-CCS | AZ/712H0) AlAH | (o1, p-ccs, )
LA
= QAX}E oI5| 710] XEtst X|E M= MAF 22 < MK 2 J0| (Pump, Valve, Breaker,~)

SFR SYSTEM DESIGN/ANALYSIS
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Roadmap M|t (1/2)

AURA (Artificial intelligence for Unmanned Reactor Autonomy operation)

- 15t : feasibility =2l 5! new paradigm 4%
ol M > YUHE T (@Y Mz -> €neg|E ME -> new paradigm 27
- a-SCPA, o-INCIA, Al 7|= &M 9 Ef2Hd
DeepMind(Alphabet), WayMo, Watson, Mxnet(Amazon Al cloud), TensorFlow(python) etc...
- 2CHA| : a-AURA system 1=
- Level 2 autonomous driving 7|®H T Q! (HAF A} X2 2H)
- X7| St&XIE MAF (B-SCPA, B-INCIA, MARS-LMR)

- policy network X9t J1M : Learning (Al [Deep learning 5], data mining...) 7| =

Mo
Ho
rad
|0
Hu
=
>t

- JAEH HXIA 2% N 0 (power control, startup/cool-down operation)& X}
PGSFR 271 §/4d 12| (X2 =8 /4% 2d A 7|1&/8X| 2F o4
- 3EHA| : B-AURA system 1=
- Level 3 autonomous operation (0|4 ZAH WM, OlHA E K52t 28, oA 2H 71 HA)
- learning data M 4F (SCPA, INCIA, MARS-LMR 9! simulator & 7}5/d E}%I)
- policy network + limited value network + Monte Carlo search (H|QtHH|O{ A& 2T X235}

- protective function 7|& EFHE 7|8 (automatic[Q15]{7}I 2 71] & manual override)

<)
ar-N,
(a/ Em IR X217

Kersa Atomic Ensrgy Ressarch |
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Roadmap K2t (2/2)

AURA (Artificial intelligence for Unmanned Reactor Autonomy operation)

- 4THA| : AURA ver. 0.5 system 1

- Level 3.5 autonomous operation (safety X228 =g, 2HM & ZHA|)

- transient + internal accident X} &%

- learning data F7}/d s}/ =3} (SCPA, INCIA upgrade, MARS-LMR & simulator )

- Defense-in-Depth and Diversity =& 2ot (AURA 25 CHA U X|etA license)

- policy network + value network (H&| QtH/H|QMHA S S &85t LF Al &2 EE A4

- PGSFR back-fit & 2 (Al-based sensor, actuator, procedure 3=7})
- Final : AURA ver. 1.0 system 1=

- level 4 autonomous operation

- Internal accident + external event 112{st 2tH X}& 2™ (B2 2H)

- policy network + value network + Monte Carlo search 2t/

- License 25 (XISAH X8 T8 71& Yol et ABI7H HE THs)

- PGSFR back-fit 37} 2 Q

(94 vIEREInE | 17
AAEIII' e -
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=2
x|

a|

e
(<]
=
1
=

£kg| 717] A
A
=

v Hlojg 18 M= (PGSFR : primary 67}, secondary 37l|) (A& : control bank A,B,C,D, shutdown bank A,B,C,D)

v §l{8 5&x MEH (high speed, normal speed or variable speed)

v" PI controllers

> reactor power, turbine power, FW flow rate, PHTS flow, IHTS flow, steam pressure <- load index

joll

1718 Al % 15T dAL=E

FHEH|H A (XHS)

X} 2 H K|

[e)]
v &

oK

(self driving stage 4) 2} &

f
YAS FE Z23 (T E=)
H

SO0 S
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Thank you

for your attention
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