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2-2. Regional Oil & Gas Virtual Reality Training and Simulation Market
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19 2-2. Global Operator Training Simulator Market (ARC Advisory Group, 2012)
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3% 2-2. Regional Oil & Gas Virtual Reality Training and Simulation Market Forecast
CAGR (%) 2011-2021, 2011-2016, 2016-2021 (Vision Gain, 2011)

2011-2021 2011-2016 2016-2021

North America 6.4 5.6 7.2
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Middle East 9.3 7.2 114
Asia Pacific 9.3 6.6 12.0
Africa 6.5 5.0 8.0
South America 7.9 5.6 10.2
Russia and Central Asia 5.8 3.2 8.4
World 7.4 5.9 8.9

ot e EFNE JPE A A A" 9 Y A A 53

O Cyber EdgeAtel w2 7Hd@A 4kde] AlAl Al-E 2003 460928 T =o]
B o] F AW 10%] AAES Hole AR dHA s
- olE wkgstd 20073 AMAL AEE oF 623792 E E4HW 2015d= oF



- o] Wkt 20079 =W AlA FRE 9F 163998 RS AoE EAEHN
201590l = oF 433928 FFo olF AR HYgH
E 23, FU JMEEA AR 72 (FBA U AR - AR B4 5 24,
AR FA AT, 20065 A4, MA A - Cyber EdgeAl 20059 A55 AT4)
(9 9=28)
an A= A&
= 2007 2009 2011 2013 2015 (2011-2015)
= LA 16.3 20.8 26.6 33.9 433 13%
3 ) A1 623.7 754.7 913.2 1,104.9 1,337.0 10%

O U 7HFAA AFA VR 4835 59 dt=go] @ £ZEJolE i E £
Al E# ol

En
2 7HdEd Zdl= AA[JAY st len, O T dF

ol

O Aeulze] S 53+ 71 28 AFYE Auize Frke 73 AlA 2
ANEYolA, 45 2 7| 9 74§l AZE

e AY L FAE A5 S

O AlA gAE ez AF FEE 2013397HA 123%2 dHTE HAFES 7| =3}
A 63229l @ o=z . 200939 7F YUAE HE5H U
AR OgAE Zd= A 452%5 AR S Aoz YEgon, £l
Aol 2+ 175%$}F 15.9% S =HA)

A
1)
of
oy
o

i
g
t



N
Y
ot

>
>

Y

O

2010 7kA] 12049 ¥

o7 Jostal L.

o dojupa glom

O At HFH &2

39 Qo2 2A E7}

W 717} EokA)
o we gl

o
B

2L

ol

|

rr

8%

= 2008 HEl 20123 Alolo] % 10TH

53] E3] Ropo A5

AR} 77|17 A

K
i&

MY Jes

BEE

2 10714

8%

EED

=

| .

, A% 24 A

EREE

Zled £4e AHdFcE AAFs

FYH A A= ‘=Zhf
o] 2010 20092 # oA 20143 79 3HWEY FERE FAF
Zho A S3dd 2 7

A& A

0

o)A
AAAH NG A AT

o] STHAE Hola

SRR PN

Immersion+= Microsoft, Sony, BMW, 232 =}4, LGHA &

b W3 FUE, A7)

A

™

AAHS 7]
5 #d Ae AR drtn glem,
2 FH0% UA AHALY HuE A NI AA = A=

AR 71
A= ¢

n=, AR

2
g 7

¥ 24 JAAMA OAE FTH= A F52 (S9: untgdy, 24 FFLZEY T Y, 2011)
FE | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 tmm‘
- 256,668| 303,141| 353,312| 405,082| 458,888| 514,400| 572,331 632,223 12.3%
H 40,636 49,179 57,838 64,485 69,925 76,424 85,556 04,365 10.2%

CIXEYs 72,010 85,796| 101.,884| 120,155| 1309,789| 158,850| 178,668| 198,352 14.3%
CXESA 48,837 52,877 57.936 62.897 68,704 ™17 82,083 88.528 8.8%
CIXIgSst 4,640 7.315 9,357 11.707 13,987 16.497 18.832 21.130 17.7%
o1y 10,227 12,898 16,027 19,124 22,720 26,482 30,693 35,180 17.0%
PPz ] 1,002 1,340 1,839 2,623 3.627 4918 6,667 8.841 37.2%
HYE2HX 39,107 41,340 42 964 45,711 48,972 52,406 54,297 56,930 5.8%
S2CleI T 35,734 46,843 58,809 70,733 82,324 83,461 103.958| 116.188 14.6%
F< IO 4 475 5.453 6,558 7.747 8,941 10,245 11,577] 12810 14.0%
DHg2EX 10.119 15,053 20,435 27.802 38.303 48,162 59,120 70,727 28.2%
O T4 yAE FHl= 42 2008dFEH 201397MA] AHH 8.0% A= AAE
A& Ao g AWEIT AF FRIF 162Y9S Jdold Ao g giEE 201339
5T 89%9 =2 AHAE A&LSA 2 AR A (A FHAZEETH

oy

4 7)ee] FAstE 9

ol



i

=
ok

el

o 7171l el HA A qtRe JA BA Ao oF 83% (2010 71, oF

A 29 ol

J]

1=
, B4

g

A gdEe 5%

o
o
<

2.3 U<l 7]

o

=3

2.3.1 =< 7]

el

o)
Hlo

27te) 919
FAvE QA Abefsh WA =R, B

1

Gl

_FT

I

A=A,

4

o]

OJT~]

e H2 A e a4l dFEHL lew Sy |, o,

O o]sgh=

FATE QR Aol WA=, 1

ko3
T

<1 2]

A9} 3

=
T=

/1\_]__

o &

3

3}



—r
o N
>,
k1
ojf
o
i
il
=
(m
2
&Y
NE,
N
N
2
o
>
A
ox,
N
>
=
i,
=2
e
o>
o
ol
N
RO}
m R

NS
AH
Ay
1E]
2003-008 B latls
008 | 3B =2 & e
S BIS ES olet 3 —
L] 2HE DDD‘
| — = 2
== el og | gsid
ESHEZZIT 23 I - - =T
= - - = e Al
010 | ee=s g 3] 1 — T
c: T ik - A= 22 i pab s Ak
2002-01 ] — ‘ - :
= E’— anE JIE
SSZEHAE :
ZIHAS S5 - F ;
2008-0 ). 5% — : ‘
03-013 = — - ‘_ :
= HREL LY = : w.ﬂ
T4 LHOIAE] SHl l B ; = - =
. - L2LIOH i :
9 |z e _
A fuk2pelbagzst
mq T — - FTEES) | 1 2
2003 - ‘ _
at E SR
[ R | &4
: s&EHl{gazE)
ma . EEEE]
0| s : . |
3 2 - |
ZE7 JHEEET ; :
5571 B :
hU: — 5 =g i R
2003-016 | _. a
“ Bg
i
B
: 200K
2003-017 5 h
: =
HEHE
- 0 BuzEs bz
2003-018 | n | - !h[,—
| ZTEE : i
JIEHEE
2003 ~ _J 19
(I ' |
3] E ."
2=
Dol=3a :
= | 28 | zes
ZE-CR R
T )
b shil
H 4}
o i)

-.N~
lo
2
r O
P
N
Mo
)
ol
i)
off
18
o
>
Kl
1o
&
%
=
td
ot
>
filo
riN
o
rlr
jn)
of
fo
1%



(@)

W Sl 932 o s, 53 A% QAL FHIG T FA )
A@ol B 5T & ol 9%, NASAS) Hubble 397 e £do o 2§
THsd

Std LEZA @ o]o g kA A2 Hjo]2d] = /88 BHAE
UE9] Batres TEY FY oldlFe OntoCAPE 5 ¢ dAFEo] g

xo

2

5. AF EopllA = EU, v, AVIEE FoA AES HAAA HAHolv ¥

HAE QP ZE] tigk slol=EjlS AAS AL e F/ol W AS5E T

ste AA A2EE At &8 ZWE AdA Yo" Foko A& CodewareAtd]

COMPRESS= Hdd# 3 o &7 A7 Axde= v=e <k #d 74
(ASME Section VIII, Division 13} Division 2)& A€

ol
o

_Ql:A Ty, et
L &
T G
e e .=
A -
S % Eal i N
p ot a¥
e &L
Unsenfined Canfined ¥ ss'\.\ *,
X =
e Detonaten | - T
£ T, L *
_,..---‘“ # LS Cenfined s
L H - Detnracion Skl '\.\
pipatiae Detonasion . Detomatian
‘E-M vl farfined by
Detanakiza [ .

ok Cnridrive Uneanfied

Ganfsa Detanaticn [xtanation

Bchatin



3

=
=

<
=

]

o
=

]
4
27]4] o]
43t 7

1—)@ =

=

Aol A A]

atl

=
T

= 3

e}
A

Fd Auge 44ol B

37+

o)
=
9]

dl

A

o
v E & gle dAY.

°]7] #l

15t FAfol A o] Alare} A WAYA], A}
A2 3} skill=

AT AR, A A

= =
=

% lojok @
=

[e)

3 23 33
A 2e] A2 o] 2

ApaL o

I3 x]
4 g

)

—

F

)AO

HellA o]

N

{Jo
na

=

4

A5 Z9A @

=

=

H

st
el

4

%
R

}

o
il

_]

A
L

AA A

A

olp
oR

A
L

A &3 AlE#H ol 7|89 OTS 7]

9

2 9

A &

%9

ANE

ol
R
N

o

=

=

# 44|, DME

X

718k 7]
cOo2

Els
155}
=/

LNG H7]

L

g AEHCIA EokllA Ul A9 Ve e WA o o7 A

YA RE OTS AZE 9
z

- AEtistael A

op
°

—_

;o‘_
Nlo

oju

ze)

dre Mg 7t=st 34, LNGA 59

)

o
Z
Rt

S7ledT

al



% 2-6. LNG 93} du| 54 34 Aledely /i Akg

Algdold AzESC B st=Edoje] stAo] AHMAL TS 1A TIEUA

A @A E=9dste] Aitde FEAITIALA ke wEo] ol FET]

2o HAFH Aem I FoAE Honeywell, Aspentech, Invensys, Emerson
Process System, Yokogawa 52| 3|A7}F 7l€do® £& FFd =23 A+ ]
izl dA =Wl AAANA o] &HI A= OIS 7Ie2 & AA 2L 7
o] obd 9] Ao HFH Ve =Us

ol
rlr

Ao] Yk



@ Unisim Operations « Ures; STERDY STATE - [A_1801E]

|8l £ vow DM Eyshaste fook Timebensger Window el

|8& us ELrRagMLo™ 98 ¢

B giix &lafJs G
1n

GRANULADOR DE UREA

O Iy 7]E4] OTS A2'e @<es] “=dA7E 58S A9A Aok sh=A1"

of M BFe TAHYY) WEo] FHS AR LANLS W ofd Amst B

O ol FAol st HIols 2 AlEgdoldd Ata Algdolde] AA, 4%

Zles FUHE A AL ES AT OTSs /i To] olHA L AU+

—

"= NETL¥ DOE (Department of energy)®] @HS B3l o|FAAL Ye =
ZAEQl AVESTAR (Advanced Virtual Energy Simulation Training and
Research)ol| A& IGCCe CO2 3 FAS o E ezl 53 34 A Ed
°lE¢} OTSE A, °l€ 3D Virtual ITS (Immersive Training System)< 5

o

SAEgOZN Y Ao TS F= AS FEE S Y5 o] ZEAHE

q

>
rlr
At
ol
(6]
O
@)
>
O
mlm
%
=)
il
2
™
ko
)
ftlo
[OV]
)
rO
o,
ftlo
[o]

s8] BAAA 713

r i
o

O
39
o
o
=
5&
—|—‘
024_.
Mo
>
o
A
o
o
>
BN
o
=
Iy
i

ik
ofo
2
>,

)

i)
o
pad
Y
»



&l

Dynamic " Custom
Process soounos Si i ooeune  Models/

Engines D-ROMs

19 2-9. Invensys Operations Management 7I'3 %=

- =9 InvensysAtellAdlE TF E£FA MRS AT Jem o A
Invensys Operations Managementghi= X O 2 AFEH I Q5. sl HA 7| A=
InvensysAtoll Al 7] ol 713 DynSim¥ 22 34 AlE#H oA AZE 0 &
o] & HMI (Human Machine Interface), ITS &ZE{ & Z3Hetal Y=

- W52 GSE Systemsoll A= 2JA Fde 9% 4T F9 A 2H<Ql Virtual

Flow Loop Trainerg A%



&3t OTSelA #ZE = fl= Al AFEE 3D 1= &< &8 4Ed

A=E e FY. =3 HDA (Hydro Dealkylation) &3S ti4 o2 UniSimo.

