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Study of optical decoder and optical bit translator and their
application on high speed optical transmission system
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Abstract
Part A

In this paper, the combination of different
prime code is proposed, because there is no
interference between prime codes. The
cornbined prime code can improve the system
capacity and to support the multi-media
communication. The conception of quasi
synchronized code is proposed. It combines




two prime codes as a new spreading code. For
combining Prime-7 code and Prime-3 code,
for example, the capacity of the asynchronous
system can be greatly increased from P, to
P,’xP,. This quasi synchronization technique
can be .used to improve the capacity of
asynchronous system to that of synchronous
system without using the synchronization.
Therefore the new combined code is suitable
for high speed and high capacity optical fiber
communication  system  without using
synchronous technique. For example, the quasi
synchronization system capacity can be
increased from 7 to 147 combining P7 and P3
code.

Part B

In many papers, we found the feature that
the modified prime code is nearly orthogonal,
thus we use this feature to make the data
encode used in photonic code division switch
(PCDS) in this paper. The PCDS can be
modularized design and reduce the module in
the equal port numbers. And the quasi-
synchronous parallel prime code structure is
combined the shorter code of asynchronous
structure with the longer code of synchronous
structure. The PCDS using quasi-synchronous
paraliel prime code has more efficiency than
use of synchronous capacity prime code design
of PCDS.

Keywords: Synchronous Codes System
Division Multiple Access(S/CDMA), quasi-
synchronous parallel prime code, Photonic
code division switch

= ERBH

COMAC > % % ) MBIk i i 748
M, ARBENBUEBBERS SR
NEKEBREZABEBRERAL, £ ELE
& #4k A Walsh N Gold Codek & % 43 84
R SRS, RN A YA A T HEEL TR
W R, i 7 % & BB R 15 MR
BBRARTHIEHS SR » 0
AT RS0l M B 1% 4
% # (4Gold Code&Walsh Code) #|H
Hfr- 1 REBBREZ B E R IE®
FEBANKET S S EHBIH - Bk
SAFIBMANB A i B - £ &

L4 5 (Prime Code) B AZ LA
RS S E R -

BT BRFBRBT—RHAy
RABSILBAL A G BRA Z RfEILis
HERKZAEF X REAELLEE -
AENAFNABEBLGEN S EHRH
W—ERREABRBERGPIZEEN » &
BREBIBLAGPIRARAL L2 2425
% o

EFFXRFTERAERELER S
AT, HAAGFAEHR, LAFOIHELL
FIERE A8 B THENRIE L
ChE R BOBES, HEHH NN KA
BHEMREAGHEATERY, B i
iR SR ERmEeIE Rl 4 4 gz
SREBROPAFTIHEEFRFOF ER
RESGEHEEHE, & L SRER S P47
FUB TR AGOH AL NI ASE
B, LEREE SN B 4t oR
FEBTRYV A4 HEsisn -

= BRaus
| %54

BRUBAEHE S LR

AREMBABBMNEBE P OERERE A
RAER P BB RIS bt it
FEMOEARBUSYER YA G P,
HEWE > MmATS IR 24 244
WwE 1 AT RIMTEREEES A EE
®AE B P 81 R & (User2, Userd)
MR THEAHES TR » Al A4
HARMNA S LERNEH ARG EH
RS ERAZEY -

MEF AT H s

AR AR MY B L F 8
¥4 P7-Code & P3~Code # 1% & 1%t 442 4
B RRUABMERFTIERAERA L EEE
RGT ERRIYEBAKY  RUE—5
¥ 0 B4 (4o PT-Cope ) i 47 435 5 M) 419 38
=B E #45(de PT-Cod £t P3-Code) fa
R —EM RS BEFE S % Quasi
Synchronous Prime Code) * & & sb & 445 -
Yo 4 PR o
Rt o BE4 A E R R R F) 55 B3R 58
BChip(PT+P3=4949=58) » W B 5% =




