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7zO� *Ç�~ In-service 6�¢ *� î�Ú 
6��Ê�~ �* 5 WËï&

fj�ÁJ^WÁ;Î�†

BÞ&�v *V ��V��¦
Ö 151-742 BÞßê� &k� �âÿ Ö 56-1

BÒfÁ;V�

��Û� &«¶���² WDMVF��


Ö 305-348 &*7�� FW� zzÿ 62-1

FVöÁ��¯

(")̂ vÒ 7���² Û����


Ö 429-010 ãVê ��� &¢ÿ 360-3

(2001j 1ú 8¢ Ar, 2001j 3ú 9¢ >;� Ar)

� ¢^öBº ¢>'� OTDR VF� WDM *Ç �Ê�~ 6�¢ >¯~º î�Ú O»j Bn~&
. BnB 6� O
»f *Ç�ö ��B EDFA~ ��¢ 7²*V(optical circulator)f FBG(Fiber Bragg Grating)¢ �Ï~� OTDR 7ªÊ~
2ËöBò ·OË *Ç� &Ë~ê� æã~�, *Ç �^~ �OËb� OTDR 7ªÊ¢ ã«�b�� EDFA~ vN��
æ�ö ~� �^��j ªÖ�B �^*Ç" *Ç� 6�¢ ÿ�ö >¯~º ©�
. � 6� O»~ æ�Wj ¦Ã~V *
� BnB ��� æãB EDFA& ��B 320 km ̂ �~ 8 j6 WDM 7*Ç �Ê�j �»~� �^*Ç" ÿ�ö *Ç
� 6�¢ >¯� Ö"¢ �&b�, � r *Ç� 6�� �� *Ç �^ j6~ power penalty¢ BERT� G;~� � 8
� 0.3 dB�~� 
Ö ·rj �&
. 
ª~z� : OC.010.

I. B �

�" 2Ë ª� 
7z(Wavelength Division Multiplexing)