2 wA, A Aol ta HolEE fustn ofF vleow 3D wuld Wt
QA e AT7EY

ol I, -
< f i
2 i "R Y i e -
S8l =g F
S

===

tdo=2 3k OTS /el Akal Aol thak thix 7ige] =g

slojof st Uk,
AL el BAE 9% AW 9% B4 8 Wb wEA SuEolok 3 4
24 99 B 99 24 v, 34, L o e
Hate FAgolr ofn F B ddelN o]F HWEoE BAst LmES T}

ZANHodE Aol EA O Z DNVALY Phast, Safeti 5°] ¢om ma-o) A
= ALOHA, ZU A= K-CARMo|gt= =28 o] 7pgd vl g&



O a3y tREEe APA H7F AZE 7} Stand Alone HENZ 7 s HEZ
A AXe BFsHA Faes olE AR ol&stAU EA4EI7 FEol AAA
g8 FAZE Jdom, Aart FAH vX= FF Fol e BriE A &2 o))
2o ZWES F3 AEHoH AZEYolet AAYE Az AEHAS T3

< A 3Y &9 OTS 7idel 27 719 = A=

:1\'% 2-12. DNVA}9] Safetis &83 AFA AdEY oA

O olE@ FA AgdcIMT AL AUl AEAE R AgH oM
B e ol dAAHeR =8 4

i
alis

g3 7

- Invensys® AVESTAR Z=EAEA % EYESIM¥ AAE T3 At AlEd oA

< AR FTHEA @ AL ARl tid R A4 ARl AlE Tt

TOIEE
- olgkg]o}l9] Politecnico di Milanoo| Al FAH A A3 A= <13 23} FaFs
BT £ AEE 7|E N Foll oy o7 x7] ©HA



ax
c
B
&
g
g
L

+ b7} oA

ISl
yal

Ay

il

]
o

)

o] Al 7] &=A

il

o
pis

IHE #of 9oz o5t =1, w

|

E{H

s 9H

]

[e)

I

A

st

1E B4t

Bo

ojp
oR

H
oo

NI

Le]
iz

iop

3%, A& g

& glom, o o}
AL A E

S

il

[e)
RUS

o &&
T e AAYAY 7Rk AlEHelH #d Te

b A A5

3|

=
=

7b AEe =94 e md

20093 71 #A 7W

1
T

- 5 IFFelA

Mo =d BMW

=
=

20083 7}

L
) .

GMV ol A}

o A
- "= VRSimA

=83 AF=F Ay
SMAWS} GMAW £&H

d HMDE

2008

L
| By

B

L
)

o
A&

5o 44 A9 3

Lot

I &4 »l

HelmetS %53

7

3}
+ Sim Welder Al &do]HE 73}

Mockup ¥}

2 HoF

Al EE °]E = Domes,

7 Coal Services PtyA}+e]

-3

Curved Screen, 360% 3D T



FEEY dAeEH S FIANAS

- University of California, BerkeleyolA= A AlE# 8 ZF 3} CFASTS}
Berkeley Architectural Walkthrough Problem< &3l 7149 U oA 3hA] Al
EHolAdE #T AEHAEE AlEHolAS NASAL A EoFdl AR o]eF
ARgE AlEE ol A7 SRl v A

- QR aFATaL FARAE ASA} SEHOE d ABHIAL S 5
k3

k=)
R
W
ﬁ).1_:‘
(o
oK
)
8
i_l"
o2
i
lo
o,
oot
ftlo
2
o
>
N
rlr
PR
o
AN
N,
ofr
o
X
ok
2
alfe

[firecubel : AEEIRSREL SRR Lz sikBE

(FEglztaold ale =2

2% 2-14. WA 74 AE A" (Dol Me] 1A, Fire Cube (¥4 E}

i
e
ofo
ol
rlr
s
-
ol
juked



@)
o
&Y
[
=
(m
lo
r (o]
=
ok
i
flo
4o
b
\
N
ox
(gl
>
i
ofo
re
-
il
i
=
f
(g
ok
o
oii
>
offl

- AU AlEEH Ol Eokel el M Fad AH7IH T sl CFD

A gkouy A4 8 7Al As, sHAl, F2 59 AFS AAReE Adses A

O "=9| InvensysAtlAE 7H3@A 7i<o 7193 3D EUF 244 4d &4
&FA42l EYESIME EA3H9 <. EYESIMS VR &%, a3 ZgAk bzl 2 f/4
R 1%, HAZOP AA 971 7171 54 1%, 2 4Rt wso] &85 =

Instruction
Station
Touch| "

Dynsim
Process

Operator |/
HM| - Wonderware:




[e)

1=t

S

<

NEHOE A2E A

o
o

MM W W ) y
N X N ma ﬁw %o o EPT
7K ) =0 n ® ~ o
- N o ox 2 P mw o TP mp ) -
< @) ) Ot o X o ol o] ﬁi T T ° OT
LE oA s N KB P FE K&
T <X © £ 0 o) 3 n g ,E_ < N g -
W T e F N oM TS noeow e g
- H w M o] Le 0 o2 B 0 X o 0
W g Ll <0 Moo= 4 T o @
wem o2 i oz T = H = P %0
~E AL E g S o i
ﬂ RS s O#E ~o Z__l Eﬂ ‘DI ~ ,M.L
n oo B T ooy X . o TP DN oy
T o B 1H%me_ﬁ B T W 3 =
% T W T = o)) s m# % o B N T q o
z X T X T 5 2 X o %o &2 g " N &
—_— ~ -
oy T b e e 8 4 A L w0 @
o ‘Whl a) ,Ul ~ ,ﬂl © On_ L_L ,_.ma Eﬂ o) a ,N_.o " T [
o 5V B ot X o GRS B E o o
o T — o ~
= B g i & Bow = o iy b E O m op T W
G i T o o it w A ow O of & ¥ AU @
F ~ ®© N o & Moo X Joﬂﬂla
" 5 %%a%_@paq Py Mmoo
o T ogw PP E s W e wE T ® g o' o
= R RTOR m,m Ll m_rﬂ e Wﬁ e L el Hp o e b
N ‘,lA_l ﬂnrw N — % _.E _Mo ‘” = m_/vm J)) wT =K N3 Wf =K W o Y
Y N Z ,zqmehg]wnxn HL_LMHH %ﬂd%
o i) R H W N e o — W_a = W o T op ,A]_ i Mﬁ " M
Ne) o ool o ~ X W ™ = o © T R X w 3 il e
& agmaﬂaﬂymog_ﬁqu&ﬂﬂzﬂ T 5 % o
Dﬂlé_ﬂﬂm,@k A Y ox AT =9 "X F
w mﬂmo.ﬂﬂ_/}snﬂwéﬂﬁimm = T BN
L wi%ﬂnﬁﬁﬂg Fo T o o %Ewﬂgﬂ
o K = = N wo o o do I ol — o
R . < B T ~ 1) B o o~ X ® N o
b 2 I 7 W YV oz N Koy F < L v T o
mcﬂ%womgmo_j@%g%ﬂ%w@ ST &5
O EE ol EE T w ﬂW = ﬂu_ oLo M_m —_ W
| E T E m ~ - o
_ B W o= M- m,r,_ M
) o7 op P
O I

51

°

- 41 -

AU VR A2l o Z A= A8t

S

T4

[e)

=

T

o
LS

19 7FA 3

3x

§_]_.

ki



2E ZZ2AAY ALET = A3

2 ske] AA ARL AEF o] ot

q

oM AzEle] AL o} AT 27] WA

Foastmel s oA

O 1993 3 HH 20033 7}4

s 242
o AR A

S

e =9

SIS RE)
= T

EE

Tl A Aoz FHo HE

7o) of

<3
=

ZIHS N

3L

3 8§ oho

=4 AEHol

a3 2-18. &4

o] &

=
=

& doly A8 7]&A HLA/RTI

AR FAE AN B AEH ol

oo

i

~



PN -1 57 o = s =] o 2> A~=0
O AlXete A5 7lEEA HAEY 22 I=E AA BopdA &2 7le &
O =] = [} o = 2= =
Hasta i, A 7le2A d4 =24s 97 94 R 7)H Zleo o7
]
AT7F 20080 HE I &
‘J‘ﬂ'ﬂ' |
S EF 4= [SowFire ShifA 2E D= Fissr
e 30| =5 23|
Jt=(m) 20 2t=(m)
Mzm [ 20 MIZ(m)
=0/(m) 3 =0l(m)
e | ama=e o —
M\E(m) 71 S=dinE r T80 sec
= ZH overflow 24 =c £
i B o s e e
BiSIOIA 7
o= 3sas38 LD, Mz [E=EEa | H ebim
A $Am [ 03 o
auesco [ & UG, poR
wal [o0808° “
second, 1333 0 450 00 1360 1800 sec
2288 (CR) HEe (e ) &J g‘

% 2-19. A= WE A 54 B4 AlEdeld A (FLLTHaL, 1994)

