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Recent technology trend in colorimetric gas sensors for
detecting toxic gas
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Abstract
The importance and awareness of industrial safety is globally increasing. In particular, since toxic gases leak accidents account
for a high proportion and can lead to secondary explosion accidents, so rapid and precise detection using high-performance gas
sensor is necessary. The colorimetric gas sensor can quickly detect trace amounts of toxic gases without power consumption. In
this paper, we introduce trends based on the structure and mechanism of colorimetric gas sensors.

1.M E Aul] (25.8%) 9 AEw-T7F (18.6%)0] Al oAk
2215 o] & Fall Fafl7tnel HA wEE = A=A
2 Aol = ookt falliase] WAE AL ¢lo & A% 22 Ae] ok 913k Alar o) Tt mldo] Al

=)
gen sulfide, H,S), 4o} (Ammonia, NH), oJAFa A A AL of|fh AV 15, A 7] 4 obd w0 55 AlA
(Nitrogen dioxide, NO,) 5-¢| thaE2lo]et [1]. of 22

a7kl FEEAY 2 w1, 57| A8 A A Fol vhas]o] AlalE Feiglo] AR AL iek 187,
A A% 5ol WAl A7+ 7 AFE7EA] o]od
o} [2-4]. F3l7 kA Akl X Aol =01, QI wlsle}
o F-s] A AL Qe H ThAAIAR S 2= (MarkNtel Advisors) o] 2a§g} '2024-2030 22 4+
2018WAHE] 2022W@071A] 5WAZF 4T1712] 7FAAT 7| EHA Aok A% o= ZAME T1A (Global Workplace Safety
Atk Afare] Yol o 2= AL g} HFEF2] (26.5%), A Market Research Report: Forecast (2024-2303))’°1| w}

o o>
S
Mo
TR
o,
=)
_?L
&
>,
'}
ox
%0
rr
o
:tl)g
N
N
[
T
N
o
o,
(o]
4

of

)
I
r

oz



RS

The Korean Institute of Electrical Engineers Magazine

2/, Al A AA AP AR qrs 1499 EE

15} oF 19296009 H)olglon] 2024\ @HE] 20307}
| AFdebd AJAFe] Betod7dAE (Compound annual
growth rate, CAGR)<- 15.1% 2 A3t} w3k A12ke] A
% Feolof] thgh v o 2 AtaAel 9 Alare] AR ofjiAd
of| gt QAT HEIe} AFERIET AAIRE BUER] 7]&o] &

=

N

(Grand View Research)& 228 7}AAIA A)7o] 2028

7HA] 87%2] CAGRE HolwA] d4d 2o = o 5613l

s
o} 53, ek Al 1717947 glo] B
=

=
satEn R age] Sei7) gl Aele] $4sind,
4

2 7)2sol] gk ke A 9 55 43 e A7) gl
o] a7 Slal P Ale) ¥h) HE-E A A 7}
Aol K8 ofe] A-So] Al Sl ]
AR 7ol A8 ST ol Theret 714 £

& 27skar ool thel] =3farlat gt

2. St JpAMINC] S 12| 1

EA] AlokS ALgslo] ghet B2lo] )] o ie) s E
AHELE Zholsl 4= ¢l= u| A EA (colorimetric analysis)
< glghato] @ Hofof|a] 2 ALghH AJgF EAPHo )

s 450] ANk whg T u, w2 AR el ulel
#al] ek ol Eje] A wix S

Axlef B2 27}

ul) o] E4ere wishAIn 2570 2 2)Alefe] Aol

wis] ek FHlol ] 7] BHIE 4 gl upR Ao
N

70k (el xS Ko, pH 7 23} (371/9)ll
A shebde sy v Aof] AREE] = A|A|oF2 Thefe
a1, Z|AJekule} pH x|<o] whe} ksl Ao th2 it
ofUe} pH 34| HSI7} th2 7] wjito] w452 pH 3t
of whe} 243k 2jaleFE Abelof Fitt o]’ H2lE &
&3to] g o] AFENE Helebr] ffal AHSH Y HlAE Ao
FZolli= 7] A F Al AR AL Qlek vl A 7]
REe] AHSEA 7Rl = e A Ao (s dR) e
T/Elo] Qlof RE A4, %7138k, A das] Bl 43hA
79ke] 7h A Bt Bl wd Zhgket 25 71
Axe] 712 25 AABhs 48t FAloll 2IAleke] 3
9 7 e At 22l IR AE 7kl
TS FUiEtAZ17] flelf vlsEdAe] W e E