�Ê�~ VF' W?f �þ 7*Ç�f 66 �Ïï, Ë�

Òz>Ú &� ®b�, �f z®Ú �Ê�~ �Öê¢ ¸�

V *� 7*Ç�Ê� 6�~ jºWê z× 
æ� ®
. �

¢ *� 7F� 6��Ê�b�º Optical Supervisory

Channel, Power Cable Measurements, Optical Loopback

Measurements, Optical Time Domain Reflectometry ��

®
.[1] � 7 OTDRf *Ç�ö 7ªÊ¢ ã«~� êO Ö

¦(Back Scattering)>º �^¢ G;~� *Ç�~ .� *~

¾ ¶
 ª�¢ G;~º O»b� ;{ê& ¸� *�~
º

Ë6� ®
. ��¾ ¢>'� 7*Ç �Ê�f ö�&� ê

wB 7RF Ã�V(Erbium Doped Fiber Amplifier)ö ��

>Ú ®º optical isolator� �~� �OË *Çòj æö~

æ�, êO Ö¦>º �^¢ �Ï~º OTDR VFj 'Ï�

> ìî
. öò jî¢ ~¾~ EDFA� *Ç �^f 7ªÊ

¢ ÿ�ö Ã�~º ãÖöº 7ªÊ�¦V FêB EDFA~

vN �� æ�(cross gain modulation)� �� *Ç �^~

�� *çb� �� �^ *Ç" *Ç� 6�¢ ÿ�ö >¯

~º ©(in-service monitoring)� ®&Ë~
º ^B6� ®î


.[2,3] ��� ^B¢ ��~V *� EDFA~ ��¢ æã~

� *Ç� 6�¢ >¯~º ãÖöò EDFA~ ²*¢ �·~

� ·OË *Ç� &Ë~² ò�º O»,[4] ·OË *Çj &

Ë~² �" ÿ�ö 7ªÊ� �� EDFA~ "êw�*çj

ïV *~� v B~ EDFA¢ ÷R� �� 7Ã�V �öB

7ªÊf *Ç �^¢ ªÒ~� '' Ã�~� 
� �ö"º

O»,[5,6] �^ Ç��f êOÖ¦>º 7ªÊ~ >��¢ ªÒ

~� ·OË *Ç� &Ë~ê� ~� ÿ�ö Coherent OTDR

j �Ï~� EDFA~ «K2ò¢ �ç ¢;~² Fæ�b�

� �^ ��j b~º O»[7,8] �� Bn>Ú z
. ��¾

� O»
f �B~ v &æ ^B6j ÿ�ö �Ö~æ á~

�¾, �Ç� EDFA~ �� æãj º�~�¾ 6º 7ªÊ~

Ã�j *� EDFA¢ º&� º�~� *Ç �Ê�~ jÏj

�² Ã&�Î
º �6� ®î
.

� ¢^öBº � ^B¢ �Ö~V *� O»b� �¢

EDFA~ ��¢ �²�b� æã~� *Ç�^f OTDR ªÊ

¢ �þ Ã�~�, *Ç �^~ �OËb� OTDR 7ªÊ¢

ã«�b�� �^ ��j ªÖ�B �^*Ç" *Ç� 6�

¢ ÿ�ö >¯~º O»j î�� Bn~� 
þj Û� �

æ�Wj ¦Ã~&
. �¢ *� BnB *Ç� 6� �Ê�

j 
B� 'Ï� 8 j6 WDM 7*Ç�¢ �»~� *Ç�†E-mail: nkpark@plaza.snu.ac.kr
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6�f �^*Çj ÿ�ö >¯� Ö"¢ �&b�, *Ç� 6

�� �� *Ç �^ j6~ power penalty& 0.3 dB�~�


Ö ·rj �&
. V�~ EDFA& ��B WDM 7*Ç

�Ê�~ 6�¢ *� B�B O»
" jv~� � ¢^öB

î�� B�� O»f ~¾~ EDFAòb� �^f 7ªÊ¢

ÿ�ö Ã�~æ� º&~ EDFA& jºì� >ÿ 7²¶ò

j �Ï~� ��¢ æã~V r^ö jÏ� &Z~�, �^

*Ç" ÿ�ö *Ç� 6�¢ >¯~º ©� &Ë~æ� *Ú

�Ê�~ ÎNW" F�W� �Ú¾�, Ë�Ò 6�& &Ë~


º Ë6� ®
. 

II. 7*Ç� 6� �Ê�~ ��

OTDRj �Ï� *Ç �Ê� 6�~ ^B6f EDFA~ �

OËW" OTDR ªÊ�¦V Fê>º EDFA~ vN �� æ

�� �� *Ç �^~ �� *ç�
. �â 1f V� EDFA

~ �OËWj ��~V *� � ¢^öB î�� B��

OTDR 7ªÊ 2ËöB~ ·OË *Ç� &Ë~ê� æãB

��~ EDFA�
. FBG& OTDR 7ªÊ 2Ë~ �^òj

>Ò�Ê� � �~ 2Ë~ �^º Û"�Êæ�, OTDR ª

Ê 2ËöBº ·OË *Ç� &Ë~¾ � �~ 2ËöBº

FBG¢ Û"� �^& fiber terminationöB ²�>æ� �O

Ë *Çò� &Ë~² B
. � r ·OË *Ç� &Ë� 2

Ë &�j §¾b�� EDFA� 
� «K>º ASE

(Amplified Spontaneous Emission)~ �¦ >Ò7j *� æ

ãB ��~ EDFAöB B�� > ®º lasing *çj �²z

� > ®� Çræ>~ �z¢ ïj > ®
. V�~ O»"

jv� r, � ¢^öB B�B ��º >ÿ 7²¶òj �Ï

~æ� ��æã� Ï�~� jÏ� ��, 7ªÊ~ Ã�j *

� º&~ 7Ã�V¾ êê~ ²* .�& �·� jºì
º

Ë6j &ê
. �VB �&æ �J� 6f §f &�öBò

·OË *Ç� &Ë~æ� ¢>'b� 10-20 nm >&~ &�

�j &æº V�~ OTDR 7öf ÒÏ� > ìb�, DFB

(Distributed Feedback laser) .�&¢ 7öb� ÒÏ~� 7

ªÊ~ &��� 1 nm �~& >ê� �¢�
º 6�
.

