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Increasingly asserting in terms of transmission speed, transmission
distance, transmission capacity, optical communication network is
being the first choice not only for inter-provincial and intra-provincial
backbone transmission routes, but also for used in access networks,
fiber optic cables, etc. in Vietnam's telecommunications network. This
advancement is due to the application of the technologies of time
division multiplexing (TDM), wavelength division multiplexing
(WDM) and optical code division multiplexing (OCDMA). This
paper focuses on studying SAC spectrum amplitude encoding
technique in OCDMA system. The system is designed, surveyed and
simulated on OptiSystem software with experiments on: distance,
number of system users. This study contributes to solving the problem
of improving performance for multi-wavelength optical access
networks using OCDMA optical code division multiple access
technology.
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TU KHOA

Hé théng SAC-OCDMA

M3 hoéa bién d6 phd SAC
Cong nghé OCDMA

MAI

OCDMA duéi tac dong MAI

Ngay cang khang dinh dwoc wu diém vé tée do truyén, khoang cach
truyén,  dung luong truyén, mang thong tin quang dang la sy lya chon
hang dau khong nhiing cho cac tuyén truyén dan dwong truc lién tinh,
noi tinh ma con dugc st dung trong cac mang truy nhap, cac soi day
nhay quang... trong mang vién thdng Viét Nam. Sy tién bo nay do
ung dung cac cbng nghé ghép kénh phan chia theo thoi gian (TDM),
ghép kénh phan chia theo budc séng (WDM) va ghép kénh phén chia
theo ma quang (OCDMA). Bai b&o tap trung nghién cau k¥ thuat ma
hoa bién d6 phd SAC trong hé théng OCDMA. Hé théng duoc thiét
ké, khao st va md phong trén phan mém OptiSystem véi céc lan
thuc nghiém vé: khoang céach, sé nguoi sir dung hé théng. Nghién
ctru ndy gop phan giai quyét vin dé nang cao hiéu ning cho mang
truy nhap quang da budc song sir dung cong nghé da truy nhap phén
chia theo ma quang OCDMA.
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1. Giéi thiéu

OCDMA la phuong thirc da truy nhap trong thdng tin quang. Két hop nhitng dic tinh vu viét
cua phuong thirc da truy nhap phan chia theo ma CDMA va truyén din soi quang. Trong
OCDMA, mdi kénh truyén théng duoc phan biét boi mot ma quang thay vi mot budc séng hay
mét khe thoi gian [1], [2]. Qué trinh ma hda quang la bién ddi cac bit dir liéu trude khi ching
duogc truyén di. Tai dau thu, thao tac giai ma nguoc duoc yéu cau dé khdi phuc lai dit liéu gdc.
Pa truy nhap phan chia theo ma quang la str dung ky thuat OCDM dé phan xt viéc truy nhap
kénh truyén giira nhidu nit mang trong mot mé hinh phan tan [3]. Ky thuat ghép kénh phan chia
theo ma quang (OCDM) véi cac wu diém vuot troi d6 1a: truy nhap khong dong bo, sir dung hiéu
qua bang théng, c6 kha nang mé rong va bao mat cao [4].

Tuy nhién, doi véi cc hé thong PON str dung ky thuat OCDMA thi mot trong nhirng yéu to
anh huong dang ké dén hiéu nang cua hé thong chinh Ia nhidu da truy nhap (MAI) [5]. Khi co
nhiéu ngudi dung cung truy nhép vao mot moi truong, tai cung mot thoi diém va cung cac tan sé
dé phat dong thoi dong dit lidu caa ching trong cac hé thdng OCDMA s& gay ra nhidu MAI [6].

Do dé, viéc tién hanh nghién cau phan tich hiéu ning cia hé thong OCDMA nham danh gia
kha nang trién khai cua giai phap OCDMA trong truyén théng quang I rat can thiét [7].

2. Kién triic hé thng OCDMA

Kién truc dién hinh cia mét hé théng OCDMA duoc minh hoa trong hinh 1. Tin hiéu tir K bo
phat dugc dua dén bo két hop dé truyén trén soi quang va dén cac bo thu biang mot bo chia
quang. Mot soi quang duogc sir dung dé két ndi tir phia phat dén phia thu va duoc chia sé giita tat
ca cac nguoi dung.