WO 2 0] g3 A7} Fhis] o] o] an gl A|Alefe

o}
Afolle f-57lE 7] St Pz 7)1/ ARl

o

it

o
o

AEL A A AR 7fAg) UhE o] 71E
Afolo] Mztg o] gsle] 7hAE
AABHA] Hlet o|ul], Mg S92 ss] Hlsl =
Az 3ol A 7#A48F Commission Internationale de
I'Eclairage (CIE) La’b A 37+ A}-g3kc) CIE Lab A
F7FollA L2 8171 (lightness) 2Hd& Vehditt L zke] ¥
21 00141 100 Abe] 2 SA=m L gho] A widof] 7124

3L A 08 of g Ao] 717t o[ & Sol, 08 AAME Lt

A7 H]-_g_ _'6,29,] H3} A

P
1=

rr



H

o]

i}t 23S o

Vol. 73, No. 8, August 2024

o] e o]

0 2 A3}

1

kel

15

ekl Algel

o

3

=
[e)

510:1
=

1

O
o

o 3%

AH
AN

H

1

nm| 7}AJgAd

5]

o1

-

T

Shel b

ojn|s

Pl LBl be] gho] G4l 1eabalo] 714}

© o
2 =1=1

A

Al
sl

o

It} a o] glo] i vherd iz A d &

r
2

°

ERiaL 100

9
2

o oo T @m o AR B S L
— e T W W E oy R G g _ | ppasasns -
3 TwI4EHReE R o 1 ilg ¥o
= W.:. Ny o om T o ;qwo X 3, S o B
<l H o B go No B N MW o = 5
4 R z_o 2) o= E EE 2 R =] n =
N eI I UG . e 2 S =%
3r G o AR T e & B BT . =3
h it B L N R z N
= CER I I W S F &b
Bl B g Moo N ey £ . E g H &
=r D G T I = 8 2 2l . @3
= %Hﬂﬂ?éﬂﬁwéﬁ ~ 8 e °°®
)| - ‘m ‘m A_l ! X o e w
. cxBesrgcrc M G
o X o I - ° < olJ S ) g [« X
= < — i 5 4 F b ] u|r
i oW o B X 4T An ﬁ & o N P wwm
< jat <]
= Jo B2 X oy & =y o ur
® N I =L N N - B oo 2l M E:
K o A T T g Jo 5 . g Els I:E 2w
r+ %o ~ N i S LI o 5 b g |” < < m_._m
. T g @MW se R . B3
g H g diw I FZITNETE M - = L
CAR by AN ST TS S HE W&
- e R R g fiEd  sC
B e U L G ey E 8 T g uw
> o PEOH X P KN T R
— = e T 3 O
T ,ﬂu ﬁ W = T a2
™ o o) X0 = o 2
® B o X% A 0T o
T oW B o _,M_MW 3% N oS
ﬂL == ,.Iﬁ_Al dﬂ 3 o * ‘H‘._ -
w W T e W Gy 8 3
R ) w B
B M _ﬂwa g 8 % m _Eu W ﬂwu
=r N No = ~ O Ho h3 ojp
3 5 =r i
%@%ﬁﬁw ; ; B A
R B S S LI T
o = o jull|
-~ o on_ _ |
# = ] w K| = Np ©
N Eo o g9 2 wl;_m o 2 o an
DR E e N N - 7,_%171
T AR E R
= =% o T ox W 5 -
ﬂmwvwﬂw_m?# Eﬁ__ﬂéﬁmﬂ EE £
< 0 N = E B X So S
%Wﬂ%l%@ J 54 2g G
R R TR T W=y
o sy
Eom o SR oo I
kO w My T om o ke
H o ® oW T e R N J