�Þ �f ?� æãB ��~ EDFA¢ WDM *Ç �Ê

�~ in-line EDFA� ÒÏ~� OTDRj �Ï� �Ê� 6�

º &Ë~æò EDFA~ vN �� æ�� �� ^B6f �

*® Îj ®
. 7ªÊ& EDFAö ã«>º B*ö C «K

�^~ Ã&� &ê>*� 6²~� ªÊ& EDFA¢ Û"�

ê 6²� &ê>*� 
� ö ç�� òjJº ";öB &

ê>*ö V¢ EDFA~ ��� æz~� *Ç �^~ ��j

¢V~² B
.[2,3] 6� �f ?f vN �� æ�� �� �

^ ��f EDFA¢ Û"� rî
 *'>Ú 
ææ� Ë�Ò

�^*Çj *�B in-line EDFA¢ º&� rî
 �^ ��

� Ã&~� *Ú �Ê�~ WËj ÎÚNÒ² B
. V�~

6� �Ê�f � ^B6j �Ö~V *� *Ç� 6� 7ö

º �^*Çj 7æ~�¾, ��V �^f ªÒ~� OTDR 7

ªÊòj Ã�~V *� êê~ EDFA¢ ÒÏ~&
. ��¾,

*¶~ O»f �^ *Ç" 7*Ç� 6�¢ ÿ�ö >¯~º

©� ®&Ë~� *Ú *Ç �Ê�~ ÎNW" F�Wj �²

ÎÚNÒº �6� ®îb�, ê¶~ O»f � 6f ��~

&b¾ º&~ EDFA ÒÏb� �� *Ú �Ê�~ jÏ"

�ÇW� �² Ã&~º �6� ®î
. � ¢^öBº ~¾

~ EDFA� ��V �^f OTDR 7ªÊ¢ ÿ�ö Ã�~�

6� �Ê� 'Ïö V� *Ç �Ê�~ �» jÏ~ Ã&¢

b~�B, �^ *Ç" *Ç� 6�¢ ÿ�ö >¯~V *�

OTDR 7ªÊ¢ �^*Ç~ �OËb� ã«~� �^ ��

j �* »öB ªÖ�Êº O»j Bn~&
. �â 2º

OTDR ªÊf *Ç �^~ ç&'� OËö V� *Ç �^

~ ��;ê~ N�¢ rV *� 80 km *Ïb� V~B 3B

~ EDFA¢ Û"~º 320 km~ 7F�¢ �»~� 
þj >

¯� Ö"�
. � r EDFA~ «K �^�º 1550 nm 2Ë

öB −11 dBm~ 2ò¢ &æ¢ �z 7öj ÒÏ~&
. �

Þ OTDR 7ªÊº 2Ëj 1560 nm� ~�, �j 10µs�

~&b� 14 dBm�V¢ &ê
. � 7ªÊº 4 ms~ "V�

*Ç�ö ã«B
. � 
þ Ö"öB " > ®�� OTDR

ªÊ¢ *Ç �^f ?f OËb� ã«~� *Ç� 6�¢

>¯� ãÖöº vN��æ�ö ~� �^��� ê³ ?f

��V �^ö ·Ï~�B *'>Ú 1.5 dB �ç~ � 2ò

6²¢ ¢V~º ©ö j�, �OËb� ã«� ãÖöº '

EDFAöB B�~º �^��� '' 
� ��V �^ö ·

Ï~� �*»öB ªÖ>�B 0.5 dB �Ú� 2ò æz& Û

BB
. 6� êOÖ¦>º OTDR ªÊ*~ *Sö ~� G

�â 1. æãB ��~ EDFA. �â 2. OTDR ªÊf *Ç �^~ OËö V� *Ç �^~ ��.