.......... J B9 phat
OCDMA 1

E] .......... o Bophat
OCDMA 2

Ci,?l .......... Bo phat
OCDMA X
B¢ thu

---------- » Tin hiéu dién OCDMA X
—— Tin hiéu quang

Hinh 1. Kién trlc ciza mang PON-OCDMA

OCDMA Ia ky thuat ghép kénh ma trong d6 mdi kénh truyén thong duoc phan biét boi mot
ma quang thay vi mot budc song hay mot khe thoi gian. Qué trinh ma hoéa quang 1a bién d6i céc
bit dir lidu trudc khi chung duoc truyén di. Tai dau thu, thao tac giai ma nguoc dwoc yéu cau dé
khdi phuc lai dit liéu goc [1].

Thong thuong cac hé théng OCDMA duoc chia thanh hai loai, d6 1a khong két hop va két
hop. Co ché khong két hop duya trén ky thuat diéu ché cuong do va tach song truc tiép (IM-DD).
Hoat dong tach song truc tiép lam cho thu tuc don gian va giam gia thanh cho bo thu. Bo tach
séng quang (photodetector) s& phat hién ra cong suat quang cua tin hiéu quang chir khong phai 1a
cac thay doi tac thoi vé pha cua tin hidu quang. Vi vay, chi cac ky thuat xir 1y tin hiéu khdng két
hop méi ¢6 the duoc sir dung. Trong OCDMA két hop, thong tin vé pha cua séng mang quang la
quan trong cho qua trinh giai ma. Do tinh chat truyén dan cua soi quang va cac hi¢u tng phi
tuyén ciing nhu mirc d6 phirc tap cua bo thu trong hé thong OCDMA két hop lam cho ky thuat
nay kho trién khai hon. Tuy nhién, hiéu ning ctia co ché két hop cao hon nhiéu so véi co ché
khong két hop bai vi bo thu ¢4 ti s tin hiéu trén nhiéu (SNR) nhay hon [2].

Ngoai ra, OCDMA ciing c6 thé duoc phan loai theo phuwong thirc ma héa, d6 1a ma hoa st
dung mién thoi gian, mién tan s6 hoac ca hai. Trong hé thong ma hoa mién thoi gian, tin hiéu
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dugc ma hda bang cach nhan bit dir liéu voi mot tir ma theo mién thoi gian. Hé thong nay khéng
hiéu qua v& phd bai vi mét tir ma dai thuong dugc yéu cau dé duy tri mot tuong quan chéo thap.
OCDMA trong mién tan sb thuc hién ma hda pha hodc cudng do phd cua tin hiéu quang bing
rong bang viéc sir dung pha hoac mit na bién d, ma hoa bién do pho (SAC) c6 thé cho hiéu qua
vé phd tot hon. Mot wu diém quan trong khac cua SAC-OCDM do6 la khtr duoc nhiéu da truy
nhap (MAI) (la cac tin hi¢u khdng mong mudn xuét hién nhu 1a nhidu tai bo giai ma). Pay la
ngudn nhidu chu yéu trong OCDMA va gidi han hiéu nang cia hé thong. Tuy nhién, theo ly
thuyét, MAI c6 thé duoc khir bang viéc st dung mét bo tach song can bang. Ngoai ra, khong
gidng nhu cac hé thdng mién tan sé khac, SAC-OCDM c6 thé sir dung cac ngudn quang khong
két hop cho phép gié thanh ré hon va céu tric don gian hon [3].
3. H¢ thong ma héa bién d9 phé SAC-OCDMA

Trong hé théng OCDMA ma hoa bién d6 phd, céc thanh phan tan sé cua tin hiéu tir mot
ngudn phat bing rong duoc ma hda bang cach bi chin lai hoic cho qua tiy thudc vao tir ma duoc
su dung.

