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Summary

I. Title

Development of high-speed tunnel fire detection system using multi fusing sensors

II. Purpose and necessity of R&D
1. Summary of R&D
B Underground spaces such as long road, railway tunnel, and urban tunnel are
actively developed to meet the traffic demand through preparation of useable

spaces in large cities and improvement of the performance of road/railway.
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B At occurrence of tunnel fire, huge amount of social and economical loss may be

produced as the possibility of large scale human and asset damage exists caused



by limited fire—fighting activity due to the accumulation of toxic smoke as the

result of high temperature elevation and limited exhaust of smoke.

Examples of occurrence of tunnel fire

B To minimize the damage from fire, it is important to detect the fire at initial
stage of occurrence and to rapidly take the measure. Therefore, possession of
early fire detection technology is necessary to minimize the damage from fire. In
the advanced countries having long-history of underground space development,
they make efforts in development of early fire detection technology to make

efficient measures against occurrence of fire in the underground spaces.

B In case of our country, such early fire-detection technology is significantly
backward compared to that of advanced countries and, as many parts of fire
detection system currently installed in long roads, development of domestic
technology to substitute such parts is necessarily required. Especially, in case of
advanced countries, various studies are conducted for earlier detection of fire and
some technologies are at the stage of commercialization; in case of our country
also, development of such advanced technologies is necessarily required.

B In general, the stages of development of fire are divided into smoke fire that is
the initial stage after occurrence of fire and open fire that fire is rapidly grown.
In case of smoke fire, detection methods such as ionization method, optical
method, and smoke-complex method are available but the sensors are expensive

and detection range is limited.



B As the substitutive technology to overcome such problems, advanced countries
developed the fire detection technology using video data such as CCTV at
occurrence of smoke fire and such technology is at the stage of commercialization.
Therefore, it was intended in this study to develop the system to rapidly
detect smoke fire through video processing technology with use of tunnel

video informatio collected through CCTYV etc.

B Also, in case of linear heat detection system using optical sensors that is known
to have the highest reliability in the linear heat detection technologies commonly
applied in detection of open fire, high—priced foreign equipment is imported and
used. In this study, it was intended to develop the commercialized system
for possible high-speed and accurate detection of fire in connection with
the smoke fire detection system using video information through

localization of such heat—detection system. .

B As the core technologies, such as the high-speed detection technology of texture
information such as the smoke or fire existing in the real-time video processing
technology and video, are possessed by this research team through the review of
preceding studies, development of high-speed fire detection system is intended
with complicated application of such technologies and the study consisted of
manufacture of pilot product in the first year, verification and supplementation of
pilot product in the second year, and production and sales of actual
commercialized products in the third year. If this study is successfully completed,
the technology related to early detection of tunnel fire may be improved to the
level of advanced countries and app. 10 billion won of import—substitution effect is
expected a year. Also, the products for detection of Brillouin scattering light and
related sensors may be exported and is expected to pre-occupy a part of optical
fiber market that is expected to be 8.6 billion won a year (Sensors Market and

Sourecebook by Frost and Sullivan, 1995).



o Smoke and flame detection algorithm using video processing
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2. Importance of R&D

A. Technological aspect

(1) Development of initial smoke fire detection system using video

information

B Accurate detection of smoke fire before developing to open fire after occurrence of
fire is desirable because rapid fire fighting and sheltering is possible. However, for
the accurate detection at the smoke fire stage, the performance of fire detection

apparatus is very important.

B In case of previous detection apparatus, the most frequently indicated problem was
low reliability due to the movement and warning in no—fire situation and the R&D
has been continued to improve the reliability on fire detector. However, currently
developed detectors are expensive and the demerit is that the installation expense

is high.

B However, the smoke fire detection technology developed in this study is the
technology to detect the occurrence of fire by video processing technology using
CCTYV video images and requires no sensor. Also, as the result of development of
CMOS cameras and improvement of the performance of them, visual processing
system may be constituted at lower price than CCTV and occurrence of smoke or

flame may detected at early stage through the video processing technology.

B Not only this, the time information on the situation in the tunnel may be provided
at real time and the operator may rapidly make an accurate decision. Therefore, in
usual situation, monitoring and recording of tunnel situation is done and fire
occurrence situation is automatically and continuously performed with use of video

processing technology. Even the case that the operator does not recognize the



occurrence of fire, visual detection system detects such situation and notice the
fact to the operator so that the operator makes a decision after checking of such

situation through monitor.