Copyright (C) 2005 NuriMedia Co., Ltd.



Ó��¢^Ô2Ëª�
7zO� *Ç�~ In-service Ã Ç fj�ÁJ^W � 131

;Ö"~ ��j b~V *�B ªÊ~ ã«"V¢ *Ú *Ç

� *Ç�*~ 2V �çb� ~V r^ö, OTDR ªÊf

WDM �^ç~ ' jÞ
 *~ ç^ *Sf *Ú *Ç�ö

B � ® �ç B�� > ì
. V¢B OTDR ªÊf

WDM �^ *~ Fê¢òÖ¦�¾ ç^*çæ�f ?f j

F; *çö ~� *Ç ®î~ �zº EDFA~ vN��æ�

� �� �zö j� Z�� > ®
. V¢B OTDR 7ªÊ

¢ *Ç�^~ >&OËöB ã«~� �^��� »'>º

©j b~�, ~¾~ EDFAöB~ vN��æ�� �� �^

��f EDFA~ ¶Ö w�³ê� �� �
æ �æ pbæ�

EDFA& �� B ��B Ë�Ò 7*Ç�öB~ ��V �^

*Ç" OTDRö ~� 6�¢ ÿ�ö >¯� > ®² B
.

�â 3f �^*Ç~ �OËb� OTDR 7ªÊ¢ 7F�ö

ã«~� êOÖ¦>º �^¢ ºÂ�ÚV *�B ÒÏ~º

Optical Device Card(ODC)~ �Wê�
. �B EDFA ��

æã~ ãÖf îR&æ� 7*Ç�öB «KB �^ 7

OTDR 2Ë~ �^ò� FBGöB >Ò>Ú circulator¢ Û�

OTDRãb� ºÂ>² >�, 
� 2Ë~ ��V �^
f

FBG¢ Û"~� >�V� «KB
. 

III. 7*Ç� 6� �Ê�~ WËï&

�â 4º �B Bn� 7*Ç� 6� �Ê�~ WË ï&¢

*� 
þ �Wê�
. �¦æ�V¢ �Ï� æ�B 2.5 Gbps

Ü8 j6 2Ëª�
7zO�(WDM:Wavelength Division

Multiplexing)~ �^¢ 4B~ spanb� ��Úê C 320 km

~ �¢Î�7RF(SMF:Single Mode Fiber)� *Ç�Î
. �

r ''~ spanf 7 
KV� �ÖB 4B~ 20 km �¢Î�

7RF Ê¦� ��Úê
. 3B~ æãB ��~ EDFA¢ '

span Ò�ö ã«~&b�, ' EDFA~ ��f 21 dB��, �

�ïêêº 0.5 dB �Ú, Çræ>º 6 dB �~~ 8j &ê


. 2B~ ÿ¢� 1Ü16 AWG(Arrayed Waveguide Grating)

¢ '' 
7zV(Multiplexer), �
7zV(DeMultiplexer)�

ÒÏ~&
. 8 j6 WDM �^~ 2Ëb�º 1548.2 nm¦V

1559.4 nmræ 1.6 nm *Ï~ 8B 2Ëj ÒÏ~&b�,

OTDR 7ªÊ~ 2Ëb�º 1561.4 nm¢ ÒÏ~&
. � r

''~ j6î
 &æ76êV(variable optical attenuator)¢

�Ö~� *Ç�ö ã«B Ñ ®� EDFA «K�öB~ j6

2ò& −20 dBm� >ê� �.~&
. Ç�B 8 j6~

WDM �^º 
7zVöB �öê ê 3B~ EDFA& ��B

320 km~ 7RF¢ Û� *ÇB ê ODCöB OTDR 2Ë~

6�Ï 7ªÊò ºÂ>� � � 2Ë~ ��V �^
f

ODC¢ Û"~� �
7zVöB 
� ªÒ>Ú ''~ >�

V� «KB
. � r *Ç� 6�¢ *� OTDR�º ¢>'