O A e iz 7l 1SOE Fal A3 HAFEREY JBHHA (Human

©
)
2
gt
i
ol
X,
re
-
i)
ki
a7
2
a
N
rd

Computer Interaction, HCI) 2. & %Fo| A

I 2 FHE VIso] gFY

O AFE FEgole AB o~ &) HHo R sk Aztw F7E Polu =



7 Qo] Aol U@ ATk A o R L. Al F7 A

AAE §¥E (haptic) FA el sh=d Y

rr

)
=
Q
gl
@
E
(e
2
rlr

nE Agd 3
5

‘S o4

S
e
P
o
f
5
A
[>
2
o

(of or relating to the sensation of touch

haptesthaigh= ZollA Fei7l HAF. AEAANA 24 ARE A8 F= 7<=

I FE 2= 1970 di o 1980 £ 2 whiH-SH OB F2E e A ZE A

ool 2RS 2T o Aud APS flsted P A

A AREANA dEste A U2 Zleoltal dE AAL ofyn, I F

1990t kel Holso AFE I H L, HEEA ZEd dY Tlee] A5
-

gt (force reflecting) Al

durF o2 A, HA, it 5o EF Vles vRoRE FEHE Y Az

Fl

A AR} ol AAH Z+F Aol L ASF A=H, Ao A LZEO R

-

2
i
2
%0

o
i)

olggk Y ANz®S 94 FE, TAEIY 88 A&

B, &5 371 I AoldEolv AA 750l Astd mofAEs AR A A

AT 2F7de F2 & 17 (kinesthesia)S HE3}7] 95 3
%

Y
ri
=2
rlr
>
0
;9‘
rr
e

E]
d 7le 2 olE EH 7]7] TollA AR ¢ Al sk AT

ol FRE °olF du. WY A== ARSAL dE AZA, fY A7), dA
3}

M
)
1
)
&S
kY

EASAG 7 Brel EASE U BA, A Ao IO o FolA 9
% WY AAE A BHolU 94 BHoR AsA] FHS Ags AHY
AN MAEE E0e AEA BEDFE FXolx, WY AoiE B AN
g AgATE U3k AAAA FRI EgeAs) T, AHAAA Bad P
Al Ao Adetr] i@ Aolzlelw, We AnAL A8AT} Ay

o] #7437 Au AL & u shabe] BAL BeH 4AT AeAe] JHAM Ax



of wel 3L Axstn AHsHE JINY. ASATE W A" A THde] B

lo @ A
o}
©
oo
M
[-'0
o
o
X
N
oy
~
rjg
N
A
1o
-

N
X9,
oo
o
2
>
o
ofo
>
lo
rO
o

Hol B qE Axo] AYHY WY ANE AL e AeAE AHGAM AL

r 7

EZ7F Ao 71&€S AHEW, Force Feedback MouseolA] XF o2 &=7+S Adst

T

£ iFeel Mouse 5 PC9 7]|& Qg o] 2Ql mlg2o] &7ZF QAEHo| A~2E FU}3H

AEel AT on, Y Telx, 9 Bk, AY LZEd] Wro| &
7 Agdols FXE FED 5 AE /%S TN A Aol A=HT 9

E7} AN AR F1ee AW, A4} dolo] BA AHAAS T w A
3 s

2 AA ZAAle FXF AA A (tactile device), 7F AAl A (force

& WHAe A4S AT T ZAXE S AA A (haptic device)gh

_h
[0}
[0}
[oW
o
[o5)
(@)
o
Q.
(e}
s
o)

£
rfo
e
N
N
>,
o

[

] (thermal feedback device)® =LA WA

I\

& AA AH e Anw, vrel %7
H

,d
>
[l
1
e
ftlo
do
&lv
>
op
il
rr
1
4 e

A5 ol =7 AAE A PEs A2 A guel U AR A
L z ARE AFtE Y

L

|

J'H2 linear actuatorg=Z A W|Ee 2+ HS FFAIA
L
=

Linear actuatorZ+ 4 &%, AAA, 4 719 g+, electro-active polymer,

Ol

4 571 Tl AHEHE. Karlsruhe W3Ene] Fisher I1FoAA+= d=2F
(endoscope)ll Al AHEE = & S AA ZAAE RS o] AL 3 x 24719 H
ojglo] Efdoz Aol Ho om 72719 HFo|olErt HU) 600Hz7A &2
st Aol Al AE A=<E 7He sHHE tigtuloAd = RC AR EHE FF5H<
6 x 63 olgo] AXE o] &3 HAXE /MNASHN . CompuTouchA= two-axis &
HE o]&3 NMEL ST AA AXE /MEe o] AXE HE S22 ALEHH
HO tilt 4=+ -10~+100 4. Armstrong LabolAl= SMA o]l & ©| &3
HAPTACO|& ZA S /MEste] s AREAMAA A A

p

J



r Ll

= |

Karlsruhe2| &%  Harvard 2| &7 CompuTouch Armstrong Lab@| &

3 2-21. kst Z1AIA £33 AA AZAA

O McGill & 2e] Haptic Lab.> Tol| = AFol|o]EHE o] &3l Al IRE 437
/FReE AT 5 e SHANGAE WEF. Carnegie Mellon tShaloll A
= MEMS 7]&< ©o]&3td 1lam29] FWH| 24719 HFoolHE o] &3] I F
A5e & F e AAE NEE Tokyo W el Higuchi Lab.olA+ A7 €
<= ]8T 4 ANZAE ML AA7Y dFololde st gk FEF
slider®} statorg ©]&3t L o] ZAE Tt A FHE EAE W A

LO }\g/\']B’L

=

McGill CHEN=] Z

% 222, TR 713 2 AN A

Higuchi Lab®2| &R

O 97 AA AA 7es A EH, AAE (Sensable)Ae] ¥ (Phantom), o™
(Immersion)AFe] &2~ Q% (Impulse Engine) &°] thiEZ o= 717 Ho] ALg
Ha e £ AA ZAAY. 22 old BAES EAE WAAY FE W =
A7F et 9B 2 & ets] F= I3 (force) BREEE A Fste © A E
Ae ¥ EA FHY AHY] (tactile sensation)t} =&} (thermal sensation) &<



ﬁ
Ll
o
oo
_?l:‘
Iz
N
N,
o,
o
>

19 2-23. Sensable TechnologyAl¢] Phantom¥ %7+ A Al %

A EHOIH A

oq 9 &= A4
S BAE 4 A sh= Omega/Delta & ZAE /W3R NovintArel A=

Azkel WY AA 3 AHEe Novint Faleond A3 7Hubthel MPB



TechnologiesAtoll A= Cubiceolete= e AX& /WA, B gAl FHHof
8t 9] Salcudean W 5-bar B3 FEE ©]83l pantographs 7'L35HS

& olgk &2 AA s 717 2RIE/FAV WEE ddd 72 VAL de

h4o] W$ 8w, A4 Aot BA5E A (singular point)o] EAFEZ A
ol8}7] golatx| ehthe o] 3lg. o9} 2 Y AXE wigte] wAHH ¢
olof slmz olFaEA WY AT LrE B HAe} 2o AsdeAE Hg

o] W% YE

ol fdt It A YE AE REFstH AREAOlAl Y AS5S AEs
ZAA7F AR A+, o€l ot PERCRO
g AAE TSR F e &
T AT &7 ;Y AXA O dAste, Age]
= A Z2Ea AA/AA £V A} w3
AFRE ANY F AESE 3d+. oM (Immersion) A= &7t Eofl 3 AR
& AE3 F+= Cyberforces /NI3lAw. ©] Al2BHAA = &7t A& g3}
AR FHE B VTS AR AE 2RI 22 FHE AFste] 2o
e HRE A s, 5L Berlin Institute of Technologyoll A& AEES =

Hog A7 BE9 AojEo o Z+ RJAEELS MEHoE A3ty =3 g

N
4
30
rlr
fo
|
i
o2t
o
X

2

2
®
(e}

o)
=
lo
e
i}

e =}
(2

ol
ol
3R
ulfe
o
o
i
rlo
r

o] A&+ Powered Hand Exoskeleton A]Z2~H®-S 7

A= olsol ZheskAIRt A7|7F - Aa FAVE A 2" AbEd 2

of W WE AR TUEE B AL 48R & Bol 2FL ATsE
FAE &3 AE4Y 9 FAE ATT Lot Qov, AT Hde 31
2 Ao thur AYY W APwE =24 AZe7] 95k Walk Through

Type 8 ZAX& 7Ntz g
= T 712 A3 NT 2l XALe] Wearable Haptic 1] 7Hdo] 2483}

Aol Ao Haptic AHIZA 2 §8E= B33 A5 Exoskeleton EFY
©] Wearable Haptic 71&%] 3¢ AfF=4 Fd8Ho| 753



st ol A= Exoskeleton FEjQ] wlxy o] &2 S &golH ZHo| 9

ol 12719 AF=E 53 TET Exoskeleton Motion Capture System< 7l

o O{Nf

THRFRAAE 5 AREE AT F 2UEY ADUE Fe] B} &
%o $%9¢ 27311, Exoskeleton FE)o 23 Fol A2E wHE ol g3 7}

[e)
R=3
AN -7 =& FTHI Wearable Haptic in Virtual EnvironmentE 7l

o

i, B A]28l2 Cave Automation Virtual Environment (CAVE)Z 7} 373

TASY AFA FHI} YFRE AFAE Ad Z2IRS FARAS

dEo] - @A Wearable Haptic FHl= 283} Ao i Heda Azt
RIS Hold FFolH m=o AS TR A FAEH At FxEo=E
T ARREA e, I Ve FEe] Hold

UE, vz Ag tdgk BlY e Locomotion Simulation 7S F3l 714 374
%o 4 Simulation®] AA] o] FAlo] WA= o5 WMLt H& Ao|7t AR g
THE Hojual Haptic? 7 Aol 45 dAE 7lso] stAl Xt AlEdolAd

saoly b 95 AW BAGE 2ol U

Telepresence 7= "= A% AAZ Fdo| 220]= Haptic XS AE4

=
o7 e FJAVE o, B2 dstdAE tgdd F7F2 Haptic XS 71T
A

ol
ol
k]
30
alfe
J[m
ol
ol
i}
o
iy
iy
=2
o
filo
Ho
%
>
ok
3
(n
=
o=
©
=
iy
o
4
:c|>l_",
52
rlo

U= fFEFt 8, Sarcos Researcholl AXl= 7Hd &3t A2 74 Wslo] grao] &
PN
T

Ads HE A= Treadmill Type2] 7} ©l% Al=®<Ql Sarcos TreadportE
Mdste], 758 FA Ao ARE TP AA&KA AAY He F ° 7EE 24
ddel A

9 7dol sla APAL] 22 AT CGE ol8d] 3D T A
W



O QRO T BN WA= AR E Fshel vhgte] YHE BYFE A

\

2~®lQl Ground Surface SimulatorE 71'%, 2 A|2®HLS O3 vige HslE &
I 71 843 AR 45 Z8o] sl 71 S o]l &% tFdt EdH

7}7¢]

ol

ol

olgkg]o} Scuola Superiore Sant'‘Anna WA= 7 FAA HAFE=
Haptic &35 Exoskeleton Bt} #AE &3 &F&3F= Al 2HIQl L-Exos (Light
Exoskeleton)& 7N&glom ol 7t 34 HRE JdIHE T3l AN 7V 3F
B AFAAA 7V B ANA Tl A= B2 AP A Exoskeletons 53l Haptic

ARE A

=

il

U]= SensableAl= $HA 3 gXd Walog £032 A &A= AHES TFEE
=S FHE Y AT AFHE HE FE

2% ¢] Phantom< 7|3 &4 Thekdl 28 Hoko A ALNAC AR S T3}

ANY Adzd 3344

o
4
021:4"
oh
rr

1% 2-27. L-Exos (Scuola Superiore Sant’Anna Tt &} al)



19 2-28. Phantom (Sensable)

O University of California, Berkeleyoll 5= 670¢] < FollolEl2 10749 AFEE T

dsle &5 B=E A Berkeley Lower Extremity Exoskeleton (BLEEX)< 7%

A F2 Tole AT By AdAY 728 Bx VT2 ARREL s




SCER=P
ATd & 9om, o Yo}
o e

Aele 7]

oA AH Hng

o
o

]

X

PAY Fx2==

7}3]

3

2

ol
T =

stAY Al=Hle =

=
o

tel 2A A

3

=
=

mgl

Ao 2§

3
=

o
T

€4 H7ket

o] 7Nt

%

wt

W

7}e] A ZH =

atl

AP A B,

R SERE

=

SAE YAt opd

Ho
A

)

fife)

N
i

O 7Hg @4 7]

Az
o

O 7 d4 74k §<5& HMD, 3D Y

i

15} Ao A

S
yul

Aol Mg A A gulsh §AF =27

1 stepol Al ARl 2]

3]

I 5

1

3
=

Ho

o

ﬁo
B

acy

= 3

=8 w7 e ARl M A

| —
| .