(2) Localization of open fire detection system using optical sensors

B The linear heat detection system to make decision on the occurrence of fire with
detection of temperature change in the tunnel has the technology to mostly detect
open fire and the accuracy and stability of fire detection largely differs by the

kind of sensors.

B In case of the optical temperature detection sensor that are recently domestically
applied in many cases have the property that detection is made with use of light
rather than existing electronic sensors and that such detected signal is sent
through light. Therefore, as no conductor for flowing of electricity is contained,
there is no noise caused by the electronic waves produced from various kinds of
surrounding apparatus and the risk caused by grounding, leakage, or electric
shock does not exist. Also, the size is small and the weight is light; they may be

used in the measurement of all kinds of physical amount.

B Not only this, like the case of communication, optical loss is low and information
transmission bandwidth is wide; application of dispersion sensor is possible by
using one stripe of optical fiber containing many sensors. Remote measurement
from a place having several km of distance is possible and distribution measuring
to detect temperature distribution or physical amount by the position is possible.
Therefore, distortion or deformation of signal is small although the distance
between the sensors and maintenance/measurement office is long and this method

superior technological property compared to other sensors.

B As above-described, optical fiber temperature system has many technological



strong points compared to existing electronic system but the country does not
have the commercialization technology of such optical sensor system and all of
them is depended upon imddport; as the system is high priced, it is now widely
distributed and limited to major tunnels only. Therefore, development of
technology for localization and commercialization of such technology is necessarily

required.

B. Economical and industrial aspect

B In case of advanced countries, the growth of damage with fire has been stopped
for recent 10 years and the USA shows 11.7% of fire damage reduction compared
to 1991. However, in case of our country, the cases of occurrence of fire have
continuously been increased (during last 10 years, yearly 10.8% of increase of fire)
and human and asset damage have also been increased (in 2001, 2,376 persons

and 170 billion won).
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O Situation of damage with representative underground fire in the country



Year Accident Damage
-346 human damage (198 died)
-705.3 billion of asset damage (135.2
2003 Daegu subway fire b%ll%on of direct. lo.ss and 705.3
billion won of indirect loss,
expectation by Hyundai Research
Institute)
9000 Mountain train fire in | -153 died from suffocation in the
Austria tunnel smoke
-72 human damage (12 died)
1999 Tauern tunnel fire in | 8.7 billion won of repaire expenses
Austria and 25 billion won of loss with
passage money
Mont Blac tunnel fire
1999 between france and | -39 died
Italy
1995 grzeerbaljam subway 340 died

B In case of structures on the ground, average 0.07 person of human damage is
produced for one case of fire but, in case of tunnel or underground spaces, tens
of human damage is produced; although underground spaces have low incidence of

fire, resulted human and asset damage is large and the measures to minimize the

occurrence of fire and damage is urgently required.

B In case of the underground structures, such as road tunnel and urban railway,
consisting the core traffic system of the country, large human damage is produced
due to the difficulty in fire fighting and sheltering and closing of the space for a

certain period of time is unavoidable resulting in a large confusion in national

distribution system.




B Essential blocking of occurrence of fire is needed to prevent such disaster but is
impossible in practical situation; therefore, the best method is the early detection
of fire and rapid taking of measures. Domestic technological level in early fire
detection area is appraised as 30-40% of those of advanced countries and major
systems are deepened upon import; therefore, R&D for possession of own

domestic technology is needed.

B When the development of the system for detection of high-speed detection of
tunnel fire is finished in this study, secondary damage such as weakening of the
strength of structure caused by flame will be minimized as well as the large
human and asset damage caused by delayed action after occurrence of fire in the

tunnels.

C. Social and cultural aspect

B The country is being changed from one-day life territory to half-day life territory
with the transportation means using underground facilities constituting the core
traffic system of the country such as road tunnel and urban railway and the

social influence is also expected to be very large.

B Road tunnels and urban railway become long and large and the frequency of use
of them is also increased; therefore, there is a large possibility of large accident
at occurrence of fire caused by traffic accident and other various accidents in the
tunnel and possibility of resulted economic damage and large scale of human

damage is also elevated.

B Depending upon the situation, the early fire warning system in case of tunnel fire

may prevent the possible large scale of human damage.