Mat na bién do

Céch tur Théu kinh (code)  Thu kinh Céch tur

Encoder
Aw)

Ngubdn Laser
bang rong je—
—
. P © | Boghép
po 1 s Guong Guong i hinh sao
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] 2
TS Khuéch —pdla ‘1 Téch
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ngudng 2l D) 4_’— 3dB
Dt liéu

Hinh 2. So do khoi hé théng mang PON dira trén SAC/OCDMA

Trén hinh 2 1a so d6 khéi hé théng mang PON dua trén SAC/OCDMA, dit liéu ludng xudng
dugc gui téi nguoi ding s& duoc ma hoa bai cac bo ma hoa phd, cac bd ma hoa nay dugc xay
dung tir cu tric céch tir Bragg.

Mai thiét bi ONU s& nhan cac tin hiéu khdng chi tir bo ma héa mong muén (tic 1a tin hiéu dix
liéu ctia nG) ma con nhan tir cac bo ma hoa con lai (tac la tin hiéu nhidu da truy nhap MAI). C6
hai bo giai ma tai mdi ONU, bo giai ma thir nhat co tinh chét gidng nhu bd mé héa trude do,
trong khi bo giai ma thi hai c6 tinh chat nguoc lai (tinh chat bu) [4].

Céc tir ma duoc st dung trong céc hé thing SAC/OCDMA duoc thiét ké co gia tri twong quan
chéo ciing pha ¢ dinh vi vay ma sb budc song di qua mdi bo giai ma trong trudng hop caa mot tin
hiéu nhiéu (tir cac bo giai ma khdng mong mudn) 1a gidng nhau. Béi vi tin hiéu dwoc giai ma tir hai
bo giai ma dwoc tach séng boi hai photodiode (PD1 va PD2) duoc két ndi theo co ché can bang trén
nhanh dwong va nhanh 4m, do d6 tat ca cac tin hiéu nhidu (tc 12 MAI) s& duoc khir [5].

Trong ma hoa bién do phd SAC-OCDMA, bé thu loc tin hiéu vao thong qua mét bo loc giai
ma tryc tiép A(w) gidng nhu tai bo phat va mot bo giai ma bu co thanh phan pho A(w). Léi ra
ctia cac bd giai ma nay duoc tach song boi hai bo tach song duoc két ndi theo cau tric can bang
Déi voi mot tin hiéu nhiéu, tly thudc vao tir ma dwoc gan, mot phan cua cac thanh phan phd sé
khop véi bo giai ma truc tiép va phan khéc s& khép voi bo giai ma bu. Bai vi 16i ra cua bo thu
can bang twong wng vai hiéu cua hai 16i ra bo tach song nén cac kénh nhidu sé bi khir trong khi
kénh phu hop s& duoc giai diéu ché, tie 1a MAI duoc khir trong hé thong SAC-OCDMA [6].
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Mot vai loai ma da dugc dé xuét cho hé thdng SAC-OCDMA bao gom: chudi M, mé
Hadarmard va mi twong ddng trong sé kép dugc stra d6i (MQC). Mai tap tr ma cod the duoc biéu
din boi ky hiéu (N,, w, p), trong d6 N, 1a d6 dai cia ma, w 1a trong sé va u 1a hé sé twong quan
chéo [7].

4. M0 phéng thwc nghiém va danh gia
4.1. Phan mém mo phéng Optisystem

Trén hinh 3 thé hién giao dién la phan mém mo phong Optisystem md phong céc h¢ thong
théng tin quang. Phan mém n@y €6 kha nang thiét ké, do kiém tra va thuc hién toi ‘uu hda mang
théng tin quang.‘Tror]g thuc t€, dua trén bai toan xay dung mo hinh hoa cac h¢ thong thong tin.
Bén canh d6, phan mém nay ciing cho phép nguoi s dung cd thé dua thém cac phan tir mai thiét
ké bd sung vao thu vién tng dung [8].