Y R

FEVBERAIHES LR imAE

BAEERBESIREY B 255
Rl o N KB AEE B/ 8 0 5 (Secondary
Transmitter/Receiver) » it L 45 A &
AATIARB IR EHESLE %
IHEEAGHFRAERAETSEBE
W BEAER IR RN 2 T
B ANARAMHBETHEASRE AL
REXHSBBELHER  Hohth
GHERELTS PIBRTHABER R
Bt AUBGALHGERE Brv 2
BER @ FTHAEL 03 REAANE, §
IR BT B8R o

FRE S F 47 H $85 & a3t

AR A A b T TR L E Y
345 % 4. (PT-Code BP3-Code) & 4 $8 R %
By BB B LT -

ABERIINLERERDNT L44A
R EA5 B DU VR SR 3k 4 (R BT AR IR
BITHSE  wbk T HRAAER S
ASRT ORI BaE R R/A
AR HES -

B AR T AnbERZREANLENA
B :é‘ﬁlﬁ}?tﬂi@-—f@ﬁi@%%@elay)
FHEANP-T Codesr B s » muE ey
B f] & 45 8 B P-3 Code#yChip & e
HAEBILPI=9) » AREFE Y #
BRELT AN ERBAR IR

CPIAP3 & B2k Adind Ris
S —A W — HEH ) S T
B F % -

Bk BEALSEH AL FEEE

£ WEARLSBEEAFHE A LIS do
B 6 Fiw o

LS R ikt
BEARKBE S HEE  HI%

SHEAR S ARAE 3 0 DR B B 4K 0 AR I A AR

BHEAN  ZBHEEERF L4

A BRERBF S Sy _EBEEH
BHophe YR GMEELER
18+ A & dP-7 Code RP-3 Code
My HEBERE S BTh=T/Th

=3

B. £ BRI F 8% M EH
AR AR T &SR g
B I 2 (ho AT AT R ) i 47
Mg EFETH R FAB AR
W TERPAERF AT ek
BB RRN o KBS bkt
EH e

CAfRTA24MEZRANLENA
¥ B kEP-3 Decodertt © B
BEA—EEE EDelay) » Ml
ey 8% ] K42 (Delay=Y-X) 8] 4 P-7
Coders FAA (Th="T) % B.6442 E(Y)
#P-3 Codets F 14 (Th=23) i 8.¢4
MEXzBERT -

D. z# A Ady#s4 % (Coupler)
AR RAF—HEEREH
BE Hea R b ankBmm s
&1 M8 H $45 & #h € (Th=P3HPT
=3+7=10) »

E. Ba7 @P-3 Decodersd if it g &
(Delay=Y-X)#y2£:& » e.42P-7 Code
#2P-3 Code % #:thBE R (g -4 3] )
—ERELE  HARFRIIATETB
R SE R e ES
> EépmbayP-T CodesizP-3
Code » 34 B k4585 AL T 45 8] 5] —
1 EmARTE K EL o

BE BRI GER S SESERAE
HAORH AL RT B TR

AEEBIHMBERAARRNAL T

(D) B4 &4 §EEs.

DL HEHRBETAIOT S E . &
HE~ M HBBA G N G
A o .

) A F BRI EME TS ER L
Hels B Bl B B & H B RR -
8F — IR A #Ae i e 4E BT -
T — EE A B Ak B A B2 -
BT EMAECHRTH P GEF TR
SEREALSEMED I H 2% 8 A 46 B 50 -

(3) LBSEHDI4E MBI A B4 -
WELUBIREA file thH—mE a5
TREAEERT AN E -~ R
B er B8 B BB o
WMBERDRETELE A50-




FEREDERYN-2E LA By
%% o DEEFENIF R 250 -
4) Xt

3 BMBHER
FLERTHERWERIFE

R AT BB SHE - RS %
ARBEENPHEFPRITRNGES 3 Y
B2 T Bl 3t ol 2 R EE (Turbo O 4z »
LB d Prime Code 3 & Prime Code 7
et ABRERASTERBELEF§ 5
i -

