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L 23 OHE WER, Aoz oshAet fy] Futzsh Fobd 27
Z

o =
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Al 3 A Beer-Lamber HZo] A% HEZIA FE2HA] T

A o] AE G H (Infrared Spectrometry) @] 7|2 ¢
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o]gt Hz| 9] vl Beer—Lambert ¥ %] o]t}
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t}.(Harris, 2010)
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) d7= 44 7]

oA W%

=

-
L

£

(1) OPEN PATH FTIR 7|&

QEjA 7EA A7) (Open Path Gas Detector)= [13H 2-5]19F Zo] g
FTARE FEE I ThA A AuElolth

'y
1
QT point type Detectors
[7%] 2-5] Open Path Gas Detecror S92
=4 Spectrex, 2024
o] 7l&2 [O1¥ 2-6]1 Zo] Ho|A ®WlES ARgste] 7tAE AA|sh= A
o2 HARoA HrALE o)A ®lo] f4lEef Edsl= dgoA TtA FE
= Sk HW, §4 opgo] do| S4EHW, o]F Fof 7tAel A9 &
TE =4 4 Qlth.(Spectrex, 2024)
(19 2-6] HFESFAHEY
=2 Spectrex, 2024
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9 E o = s
et AFS) @olA Z8EH, W2 I 7tA FES apF o=z AARE
t}.(Spectrex, 2024)

l>

e BAZE At

=

(2) LIDAR =4
AAY 7hard @AS 9 LIDAR 7162
W2 olgstel thy] F shre] EAS HEE sk AT AN Aol

Laser

I — Target

Sensor

Distance (D) - 2

(18] 2-7] LIDAR =4 =A<
Z2: Sundnas, 2024

7ee DIAL(D1fferent1al Absorption LIDAR) ¥g]& 7|q¥tog 35hH,
Zol 2%t DIAL AAHE F 719 M= oE obga 7Hd o]
4 Wag O] Fom WATT shte BE a7 ZeA Shele w1
(23Foldl, g stte &57F 79 gle s (ezupd)oltt. o] & u}
o] #loj# ol W7l FHSHHA FHE 7k o FEAY At
FAZ| R Botet. #AIE 7 ool 4% Ak ZpolE EAste] kAol £
A oRe} == Aagith DIAL LIDAR A|A”HS] @ TA QAL theat
Ztt.(Sundnas, 2024)

0D dlolA AR F b w5l dold BAS Ak WAt
(W) 541 oA wArE ol St
() F B2 2A9 ¥ AN8E A7) Ae=

[e] L
@) AsAY L BY AaE: 2A05E Hesh ks SEE Akt
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E4#]: FLIR, 2024



4, 21 BEAT g A4 UL 5 4 ok A8k ©A J1ee o
S 419 Boklq FHth Aastel Aol B2, A% §7], WH 59
2 PAe] AgER, WAL kA B, BAY 59| ¥2 A7e] &
S} 87 74 Hopl A AL A ©A SelAe] Fha wiE B
o ol g5, AR ol Bokf Al sk vlgte] 1& AAe] AgH 19

i ek 4%, e, 28 50 1

t}.(Jadin,M,S, 2014)

@) Heslz= 5 vl 7le

getslz= 7le2 d712dA 7t FE2 dAT &+ e 79 vl
Zlgoltt. o] Zla2 [Ad 2-91¢F Zo] Ay AHEHA nfo]2zute}
o]-3 H

214 Atolof] 9425t Hgts|2 = 1H0.1~10TH2)E ©]-4-3rth.(Hu,B.B, 1995)

f0mm  Amm 100wm Wpm  Ipm  100am 10mw  fom
l l oo

Ulbaviglel  X1ay

| o
0GHz 01THz 1THz 10THz 1007THz {PHz 10PHz 100PHz

(2™ 2-9] H=sl2= 574
&2 Hu,B.B, 1995

«««««

Micre wave

TEEFAD

Hefela= 7kA HA] 7)1« dEe 7kA 229 1439 3 2 2F
oflu=] #9i¢} Hegts|2zuto] Ao kg 7ukgitt Z- 7A Bxp= EX
gho|2 2 FuppolA 11 ‘J T4 ~2HERS 711 §lof, o] FEl kA
T} FEE Ao AET 4 vk o] 7led Fa AL =2 HEe
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= W2 7k 229 8l 8l e REe A5t
o] FuF FtAx AES 5 ‘Zlﬂr. et 7 7hs
&l