O "= Sandia National Laboratory ol ]

i

B

3

&= &

AH X

(e]

3+

<

A EAH} Ax 72 Ao o

A A2 AT A 9

ojn

iy
o

HAA Al

1
T

of o] E AR A

M, o=

9 Exodus/SmartFire’ &

=1
=

Al AlEE ol ol Thegt

_cq

HofE

ZE

gold AZEYAZA HARIE CFDY &

o ZA% 3F3A A&

i
5}

[l



a9 2-30. =8 HlP7] Ak i HdAF FA 98 2E (Sandia National

e DRI AT L 5 el

WA | Ay DDA SARLATRIRD 1

W ediwiay ERTRANS DA e, MR- |
AT O . i~

g Pr—TLLA b —_ Hesp el RG]

a9 2-31. ¥Y Exodus/SmartFire (EZH°]E)

O EFA 2" 9 2005\ T-50 254 AeTHA7] AlEHCIEHE AZsHA =
O EgAZEW IO ot I A TH AlEHCIHE 20043 /dE wHE

ot

¥ (semi-immersive) 7Hd @A AlEHCIEH 2 oA =y Ed il A
]

HolvE AAY Hele 28 A5 TV A% A



(Conﬁgm'anon of a VR based e-Training Systmn)\ —( Contents
u - Online e-Training Situation

b ommumty Technology Training
i | Control
Training

-
Learning
l’\'lotion
Training B

HW 'I‘_echzilolc‘:gy for

Contents Management i
SW Technology

Technology

Agent—base e—Training
Management Technology

O% 232 7 @A I EE ONEE (A AEAATY)

oA E&3 4
B3 Fd SAe uFA 7S FRelAE &3 &Y EHES AFH 197

AlEECIE A e thE&Fe] HolHE a&2o2 A48ty % DB 75
A77F AAE gkor, = vl 4EE w2 £ =

T4 AF, Bfstl e AEdCIHAA =25 t&EFe] tlolge A9
e AFst AAH ez dEsta A=

tlole A%< 93 DB 75 H&9 7le2 AE#cold ool ket EokolA
&gl delHE AAst7] 9 DB7F =50 loew, e IT I=2kE nt

o A% wAsL g

ANEYolE AxE BA357] Y&l ANOVA 24, What-If, Trade-Off ¥ 183
Data Mining 7|"# DEAE ©| &% &4 0] &IatA AFHI e 434



O =w5% 42 ElsevierAl ScienceDirectE &-83) 2013 Journal ArticleS T
oz zA Y BAY
O AMEFE & OE A4 A= FAAaste F 1851100 AAHA A 7]
sHEZE ZFHE AHAHE AEHoA 7le =&o] 7P B I 9 Zoke
@ 7
E 2-6. = AN N8
=% A4 =4 e
74 Domain ScienceDirectoll =% Journal Article
1A DB ElsevierA} ScienceDirect
A 71%k 19931 d 1€¥ 1¥¢ ~ 2013 8¢¥ 20¥
AN EF e A4 719 =
ZAE A A A 1 f 1 1 1
_ _ ant safety, ant regulation, ant
2 Fd AUPe TE| 30| 0 P & P
o knowledge database, plant accident scenario
=
steady state rocess simulation, dynamic
ZAE AHUYLL AE Y P Y
. 5483 | process  simulation, accident simulation,
golAd 7= . . . .
interactive simulation
ZHE okd TH 3HF 3095 plant visualization, virtual plant, safety
7Hds) 7w ' information, 3D laser scanning
sae T Ay @4 haptic human interface, haptic rendering,
) 3,027 | haptic  information  processing,  walking
& T Js o
navigation
AE S ZAUE olHE safety training, operator training simulator,
3,808 | plant system integration, lant system
RS e pam & P
interface




Number of Paper

o

THR(EHE ZAHR A M0 =3 ALl 75 &)
[ rlant safety
I Hlant regulation

ZHE(EHE CIHMEIE AIZ01E 2=
[ steady state process simulation
B cvnamic process simulation

SHS(EHE ¢rH 23 23 RS 012D
[ safety information
B :C laser scanning

LS (EHE Z2HEE Sd2 28 02D
[ haptic human interface
B haptic information processing

BAl SR ED| P
[ operator training simulator
B ot systemn integration

SHE AT SE IS

13 2-33. 19931-2013d 7&vdE =8 53

7 Adxd =% 9x #3
(1) EHE =gAF b AL &

e, A3 1 A5 F7ksa 9

O plant safety, plant regulation

database, plant accident scenario®] 7d-%- 20001 d ©] % +4

S 343k Ay 19933 HE 2013

Ho

k7t

56

T e
=0l o 3,098 Eite o=
4 T A=
=% AdE Boy plant knowledge

3

7+ UErd



200
B B PIRESAely | e

150
. B
]
g 1
©
o 1R |
e
o 100 .....
=
]
2 |
E
5 e |
=

50 =
0
1995 2000 2005 2010
Year

19 2-34. plant safety =& WEASF (1993~2013 A7 200371)

100

[} Plant Regulation

80

Number of Paper

1695 2000 2005 2010
Year

19 2-35 plant regulation =& HEASF (1993~20139 A4 A3 6857])



50

e (] Plant Knowledge database

B e

B e

Number of Paper

1995 2000 2005 2010
Year

1% 2-36. plant knowledge database = WX (1993~2013d HAMZA T} 16971)

50

(] Plant Accident Scenario

40

Number of Paper

1995 2000 2005 2010
Year

1% 2-37. plant accident scenario =& WX (1993~2013'd HA A7} 24177)



O steady state process simulation, dynamic process simulation #°F7} =& AT
73

@O Interactive simulation2 At & 2 #Z3}3l Accident simulation®]

20001 ol F HA% F7HE YERUS

100 —~

B (] Steady State Process Simulation

Number of Paper

1995 2000

Year

2005 2010

1% 2-38. steady state process simulation =& XS (1993~2013d 7422 7}

1,0697)
400
(] Dynamic Process Simulation
300
g
g
B 200
g
E
3
=
100
0 1995 2000 2005 2010
ear
19 2-39. dynamic process simulation = H3ET (1993~2013d A A7 3,19974)



150

(] Accident Simulation

Number of Paper

1995 2000 2005 2010
Year

1% 2-40. accident simulation =& W3EAS (1993~2013 AN A 66571)

100

B ] Interactive Simulation

80

Number of Paper

1995 2000 2005 2010
Year

1% 2-41. interactive simulation =& TE S (1993~2013 A2 A 3} 5507)



O Safety information, 3D laser scanning &°F7} =& A& WoY Virtual plant

o A% 20084 ©F ul> FAF F/1E UEhd

50

[ Plant Visualization

40

Number of Paper

1995 2000 2005 2010
Year

1% 2-42. plant visualization =& T3EAS (1993~2013'd A A 2327)

50

I Virtual Plant

Number of Paper

1995 2000 2005 2010
Year

19 2-43. virtual plant =8 HEAS (1993~201319 7HA4A 3 33179)



300 —

(] Safety Information

200 |~

Number of Paper

100 =

1995 2000 2005 2010
Year

19 2-44. safety information =& XA (1993~2013d A A 1,9307])

100 =

(] 3D Laser Scanning

Number of Paper

1995 2000 2005 2010
Year

19 2-45. 3D laser scanning ¥ 'HEAT (1993~2013'd AAA 7 60271)



4 SHE o7 38 44 44 Ve

O AME 33 Ax} 19939 RE 2013 d71A] 2] =8o] oF 302780 Gt A=
HEET, W 0 SAE 26 Aee & 4 Ae

O Haptic human interface, Haptic information processing #°F7} =& AT%E Wil

2003 olF FA4% F7FE UE

DO o eveeeee e e

] Haptic Human Interface

150 =

100 =

Number of Paper

B e

1995 2000 2005 2010
Year

1% 2-46. haptic human interface =& ¥ (1993~2013d A2 1,12071)



100

....... [ Haptic Rendering R

B e L L L

60

40 |-

Number of Paper

20

1995 2000 2005 2010
Year

19 2-47. haptic rendering =i WEAT (1993~2013'd AN A3 5247)

(] Haptic Information Processing

100 =

Number of Paper

50 =

1995 2000 2005 2010
Year

1% 2-48. haptic information processing =i X (1993~2013d HAZA 3} 9157)



[} ‘Walking Navigation

100 —~

B0 e

60 =

Number of Paper

1995 2000 2005 2010
Year

O AL £33 Ax 1993 dHE] 2013 d7FA 2] =Fo] ¢F 3808 E3dl= Ao=

el s, H3d O AR Sk ee o 7 e

i
5%
3

O Operator training simulator, plant system integration &°F7} =& A5
73

o
(i
Shl

20001 d o] F A% F7HE WEE Wl plant system interface]

S5k Z7hEo] glold AhA o x5l e



100 ~

(] Safety Training

Number of Paper

1995 2000 2005 2010
Year

19 2-50. safety training =& WEAS (1993~20131 HA A3} 62971)

(] Operator Training Simulator

150 p=-ene

100 =

Number of Paper

50 =

1995 2000 2005 2010
Year

1% 2-51. operator training simulator =& T®EAT (1993~2013d 7444 7 144871)



200

(] Plant System Integration

150

100 =

Number of Paper

80 =

1995 2000 2005 2010

1% 2-52. plant system integration =& XS (1993~20131W A A} 1,1727)

B(] e

(] Plant System Interface

40 -

30 =

20 =

Number of Paper

1995 2000 2005 2010
Year

1% 2-53. plant system interface =+ TEAT (1993~2013'd AAA 3 55971)



=]
B4

of\
s

570 Al FE-ZA Bokoll B3I =8 HAAMS BN A} FY AR BEopllMT HAY
719 =8 9} 27} AFo] A2 Aol e

53] AA 7192 =% Fo AoJA = dynamic process simulation®] 3,19971 2.