e o v oyt Tt eprt S e, v i Gpon Parameters x
‘ > | @ O Layeunt 1 o B Sweep lleration - e w |(m m L | r —
[ simutation |S|gnal5 Spafial effects | Noise | Signal tra |
Hame | Value | Units | Made
Simulation window | S0t bit rate Nwml
Reference bit rate v
Bit rate I 1:‘44!5000075 tais Nc rmal Add Param ‘
Time window 20576 168724 7 | 4 2.
Sampie rate - & i A J
Sequence length 256 | Bits Normal
sn:wm per :r: 32 Normal 4
Humber of samples L 8192 | Normal
o
opect |
pr—
H O L ™ ha ;) W E |
Hinh 3. Giao dién la phan mém md phong Hinh 4. Giao dién khi thiét Idp cac tham so toan cuc

Optisystem

Véi giao dién duogc thé hién trén hinh 4, cac tham sé ndy s& lién quan dén toc d6, do chinh xac
va yéu cau vé bd nha cho viéc thyc hién md phong thiét ké. Cac tham sé nay duoc goi la tham s6
toan cuc vi N6 anh huong dén tat ca cac thanh phan trong thiét ké co sir dung cac tham sb nay.
Trong OptiSystem, céc tham sé nay bao gom: Tdc d6 bit (bit rate), chiéu dai chudi bit (Bit
sequence length), sé mau trén mat bit (Number of samples per bit) [9].

Céc tham s6 nay dugc str dung dé tinh toan Time window (ctra s6 thoi gian), Sample rate (t6c
d6 lay mau) va Number of samples (s6 luong méu) nhu sau:

Time window = Sequence length * 1/Bit rate = L.% =L.Thb

Number of samples = Sequence length * Samples per bit
Sample rate = Number of samples / Time window
OptiSystem dung chung tham sé Time window cho tét ca cac thanh phan trong thiét ké, tac la
tat ca cac thanh phan déu c6 Time window gidng nhau nhung cé thé c6 Sample rates hoic
Number of samples 1a khac nhau [10].

4.2. Bai toan thuc nghigm

Thiét ké, khao sat chat lugng mét hé théng thong tin quang OCDMA str dung k' thuat ma hoa
bién d6 phd SAC véi 3 nguoi sir dung. Khoang cach truyén 10 km. Téc d6 bit truyén 1a 1Gb/s.

Hinh 5 1a so d6 thiét ké hé thng OCDMA phia phét. Vi ba ludng dit liéu duoc tao ra boi ba
bd tao bit gia ngdu nhién PRBS. Céc chudi bit nay duoc sir dung dé diéu khién cac bo tao xung
NRZ tao ra cac tin hi¢u non-return-to-zero (khong tré vé khong). Bo diéu ché Mach — Zender s&
thuc hién diéu ché theo kiéu on-off (OOK) giita mot tin hiéu NRZ va tin hiéu da budc song. Cudi

http://jst.tnu.edu.vn 62 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 226(16): 59 - 65

cung, cac tin hi¢u OOK da budc song dugc ma hoa tai cac bd ma hoa cAu tao tir cac cach tir
Bragg. Cac b cach tir FBG dugc dung trong hé thong dong vai tro 1a cac bd ma hda, giai ma cho
tin hiéu quang khong ket hop.
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Hinh 5. So' @6 md phong hé théng phia phat Hinh 6. So' @6 md phong hé théng phia thu
Hinh 6 14 so @6 mo phong thiét ké hé théng OCDMA tai phia thu. Cac tin hiéu sau khi dwoc
giai ma s& duoc bién d6i thanh dong quang dién sir dung hai bo tach song quang PIN, cac tin hiéu
di ra tir cac PIN s& duoc két ndi véi mot bo trur tin hiéu dién (Electrical Substractor) dé tao ra co
ché tach song can bé“mg. O day sir dung bo phan tich ti 1¢ 16i bit BER analyzer Kkét hop véi bo loc
thong thap Bessel dé phan tich tin hiéu thu duoc [10].

4.3. Mo phong nhdn xét va danh gia

Phan tich két qua tai dau ra cua cac ngudi sir dung:
BER Analyzer n
5[5 E'Eiv‘yf‘:,'.!f;"m'ﬁ'"z’ Signal Index 0 S

& BER Analyzer user 1)

[~ Show Eye Diagran

92|
I ‘HBﬂ;'/n?

i
0608362

!| e |

H Patiern 2 |
3 Patiern 3 1.