o 7haE BAG) AEF 4 glo] Huy

=~

Adel/dolnt. Higte|lz =
ppb(parts per billion) <~
o] {3 &4 AHEHS
o] Hojubr. (FRlgh ], 2006)
Hetsl2= 7kA H2 AL [O8 2-1013 o] 2A =2z}
), Fbe AETH ABAeSHe HE 2T 872 FARG. deee
A 2Ap AN, B ALAolE

o H,
gojA Fo] ARgHH. HE WACRE £EY] tolet, ER2UH, JHE
C

£

_‘

=. n} l:ﬂ-/\ﬂ l:ﬂ-/\] ogL 3 61—1—1 HHH

Sample
. PM] | |n:..= | PM!
Transmission
B stage
Chopper ‘_T} Lens
THz source @—r — / PM; L I.
Wire grid My

polarizer

[19 2-10] Hs2= S4H4
Z%|: BCC Research, 2014

etz 71%e dAe 7tx Ao 53] G835t Heslzzue o
7] % A &4o] Mol 44 nje] ool Aol 7t A7} AFssiet,
£ 99 Aoolut Mol ofele o] Fhx k& FAel g AHgste)
4 Hopi 419 ok, $4 BUHY, 27t o So| otk Algset
SR} The A AAelAe] Tha A, B 0d B BUH,
R 9 sk $) WA 5l 28 4 5lk £ s gkl 58
A S|

il



th Aoz, Helzx &S 9AY Jkx rE A4S A% 44
o G Jlolth B WS Ad4, A A% 5L viEoR oy
3 Holld 287 R0 At FF A% 7a9 Wy AxY A7

z 2 Aee Aow

=
e Soll o5 AeAoln anHd 7t HA EFAL
C

7hH Hzx9 71 A& At
NASAS] AEFAFA(PL)IA 2 "AR O HAE H4 o= 7dst
EuE #o]x E33A(Tunable Laser Spectrometer, TLS) 7]&©o| WEr 1+
Aol &l o] 7le2 9l S di7] T w=re Hgke HEste] A
BA EA 7FsAds "AsH7] 1o IR E I NASAE °] 7l&&
= AAo| &8st7] sl 7leS olAF e, o|E HiF o=
@ e F= A= A7t A4, A SolA W' FES R
P
ES

AA =ch(KQED Science, 2013)

1o,
=
£ o
4

[T 2-11] NASA 3V A=A Erpisol 24
Z2: KOQED Science, 2013

5) TDLAS (Tunable Diode Laser Absorption Spectroscopy)E &4 749 & A=
b AMgEE IR HPEA] 24 J]Eolt) o] 7|e2 7MW tho]e Lt #o|AE Aol
E4 oA dS UEsty, sid el 7t B e §405te AEE S0

o1F B9 7129 S FUsH merg 4 9k
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W 271 A A=

FAF EelAmgdAzIr 27AFe: [O" 2-12] "= HEATH
CONSULTANTARe} [1¥ 2-13] ¥ TOKYO GAS ENGINEERINGO|A
SAERS He g dHol SISl 271 WoflA o] 7] RYUEE 4TI
Fo7b AM FoiAdol oot A B FAYA FARE AR Al AdR
of Mzt Y. de SHAAe =4 7127 AdAeldla, Hige 5
gol aob A&AQ A7 2ol ofz=el Ak ol FHER ds =
7] RAS2 A @AY F87F WAL, ARgAR weld SHeA

o] Haytt.

rx

(29 2-12) 27] 034 AF 2 =7

74 Frish, M. B, 2005
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(2) LD9} LED®] x4 20|
LD(#Ho]A tio]eE)et LED(HF tholQE)= [H 2-4]¢t Zo] BF A
7] AURE 2 o= HgstE &Ao|ARE, 1 FXe}F AHE o] §lof
Q3% 2|7t Qlrh. LEDE: pd@ A9}l nd WHeAE HY
UTh. AF7E =W et AFo] AAFotHA He WEIT LEDOA
1]

WAgstE H2 A FEl ot Aoz, iAo W2 AFERS TR

ol 9= A 0] A9 BEHF G} olKol, LDIHE FE
Hh=o] ols] o] WAYEtE, o]2 <ld] 7HIA%Y0] =1 F& AHEHO Hl
o] AHTH(3HE3], 2014)

7) S4FE LDoIA Azret Aol AAgoe] F2 dojupe oz, o] WSty FEL= iy 7

solc,

B FEIe BATE SAD Gt Fom BYFN W) A FuEe] ot B BAF
el 7Kr g skt ol

9) AL LDOIA WAske Mol st Sigol UHstel o] kg HErt B 4ol
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% o st 4