2 7 BU%3 I S E & plant safety 2,00371, safety information 1,93071
Lo ® YE

v Fol AolA 7HE w& 241 5F-3A Y simulation 7€ e ool &
g 4 = 7Nk 716 Sgsieg shAle] @ikl st SF A<

Arjdon WE AR BAR AARTA Bopt =8 S0l QoA AxF Wol

1 haptic human interface®] 73-%- Z#foll wj-¢- &EetA =& L7} P

AF ol Bol=s gg3tE 71Y9=r) 27 AE 2Rt 1A S0l A AR

S
g % & & i
& o A5 v
s, % E & F S
‘al
p o
o % &
e &
3 &
% o
d\’i" \\J@‘b
D, &
%
o
% o
[ | 500 0| ot
|F 500- 1000
ﬁ 1000— 1500
_,
SS —
y satet s, |P' 1500 2000
et g
o = ey, —
o e %, F 2000 - 2500
e 0,
e '
o =
gt oes® %%, | 2500 - 3000
e
1 3@G\d,\3n e—
D\Bﬂsce(\m\o oy, i 3000 - 3500
steacy state dyramic accident interactive

process simulation  process simulation  sirmulation simulation

O 254 7T =8 5% 24 23



th 8 EE R4
(1) FHE =42 kA Aol - Alvg e 5 7=
E 27 BUE 294 A AL Fd AUFL TF )& Bof 7o wE 24
W
I v
A5 A3 A7 e
Bridging between Virtual Reality ) )
. ) ] Advances in | Davide Manca,
and Accident Simulation for ) . ,
o Engineering | Sara Brambilla, 2012
Training of Process Industry i
Software Simone Colombo
Operators
. . Int. J.
Reviewing Reality: Human Alex W.
. . Human-Com
Factors of Synthetic Training . Stedmon, Robert 2001
uter
Environments b ] J. Stone
Studies
Journal of ) )
] ) ) Jennifer Tichon,
A Review of Virtual Reality as a Health & Robi
obin
Medium for Safety Related Safety ] ) 2011
.. . .. Burgess-Limeric
Training in Mining Research & K
Practice
= 2 BLEF3L %) o
TJ—E}‘QOXO';I ] @‘%7}&@
T (PSM)A] 228 P50 . a5 1999
BE AT
Journal of
Loss
) ) A. J. C. M.
Safety Distances for Hydrogen Prevention -
. i . Matthijsen, E. S. 2006
Filling Stations in the )
Kooi
Process
Industries
) ) Process
Major Hazards Analysis for )
) ] ) Safety and F. Rigas, S.
Populations Adjacent to Chemical ) 2004
o Environment Sklavounos
Storage Facilities .
Protection
Anjali Joshi,
24" Digital jali Josh
o Steven P. Miller,
A Proposal for Model-Based Avionics ]
] Michael Whalen, 2005
Safety Analysis Systems
Mats P. E.
Conference )
Heimdahl




Proceedings

¢ th Temilade
of the
Accidents in Pressure Vessels: Ladokun, Farhad
World _ 2010
Hazard Awareness Nabhani, Sara
Congress on ,
. . Zarel
Engineering
EUE JHHAEE Al EHolA 7=
® 28 SHE QAHIAHHE AEH oA 7|E EoF 8 =& &4
e
A = = A A -
Systemics,
A Full Scope Nuclear Power .
] ) ] Cybernetics Pedro A.
Plant Tralning Simulator: Design 2012
) ] and Corcuera
and Implementation Experiences .
Informatics
Gilberto
) ) ] Science and | Espinosa—Parede
Severe Accident Simulation of
Technology s, Raul
the Laguna Verde Nuclear Power 2012
of Nuclear | Camargo—Camar
Plant ) .
Installations go, Alejandro
Nunez-Carrera
Ko-Ryuh Kim,
Nuclear
) . Soo-Yong Park,
Development of Desktop Severe | Engineering
. . . Yong—-Mann 2009
Accident Training Simulator and
Song and
Technology
Kwang-11 Ahn
@
. L . AlEd oA
Virtual Reality in Fossil Power a3 Sam-Sun Ma, 1999
Plant Operator Training Simulator | _ j- . Jin-Ho Choi
FA =)

SR




=2 v—- T
¥ 29 FHE A FH &4 TS T EoF Fo =i 4
121
q
A= A'd 7 e
David C.
Shallcross, Grant
C. Lukey, Ian
ECTN
. . . L. Cameron,
Immersive and Interactive Virtual | Association/ .
] ) ) Caronline
Reality Learning Environments EC2E2N . 2010
] Crosthwaite,
Based on Operating Plants NewsLetter
Moses Tade,
113, June ]
Nicoleta
Maynard, John
Kavanagh
) Ismael H. F. dos
International )
. . . Santos, Luciano
A Collaborative Virtual Reality Journal of )
] ] P. Soares, Felipe 2012
Oi1l & Gas Workflow Virtual
] Carvalho,
Reality
Alberto Raposo
Automation
Use of Virtual Reality in and C. Bridgewater,
Scheduling and Design of Robotics in M. Griffin, A. 1994
Construction Projects Construction Retik
Xl
Ismael H. F. dos
A Collaborative VR Visualization Santos, Luciano
Environment for Offshore VRCAI 2011 | P. Soares, Felipe 2011
Engineering Projects Carvalho,
Alberto Raposo
L . ) AIDIC )
Dynamic Simulation of Industrial Davide Manca,
] Conference ) 2009
Accidents ] Sara Brambilla
Series
Proceedings Konstantinos
Virtual Reality: The Way Ahead 22nd Loupos, 2012
in Industrial Safety European Panagiotis
Conference | Psonis, Angelos




on Modeling

and Amditis
Simulation
Computing
and
Low Cost Virtual Reality and its Systems
. ) John T. Bell, H.
Application to Chemical Technology 1995
) . . Scott Fogler
Engineering - Part Two Division
Communicati
ons
) AIChE 1996
Status and Prospects of Virtual ] John T. Bell, H.
o ) ) ] National 1996
Reality in Chemical Engineering ) Scott Fogler
Metting
Americal
i . Society for
Ten Steps to Developing Virtual . .
. o Engineering | John T. Bell, H.
Reality Applications ] 1997
) ) . Education Scott Fogler
for Engineering Education
1997 Annual
Conference
) ) National
A Virtual Reality Safety and ] John T. Bell, H.
. ) . Science 2012
Hazard Analysis Simulation . Scott Fogler
Foundation
3l 7] Al s+
Agaag olge Angace | Do)
o 3 =2y Al AW, 27& 2001
VR Monitoring System 7% -

1t




ENE 3 Y 47 7 s
# 2-10. SHE 37 E A 7 Ve 2oF 78 =2 24
e
A = Adw A A} =
Nesra Yannier,
Using Haptics to Convey Cause IEEE Cagatay
and Effect Relations in Climate | Transactions | Basdogan, Sedar 2012
Visualization on Haptics Tasiran, Omer
Lutfi Sen
Design,
Specification
M. A.
. . . and ..
Haptic Interactions in the Real o Srinivasan, C.
] Verification 1999
and Virtual Worlds ; Basdogan, C. H.
0
) Ho
Interactive
Systems
Proceedings
of the
International
M. A.
. ) ) . Conference o
Haptic Interactions in Virtual Srinivasan, C.
on Smart 1999
Worlds: Progress and Prospects ) Basdogan, C. H.
Materials,
Ho
Structures,
and
Systems

-7

3_




B) eI ZHE AAFTHAAAH T U=
F 211 JEIINE SWE FAFTEAN2E T Ve oF F8 =2 24
W
A & Adw A2 =
Performance Indicators for Chemical Davide Manca,
Training Assessment of Control | Engineering Salman Nazir, 2012
Room Operators Transactions | Simone Colombo
20™ European
Development of An Operator Symposium A. L. Ahmad, E.
.. on Computer
Training System for Gas Aided M. Low, S. R. 2010
ide
Sweetening Plant P Abd. Shukor
rocess
Engineering
th
16 European Shimon
Combining HAZOP with Dynamic Symposium Eizenberg,
on Computer .
Process Model Development for Aided Mordechai 2006
ide
Safety Analysis Shacham, Neima
Process
Engineering Brauner
Journal of .
Shimon
.. . ) Loss '
Combining HAZOP with Dynamic . Eizenberg,
. ) o Prevention .
Simulation - Applications for 1 th Mordechai 2006
in the
Safety Education Shacham, Neima
Process
) Brauner
Industries
Detection of Safe Operating
Regions: A Novel Dynamic Tamas Varga,
) Ind. Eng. )
Process Simulator Based Ch Ferenc Szeifert, 2010
em.
Predictive Alarm Management Janos Abonyi
Approach
International .
) M. Germani, R.
Development of a Collaborative Conference )
Raffaeli, L.
Product Development Tool for on 2005
. . . Bonaventura, F.
Plants Design Engineering )
) Mandorli
Design




242 53 ¥4

S|
~

=3

5

ot

rlo

1=}
o

3)
v

Sy

29 T4 &
3] 1964\ A H-E] 2012 7FA] F70

.
B Edo) A=, 2=,

® 2-12. E3 AM Q.

E8 AN =4 i
74 Domain v, 7Y, €8, 3=
A4 DB Thompson Innovation
A 73t 19649 149 149 ~ 2012 12€ 31%
AMEF i dE 34 719
SHE =HA A (plant and safety) or (plant and regulation)
Aol FE AU 160 | or (plant and knowledge and database) or
T 7€ (plant and accident and scenario)
Zae SHAEE A fla;t an:: (prolcess or ﬁre1 or exglosion or
1237 | leak) and simulation or ant and operator
gelold /)% ) and (P P
and training)
(plant and scan and CAD) or (plant and
ZWE ¢k FH & 257 CAD and reconstruction) or (plant and 3D
7 7VdE 7= and visualization) or (plant and visualization
and data and model)
ZWE I3t g & 216 (haptic or (human and interface) or (virtual
24 T T and reality and interface)) and training
(training and modular and system) or
JE 7wk SHE Qb 507 (training and system and integration and
A R Bt IR ) i platform) or (plant and simulation and data
and management)
#® 213 ARV 55 37 2 55 % (7))
ZYE
o Z9E EdE 3 7] st
raq | EO gAE | | 9%
JEEE | A FH EAHE
L ¥R AT T WY | o am
= =8 ] ~] ] if;} aad Ll‘—‘_’%l .
N EHo 713 i NES
Al T e |
. A 7l 71& % 7=
7= e
gk 24 63 38 31 33 189
o= 30 332 137 123 228 850
A= 84 699 21 19 165 988
4 22 143 56 43 81 345
A 160 1,237 252 216 507 2,372

g o] #] o] Q] Thomson Innovations ©]-&

A7Fe o AN




O Zt=r 7191= A% =8 E3]of dsiA= A9 7I< % Backward/Forward &3]
g oA 37 2ASte] BAjo] HRES Y
F 2-14. 535 A4 4y 5 A3
A o A
A A pal R
sl | 5 1) 2] o
( safe* and (training* or guid*) and (scenario*
US |or knowledge* or Database* or standard* or | 28071
ontology* or history*) ).KEY.

ZHE = (( safe* and (training* or guid*) and (scenario*

oz} ok | EP |or knowledge* or Database* or standard* or | 2031

A1 FE ontology* or history*) ).KEY.

e (2FA* and &¥* )KEY. and ((Fle]Eb#lo] 2 or
A2 KR | ARl ex or A or o 8* or A4Mlol 2 or & | 437
7= 7le EZA* or F3F or AFA¥) )

(FA* and EH* )KEY. and ((Hlo]EFHo]2* or

JP | A2 or TFAI* or ©]F* or A4 HIO]2* or = | 117
EEA* or FF3 or ALY )

Us (plant* and simulat*).KEY. 45141
(operat* and training* and simulat*).KEY. 65071

FHE < cp | (plant* and simulat’) KEY. 1614

B g E X (operat* and training* and simulat*).KEY. 14771

ANEH | kr (-?O%*E* or plant*) and (Al&# °]* or simulat* or 1267

A 7% =)

E@E * Al E ol* : *
P (U ,:_9]*) or plant*) and (Al&d#°]* or simulat* or 9677
lant* and ((vitual* adj reality*) or (virtual* adj
P J y ] 1A
US environment*))).KEY. I
((safe* or training*) and (CAD* or (vitual* adj 78171

e of reality*) or (virtual* adj environment*))).KEY. -

E‘—‘—_ = Ep ((safe* or training*) and (CAD* or (vitual* adj 07

RN A reality*) or (virtual* adj environment¥))).KEY. -

st4 71 ((safe* or training* or plant* or +%* or F¥* or

_ %%E* =% * Ap* A *

8 7% KR ) and (7l =" or (.ZAD or 713 or 7} ]ﬁl-‘ 8737
or (vitual* adj reality*) or (virtual* adj
environment*))).KEY.