FMARMBEEAEHBERAHER S
T % # #% (Quasi Synchronous Prime
Code) » EMAFR A K - EE-FACE A
TH GTEHEMRS A 4MEE, R
FFARBEAAAESEERGEAER S
AURER AN B REBRESHAESE -

e A &

BOER AR A EIHBATEELE 2
THAEFSEMNHENRE, WA AT L FL
BB EHS RVBEETRORE -

BERLITo, MBS RN EHEA %
ELFE B 2 R AT IR $, 4o 3k ) 5 PO A A 0 45
%A FA1/5, @A FE) 5 P3PS 42 4% ¢4 55 {5 B
£ 52 (5-1))/(3455)=0. 24 (3%+5%: $5 F)
FRAEREIER S F47 G 8BS 2 F
EHERTRBOEMRITES -

KR&ERE :
KRREEHERABERZGREZ T

REFIBF M BB, LA AT R BHA K

AR, RV EETRORE -

BRAT ko, MR S B0 R K95 A
FHFRATEMERS, W FASPTRMS
REERERT, MR FPIHPIE ey % &
A EB(2x (5-1))

O LxARXAEMWAER

it awm

(1) “Multi-Layer Prime Code decoder for
Ultra High Capacity Optical CDMA
Network” IASTED International
Conference on Signaling and

2

)

(4)

(5)

(6)

(7)

(®)

®

Communications, Gran Granaria, Spain,
February 11-14, 1998,

“High Capacity Prime Code Hierarchical
Decoder with Delay Line Logic”
MODSIM 97, International Conf. On
Modelling and Simulation, Tasmania,
Australia, December 8-11, 1997.

“Design of Optical Decoder and Optical
Address Translator for High Speed

Optical Switching Network”,
SBMO/IEEE ~ MTT-S International
Microwave and Optoelectronics

Conference, Natal, Brazil, Augest 11-14,
1997.

“High Speed Optical ATM Network
Using Code Division Multiple Access
Techniques”, IASTED INFORMATICS,
Insbruck, Austria, Feb. 18-20, 1997.
“Performance Analysis of Synchronous
Different Codes System Division Multiple
Access (S/CDMA) Techniques with
Prime Code in Optical Spread Spectrum
communication”, Proceedings of the
Third IFIP ONDM Conference on Optical
Network Design and Modeling, France,
Paris, Feb. 8-9, 1999, g
Yang-Han Lee, Rinfield Y. Yen, Kuo-Ting
Lin, Rong-Hou Wu, and Chung-Shuo
Yang ,“Design of Optical Multi-layer
Prime Code using Optimal Design
Algorithm”, Accepted by Journal of
Optical Communications, 1999, (ElL,
Engineering).

Yang-Han Lee, Jyh-Yuan Wang and Shyh-
Lin Tsao “Design of Packet Switched
Network Using Optical Signak Processing
Techniques”, Accepted by Microwave
and Optical Technology Letters, vol.23,
no.1, 1999. (El, SCI, Engineering).
Yang-Han Lee, *“Optical Multimedia
CDMA System with Novel Multiplexing
Techniques”, Microwave and Optical
Technology Letters, vol.22, no.6, pp.424-
426,1999. (El, SCI, Engineering). (3t &
45 3%:NSC-88-2215-E-0320-03)
Yang-Han Lee, “Simulation Study of
Different Codes Systems Division
Multiple Access (DCSDMA) for Optical
Communication” , Microwave and
Optical Technology Letters, vol.21, no.4,
pPp.291-295, 1999, (El, SCI, Engineering)
(31 £ 4 5 :NSC-88-2215-E-0320-03)



B F o

(1)

(2
®

“BHBEEOBE R T RE2 RS
2 ERARHBRBEE" (LAY H)
“REBATRE"(F )
“FETRE TS TN A GRS
Bl 47 6 L0 405 B R ARIE B %317
(s +)

A R

i1

(2]

[3]

(4]

&)

~ Techinology

[6]

E.S.Shivaleela, Kumar N. Sivarajan,
“Design of a New Family of Two-

Dimentional Codes for Fiber-Optic
CDMA Networks,” JLT, Vol.16, No.4,
April 1998

Chung-Shuo  Yang, "~ Study of

Encoder/Decoder  for All  Optical
Switched Network” ,Master’ s Program
in  Electrical Engineering, Tamkang
University, June 1998.

A. J. Viterbi, “ Performance Limits of
Error-Correcting Coding in Multicellular
CDMA  system with and withomnt
Interference Cancellation,
Glisic and P. A. Leppanen (eds.), Code

Division Multiple Access
Communications, Kluwer Academic
Publishers, 1995, pp. 47-52.