. Contents and range of R&D

The contents of the R&D consist of two parts. The contents of detailed tasks may be

arranged as shown below:

1. 1st Research Area : Development of smoke fire detection system using video

information

Target of Research Contents of Major Researches

= Study on the extraction technique of global feature
* Development of
using steerable pyramid
technology for
* Study on the compaction technique of optimum video
high-speed
data with use of PCA (Principal Component Analysis)
detection of
technique
smoke and flame
* Development of technology for high—speed detection of
with use of
smoke and flame with use of Texture extraction
cameras
technique

» Collection of various images on orad tunnel, urban
= Verification of
tunnel, long tunnel, and subway
algorithm through
» Creation of smoke fire and flame image through
computer graphic
computer graphic synthesization and collection of fire
synthesized image
images
and data image
» Verification of algorithm on the various fire images

= Test and verification of high-speed detection function
on the normal status and smoke fire status in various

tunnel environment
* Development of
= Test and verification of high-speed detection function
fire detection pilot
on the normal status and flame images in various tunnel
product
environment

» Development of fire detection pilot product using

cameras




2. 2nd Research Area : Development of open fire detection system using optical

fiber

Target of Research Contents of Major Researches
* Design and » Design of pilot product system
manufacture of = Assembling of high-output optical source

dispersed optical fiber | = Driving of RF signal generator
temperature system » Assembling of optical receiver
= Manifestation of signal receiving apparatus

» Preparation of program

* Manufacture of
= Manifestation of the apparatus for partial connection
optical fiber
of temperature to optical fiber
temperature
= System appraisal

connection
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FoN AFE FRABE o 83E UL VY BTG o] §F Acith B A

= Ardge] wgel QA% Wgs §dasl tehdth. QU OTDRAA Y #de 4

e Bted ¥ Aot Bd % 1 EAAY A9 A A2 AFol A
%

Zt(photon)7} A€ o AL FAke] 9
3 oA %@014 z7}7} H“ﬁ A do. ol AT AFFNAe dux Witz
HgAd 540 vdeEtuA do. mgd A4 Fue 542 (39 3-1113 2o o] 2
HolM e Y S48 o]83dle £ FHFE 7Y & AUtk

Rayleigh
scattering /

Brillouin scattering

k)
H
3
.................... A /
- - T

H H =

H

H

kY -

H

H

H

Raman scattering

(Ant| stokes) “ Raman scattering

(stokes)

‘‘‘‘‘‘‘‘‘‘

-

_ / Wavelenéth
Depending on temperature

Depending on strain and temperature

[29 3-11] £33 FPFAA o] §HE: ¥dFe] T4 dooxe A

53] BEFd AES 1A B o SuE sHEY ¥HEo] dAste Yol
st R AYEdt FARFE "W doEe LA e 53 o5 2HAEHY
=Z9 Hoj(Doppler shift)7} TASA Ev. =& Hole =9 489 T+ &7
Ero EAoth ¢ AT HEFY e $x Bl 9o 4 ] gy =A
HsE FI3tdA 53 E=(phonon) S ZH-E YAF BA7F AdEHE @A4oE AP E
o oolgl g FARtA Y A R] WsteE =&Y Hold ASste= Fug WHItE v gt
BEFY AF A Fu5 olFL 12GHz AEZ et Ak w3 uf$- 2Hr) w0
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ol& 3t FNFAMAE L intensity 3B A3} 2o AZ 9 drift7} Z7)7H &
E2XE AU SAst=E= AV AT

B dEFE o8 X3P FAF AME dA F43] TAdsL A= Fo
ola 53] BUFY A&E o]&st= BOTDA AMe FAF oM 22 A3 34
CW Z2r Fio 32L& of&sted FHFol 7teixe o5 IS F3s= 3
Aoy, B2 P9 F3 CW Z2r 3o Fag Ao7t FARe] nf B ol
Fogo 2, f R BEFG o] 2 Ao BAF BLFY Ao] Frs
= 9% 2Y%, & WP ECIY 2Ed M Weks 54E AR vk wEM 3R
9 o= 54 fiA] ARFFo] Agen, 71 AANN Y AR = BLAFY AT
OE e 7 BEY A2 #1 Foan g AMEE] W, HEcke 4l
E AREH o2 dNetd G 2o AR WY AKX BRE & 7 AT