T3 OMMIELHEO| ZBHE PAN LI AR 7[EHMEHRLA] 7EA AL

490nm



PN RS
The Korean Institute of Electrical Engineers Magazine

lonitrile (PAN) WicAlfoll 23ko] ppb ©9le] sl Ha Kim 52 PAN Wi Ad-4-5 ¢F (yarn) e 2 7HE0]
A5 RS ARE dageldet (9] 13 32 2 w2 5 APASA Zslpa 7Rl A8det [10]. vheAd
ppm7FA] HH-S-A1Z-S ] gfrufolofl tjsl] Aefzlo = Al oke- njmm o] Hof o] W 3lapa 7hA Bxlel vhs-
e AR5 2ol 9lem, ppb EelellA e Sn|siAl

T U= olFo] 7] wiszoll oMEAN | dEe] 7)s
HAL E]QIct 1 ppme] Bsl4rAhof] & AJZFE ppb 5 Folsh 4= it o, sk Ae] T2 5 ElS SA

ru9£°

ftlo
o“

of whg} HAE L Ad-g-2] M-S CIE Lab & ]85} 4 = FERAEHA trihexyl(tetradecyl)phosphonium
Fz|sfehA w13} Lo YA 4= It} o= 425 S  bromide (C,,H,PBr) ionic liquid (IL) & =43}ic) 12
oko 2 Z1H3] 91x]E 4= 9l&-2 oln|3i} T2, O7 4ol Hi= nle} o] TLo] A-8-H AlZo] o
0 E o Holo 2 ey 3
[ 1] 1 ppme] 20 S8 AIZH 3! ppb S0 112 AF #i3} 9] o AEE S/d mglon, oS 55ted 1 ppmel A sk
= Al = % z 20 26l HlL.O =
CEAZHS) | 50% | 40% | 30% | 20% | 10% = A Zhdetsick B9k T2 T2l Zhselle WhHeEA
AE 1062 | 718 584 | 418 3.33 a1, 92 FolgAofnt Mefdo 2 gh-g-3]9dn) o]zt
55 (ppb) 800 600 400 200 100 AL AT U0 7]ake] 89} s 7|wlol] BHal4 4]
AE 824 | 371 246 <1 <1

ohet u]4 vk & 128 4 gl Gne BRI W 3
ool Whgol e sl AES AP §) At BEdel the 7ks 1A s 3A A
o el 9F P ol 89 e Buselr Dong- 4 9he-& Holze)

¢
il

pristine yam@Pb(Ac),

yarn@Pb(Ac),_ILs

——-—-—.hﬁ—-hﬁ_-——iﬂa—p_ﬁwn.
(c)

450 1 i Il 3 [ I
400~ yam@Pb(Ac),_ILs
=@= pristine yarn@Pb(Ac),
350 p 5 ppm gas 1 min exposure
300 ik A H,S (hydrogen sulfide)
B : CHsCOCH; (acetone)

M 25q » C : NH; (ammonia)
(O] / D : C;Hs (toluene)
o 200 @ y o E : C;H,S (dimethyl sulfide)
< O F : CH4SH (methyl marcaptan)

150 e o2 % G : CH, (methane)

100 3~ 2 H : CO (carbon monoxide)

8 e : I : Hy (hydrogen)
50 - > =4
" e
0 y

A B c D E E G H

60 s exposure to 5 ppm interfering gases

AE < 3.3, Eye-unreadable

. o [ B & B

(a) ILe| R0l w2 A x10], (b) ARGB 7 [HHsEE M S S, (c) Mt 2M, (d) 1 ppmel iAol =S E AL EI AN T2 AESH

24 OfOMMIEL L O] ZRHEI PAN LI AR OFS O|ZTHMEHSIA TIAMIA | EotA 2K S [10]




0 ppm 1 ppm 2.5 ppm 5 ppm

10 ppm 25 ppm 50 ppm 100 ppm

(2) 0-100 ppm2| YL |0} =Z50]| [HE: A A}

25 BCGZHERE PANLI- MR OHE 7|gHAHH

3.2. 2LELIOF (NH,) 7HAMIN
L job Tl Aol APl o] ALg 3
glon] g4 wlgel Asnt Wolz) 71 ozt 12