Y.E. luand W. C. Y. Lee, “Ambient

Noise in Cellular and PCS Bands and Its
Impact on the CDMA System Capacity
and Coverage, “ 1995 ICC Conference
record, Seattle, Washington, June 18-22,
1995, pp. 708-712.

Shenping Li, Kam Tai Chan, and Caiyun
Lou, Wavelength Switching of
Picosecond Pulses in a Self-Seeded
Fabry-Perot Semiconductor Laser with
External Fiber Bragg Grating Cavities by
Optical Injection " , IEEE Photonics
Letters, vol. 10.
No.8.,August 1998 ,pp- 1094—1096.

Yong-gyu Park, “High speed variable
length code decoder apparatus.” United

“in 8. G. °

(7]

[8]

[9]

State Patent , Patent Number : 5561690,
Oct. 1,1996

Warren H. Lewis, Blacksburg, Va. «
Digital wavelength division multiplex
optical transducer having an improved
decoder” ,” United State Patent , Patent
Number : 5281811. Jan. 25,1994

Shi Zan, Li Qing, Ye Peida “Header for
Optical Time Division Multiplexing Data
Stream” J. Opt. Commum. 19(1998) 4,
122-125

M. Kavehrad, et. al., "Optical Code-
Division-Multiplexed System based on
Spectral Encoding on Noncoherent
Sources,” J. lightwave Technol., vol. 13,
pp.534-545, 1995.

[106] L. Nguyne, et. al., "All-Optical CDMA

with bipolar codes,” Electron Lett., vol.
31, pp.469-470, 1995.

{11} C.-C. Chang, et. Al, "Code-Division

Multiple Access Encoding and Decoding
of Femtosecond Optical Pulses over a
2.5Km Fiber link,” IEEE Photon. Techonl.
Lett., vol. 10, pp.171-173, 1998,

[12] R. Gaudino, et. al., "MOSAIC : A

Multiwavelength  Optical  Subcarrier
Multiplexed Controlled Network ” JEEE J.
Select. Areas Comm., vol. 16, No. 7,
pp.1270-1285, 1998. .



Different Optical Code Division Multiple
Access System
(DOCDMAS)

Userl
P

P, : Primary transmitter/receiver

B - . B P_P.PB+P,..
P, +Pg : Primary transmitter/receiver together t LT
with
Secondary transmitter/receiver
PL
UserS S
P, L — —— Star Coupler %
B PL PPy ’ \ gsflr?
P, P, B+P,... LS
P +P, P Py PP +Ps..
PP, P +P,...
User4 User3
P +Pg Py
Bl 3xhe&mig
—————— — — — . Primary Transmitter ____ _ _ _
i P, Optical 7
| o~ Encoder |
[ N chip syn I
l ) i
I OO |
P, ..
" el rf P OO \ | | aser Diode o101t1... | TX of digital data
I\ (o0 0090 ( (ex:voice,..)
| leasanen |
e 4
——— e ] Fomary Receiver _ _ __ _ _ _ _ _ _
| P Optical chip syn. —'i
1 Decoder [
p+p. L | P Photo ™ ot | Rx of digital data
7% |-1_ I P, +P, OO Detector T (ex:voice...)
} [
I !
|
L T —_—— e Jd
Secondary
Transmiver/Receiver
l ———————————————— -
|
P B 0101 igi
L | s 1 TX of digital data
| Pg MUX e i (ex:FAX..)
$1
I P +P I
; i
‘ {
|
| | P 4P ‘ % 0i01... 1 RX of digital data
] —$| P, DEMUX ; | (ex:FAX..)
T A 2 e J
L [

B2 HEERBEAEEASIEBMAR



e R R T
A v [l

> | Bit Data +—

Data Spreading Code 1000000100000010000001000000100000010000001000000 | 100010001000