(4) BOTDAY] €2 +4

3A 001]/\1 B Fo; Agre ;,q]o];(

S q ol B fol A Polo] Svhet FEAEE
o garel Fhse e FRrz 4 o 5 }

Bste @Yoz o Fise AT RYTY F

S dolgtm s, o] FsE BARY AR A ET B ohd A
s A Aqend GeAS BHAY. AL R2FY 4R DA
Eol 7198 Fus Aol Gl FdF Fos WolB TR & gyl WE, of

o] BAZE AA7] 9

§ FEetel Bad delHE 4FW 4 Qe d¥el dasiw
3 2™

st o] WHE FHRY oY FEZECNAM WA Hle HASo] HEVIR HEoM2
B

1ol oj& FEEHH, 225 -7534'4: Holet Al7]e] gt SHARSAHOE, ol #F

A 4ol Weo] e 4y 25 EFE AT F 9. BE F FALo0=Z AL
A gA ddr= FAHF(Single Mode Fier-28)ol A= 43839 4 o] 132 m ¢
[e]

A7 e = " Eo] flad, b Mol 1268 (rol™ WP EF 2x9 ¥ nE
g9 Wk ZhZF 5ME/0.01%, 1M/l T2 €214 U

Wetd BAFe RATY Aol g3 Fhse) WEHE ZRAA Bl AtHE @
g3} 29 279 9K PERHE FARE o] st EF BARY 1
Fa5 dolgel el PR BHAFE A=A Aol VAR W AT
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o ot dx Fdes TAAIIEF Stk AM9 8FAFA FX A A2 25Km
€ #3ehy] A% Fde FHE 4] A% CW Z2E F9. 5, L2H F9e] AFS
ZH37) ¢ AF 2HVE FAow, Z2H FA47 H2 By FYe Brillouin Ho
T3 ZolE B T7] fste] RFAZ L7712 F8to] EOM2E Alojstui Z=zH8
Be FarEE AostEE sk wEA o 25Kmel FAFE AP Z2B FI
¥ H9 FL % Brillouin 3 WA Hel & AA Hol wet 3 AE7ddAM=

illoui W Aol AAl AAN d& F YA vk F HE7A 9
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— o0 oTl
T :|I EUFA }"-‘1::
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. “.] rms L
= Oiplical |,
f [ 1 )P Fiae f—

[2¥ 3-12] Block Diagram of the BOTDA system
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124 dxof] AMEE B9 FFo] 1uW FLES AHEstY] Probedd 21357} Zrol As
o] Mol Wolg oy 2xd % AZFAAME FU FFo] 26mW(¢F 8dBm)E 7HAE
1Z¥ DFB dolA ZEZ nAsle Z2E A ANE HEES FA4 FA AR
t}. DFF LDoIA U2 392 1X2 Couplerg AXA FEZga 21 goz Yyo &
oj7}Al "t} o] AZE0] Z+ Z+e] EOM(Electro optic modulator)S 3] So]2 HA22l
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5.99W/D RES:[0.05hm SENS:[NORM HLD] AVUG:[_ 1] LPF:[0FF
53.93

— YY) oTl W
CWDFELD - L . CORNING - [
1=2 Coupler | PG EOM ﬂ

47 .94

23.97

/
35.95 [
}
!
|

11.98 #

8.0 K
m 1497.25nm SMPL: 1547-95pn

FARKER ¥ (Peak) 1547 .642nm 52.836pW

[¥ 3-13] Laser diode signal

# 3.1 DFB Laser Module

gz g %
Threshold Current 11.1 mA
Operating current 169 mA
LD Forward Voltage 14V
PD Current 955 mA
Peak Wavelength 1547.27 nm
Linewidth 04 MHz
Fiber Output Power 25 mW

@ EDFA(Erbium-Doped Fiber Amplifier)

BAFE &4 BH2E A% TA A" AdH B EHOE A AF g Ze A
g WETH EDFAE olfolgte 55 28 FHFo =333, HolAR P3|
o3 F ANETE FAH FEZ3A Hedl, 1550nm™H 2] Fo] erbium-doped fiberE X447}
H FEE AR A e HEE 9 dUATE JAE BoE dEeEoEM dEHE #
S FE3H Hed, 1A dxRd+ 19dBme] £33 (power)S 7FA&= EDFAE A}-8314
HIZGo| e &3 (power)?] Fo} Brillouin AEE AE3=d ol go] dAon, 2%
AZo e Hg & &40 F4E 1, EDFAY 28 397} 33dBme 7FA & 3ol 3t
Y d=E Al-83le Brillouin A&7} ﬂﬂ] FAEAY. =3 MPL =dol8 & F712 A
2 &te], EDFAY] <tRHQ T45 A 98¢ A7t 4T 39 223 #HolA tho
o=e WxE 5452 ddHow Fasw, EDFAY o8 ZZEL A 4=
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[19 3-14] Amplified light signal by EDFA