2% Aot APssieks Aol

oItk 53] FEAG olA thole.Co go| AgHv], el F ko] A
gtk chet 574 3717} a3 AF Blgo] sk Bel gtk

A B WAL AFY F& WA ST Yo, P27} Bedt

2 Aol golstel Al ABN ol A, BEAE AeiBAol A

o Blsh AR AP APsst Aol wrke Bl gt F2 ¥ A

[e]
IZAE, HIZE 2AY SOl ARSET 2y 4 HE 280

O

A7), HlolA

U 1E P A7 Sl whde] it
nUEe vrAe BHy fi7] A2 AFRs wrA oz Adstel ArpAst
fEletch E5] T mEY 7]7]4 #olA tho]leEef wWol HEEl 9

& Zofll AgstAnt, d W=

—

a&o] ¥ For FEo] ol dio] A.(BESA7e8olsid, 2024)

() Abg Hofol] wpE 2R
dlolx] tholeEo] ol Hof 4o thet ATE urs) AWHI Yt
0% A7, S 5%, A A7 Fol dold tholeEst U R AgHI
glov], Ed] MEY dold ARWLLDY tfat A77 F=2
LLLTE AlZ 243, doed A4, 4% a4 5o mipt Qe zoz o

HA Qlet. FZolls FYe A= (PDDl AMgE= #lo]A telet 7d:

A9 Bopf A o] trele g omo} 7++ 87 39 5 380
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1 ok E35] RIS THEESHWDM) Al2EE o)A tho] Q&= ofg|o]
dro] FEHMY Qltt o]F ¢9Jdll DFB(Distributed Feedback)l0) #lo]#] wf
2], VCSEL(Vertical-Cavity Surface-Emitting Laser)!D #2] 5 tjoFgt £
o] dojx toleErt AFEI QUh.(RAI dlolA4td el Tlesd
) o BE A 74, 2024)
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L AA 71&0] AFE
I glem, E5] MOPA(Master Oscillator Power Amplifier) #+2& ©]-&3F

[}
A oot e Fof o=, A, A 5 cigR oMo 45l

Sgo] F|dHLh(3E7], 2011)

10) DFB dlolAls B4% tRe] 57149 44 728 73 9lof
FEa dold tho| ool
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@D lolA thole: HPAS A

F7IR&DAFHIA[Z2E 79 Fod A AL FE2HAEH|
7HEF]o A Butterfly type Laser DiodeE AlAIstal 1o, 11 A&y ot
= Zr

O F foln AA 2D A=
Z ol AA 2 AF2 1653+£3 nm oY thHollA o]FoFTt, o] i}
2 MOCVDEE f7] 3t 714 52D 7le2 Abgste] 3=t
MOCVD 5742 E4% Bted] b3 +25 v=7] 9o 2345z A%
A7l H AMgEE BFer 714 S etk flolm AR dpAolA=
InGaAsP/InGaAsP MQW &A= JLx71 AR E9lo, o]= st rEo] G
AHAE T £ Qe Fxolth [OF 2-15]9F Zo] AlztE olH
N tho]2 Hehrs to]Ad/ad 348 Hﬁt}. o] MolA LR HF2] 9]
&40 &4t

(18 2-15] Az @o]A Hole:= A

@ INPD AA 2 Az
INPD12 A 2 A2k M-PD(Monitoring Photodiode)2 AH&-%] Tt
(19 2-16]7F Zo] o] AL go]x] HolEo] &3 RYE St Ao

St o F8% 92 2t

12) INPD: Indium Phosphide Photodiode($1E ¢18F2 o] &)o] oFzt
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Su.butrﬂlo.l | Iiousi:}_s ]
| Laser diode on BII.bﬂ'l(!lJ.t:l |cha.r clip | |T]" coaler

90|

[Z19 2-16] INPD AA A2t (M-PDAZF &A)

® TEC Control A2+ AA 2 A|FA=t
TEC(Thermoelectric Cooler) Control AZ}o] A} AFA| 2L o] A
trole o] 2 E AHESHA Alofstr] Ysll A=A (1" 2-17]7} o]
TECSt MOB(Mounting Optical Bench)®] tho] 2o I oA Aast A
do| Fast, 54 2Lt AIZF 24 A3t A AR TEC o4&
e kA dgElon, olF tolof Ed¥ TEC & &H™ A¢io]
Y= et o] Aol MERRRE, HA|, Au|AH FO dAFo| o]FolR

o}

2nd Wire Bonding & TEC Lead Seldering

TEC Lead 440}
Housing S XI5
Fol

TEC {+) LD Cathaods LD Anode

<W/B & Seldering=

- TEC Lead 41 Scldering & Sub-mount, Ground, Thermistor to Pin Wire Bonding F18(3%])
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Qo] 2| WS HelET) o4o] 24 AA i uie} Zo] 2 1B
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2020)
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1,250ppm-m®] Zte= TEDLAR BAG(HI® &A1 §hel golA of=
g Aolzol Hobd £AE FYalA F 24 Kied AHgsto] 53] 249
3, EAAET} HE HAES sttt O 24 An golgi [® 4-2), [®
4