AL Ik of2{Eh o=, pH w1 APdol| AHEE=
A AJekEo] MELA] 7L AAlIA 0] 5 2 o] AREE| I 9
t}. Anh Tuan Hoang 5-& bromocresol green (BCG)}
PAN solution 4lo] BCG7} 3-8 PAN vl miE
E AR, o] & drUotell HESAIR 23HE TaEsi
o} [11]. 18 5= 2.5-25 ppm&] Y olo]] AZHHE -2
H A7} oA 2EA-lRH A AP R g AE A
3} RGB A1 Hojzr) 3k 7 Gof|A] 2 4= 91%o]
Yool eEES G
ol& FallA] ool el AdeidE Zhar
Tt AN W FroA] S¢ko 2 1 EE

-

2 Walo] B7|7kx] oelE Alzte] 2]

|

11

O

-

>1n
o

o) b =g

-

% R

—11; dlo

glom,

A

hul

rr

=

Wal7] S1al, ieddfroll 27iAlg s’ste] 71
F 271 o317 2188 %] 31 ¢Jt}. Sihuan

= %EH% waste cottone]| chlorophenol red

Vol. 73, No. 8, August 2024

1 min 3 min S5min  10min 20 min 30 min
5}, (b) 2.5-25 ppm2| LL[O} 2 A|ZH0]| (T2 A AL e}
HSIA TFAMIAC| QL O ZER| E4 [11]
(CPR) A5} W7 T sle] Misl 5/ th = 7iAd

3 S wEsiint [12]. gallE waste cottonol] cellu-
loseS 4lo] A6} 519121, 1-Butyl-3-methylimidazo-
lium chloride IL¥} Lithium chloride (LIC)E A7 A= A}
23513t} IL/DMSOE A}-g3F A1Z3} LiICL/DMAcE A
S5k A= ZZHLD 9 LiDE st 1 23S 19 7o
FERASIEL 18 TollA] & 4= Q1o], LiD7FILDE bk
FIeol| A ot WA EA1E Bt Uk o 2 AHe] A

7E2AIA ol A B el vleghel B8k LiCle &

| 00000

’"’7’0” i cEI/c iy 09’009 céto,”'{, e elize”e

DDDDDD

o””‘?/t/e hyae /"fotb i 7 Olitepg El‘ba/-,o Y Oyso

—Initial Formaldehyde
| Aceticacid ——Dpcm
Acetone ——DMF
Acetonitrile Ethanol
<1 —Benzene —Toluene
Chloreform ——DMSO

=)
=)

Reflectance [%]
£ o o

N
=)
1

>

400 500 600 700
Wavelength [nm]

(a) CIBE7HAO| LB El M| MEst £
(b) MEHAMO|| |2 HIAE AT ER] Z}

J26 BCGZHEREIPAN IR IHE 7|EHMEHSEAl FFAHIMO| MERM [11]



il siziss

The Korean Institute of Electrical Engineers Magazine

(a) original 2 5s 105 20s 30s 60 s
o [ N N I
(b) ©,,
~250 ILD. 50% RH } 0s
5 — ILD, 65% RH o —— 30
Za29p{ - ILD,95% RH d - — 0y

—_ 90 s

—— LiD, 50% RH

5

Euclidean Distance
=
-
Absorbance
n

12
50
0.9+
0 30 60 90 120 150 180 400  S00 600 700 800
Time (s) Wavelength (nm)
(a) 100 ppm2| LL[otof| .= EIAZ IO (2 AAHASIE N (b) REEICICHHZIS 0|23 MA ot ALE 24 Zat (¢) 100 ppm] 2L L= E LD MEC| MRS AHER]
J217 ILDYLID M=ol ot ZIX| EA [12]