* i oF * O} & * _r_aﬂ*
I ((safe* or training* or plant* or *F%1* or O | 156971

ZWE*) and FHE* or CAD* or 7Hd* or 7}AE*




or (vitual* adj
environment*))).KEY.

reality*) or (virtual* adj

O T
2 e
oY o (m
-1 4 of

N,
Y

US

(haptic*  and  (exoskeleton* or (walk* adj
through*) or tactile* or (force* adj feedback*) or
(thermal* adj feedback*))).KEY.

42874

EP

(haptic* and  (exoskeleton* or (walk* adj
through*) or tactile* or (force* adj feedback*) or
(thermal* adj feedback*))).KEY.

6871

KR

(#E* or haptic*) and (7}d* or 7FAI&* or &2t
* or |=AA* or exoskeleton* or (walk* adj
through*) or tactile* or (force* adj feedback*) or
(thermal* adj feedback*))).KEY.

28471

P

(#E* or haptic*) and (7Fd* or 7FAIE* or F2t
* or =AA* or exoskeleton* or (walk* adj
through*) or tactile* or (force* adj feedback*) or
(thermal* adj feedback*))).KEY.

2171

[ > o
m
i xRk

s U O
of Y

N

uUs

((plant* or sate* or training*) and haptic* and
(exoskeleton* or (walk* adj through*) or tactile*
or (force* adj feedback*) or (thermal* adj
feedback*))).KEY.

134

EP

((plant* or sate* or training*) and haptic* and
(exoskeleton* or (walk* adj through*) or tactile*
or (force* adj feedback*) or (thermal* adj
feedback*))).KEY.

24

KR

(EHE* or ¢HH* or TH* and (FE* or
haptic*) and (7Fd* or 7FAIS or £ or 9=
AA* or exoskeleton* or (walk* adj through*) or
tactile* or (force* adj feedback*) or (thermal* adj
feedback*))).KEY.

2871

JP

(ZHE* or ¢H* or TH* and (FE* or
haptic*) and (7}d* or 7FASF* or 71 or 9=
AA* or exoskeleton* or (walk* adj through*) or
tactile* or (force* adj feedback*) or (thermal* adj
feedback*))).KEY.

0l




Td AL 75 Ve

al
0 19993 8EH E3&=Y A7 2718 2004dols ¢ 1170 =gy o &

Patent Publishing Trends

20

Source: Thomsan 1rwmaﬂuns www_thomsoninnovation com

19 255 TAE 2AA GA AT T AL TE 7% Bd ARY S99

O FrpMEE YR AP B 50% AR, WA 0% @A, 0=, §Yol
d N &R 29T A

Top Countries

0% 256, SAE 2PA obd AT TE AUEe T3 /% B FpE S5



O E3=9 549 7192 Hitachi, =Y AH AT, Mitsubishi, Toshiba,
o2 Yebd

- 1980 HE YE xe A 2 gojA~E #H
- 20119 5E dFAdAHATde] E3 =9

Yokogawa

7)ol REe 2=
o] AAFo] F8 Tl U4 g

Top Assignees by Year

1984 1986 1991 1992 1993 1904 1995 1098 1999 2000 2001 2002 2004 2005 2006 2008 2008 2010 2011 2012 2013

‘HITACH LTD. IDKGEEA&TM ENERGY RES B MITSUBISHI ELECTRIC CORP |
) TOSHIBA CORP .YOKﬁGﬁWAELEQTRjC"CORP
Source; Thomson I N, Wit ion.com

257. ZUE 2YA AA AT T Ao TE 7% B 58 29



(1) m=

7 53] US2011-0183303A

el %3

Operation Training System and Operation Training

Method
EntLiRc US2009-122165 =4I 2009.04.21
_ ZledEw | A
TAME | US2011-0183303 | /WA | 2011.07.28
=4l Mitsubishi Electric H 2] S0 (A AFEA)
Ll mae s = sl JuE deste
A :-]——,-A = \_1:: o = -
WAA | L . | MAFE | ZeNT 4R 9 gue
X ==
B =2 A HolHHo]AE T
- An operation training
simulator obtained by modeling
a real plant, for simulating a
plant state of any one of
during a normal operation and
in case of an accident; training
operation input means for
inputting an operation for the
operation  training simulator;
AT CPERATON SIPRTNG S1STEN BEE%EE“ J;F;&EEH simulated accident information
oS s | ﬁ?if:%ﬂ input means for inputting
= information of a simulated
- ?%:ﬁﬂfﬂﬁ" _’I’_*srﬁtﬁ%wﬂ ”smsj%ﬁ' accident for allowing the
B o i e/ . operation training simulator to
3 |pmm & e SFERN £ | simulate the accident; a training
[l I 1 . .
= T MBS | oF | operation procedure database in
- | um\gg%(‘cmsri):ltmllnu ‘ F.é“ﬁfﬁi@‘h“»”#ﬁ i Wthh operation procedures to
I : be input for the normal
ST e f ik . .
FEILETEIE'}J | e ﬁ,ﬁ:m R operation and for the simulated
WFORMTION i mnm MES ; i i
i | (NS | | accident during operation
1 !* Y N training are registered; training
[ oonomaesioo | [ I mis-operation detecting means

CPERATION TRAMNING SYSTEM REAL FLANT OPERATION

for comparing the operation
procedures registered in the
training  operation  procedure
database and the operation

input to the training operation
input means with each other to
detect ~ whether the input
operation is a mis-operation;

yal

EoH |- PCT &9<&

Sol7kA @

-. Family: W0O2010-064459, CN102203839
sto] B AAF=S AAsHR o EP (59
E7|% Ao F H

4) oAl =




(2) "= &7 53 US2008-299068

o] w3 Operation Training System and Plant Operation
Supporting System
EntLiRc US2008-156406 =LA 2008.05.29
lEe®w | A
TAME | US2008-0299525 | F/HLA | 2008.12.04
=4 Yokogawa Electric H2) 4 H AALE Z7]
R %%j‘i Ao ==} A2 Safety Station Simulation®l <] %t
Td U A o]
-. A safety station simulator is
10&1 v = i 1mplf3m§nted using an
AF=iay APy [N application program and a
- communication program
¥ installed in a personal
o TO1A~\ 1018\ (102 computer. The application
13 ‘ ; £ | program is a program actually
= s Ry s S o e oF | used with a safety station of a
™ ]{__ TEEE |\ EiEE | | iEE real machine. Since the program
] ’i | used with the real machine can
- be wused intact, it is not
7a2 necessary to again describe the
e / application for an operation
training system.
-. Family: CN101315559, JP2008-299068, DE102008026409
- M E 5 AAHReY $EE vgeR dHtls
- A zH Ol A2FloE AMSEE §8 ZEIHS Addste A
AR | 3 FAoll, 8 Z=a39 A3 AxE Aol wIATER,
EWE Aol Alzglo] FHE < zElold A=HlY =2 FHS
g 4 At A BA6, A2RL golshA TEY + Ak Aol B
7<)




(3) d& 78 53] JP1996-146864

e o] w3 SHE HoAA
24 s JP1994-308472 =99= 1994.11.18
e85 A
TNHE JP1996-146864 SN L =k 1996.06.07
Z90] Toshiba System Technology, A2 ?ﬂﬂ_%i% ]
Toshiba (T A A T3 31
ZZF FZ] & glo|E o] A
NamA | 2 34 A wy | Aasw | o o A
=270
-. Family &3: §l<
- 23 A A FE 218, o
B Ao B 6O RRE ZEAMA
AF 235 e AY &, Z2A
2 98 A% 29 Holy &=
]
of osir 3 FA FE H o
g EHjo]A 225 Fx 3] d©lo]H
e H Q| g=o] =2 Ao =7 3
oF |38 w 4y AE W Ko
golg &9 ZAA UHY
ANzl 88 FA g3 FA
of, =& Ao zHo JF
o] wWAA o y&s =
g Az § 9o EXg. oxz
S P v, THELLE SA A
A4 & & gle.
EEYo] 2 xASHS w HIE QAT ¢ YES 22 FA FJE
HESA Holg o] ~E 2A%
AAF HTE SHA] ol A= ¢l




(4) d& 55 53] JP4542999

|

g o] A A A Ao A 2=H
Z9W s JP2006-050062 =49 2006.02.27
78T A
SEHS JP4542999 SEYA 2010.07.02
=l Toshiba H] 4 E ==
Vs | o EANEA L an | am Aa delemer 4%
A 3% 5 ch C Ea
o= oa Am An me | oo =7
-. Family &3: gl&
- EYE 24 H &3k o
| = olEIZF At oAl S
e ] [ % 5 s g3 B, 4B
aall Aed gloiMel Ax el
SR RS FlsEA % SdAEo
3
— l sy /| & | AE AASE Ao A9}
oF | ZHES A W H 2SS
AAEE7] S8 dEE A9
A=Y AHo YeEld HRE
HagEa HagEEs HaEEc % /‘\l‘é-]-{—} ;gl:l 7g/1\l 5[\—1:/_]':11]— E
2 H A " oletd o] A& TR &
A AAS ol AES TH A
2 115 Aol LANS +#H|g
- THE AHE A dlolEuo] 2o uA HH A HolE7} A=
745, o] vlAe] AR A "lolE o] ZASA, AlEHCIAH +HES
AEA A S ZHES oS AHMNA I AHX WHES AAH, A5
= AL ERHORE s+ A A Al Al~EY
- 525 EFEA 20260d 2¢ 279 AY 92 E




5) d& 70 53] JP1998-268745

o] A EWE 4 A Al=H
ZdWs JP1997-073860 =49 1997.03.26
ZIEEw | A
e i e JP1998-268745 A 1998.10.09
. A A=
=09]lo . . . }\]_
=49 Mitsubishi d )4 H A EARAA)
SxAol o7 ATLA|
: AR oz Ahele dolejuo) 2
fdA | dgstr]l A +E | AT 23]
A
Bl o] Eul o] 22 Tl °
-. Family 53 gl3
- X FE AEHCIHE AE
golde AANG W, J4g A
of 93A AlEFHoIHOZ UY
. 4 g H 2 22 ZARE A5, A
WHRACHS | | BAfuiur | | BARLIOR T A AR AR 200 o) &) A
F-94-2kR F=§4=281 EEE] | -
Al E@ o] A o g} A 1 A1 A
o JEdo]doE B g AL A}
) el des A, ex& HAA A
o : : Rgi _ o
= wewr || 5 N 2 42 A ZZ AR AbaLA
- ”"‘ LEY 792 1 BEBR -8 ZZ glolgHlol~ 349
= s BusR #agn ok A Aol oL Mo =
m AhER —i ]——L- ]-O ] tH“S‘O sy EH? i |
- y HEE v dta, AU 9
5
Y aisu; | | g o272 HRE x4 Al
T—— 9 dolEuo]x 50 S=3) F
o, AZHE 109 JHAAANE
LA AHE oxA Aude
HolejHlo] 2 A 5ERY S&
3 ez Auele A A 8
of &)l CRT114o] EA &
-~ 2w FE AEHOIHE & F Jdd FE ZF HolHE fFas)
HENH | A o] 88 F e THE 31 A Al=®s AT
- AAF AT A8 T)Ed] o AdE dRglS




6) 4 578 53] JP1998-240114

o WA =X FdE& AlEdely AA
Z9Ws JP1997-048212 2997 | 1997.03.03
ZlE®w | A
TS JP1998.09.11 A 1998.09.11
Al
=99 Mitsubishi d 4 H
i (A AEARAA)
ZZF ZFA] SHE o] H| o] &
AasA | mas zgpa | sagw | o P ANENS
A3
-. Family &3: §l<
- CRT #= 20 AP Z&
ZA sl A Al
¢ sl l cAskE =& wek Adgd
o e 2 #E dolHE FHss
R H s Lo 2N GE doly 3 Z2
A0 B 113 0 BA G2 dolE g
2| | == 2 |vE A" ZRE FHo
SR 7| |Nemesa 1! } N o 16
i oy | e of | gt =& A e e
Ao Baw A BB dol
] -
|| L | o]~ 10 ®lwsl, 2%
T — FEol A HAEAE A
CRTYE ra st A @E 89 Z=Td
9E zZtFo] A F&Fol il
a3k AV AARE PeiHe
Ag 48 g & 9l A9
AR |- AAF AR A4 53 A7t 9




- EHE 2dA 4R A FE OAYEL TS Tle 2k Fa Y2
Mitsubishi, Toshiba, Yokogawa &2 2 3}o}= il 5

- FbEEE Yol MY B UL S e

O A4 &4
- 72 5E3EY gFES 55 FARE S AAY A TS A Get d
27t /=

- "= 53] US2011-0183303A% A AAZol %la, PCT 292 3 Aeolns
AAE FA O A ZUEPEe] e

- 48 55 53] JP4542999= =AML SR 55| 2A, o] 539 F8 84+
AR Ag dHolgulol2et BEE YEHolmg o] 24FZ HFIAY g A

2e 2% €2 RAYTE 55 Yo sde e o ny

Patent Publishing Trends

125

100

75

;JﬂnMd !