-3t gow, [0 4-612 24 AnE £As ol

O

_I[NI

(1) At SH5Eete] A
[24-2]= WEAES] Agef wE
S A TAF A& Ao w2

%—394 WotE ekl (& 4-3]

o}r Ol-[‘
le
o
1o
rE
oy T
i
i
Au)
e
)

[ 4-2] WEAZE_A2dHH] s S
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A sm | 10m | 15m | 20m | 25m | 30m | 35m | 40m | 45m

2%
s
13] 1,200 | 1,040 | 960 | 940 | 870 | 820 | 750 | 690 X
23] 1,190 | 1,060 | 940 | 910 | 850 | 850 | 780 | 720 X
33] 1,210 | 1,050 | 970 | 930 | 880 | 810 | 760 | 700 X
43] 1,200 | 1,040 | 980 | 920 | 910 | 790 | 720 | 650 X
53] 1,190 | 1,050 | 950 | 920 | 850 | 830 | 730 | 670 X
(& 4-3] TAF AIF_AHY] s 44
=4
EXS 712 Sm | 10m | 15m | 20m | 25m | 30m | 35m | 40m | 45m
a4

13] 1,000 | 950 | 930 | 800 | 650 | 500 | 250

23] 990 | 940 | 950 | 830 | 610 | 440 | 200

33] 1,010 | 940 | 950 | 770 | 620 | 480 | 290

43] 990 | 960 | 920 | 780 | 690 | 520 | 300

Ko XXX
Ra IS I o e

53] 990 | 950 | 900 | 820 | 680 | 540 | 210
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1,250ppm-m | 1198 | 1048 | 960 | 924 | 872 | 820 | 378 ppm

787.5ppm—m | 788 | 733 654 | 644 | 633 | 628 | 160 ppm

425ppm-m | 451 | 438 | 426 | 400 | 390 | 319 | 132 ppm

(1% 4-7]& [# 4-4]5 O8i==2 Yepd Aol

Concentration vs Distance

1200 | 119 Concentration vs Distance
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800
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AMEdHA :
EERFAUATH T4 il RISET

AHBEL HRF BFR RN 58 527 HEHMY B (Test Report No)

(AEE, Foroina LB HE) R22-0600-TOOZ

TEL : 0321240-5300, FAX : 032)240-5304 B0 (1) /1% 6) Page of Pages
1.9 8] ZH{Chent) Of ]

27 B PName]  HFHAHD
P 5 AjAddress) MEA SEF WES 278 10042HE, SHIEE)

2 & % 7l(Calibration Subject)

s 7 7| WDescription) @ 0|20 EFRX) 7|

= A4 Y YAl Manutacturer and Model Name) - W E M 7 Qi
= 21718 B (Serial Number) | NONE

3. ARYTHDate of Testing) : 2022, DA, 22

4, A8 B Environment)

s« 8 ETemperature] (210 2 0.2)°C B S{Humidity) (472 &+ 36) % BH

» A B2 (Location) | [ TEES Y(Permanent Calibration Lab) = 0| EAI'2l(Mcbie Lab) = 98A|H(On Site Testing)
(Address : PHENA| $EF TIAED 50, 58 S2TE (DT F, WOLO| T4 LY UE

5, MEYU(Test method)
s §2 217l Y TR A Y ARSET-T-000 WEl AlY g

» AJEO AMES BELY B iLst of used standards/specifications)

7I7le BEEA Y EY 7|7 AT E 2N
Descrption Mamufacturer and Maodei Senal Number | The dus date of nest Caibestio]  Calibration laboratory
theframeter CEM [DT-178 10059766 HE2 12 0 KTECC
barometer TESTO (311) 391 04224007 022 12 02 KTICLC
OFTIC AL SPECTILI asond 788 | YOROGAWA (A083 18 GTH923630 23 04 12 ETiCE
CHa / Mt RIGAS (10 L 1.26 emalimal) JOTPRODL3S 2022 07 29 RIGAS
STOR WATCH CASIO (MS-T) B0302 IR KTWCC