HAJo] Holu E2lo|ck 95%RH°ﬂ A ILDE} 50%RHef A LEAHE o Alo] ¥MEl= GO/PSS 7]Hke] HiAl HE-S
LiD&] AP} A9 vlsalth= As el i, LiCL 37F - Barslglo) [13]. 17 85 E8ll GO/PSSe] Spof ufet vt
Ae] sglo] 47k 9l B ehimiolel BB S A 2] Mol Aol A& & 4 9lEk NO, 7] Bl o]
PRI A% 2 5 9l & GO/PSSe] 247} 198 Ao AL IS, 5291 T50%
RH 455 ool 4 NO,ol = A170E), 18 9014 < 4+ )
4. HIALEES 0|22 MHSHA NO, 7hAMIA ST T T
e
B 7hsh kg sto] 2 T} uhEO 24 Ao 8 R
S A|KJof B Qe AELA 7Ll 83 £ iul XA
ol A1 7183} 5} 7] A|Alefolut ol
= Algbo] A gkt BNl 8 o) Aehe 4 ) ol
b 552, AAJek s 157} ALSH 7hh uh e o]
3715} w14 h-g5fo] Aol Wah Aol Belslgic, o
= s R e] A 7k 7o) T S
Aslo] gih el o} aleh] St tiete = v ]
R o AR ) sl i
A B 3 A WA S} AR Aol
o] Y= ARG S 4 Qlot= o]?@o] otk Hong () GO/PSS0|E52| Z4:01| 2 BIAH LS| A Bl

2~
i ] (b) BAHEIS | SIALE TR it OALIZS
Chi 52 GO/PSS ©|%-%5 252 S5 Alofste] Sk

oz j’j-—.'?_]_o] 7]__%__ 3t %%9/] }—‘H% Xﬂoi'a‘]-gi_ﬂ, O]% N02°ﬂ J818 GO/PSS7[HHEIEE[13]




“sieof| wheh WhAke pdo] o] F3igiaL, ol
HEAL BE0f A ] Hsl3lth= As ofn|itt, 523k 2 Sl
+ 2rds]e] 9IA] $EAIRF supplementary data® 3 <
% ,21 o] BRSNS wf o] Moz
& =73k ol5 Bl WA EE 7

A7 712 BRG] T 71l 71

rir

==

(o)

EH0

Concentration (ppm)

300 400 500 600 700
Wavelength (nm)

(D)l No, [0 HO NO,
s = =
L I ax 5% i %

Normalized reflectance

——52% RH (R*=0.9526)
—— 75% RH (R=0.9921)

300 400 500 600 700 o 20 40 60 80 100
Wavelength (nm) Concentration (ppm)

(a) 7IAMIMo & o] F S (b) 52% RH &M ZHEINO2 2| E4
(C) 75%RHE=0IM ZHEINO2 2R EN
(d) NO2 50| 2 TR 0| S EMS 0|83t Mg

J29 GO/PSSHAIEE7IHAMIMINO2 XS4 [13]
5.2 &8
AHSEA ZEAAA s AREE J9f7E AlghAola, 54
7p2o]l ot k2 A} Bl Ado] EAffste] et
ofedz-o] lrk o3k EAl & sl st flal 2 alellA=
AHELA] ZR2Ax o B2 2le] o A D}Oc}‘{% 7R R

& 27BN Lhe Ao W} B8 o] 63 A1z}
| A AR Bl 7L B S ThE A7

P

el mln

B4 B3 AASLA] 7R 0] AT TR ZES Rl
opufe} Algkalo] I AsL 9IS YRl o]
=3} 3| 7154 A8, oA Ue- 24|, metal organic
framework (MOF) & =2 0|83} ¢1727} olofz] a1 )
o} 2R 2 aofA] ATiE 7]ed S5 o] X544

e
jN_
i

(1

(2]

(3]

(4]

(5]

(6]

(7]

(8]

Vol. 73, No. 8, August 2024

A 3 sk 7l e RAlS Hekeithw
glo] A7) wkald 7o 2 of| AEin)

—

2]

H. Zhang, Y. Ma, H. Xiong, G. Deng, L. Yang, Z. Nie, “Highly
sensitive and selective sensing-performance of 2D Co-dec-
orated phthalocyanine toward NH,, SO,, H,S and CO mol-
ecules”, Surfaces and Interfaces, 36, 102641, 2023

H. Naderi, S. Hajati, M. Ghaedi, K. Dashtian, M.M. Sabzehm-
eidani, “Sensitive, selective and rapid ammonia-sensing by
gold nanoparticle-sensitized V,0,/CuWO, heterojunctions
for exhaled breath analysis” Applied Surface Science, 501,
144270,2020