Patternd | a)

Pattemn 5 I

B, Time (o pei 1 ; T gk peron)
\Q Factor [ Min BER | Threshold ) Height | BER Pattem | \Q Factor / Min BER | Threshold ) Height ) BER Pattern |

Hinh 7. Bé thi mau mdt, Q Factor ¢ khodng cach  Hinh 8. D6 thi mdu mdt, Q Factor ¢ khodng cach 10
10 km cuia nguoi dung 1 km ciia nguwoi dung 2

Tir hinh 7, hinh 8 ta thy, cac hé s6 nhw do rong ciia mau mat mé I6n, khoang 91%, BERmin=
1.06623e-029, Qmax= 11.2569 dat gia tri mong muon.
- Phan tich két qua cho kich ban khi ting s6 nguoi sir dung: 7 user
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BER Analyzer BER As u
3 ] BER Analyzer - USER 1 3 [E BER?,'M“,'?Lﬁ‘;I,ﬁ,SER‘ Signolindexc 0 &
& EEREER RN RN 2
A
\
| =~ X
‘ .'\\ / \ \x\ | A ¢ \“\\
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L 0
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Hinh 9. Do thi mau mat, Q Factor ¢ khodng cach 10 Hinh 10. o thi mau mat, Q Factor ¢

km cuia nguwoi dung 1 trong hé thong cé 7 nguoi ding khodng cach 10 km cuia nguoi ding 4 trong hé
thong cé 7 nguoi dung

Qua két qua trén hinh 9, hinh 10 vdi cac thong sé: Max. Q Factor: 3.67103, Min. BER:
0.000119726, Eye Height: 1.36411e-007 véi tung khoang cach truyén khac nhau ta nhan thay
rang, véi so db hé thong OCDMA ba ngudi dung, toc do bit truyén 1a 1Gbl/s trong khoang céch tir
10 km dén 50 km van dam bao dugc cac tieu chuan chit luong mang. Tuy nhién, ¢ khoang cach
60 km thi ty 1¢ 16i bit da tang 1én rat nhidu, déng thoi hé sb pham Chat Q cling giam di dang ké va
d6 mo cia mau mét chi khoang 72% da dap ung dwoc tiéu chuan vé chat lvong mang.

5. Két luan

Bai béo nghién ciru k¥ thuat ma hoa bién d6 phd SAC trong hé théng OCDMA. Qua viéc md
phong thuc nghiém ta c6 thé thay rang, khi ting s6 nguoi dung van dam bao dugc cac tiéu chuin
chét lugng mang. Tuy nhién, & khoang cach 60 km thi ty I8 10i bit d tang lén rat nhiéu, dong thoi
hé s6 pham chat Q ciing giam di dang ké va d6 mé ciia mau mat chi khoang 72% da dép ting
duoc tiéu chuan vé chat luong mang.

Bai bao dd gdp phan giai quyét van dé nang cao hiéu nang cho mang truy nhap quang da budc
song str dung cong nghé da truy nhap phén chia theo m& quang OCDMA, ghép kénh phén chia
theo budc song mat do6 cao DWDM va céc bo khuéch dai quang EDFA, khuéch dai quang Raman
phan bé duoc bom biang cong suat thap (<1W). Phan tich anh huéng cua céac loai nhidu gay ra
trong qué trinh khuéch dai, hé s6 tap &m NF, tan sic mau, dac biét 1a nhidu phat xa tu phat duoc
khuéch dai (ASE) lam giGi han hiéu nang ciia cac hé thong truyén dan thong tin quang. Tir bai
bao nay ching ta c6 thé dua ra hudng phat trién tiép theo nhu: Xay dung duoc co sd ly thuyét va
khao sat bang mé phong anh huong cua nhidu do bo khuéch dai EDFA gay ra (nhiéu ASE) dén
hiéu nang cta mang truy nhap LR-PON da budc song dua trén ky thuat OCDMA.
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