W 1989 [ 1992 [h1094 [ 1995 W 1998 (1) 1993 M 2000 MB2001 WB2002 [ 2003 WE2004 [ 2005 W 2006 [} 2007
[ 2008 [§) 2000 [ 2010 [@ 2011 (2012 [ 2013

Source: Thomson Innovation®, www.thomsoninnovation.com

il

)
re
b
1121
A
Qb
TN
rjg
Y
A

O3 258, EHE QJEHAEHHE A EHo|H 7= #



O =7PERE do] 55% AERE 7P B v=2 25% FFolH #y2 15%, &

Zo) 23] o] WS AL

‘Top Countries

a9 2-59. ZHE JIHAEE AEHA Ve Y =7k 53] 4

2 Fisher Rosemount, Hitachi, Mitsubishi, Toshiba, Toshiba
7199 °|™, Fisher Rosemount®to] wl= 7] <
- E5EY At 353 19999 ol F 20043 7HA = YR 71 Hitachi, Toshiba ]

A
ol
o 2
Az
S
e
e o

Top Assignees by Year

1679 1934 1985 1988 1987 1599 1990 1201 1902 1993 1964 1905 1586 1997 1988 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

HIEH Agdgold 7€ #d 535 =9 51 71#



(1) d& 371 53] JP1993-027663

Al

2

st el

o

o,

o
e
o

JP1991-178125

it

1991.07.18

ok
(E
}01'

JP1993-027663

7|8
1993.02.05

o

Mitsubishi Electric

e

:{L:].

(v 4 A3 721 51)

o] o
BA &

A el

3 2 A

A

LS

=48 AlEHlH

Fo

= A< R )

-. Family: §l&
1993-

SWE dloly 3 A 59
o3 3 3 ZHE HolHE
dolel &4l g F 85 JNUA
A Al4r7] 20 EHE dlolH 10
o 7A AE3ITd 7] dHolE
A AHE B 11 ZWE fo]
B 10S 7|20 2 %7]x Hol¥
128 A4 IgAAH @ Z271X
dolE 122 7]& Z7|X] " o|H
139 ALARJNAE AEH I% 14
of & A8 & A&l B
g 159 A Eth.olZ2A st

2 AAY AT ZHE
71l g *d 2
A FHEE AANE F

=

N o2
0 2 & o

Fot

j =
T T

= [e)
JLE fL

- A A A
s &

Al

o eHE
+ sl ed

A ATE A

Aoz | 2 e
=




(2) 4 &7 28219k JP1993-015069
Wy o] WA TdE Al EH ol A
993 JP1991-061106 =997 1991.08.02
: e | B
Rl JP1993-015069 TANI A 1993.02.26
Z=UQ Mitsubishi Electric HYAHH delsls
=T U Rl - - =
) R )
instructor 22 SolarE A Al mer
A 7198 dej9 FRdH 23 A2 % 23
af| 2 % IR, +7 AEE AAE
A AHNA A7 e A A3 qu L]ﬁ] Eioqw
= [e) 2 Io1
N2 e (EE | &g ol 7R 719F
-. Family: §l&
’e 14 / 17 ‘1! - B A B4 AX 42 FH
) k ( ’ q9 EBF & AAHS EF
WRE AT 08 ed NEE 29 9, 24 ¥4 4
'L gkl 5 Ayl Bol Slojxdel W gy 44
o i X AE D 2% LR ABE A
3t N W 8 |42 AEHNA 79FAA 19
= o | 719 &, ¥4 He 49 A
|| [FRiE VA AN AR oA 7 FE A
2 g ) I Bl AojAe FH HH AA
SR | | el 3% =H oH 2%
! Az g BEF &4 A5 E AE
' dlold 7o gA 102 RE 4
2 9oy =9 = A==
T4 @ A,
- oY A -oA instructorg AR 2z} o]y AR Y FTHE
Ao ARk B8 &3 o9 BRE FAsAY instructor 27 o] ¥
SA ARY F Qe FAE ABHH FNE b e BHow
3t




(3) & 7 53] JP1993-249882

g o] WA 2E A%E AEgolAd WA
YNz JP1992-046825 =4 1992.03.04
ZleEF | B
TS JP1993-249882 A 1993.09.28
=9 Mitsubishi El 1 2]l aelas
=< itsubishi Electric gl N
) (T AHE 3 3
nol mE N2HS 555
ANEdold 4w o me o
Zk331 ®o] BE A 2H Y
sfAFA | WAl &oletA & | MAFTT . o1 ALolol clo
e wa tlo] o] 2 Abo] o] HlolH

i FLED

\III‘

AEHold WEe 547

oo | i 7 elolg 2@ me| mE AxH
& |- oo e | 8| gE) dolEE B fASHE o
= | a | oF |olEHo] 2R RE THHE w9
o 5 \,f i BE AN2gHE B 3o 35
§~ﬁm¥&‘ na%m#ﬂ B | ] o 2o 2E Al2HQ] Ho]EH|
I\ 5 W wonl ! o]z Atolo] ol wPg Y3}

174 o]del Aj Al=ge 2t
A EAHOR 3 RE A

) Aol W

= ol

- Y AElA B AEGIAY 4 AAol A FAHA S
of & Z2a9E TS ojA, 4 Bl ML FA =
2 z2O3E TASE BE 2o Ao WAe SHksteoF st
AR |y & 292 25 2% FuH AEdold WHeR, B BE A
g AH HolHE B FASE HolEHo 2R T4 He 29
EE MNz2®E EFE zhFo] 1) oo A Az"E ZE Aol




(4) d& 55 53] JP3606712

g o] A SHE 3 THE AEFH oA A|2H
=9 s JP1997-186492 2997 1997.07.11
- NEER | B
TEHE JP3606712 SEYA 2004.10.15
_ AP S (52T
=9l Kubota H] g E)
=r © ) v
T4 FU5e i
el wmol Aol A B TA AN
AATA | BN FA | HAFS 1ol ouh
AN 7Hsdk A" e
- A AR A Ao A e,
TS EHES A=Y Za
S 2o Ao AX 29 WFE A
el Aol e "]y D, 2o
s i 5 Aol Az 271 =9 st 29
. " Aol AE Cob TeA~ AEY
LAY 3 |/ 2 , , o
7| [romseay ( ¢ [ olEl 19 ¥ HEHEFH He
LS m:g it ‘&._"_’r'*""“ " WESNER /‘]‘%Eﬂo]/ﬂ )‘o]'EH EHO]H S% ?:fl’
ISR W 79 s A 1719184 59
SRRl ; A FEAC A 171983 50
= | Nl ] 2 | s 719 = Aol AE HolE
= | ] 5"5’/,1 oF | DS} Al el Ae HolE sE
kil {7 ._.; i}_:vgw 7 =HAE A ThsetA 71 B
A 2 s e Edhs Al 2719484 68 2ol
L T A 210 6ol REE e
BﬂL 1 m Aol e HlolE Do =l Ao
5 | A 2019] AFI AlEH A
seop e dHlolE S¢ A2 AE
golg 1919 HAFES Ao i
Ao APE A AFH o ZHE 9
=d AMNE Ao st= =H A
N AA 7S ZHE
- BEA AHdA EHE ANEG F Ae BEEAHQA AHY &S
HEA | hssl @ ZAE o4 TAS AEUlH Azl B Qo
TEHIOY 5 fAE vdoezE ddgls




| JP2644350

= =
::"O

WA kol A7t &

| R W A O N ICHCHC e M
- N K ) =l e o) -
e R RN R g EET ™
o = 5 Mo BN e TR ol e S T
— Bl = oo e MW RM T s RO g
L IR B X T L W T of w0
AT S ER AW T gy TR Tagpd X
G g LT Mg TNy Dl TR T en N W
— ~ 0 0 olp _ 0 Py —_—
! N < T = 3 W g o i N =
~ ) <. o ) e
R T 5 w«mwcﬂomwafu%wa%L_Lu_.aﬁﬂ%mﬂ@mﬁ%@%%Uﬂw
0 _— — —_— —~
T g o g woreilo _weiz_ T @ MR pTo
o |l ol w® [ = _vtME__-,mﬂoﬁ_.mﬂm_o; ol N~ RN
T 98| B o el E el e hwoc s Uy
oSN ® i~ ﬁe_%ﬂ%ﬂ_@mﬁ_ﬂo_ﬁfzi ﬂ@@@ﬁ?%
N = = Mﬂﬁ By s < TNy )P T g mwe™r o
W o ﬁ%%%%ﬂ@aMailiﬂﬁéﬂ%M%%
o
R |X| X e o o
o | oF | o A -
o | M Mm o
_Z_.E EO o ﬁ.)/f m Inﬂm _
2 | o .ﬂ T :
5o 2T o (&) |8
S| o & op H g =
Lo Lo T 1_10 L] B W
D~ (a9} T g - s
53 e $ ey |
o) ~ .Eu A "y -
w ol _n;a]r = x B
ol - ;01_ : = =
® | = ﬂ.,_mﬂ ﬁ =
i e =
0 MR -
o " o
e T S 3]
W | FE R - il
AL AR
_z_.E Eo N ﬁ_.:
3 T oM oM B




(6) W= &= 53] US7162385
o] w3 Control System Simulation, Testing, and Operator
Training
EntLiRc US2004-952085 =LA 2004.09.27
Zle®R® | B
TEWE US7162385 5L | 2007.01.09
=49 Fluor kg2 TEA
ZAE Ao] A=d
idsAl | AELlRt 222 FE | sjAsE | SHME Ao A= AlEHCIH
g
-. A requirements database and
test generator generates tests for
functional and field testing and
generates requirements
documentation, user manuals,
W operational procedures,
o instrument data sheets,
3 %0 8 | instrument indices, instrument
= ¢F | loop diagrames, validation
=] reports, and test reports,
including exception and passing
reports. A  portable process
i control simulator system which
= provides control system users
m D D D with scenarios that mirror field
operation as defined
1. A method for training an operator to operate a plant control
system comprising: simulating an HMI portion of the plant control
system;simulating the control portion of the plant control
system;simulating the plant sensors and actuators;coupling and
using the simulated HMI, simulated control system, and simulated
sensor and actuators together such that operator interaction with
ATHY | the simulated HMI results in the HMI being updated as if the

operator was interacting with the HMI portion of a live control
system;wherein the steps of simulating and using are performed on
a computer that is uncoupled from the plant control system;
andcausing the operator to interact with the simulated HMI
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EXECLTON