K. Rathi, K. Pal, “abrication of MoSe,—-Graphene Hybrid
Nanoflakes for Toxic Gas Sensor with Tunable Sensitivity”,
Advanced Materials Interfaces, 7,2000140, 2020

P. Goswami, G. Gupta, “Recent progress of flexible NO, and
NH, gas sensors based on transition metal dichalcogenides
for room temperature sensing”, Materials Today Chemistry,
23,100726,2022

L. Yuan, M. Gao, H. Xiang, Z. Zhou, D. Yu, R. Yan, “A Biomass-
Based Colorimetric Sulfur Dioxide Gas Sensor for Smart
Packaging”, ACS nano, 17,6849-6856, 2023

S. Jung, Y.J. Jung, B.C. Park, H. Kong, B. Lim, J.M. Park, H.
Lee, “Chromophore-Free photonic multilayer films for the
ultra-sensitive colorimetric detection of nerve agent mimics
inthe vapor phase”, Sensors and Actuators B: Chemical, 323,
128698, 2020

R. Cortez, D.A. Luna-Vital, D. Margulis, E.G. de Mejia, “Natural
Pigments: Stabilization Methods of Anthocyanins for Food
Application”, Comprehensive Reviews in Food Science and
Food Safety, 16, 180-198,2017

S. Kang, S.J. Yeom, H. Lee, “Side-View Operando Optical

Microscopy Analysis of a Graphite Anode to Study Its Kinetic



The Korean Institute of Electrical Engineers Magazine

(9]

(o]

(11l

(2]

RS

Hysteresis”, ChemSusChem, 13, 1480-1484, 2020

J.Cha, D.Kim, S. Choi, W. Koo, I. Kim, “Sub-Parts-per-Million
Hydrogen Sulfide Colorimetric Sensor: Lead Acetate An-
chored Nanofibers toward Halitosis Diagnosis”, Analytical
chemistry, 90, 8769-8775,2018

D. Kim, J. Cha, J.. Lim, J. Bae, W. Lee, K.R. Yoon, C. Kim, J.
Jang, W. Hwang, I. Kim, “Colorimetric Dye-Loaded Nanofiber
Yarn: Eye-Readable and Weavable Gas Sensing Platform”,
ACSnano, 14, 16907-16918, 2020

AT. Hoang, Y.B. Cho, J. Park, Y. Yang, Y.S. Kim, “Sensitive
naked-eye detection of gaseous ammonia based on dye-im-
pregnated nanoporous polyacrylonitrile mats”, Sensors and
Actuators B: Chemical, 230, 250-259, 2016

S. Wang, C. Shi, B. Zeng, J. Zhang, Z. Wen, F. Shi, Y. Cui, J.
Wang, “Fiber colorimetric sensors with ambient humidity tol-
erance for NH, sensing”, Sensors and Actuators B: Chemical,

405, 135341,2024

[13] H. Chi, Z. Xu, X. Duan, J. Yang, F. Wang, Z. Li, “High-Perfor-
mance Colorimetric Room-Temperature NO, Sensing Using
Spin-Coated Graphene/Polyelectrolyte Reflecting Fiim”, ACS
applied materials interfaces, 11, 32390-32397,2019

HMZ(Seokhun Kwon)