b� ÒÏ>º çÏ HP E6058A Rack OTDR~ 7ö~ 9

f &��j &æº Fabry-Perot .�&¢ §f &��~

DFB .�&� vÚ~� ÒÏ~&
. 6� êOÖ¦>º �^

~ 2ò¢ G;~º APD(Avalanche Photo Diode) �ö &

æ76êV¢ º&~� APD& �z>º ©j Oæ~&
. �

â 5º � WDM *Ç�Ê�öB 8j6~ WDM �^&

ODC¢ Û"� ê~ *ÇÖ"�
. � Ö"öB 8 j6~ 2

ò ÞN& 2.0 dB �Ú� FæB ©j " > ®
. 6�

ODCöB OTDR ªÊ 2Ë~ �^& ºÂ>îrj {�� >

�â 3. Optical Device Card (ODC).

�â 4. 6� �Ê� WË ï&¢ *� 
þ �Wê.
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®
. �â 6" �â 7f '' Ç�V ÂK¦f >�V~ «

K¦öB � 2.5 Gbps 7�^~ Eye Diagram�
. � r �

â 7öB " > ®º 7�^~ ��f 7RF¢ �W~º 


î~ �.�� 2Ëö V¢ 
�V r^ö B�~º ïªÖ*

çö ~� ©�
.

�â 8f �â 4f ?� �W� WDM *Ç �Ê�öB �

OËb� OTDR 7ªÊ¢ ã«~� *Ç� 6�¢ >¯� Ö

"�
. �©f �� 10 mus�� peak 2ò& 14 dBm� 7

ªÊ¢ 4 ms~ "V� *Ç�ö >� ã«~�B êOÖ¦>

º �^¢ G;� ê, �^ & Çrj~ BFj *� 3ª*

ï�z(Averaging)¢ >¯� Ö"�
. � Ö"öB 80 kmî


 EDFAö ~�B 7ªÊ& Ã�>�, 20 kmî
 ÒÏB 7


KVöB >Òf ã«¶
� B�~&rj " > ®
. �

Þ ''~ �¢Î�7RF Ê¦î
 �Fª~ 7RF& ��

>Ú ®V r^ö, *Ú *Ç�~ ^�º ;{® 320 km& j

î¢ �. z ^² B
. V¢B 
B *Ç� 6� Ö"º �

â 9~ Fiber Endræ��, � ¦ªj >ÚF �*~ Ö"º

''~ 7RF span Ò�öB êOÖ¦B 7ªÊ 2ò~ ¢¦

& 
� êOÖ¦>º ";j >�~�B B�~º �ÊÞ �

^ö ~� ©�
.


rb� �â 9º � ¢^öB B�� *Ç� 6� O»ö

~� *Ç �Ê�~ power penalty¢ G;~V *� BERT

(Bit Error Rate Tester)� ö�Nj G;� ©�
. � Ö"º

¢>'b� 2.5 GHz 7*Ç�Ê�~ WËG;j *�B ÒÏ

>º 223− 1 ^�~ PRBS(Pseudo Random Bit Sequence)¢

*Ç~� áf ©�
. � �âöB *Ç� 6�ö V�

power penalty& 0.3 dB �Ú� 
Ö ·rj r > ®
. 

¢>'b� OTDR 7ªÊ~ ö.æ¢ �² ~� *Ç� 6

�& &Ë� �Ò¢ Ã&�Ò > ®
. ~æò � ¢^öB

Bn� 6� �Ê�~ ãÖº OTDR 7ªÊ¢ EDFA¢ �Ï

~� Ã�~º� � ãÖ 7ªÊ~ ö.æ& .Z ��

EDFA~ "êw�ö ~� &"2 �^ö &� ��� 6²~

�B 6� &Ë �Ò& J®J *Ú
² B
.[9] V¢B '.

�â 5. WDM 8 j6 *Ç Ö"(RBW = 0.2 nm).

�â 6. Ç�B 2.5 Gbps 7�^~ Eye Diagram.