3F 3.2 Specifications of EDFA

A =4 33 dBm
Noise Figure { 6 dBm
ARl BE= + 05 dB

® 13 A A 2Hld Azt

N7toz

FAL A

Ay

dolx= dHoly 3 A2"E& 100MHz g E HHAE
5GS/s WHsHA QB E AEHo] 7t es: A=H
A, Add vxg &3 32MBE 84 1z dx9 13 =3
E 3R 200sec Eto} oF 2v) Ax w=2A 2dS & 5 A HAG
¢l 200sec ¢toll L B2 HolEHE Ru} Hgsta wWEA 27

A A5z FFIAT

2P E A&
IOOMS/S 1131%‘ 0,
How, doly <
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Scan Time, Average = 200 Scan Time, SweepStep = 50
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50 100 150 200 50 100 150 200 50 100 150 200 50 100 150 200 50 300 400 500 GO0 700 800 900 1000
Sweep Step Average

[19) 3-15] Sweep Stepd Average @#t°ol WE Scan Time 1¥3E

@ BOTDA A|&3#

@-1 BOTDA H/W

14 dmeld 9@ el B3 Beg Foletel BAK 204 TAHE AL
FY 2 298 g Y9 xol2E AASAR, FALaser Diode)? Y =goly
93 EDFA SHES A%e] B F4d PEL A3 23 Use] A%ES A459

C
1, 4¢ ARE BOTDAE FAs: F& FFolth AREL 72 gy F3Fo|

 AYE 288 F= A9 BulE PCBE yFolA on, g7 doA AdEd
TAEES BOTDA AZE g0z 7E PCBo| 2939t BOTDA Al2#® F 7%
8% BF Fo 3] EDFAE F7|3 ot#fjo] AFZEAEH H wrxe A 9
Aot AJ2"e] 1§ xolz #Hils HAser] 8 A4 FAAFRFAA AHEEE M(fan)

2 29 3o ARES AT AZREFY Z7)= 7FE B2em, A E 50cm, &
o] 18cm®]th. BOTDA Al2=82 AJZHE o] AlZES] Alojet FAHAFZHE L2 dojH
£ Agse W< PC €7 BOTDA A2¥& FASA ddh.
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BOTDA A #E <4
AY9294, Probe?A, Pump 9A ¢ X

BOTDA A &AE

e W YRR T YT Y Y YT X

BOTDA AlZ3E A3
- A4, DAQ, PC AolE dZdA X
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A RE
5V, +15V, +9V &+

DFB LD Module - 1550nm © % o] 4] LD =&oln - LD9 <¢tAF¢
25mW =% & 2zt Laser Diode A8 &= L AF Aolst
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Coupler & Circulator Box - Pump 39
BATE ASANA BEFY ASE
FAGOZ AGA T = 4£A9 Probe JEE
PDE A3 E BUYFE BE

Synthesizer - B3 29 | MTC5525 - A £371 75

%9l w8

B8 WASE RE

Pulse Generator - /W& %3 328 EOM(Electro Optic Modulator) - A 3.9
AT 5 9= JE A4S QA7tsto npoloj 2 XA+ B FE
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Photo Detector — CirculatorE %3
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HAF Y AT A3 A& ¥F

FEDDD H
ELLRE - TF ]
0951-0ES1  FHH
SPI-UDE-410 Al

A}

1550nm W% ¢} BPF - 153071560nm 73
&4 A7le A 2 dguoloAE
e e

@-2 BOTDA S/W

22hd = BOTDA A& £ZEHojE 57202 AEstste] AZsArt. A A
Hlojo]~(HE, Z28) =ASE, F HUAL 2 A4 2ASdER A=d If 547
€ BASE 39, A WAs 249 FERFEFEH L2 dolHE A AT 1
g3 A A goeE P IDIAHZG 2= WEE dot £ F e FAFHT,
dolnE dg I= 9, vl dAe A" FHF 225 ved 2=, mAwge
Aade 87 e AAsNFE FHeE FESAY AASE B FAFIF W
E FAF 20 398 23 5 Jdon, 25 BN 248 A7 ARE
TE oo R 2Tt S A4 1 AAY HAAS & ge UAE G BAGE
5 ol 24" FHFEFE 42 HolH #E H2E fdEk AFHEE A
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Er Brillouin Optical Time Domain Analysis |

A vlolo]~ A A - Pump, Probe
utolo] 2 xA3ta], FA9] on/off 45 &

zdshe %2 @

\fj"‘ Brillouin Optical Time Domain Analysis

A9 - $Ad AR 229 F3, A

g Ag 49 3D THYZ, T : AY-AY
Y8 279 2YT, 8 : Peak freq 1HYZ
F4 o3 X WIE & 5 94

Nze dAsE - H/W 23, 27 Ad,
o MAA =9 44 59
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N Erillouin Optical Time Domain Analysis |
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w9 3 4Ee AT AN2" T

BolgA ARG e TREARID BelsAl Ateled FARTL ool e JPAN
24 WA AT dgolT.