2015E ZEeritlstn T |Setat st

20174 ZEerdtlistn T |58

2017~2018'3 F0IHXPYET =2l

HXIo|20 |t Moizel

20198~2021F 2ot MAS

2022~2023'4 Z3HUChstn Ho[5stnt
HIAIPY 2

2024 E~04x)| 2YSHICE W 225 (7Y

7 QIGO0 : LAY 31 IpA MIA

€~

Z3Y(Hyunil Kang)
20013 SR T 1S3t S (B

[ e J LU

2003 SCiel E2 (FAM

S =2-d o=

2007 STHsi Z9 (ZsfEip
20113-S1) 2gheicystn 20 |Zstat s

= QTLZ0F: LA 3 2pA MM




G Vol. 73, No. 8, August 2024

[ZIZIAEIZ= ] Lhe 7FA MIA

RS 712 HIM JlE S
Wearable gas sensors trend

Elx ES e Eon S =Tl il
Hyeokjoo Choi | Department of Physics and Chemistry,

Daegu Gyeongbuk Institute of Science and Technology
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Abstract
Interest in wearable devices is growing in line with the era of the 4th Industrial Revolution. The global wearable device market
size is valued at $115.8 billion in 2021 and is expected to grow to more than $380.5 billion in 2028. Among them, wearable gas
sensors are receiving a lot of research due to interest in gas leaks, air pollution, disease monitoring, and food hygiene/stability. In
this paper, it introduces the technology trends of wearable gas sensors.
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Abstract
Bio-semiconductor (Bio-MEMS) is a compound word of biotechnology and microelectromechanical system (MEMS). This is a next-
generation digital bio technology that is used for identification of biological conditions, preemptive prevention and customized
management, and diagnosis and treatment of diseases through high performance, intelligence, low power consumption, and
miniaturization, Based on convenient life, healthy life, and eternal life, this study proposes strategies that can promote innovation by
combining bio with semiconductors to overcome existing limitations and expand not only the development of bio itself but also all

industrial fields.
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1.1. CIGRE Award 37

HARA | TIEARIE

|

asia

Qualification conditions ‘ Nominators ‘ Number of nominees Frequency
Administrative or technical CIGRE members, National

1 | CIGREMedal achievement Committees or Administrative 2 Every2years
(5 supports letters required) Councilmembers

) I Administrative

Technical contribution or .

2 | Honorary Members ) ) o Councilmembers or 10 Every2years
leadershiprole in CIGRE activities ; ) h

Technical Council Chair

Leadtechnicalroleinthe CIGRE members,

8 | CIGREFellow Study Committees National Committees ° Every2years
Active participationin . )

4 | TCaward Study Committees Study Committee Chairpersons | 1perSC(16) Every2years

e Long collaborationto ' . o . .
5 | Distinguished member CIGRE works National Committees 1% equiv. membership Every2years
h Paper written by a student based on -
S e their research of PhD or MSc thesis Authors Nolimit Open
NGN Significant Ageand contributionto CIGRE ’ )
/ Contribution award activities (WG, SC or NGN group) NC Chairs and SC Chairs ° Every2years
CIGRE Womenin Woman CIGRE member, and NC Chairs, SC Chairs and WIE
8 Ener contribution to CIGRE activities NC Chairs 5 Every2years
e (WG, SC, NC, WIE group)