» 49Chp <« * 9 Chip <
P7-C0,0 P3-C0,0

B3 MRS ERHR

P2 Encoder

Data Quasi Synchronous

y

P7 Encoder ' Prime Code

10110... —] O Coupler ——

| Dertay | | OO0 |
i N00 000

B4 HRAS%ELS




{Quas Synchronous
e Code P Decaie Tl ] D
- - Coupler Disim
o T | .
- o
| Tieshol
L 000 Dison
0000 Thel
B 5 AR A% % &
P7 X R& PIikig R
GLL C22. C33| #%# [ C00 [ 00 [ GO0 [ G0 | Cio [ CiZ [ o0 |00 =
CA4, C55, Co6| mE 0 5 10 18 19 27 17 19 -
C2.2, C33, CA4| RF#® | GO0 | GO | CiJ | TR0 | G0 | Cal | €00 [ Coo 1Cog
G55, C06 HE 0 5 16 23 24 32 33 35 32
C00. GL,1. Caz2
C.3,3, CA4d, C55 ek &
C,6,6

&1 PIP3HEUMALSES TERTLR




‘ BRI
AR DU ASHE PR SR [T

%y
(n) (=,

_ |pCDS N? N (N+3)

2|~

MPCDS N? NY(2N+7) :

z

(N-1)x Nsx (842x 2(N.-1)
QPCDS 2x (N -1)x Ns (Ns-1)

N2+ Ns 2
1
WPCDS N2 3x N2 — N
N
2N~ 1)
WQPCDS| 2x (Ni-Dx Ns | 3x 2x (N-Dx Ns | — = |2(N,-1) x
N2+ Ns Ng

%41éﬁﬂ%%%ﬁiﬁ%&ﬁﬁ\%ﬁmﬁﬁ&ﬁﬁm$%%ﬁ
Pw&%%%ﬁﬁ&%mﬂ&ﬁﬂﬁﬁﬁ%ﬁiﬁﬁwmmwwww&
WQPCDS : WDM+QPCDS, MPCDS : 42 #a 4t 3, TEBE LIS
NHEEXE RSP A ERAREATRSHEB
N&ﬁﬁﬁ*ﬁgﬁ%¢%ﬁﬁﬁﬁ@iﬁﬁﬁ%?ﬁﬁﬁ%%kﬁ@%&E
Nuﬁﬂ$$ﬁﬁﬁ%¢%%§ﬁ%@£ﬂﬁﬁ%*ﬁ@k%ﬁkﬁ@%ﬁa



Inl
In2

U = =
In3 P5C3,+23C0,0

ind

M=1TI=
InS P5C1,4+P3C0,0

In6

In7
In8

In9
Int0
Inll
Ini2

nt3
Inl4

Inls

Inl6

Inl7

In

—

8

inl%
In20

In21
In22

In23

In24

LoFN
Gl

M=], U=t

P5CL0+P3C0,0
vl= =
P3C2.0+P3C0,0

=4

M=1.U=
P5C4,0+P3C0,0

M=1.1)=5
P5C2,4+P3C0,0
u = =
P5C3,4+P3C0,0

M=1.1=8
PSC44+4PIC00

M=2,l}=1

M= =
P5C2,3+P3C1,0

V1= =

P5C3.0+PACLO
=2,U=4
P5CA.4+PICT
[P5C1.0:03C10 ]
M=2.1U=6
PSCIAPCL0
u = =
PSCIIPICLa
M=2.1/=8
P5C4,34PICL0

M=3,U=1
PSC1,24P3C2.0
M=3,U=2
PSC2.14P3C20
M=3,0=
PSC34+P3C20
1=3,1=1
PSC4,34P3IC20
M=3T=
P5C1,1+P3C2,0
P3C2.0+P3C2,0
A=3110=7

éﬁ

= 'i
=3, |

P5C4,24P3C2,0

udgx

e
FHREREE TR

wfEL

iR
B} i

Mz=1,Uz=1
PSCLIWPC0A

FSCAD-PY0D »
PSC1LAPAIS

PEAndd | Ou)
PACAAFICOD

/
\ tm’

poerae | GQuig

Mz=2,Uz=1

PCA1PICI0
P!(‘JJ:PBCI.O Ou29

Mc=8,Uc=3

6 RSB RS

PSCLI-PYC10

Fedrt | Ouls

BoLeesd | Ot

ecemcr | Ol