6. AETU(Test result) - METU T (Refer 10 test result)
7. &% B 85 (Measurement uncertainty) - A1 H & 5T (Refer attached file)

w o EH R} (Measurement Perfomed by) # 3 (Approved by)
= % ¥ (Trie) JSUMAE 5
Wimaton) y wneme) - BOL® v a' 8 iName) BH

WAl SRS G HW o SEE SA00 AT I RS B o F, TR ERRHCE 4T ¢+ EO 0, o 29 TEE TR

(7 0l HEME 25200 HEHEcH 298 oxs Gaind £ $5 B FH8 W gue AR 287 YU
Mote) If any sgrificant smtability or ather sdverse lactor{overkoad, termperature, hurmdity eot) maniests el belore, during or after
calibration, it |5 Bely 10 affect the validiy of the calibraton

RISEY-TI-0N -0 WA M@ B YA BHO| K jweww riset ek} ¥ QREZ HE

- 121 -



N < :
BEEEAAYATY AL TERT REster RISET

PHYYA HEP EPERS0, 5 527 A8 M E(Test Report No)
(2TF, YOO XA LHHEE) R22-0600-T002
TEL : 032)240-5300, FAX : 032)240-5304 E|0[x] {2 )/ [ & 6 ) Page of Pages

O 7] 7| B(Description) : 20| MO EHHX| |
O HESIA D #@A (Manufacturer and Model Name) | HSHXL / ROHY
> 212 & (Serial Number) : NONE

1. A8 E I Test result)

1-1, Zch #7 2|
EEES INEINAEE Alg2IE ERTT MEHINEU)
. Reference gas concentration | Lirmit Display mathad | Test Result{Average)
CHa / Air 793.8 ppm & m 41m m 42 m
1.26
emol/mol
Display ey
I
a — 42m ey 63 mm
0| My Er HX17) SYEE4
< 1-1 MO HAHe 5T g >
RISET-TI-01-02(0) ¥ 4EM Eglols =2 BA BHOIX (www.risetrekr) X QRIE FE,
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=<l :
BEBENEAIY T TEST RESOLT RISET

YEHYYA HEF EPER50, 58 5278 43 MW Z (Test Report No)
(DEHE, WORO| KAl AR HE) R22-0600-T002
TEL : 032)240-5300, FAX : 032)240-5304 EHOIE| (3) /(& 6 ) Page of Pages

< 2| 7| HiDescription) : 20| M0 E+Ax[7|
& MEEA L 4 (Manufacturer and Model Name) : MS M7}/ SoEY
< 7| 7| M= (Serial Number) : NONE
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ABSTRACT

Development of mini flat type portable laser
methane leak detection device using a 1654nm

short infrared wavelength

Baek, Young—sam

Major in Smart Convergence Consulting
Dept. of Smart Convergence Consulting
The Graduate School

Hansung University

This study is about the development of a mini—flat type handheld
laser methane leak detection device using 1654nm short infrared
wavelength. As natural gas usage is increasing rapidly around the world
and related accidents are occurring frequently, there is a need for a
device that can effectively detect methane leaks from a distance.

In this study, we first analyzed the characteristics of infrared rays and
the optical properties of methane gas, and examined the methane gas
leak detection method based on the Beer—Lambert law. In addition, we
conducted prior research on existing methane gas leak detection methods
and TDLAS technology. Based on this, detailed technologies were studied
for the development of miniaturized methane leak detection equipment of

mini—flat type.
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The major developments include, first, the development of a mini—flat
type laser diode. Compared to the existing butterfly type, the size and
weight were significantly reduced while securing stable performance.
Second, the optical lens was miniaturized by applying Fresnel lens
technology. This reduces the overall size of the equipment and improves
portability. Third, a high—performance optical filter was designed and
manufactured to improve measurement accuracy. Fourth, we optimized
the methane detection circuit and control system to realize stable
operation and high sensitivity.

By integrating these technologies, a mini—flat type portable laser
methane leak detector was finally constructed. The developed device can
detect methane leaks at a distance of more than 30 meters, and its size
and weight are significantly reduced compared to existing devices, making
it easy to use in the field.

To verify the performance of the developed equipment, various
experiments were conducted in conjunction with testing at an accredited
testing center. The performance of the device was tested by distance and
concentration, and it showed equal or better performance in comparison
with existing commercial products.

The mini—flat type portable laser methane leak detection device
developed through this research is expected to significantly improve the
safety of city gas supply and usage facilities.

The significance of this research is that it has presented a solution that
can detect gas leaks quickly and effectively from a distance through the
convergence of advanced optical technology and sensing technology. It is
expected to contribute to building a safer and more efficient energy

infrastructure through continued research and development.

(key words] 1654nm, mini flat, remote, methane, laser.
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