A simulation system that
includes interconnected simulation
blocks which use process models
to perform simulation activities
for a process plant is integrated
into a process control environment
for the process plant in a manner
that makes the simulation system
easy to use and easily updated
for on-line process simulation. The
disclosed simulation system
enables future predicted values as
well as the current predicted
values of process parameters
produced by the simulation
system to be made available for
performance evaluation as well as
to guide plant operations.
Additionally, the simulation
system is connected to the
operating process plant to receive
various on-line process plant
measurements, and uses these
measurements to  automatically
update the process models used
in the simulation system, to
thereby keep the simulation
system  coordinated with the
actual operating conditions of the
process plant
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training simulator for a thermal
power plant  includes a
switching device for selecting
. interactive or independent
L, SR 1 . . operation of a boiler simulation
R I i W | section, a turbine simulation
1' SECTON. | MtovoN | aomeine i section and a generator
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3t |§E§I'E'J T‘Of‘pr. ’ Setnon [[YTSNE | | & | operate as corresponding
= Boaly Iesoamey ' . | oF | sections of a single power plant
- L for training operators of the
= BWITEH Device respective  sections. In  the
4 independent mode, the
individual sections are operated
as the corresponding sections of
three separate power plants so
that training of operators of
each  section can  proceed
without delays associated with
functions of the other two
sections
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-. A simulated nuclear energy
power plant system with visible
internal working components
comprising a reactor adapted to
contain a liquid with heating
elements submerged in the
¢ | liquid and capable of heating
oF the liquid to an elevated

temperature, a steam generator
containing water and a heat
exchanger means to receive the
liquid at an elevated
temperature, transform the
water to steam, and return the
spent liquid to the reactor
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. Embodiments of the present
invention provide a
collaborative visualization
system, which integrates motion
capture and virtual reality,
along with kinematics and
computer-aided design (CAD),
for the purpose of, for example,
virtual training on a task. A
virtual reality simulator receives
the recorded motion -capture
data and animates scaled
avatars within a
three-dimensional virtual reality
simulation responsive to
recorded motion capture data.
An immersive observation
system displays the virtual
reality simulation, including the
animated avatars, as a
three-dimensional image that
appears to surround one or
more trainees using one or
more head mounted displays so
that the one or more trainees
can analyze the one or more
tasks pertormed.
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-. Method and system for
providing 3-D services and 3-D
visual directories in a
photorealistic, 3-D virtual
environment depicting a real-life
entity. The real-life entity
depicted in the 3-D wvirtual
environment may be an actual
place and/or actual entity that
is not limited to a geographic
location but may include other
environments such as, for
example, a subwa system,
library, a virtual card catalogue,
a factory, an underground
aqueduct system, an organism
(e.g., an internal view of a
human body), a cable system, a
mechanism (e.g., a motor, a
computer, a computer circuit),
and a warehouse. A
photorealistic, 3-D model is
used as a platform for the
services provided. These
services may include mapping
services, browsing services,
historical services, educational
services, entertainment services,
and commercial services, such
as advertising.
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invention is a method for
o simulating the haptics of an
B interaction of an object guided
3t £ | by a user, hereinafter referred
= ok |to as tool, with a virtual
- three-dimensional object, in
= particular the scanning of the
surface of the simulated object
e and/or the penetration of the
guided object into the simulated
object, under material removal,
if applicable

A=A

-. Family 53: EP1998305, DE102007021348

. AHgAel oJ8l fEE 33
ol d Wy ol &3

- W 5324 gAZE vl gol A WMot 4

L=

AEZRS] 45 28-S

2]

- 113 -




(2) "= 5% 53] US8350843

N Virtual Hand: a New 3-D Haptic Interface and
EERE
System for Virtual Environments
ZdHE US2008-047848 =dYA 2008.03.13
By =
_ 7 =8F D
TEHE US8350843 =LA 2013.01.08
=44 IBM e dH ST
814 | 3-D haptic interfaceol] ]3] Aol
N AAA | virtual hand B3 7<= - P
- 7 o | He 7R A4
-. The  present invention
discloses a creation of a virtual
- hand, body part, or tool in a
== 1 virtual environment, controlled
| RECORD USER'S HAMD AND FINGER MOTION L
by a new 3-D haptic interface
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™ ' objects, surfaces, and textures in
= the environment. There is also a
provision for multiple virtual
hands operating in the same
[_PINS DHSPLACEMENT BLOCKED AT END OF RANGE | (B) virtual world, so that users can
DEFINE ROBOT GONSTRAINT T0 COMPENSATE FOR | work COHabOTatiVelY in the
MOTION THAT CANNOT 8E ABSORBED BY THE PIN ad . 1 ld' th t h
- | © Flr’lma C;N 01‘d't/ theydc’ii L Outch,
(e AETEEG =1 eel and edi e data in the
" Al il | virtual world, including data
about the other wusers’ virtual
hands.

Aoz

5} =7] 918l WS provision?} HFE A|Z=EH] FH
%%} T = WA ThEskE, v 842 At ZAAsta HH
st oA HH THF "HaA HolEe} ME FT 283
A ALgALe] e dEEA F

- Y B EA dAZE o$ g2ol A MU A Y

O

- 114 -




(3) ml=r 5% 53] US7636080

Networked Applications including Haptic Feedback
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Method and apparatus for
providing  peer-to-peer  force
feedback over a computer
network. A network force
feedback system includes a
network, a first computer
coupled to the network, and a
second computer coupled to the
network. The first and second
computers each include a visual
display and a force feedback
interface device. Each computer
provides a force feedback signal
to its force feedback device
based on information received
from the other, remote
computer and in some cases
also based on input from the
local force feedback device.
Positional information of each
force feedback device and/or
feel sensation information can
be transmitted between the
computers over the network. A
graphical environment can be
displayed to  enhance the
interaction between users. The
present  invention  therefore
permits two computer users to
interact wusing force feedback
provided over a network on a
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Devices and Methods for Implementing Endoscopic

Frg o] WA Surgical Procedures and Instruments Within a Virtual
Environment
ZdHE US2009-864340 =4 2009.01.26
Zle®w | D
SMHE US2011-0014596 LA 2011.01.20
290] University of Flor.ida Research Ag) e A AA)
Foundation
5 172 | 3.D haptic interfacedl o3}
MNATA | A AL A 2H p
A raaz A A 2=t} | tactile virtual world A&

= T a R - R )

A
)
Traines
Insttument
Haridla . :Ha;u
Davicer

/

Pnn rol 1 } |@

g -~ -~ B ;
| 1— Darmlhnns Colligians ‘
—— Tizsus

Exercwse
Ring

g}:

=]

-. Devices and methods are
provided for combining the
handle of a surgical instrument
with a force feedback generator,
able to create resistance to
motion similar to that
encountered in a real operating
environment. The working end
of the surgical instrument is
recreated in a virtual
environment and manipulated
by the modified handle through
the force feedback generator.
The virtual environment is
modeled to accurately simulate
the wuse of the instrument
including manipulation of and
collisions with other virtual
objects, such as surgical thread
or internal tissues. Training and
assessment  tools are also
provided that coach or assess a
user’s  proficiency with the
instrument.
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(T4, k)
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271 oo dx a7} Z7hee) @
= (QI2Y=E 7E) (0129 = 7]&)
7EAE 0 2013
1 2014 1,550
2 2015 3,600
A7) 2k 3 2016 5,600
4 2017 5,700
5 2018 3,550
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2 7 2020 6,328
3 8 2021 6,305
4 9 2022 5,920
5 10 2023 5,559
6 11 2024 5,220
7 12 2025 4,901
8 13 2026 4,602
9 14 2027 4321
10 15 2028 4,057
11 16 2029 3,810
12 17 2030 3,577
13 18 2031 3,359
14 19 2032 3,154
15 20 2033 2,961
16 21 2034 2,781
17 22 2035 2,611
18 23 2036 2,452
19 24 2037 2,302
20 25 2038 2,161
Al 20,000 82,667
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(&H¥: man/month)

a7 T ¥ FEY (man/month)
AT | Adw | AdE | ¥€F

14| -2} A] 4 8 24 11

s 24 37 3 6 18 8
34| F-A] 4 8 24 11

27 11 22 66 30

14 734 4 8 24 11

- 24| -2} 7] 3 6 18 8
34| -2 A] 4 8 24 11

27 11 22 66 30

14 534 4 8 24 11

e 24 F-3}A) 3 6 18 8
34| F- A 4 8 24 11

27 11 22 66 30

14| -2 4] 4 8 24 11

s 24 73 A] 3 6 18 8
34| F-A] 4 8 24 11

) 11 22 66 30
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7b AAAY A g oAl
® 52, AAAYE L9494t
(9] 9))
124 20HA|
=)
T 19 | 2x3dx | 3xd=E | 4xldx | 5ald= A
QAR 260 1,020 760 1,020 520 3,580
2a | ARG 280 1,190 890 1,190 590 | 4,140
k| A 110 390 300 390 200 | 1,390
A AL H 20 80 60 80 40 280
SHA) 670 2,680 2,010 2,680 1,350 | 9,390
R 500 2,000 1,500 2,000 1,000 | 7,000
R
b= 25 75 60 75 40 275
=2 |zt
HE 145 605 450 605 310 | 2,115
SHA) 670 2 680 2,010 2,680 1,350 | 9,390
3 53 AlFAA Laddt
(BH91: W mh))
X =) 111:]__'7"“ 2%7"“ =
AT CidE | ovds | swds | aRdE | s@de A
A [RE [ 0xr [ A5 | Wz [ AT | 0gk | A ] A | AR | 905k | AR | A | GA
131;;_ 210 70 840 280 630 210 840 280 430 150 | 2,950 990 | 3,940
2;21;;;_ 120 40 460 160 340 120 460 160 220 80 | 1,600 560 | 2,160
3A &
TJr:; 170 60 700 240 530 180 700 240 350 120 | 2,450 840 | 3,290
@'74] 500 170 | 2,000 680 | 1,500 510 | 2,000 680 | 1,000 350 | 7,000 | 2,390 | 9,390
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L 1A kA A AR

3 54 TAFIA Ak, BlEE o thf S

1A 2%HA A
1I2d% | 23d= | 3xdE | 4xdE | SRl =
110 440 330 440 230 1,550
g 120 500 380 500 260 1,760
o) Ak 50 180 130 180 90 630
280 1,120 840 1,120 580 3,940
210 840 630 840 430 2,950
2
10 30 25 30 15 110
==
60 250 185 250 135 880
280 1,120 840 1,120 580 3,940
oF 241 53k A] o -]
E 5-5. 2AIB-AA AzE, vl EE o2 Y
(T W
1A pAZY:| ]
A
1IA9E | 239 % | 3abd=E | 4xP9 % | BRIE R
80 300 220 300 150 1025
2 Q 50 220 160 220 100 750
o 4k 30 100 80 100 50 360
A 160 620 460 620 300 2160
120 460 340 460 220 1600
A N
A= 5 20 15 20 10 70
=
= 35 140 105 140 70 490
FHA 160 620 460 620 300 2160
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A N
A= 10 25 20 25 15 95

=2 |zt
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