�â 7. 320 km *Ç ê >�B 2.5 Gbps 7�^~ Eye Diagram.

�â 8. OTDR 6� Ö".

�â 9. 7*Ç� 6�ö V� power penalty G; Ö".
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� >&b� 7F�ö ã«>º 7ªÊ~ ö.æ¢ �.�¢

~�, �B >¯� 
þöBº 7ªÊ~ ö.æ¢ 251 nJ� ~

&
. 

IV.  Ö �

� ¢^öBº ¢>'� OTDR VF� WDM *Ç �Ê�

~ 6�¢ >¯~º î�Ú O»j Bn~&
. BnB 6�

O»f *Ç�ö ��B EDFA~ ��¢ circulatorf FBG

(Fiber Bragg Grating)j �Ï~� OTDR 7ªÊ~ 2ËöB

ò ·OË *Ç� &Ë~ê� æã~�, *Ç �^~ �OË

b� OTDR 7ªÊ¢ ã«�b�� vN��æ�ö ~� �

^��j ªÖ�B �^*Ç" *Ç� 6�¢ ÿ�ö >¯~

º ©�
. 
rb� � 6� O»~ æ�Wj ¦Ã~V *�

BnB ��� æãB EDFA& ��B 320 km ̂ �~ 8 j

6 WDM 7*Ç �Ê�j �»~� 2.5 Gbps~ �^*Ç"

ÿ�ö *Ç� 6�¢ >¯� Ö"¢ �&
. � r *Ç�

6�� �� *Ç �^ j6~ power penalty¢ BERT� G

;~� � 8� 0.5 dB�~� 
Ö ·rj �&
. � ¢^ö

B B�B î�Ú 6� O»f V�~ O»
" jv~� >

ÿ 7²¶òj �Ï~� 7*F�ö ��F EDFA~ ��¢

æã~�, ~¾~ EDFAòb� �^f 7ªÊ¢ ÿ�ö Ã�

� > ®bæ� º&~ EDFA& jº ìV r^ö �*� *

Þ~� ²ºjÏ� &Z~
. öò jî¢ � ¢^öB Bn

B 6� O»f �^ ��j �²z�b�� �^ *Ç" ÿ

�ö 
�*b� *Ç� 6�¢ >¯~º ©� &Ë~æ� *

Ú *Ç 5 6� �Ê�~ ÎNW" F�W� �Ú¾
º Ë

6� ®
.

�" ;�z �&~ ê¾f �þ Þ¾c Ïï� V~ />

'b� Ã&~�B, �ö �ºÚ V* 7Û��ê 2Ëª�


7zO� VF~ ê«b� Ïïj ³V'b� {Ë~� ®
.

�� º^ ³öB �³ 7*Ç�ö Ë�& B�� ãÖ Ë�

æ6j �³~² 2k~� ��~V *� 6� �Ê�~ jº

Wê �þ 
æ� ®
. � ¢^öB Bn� î�Ú 6� �

Ê�f � �*� Ï�~� 
�*b� *Ç�¢ 6�� >

®bæ� ÎN'��Bê ãB'� *Ç�~ 6�& &Ë�

©b� V&B
. 6� EDFA B> Ã&ö V� �^ ��~

*'� �²z>Ú *Ç� 6�ö V� power penalty& 
Ö

·bæ�, Ëê *Ç�~ ^�& Ã&~z¢ê �
 £² &

¾ � > ®j ©b� �'B
. 
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Novel supervisory system for WDM transmission link using conventional optical time domain reflectometry was presented. By
modifying the structure of erbuim doped fiber amplifier to support bi-directional transmission at OTDR pulse wavelength and
launching the optical pulse into transmission link in the opposite direction of data signal propagation to avoid the distortion by
cross-gain modulation, it is possible to monitor the WDM link in service. To prove the validity of proposed scheme, the
supervision result of 2.5 GbpsÜ8 channel WDM 320 km transmission system in service by OTDR was presented. And power
penalty due to monitoring was measured as smaller than 0.3 dB. 
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