1.2. CIGRE Awards =k}

Energy

Sessionyear

Electra, website

Date of consultation Deadlines for nominations Publication media Form of award
1 | CIGREMedal Mid October of non-Session year End of March of Session year Opening Cergmony, Medal
Electra, website
2 | Honorary Members Mid December of non-Sessionyear | End of April of Session year Opening Cergmony, Certificate
Electra, website
3 | CIGREFellow Mid December of non-Sessionyear | End of April of Session year Opening Cere.mony, Certificate
Electra, website
4 | TCaward Mid December of non-Sessionyear | Mid-April of Session year StUdY Committee . Certificate
meeting, Electra, website
e . . . . National Committee "
5 | Distinguishedmember | Mid Octobernon Sessionyear Mid-February of Session year } Certificate
event, Electra, website
6 | Thesisaward Open Anytime Electra Publication
7 NGN Slgmﬂcant Mid December of non-Sessionyear | End of April of Session year Opening Cerevmony, Certificate
Contribution award Electra, website
8 CIGREWomenin Mid Decernber ofnon-Session year Beginning of April of Opening Ceremony, Certificate
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Name Country Year | CIGRE function
Former Chair of the Korean National
Committee, active member of
Ja-YoonKoO SouthKorea | 2024 CIGRE Aqmlnlstratlye‘poun0|l and )
outstanding expertin "Insulated cables
and "Materials and emerging test
techniques'".
Former CIGRE President, former Chair
of Study Committee South Africa 2022
Robert George ) 22 "Overhead lines', former Chair of
STEPHEN SouthAfica | 2022 1 4 South African National Committee,
and Editor-in-chief of CIGRE Science &
Engineering
Former Chair of Study Committee
VT B4 "DC systems and 2022 power
RASHWAN Canada 2022 | electronics', former Chair of the
Canadian National Committee, and
member of the Steering Committee
Former CIGRE Treasurer and former
Richard BEVAN | Australia 2021 | Chairofthe Australian National
Committee
Anjan BOSE United 2021 L.ong-standlng and outgtandlng expertﬂln
States Power systems operation and control
Mark United Former Technical Council Chair,and
WALDRON ) 2020 | formerChairof Study Committee A3
Kingdom s h
High voltage equipment
Konstantin . Former Chair of SC B2 "Overhead lines",
pAPAILIOU | SWizerland | 2020 | eyietitorof CSE
Klaus Switzerland | 2018 Former CIGRE President and former
FROHLICH Chair of the Technical Committee
Former Chair of the United States
. National Committee, 2018 former Chair
| United 2018 | ofthe United States National Committee,
States )
and former member of the Steering
Committee
Narain G. United 2016 Former Chair of SC 14 "HVDC links and
HINGORANI States AC power electronic equipment”
Prabha Canada 2014 Former Chair Canada NC, former Chair of
KUNDUR SC C4 "System technical performance”
Marcio Brazil 2014 Former Chair of SC B4 "HVDC and Power
SZECHTMAN Electronics”
ColinRAY Unlted 2012 Former Chairof SCC1 Sy;ter]?
Kingdom Developmentand Economics'
Former CIGRE President, former Chair
. of the Technical 2012 Committee and
AndréMERLIN - | France 2012 former Chair of the French National
Committee
Jean KOWAL France 2010 | FormerCIGRE Secretary General
Heinz-Helmut Former Chair of SC 13 "Switching
SCHRAMM Germany 2010 Equipment" %
Former CIGRE Technical Committee
AldoBOLZA Italy 2008 | Chairandformer Chair of Study
Committee 21 "HVinsulated cables"
Joao
Guimaeraes | g, 2008 | Former Chair BrazilNC, Chair RIAC
Ferreira DA
SILVA

B o] 200088 AORC (Asia-Oceania Regional Council)
e 719 d HHNAEE 5§ ofrlo} 7tE0] FAlo]
2005 CMD (Condition Monitoring & Diagnosis) %!
2015 HVDC Asian ConferenceS #H3I9ic} 25,
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Company (Z*)OlOJE| KOO M) CEO CHEO|AF Xl & &
Homepage http://www.atminc.co.kr Tel 02-522-4226
o https://smartstore.naver.com/atminc gl
On-Line Market https:/ /www.alltm.co.kr Fax 02-522-4229
E-mail atm@atminc.co.kr Company Type SA7|H
Since 2005.10.17
Business TR | SASSEEH|
~ &5 SEH _77:_ l:||- U (oz]=1] i
Address MZEZAF: MEEEA] A1J L= 282 21-12, XFGLE 35
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SZEHSMU,Oscilloscope O|2AIE4]) HFE?HI" 41(PZ,SMU,Probe station)
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BN OPAL-RT \® REALTIMEW.VE

Real-Time Solutions for Every Industry

BRALET o

Flagship Real-Time Simulators Compact Mid-Range Simulators Brute Force Computing
OP5707XG OP4610XG OP5033XG

Performance CPU Model Size Performance CPU Model Size Performance CPU Model Size
FPGA Model Size Scalability FPGA Model Size Scalability FPGA Model Size Scalability

. RT-LAB RT-LAB enables real-time model simulations with enhanced control, visualization,

accessibility, and customization features

i‘;‘u; Code Simulink 5 E%Ton;g:’lslcatlon Customizable
{Tﬁ"} Parallelization Integration Dashboards

& Drivers =

HYPERSI M HYPERSIM is a state-of-the-art and extensively field-tested simulation software
platform for both power systems and power electronics

3Party Software == Native Library Real Time Test
Compatible Model Visualization Automation

. T
Automotive Power Electronics
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Ot B[ LB BAL 13493 20| 2 ALiA| 281 T IE 240, AFSISIO|HIA AS 710%/031-698-2980/sales@realtimewave.com
CHEOHEMIE] 34127 CiHEA| REL HE2 67 https://www.realtimewave.co.kr
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How to light up the world?
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