TFEES AM/EATA W) A $A HEES tholste] AY3
o]g3te] BY mPo Wy FREW ALt WD) PFREB %;
FAte] Agsedol Yol BAH QS HGT At Arle] Phste] A3
Auel e g FAste] 48e ST

AQE HolHE BAstel Aot & AGH masloF T AFL ATl Axdel
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zolslA) A¥E 93 F2E A L AF ] AH
A71% sl AR T AV edTE FALFEFTAA 6719 AU LE VA B9
Al Ad 9 58 ¢38te] 8mm HUXE F3y 29, ¢AE JiHE 1dl, CMOS 7}
e 1dE o] &3t 948 539t A4l §de CCTV XS nedte] 48
Boh AAA 2m™3m A= A AXIFGY. [28 3-16]12 94 IS5 FHE A9 9
22 HoFT}

[9 3-16] 94 A5 Fvl 2 43 AA




[19 3-17] A% Acl% ¥ 2 Axd 74 39

U 2o 3 A8 s19E A Aug e

A4 7€ 479 SAA el AAR o 2o A dYS Aste] 29 3
Hd TERES AASNL FEE ¢lAM FAE TAANA old wE IFE I
o [2¥ 3-18]2 29 34 AF A AA 2o A i TFExES HEHIY. £ 6
M A3 AuleE Aol BE lold 28T = e oY THA el din
=AY I 52 BHoE s dAHez= 3y 2 563 Ar] 2

32

‘/‘F‘ - =

3E dodle AUE L 53e olFdxed Auzled FHE ded 2o

v 3491/ 4 2 v 34 3 v a7 /ﬁﬂ—i}a‘ v 3E-47]
gk e Aveles (29 3-1919 =W 4GS oo AAs dHetn Yok
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G BANE o &3 AEHA G A2 AR

)

FAES 7HEE FEE9 A AR st A FAA O =5 FAs7] 9%
I} A3 A AAez HolHE A7 GUI Z2 O3S /M3 95

(e}
2E
=3

o

ol

(1) 29

BOTDA AJZFE(ICES), 43 4 4 doly +3<& 93 PC, 843 4
A& 93 Electric Logger(KYOWA), TMA201(ICES), BE¥2FY At&4 &
Optical Spectrum Analyzer(Ando), Wave Runner(LeCroy), #A9E ¢ @4

3l MicroscopeZ} A &0l A& ith
(2) BOTDA A" #ang Agzd 87

A ZF AAC A& B+ Z——QO] D¢ Im

B. 34 F9 7E A Aol ¢

C. 3AF 714 717+ 2 399 2% P& o] &3 AF 71d 49 s

- 2% 1 60°C W¢

- 39 FA AR 5E

D. A1ZE A" A" Ty
@© Pump dummy length : 1.78Km, Probe dummy length : 3.51Km
@ Sweep Step : 100, Average : 200
@ DAQO : -1.9[V], DAQ1 : -2.030[V]
@ EDFA mornitor : 9.8V ZE 476[mV], 2.8VHE 371{mV]
® LD Source Power : -41.5 [dBm]
® PulseWidth : 700

o ol
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[3.8AB/D RES:[0. Elﬁhm SENS: |HIGH 1 | AVUG:[ 1] LPF:[0FF]
-32.1 | : !

dBm

-44.1

-50.1

-56.1
62.1
1547_22nm SMPL:[AUTO| 1547.72nn 8-10hn/D
iARKER ¥ (Peak) 1547.7370m  -43.48dBn

[17 3-23] OSAE o] §3te] Q3 Bl

o

TZEY JHAFE X4, A2 I g S AAHS Fo| OSA(Optical Spectrum
Analyzer)E ©]&3l9 A A|xdlo] BEFY AHFFS A} LSS A oY=
2 1547.73Tnm FZA A 1A H YU gJow, -4340dBme #YE VA= HEF
Y At@Fo] FAHIL J5S OSAE gl
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