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Tém tit: Bai bao trinh bay nghién ctru vé hé thong
thong tin quang soi sir dung hai phuong phap diéu ché tién
tién QPSK va 16PSK. Hé thdng so sanh hiéu ning quang
hoc trong céc kénh quang c6 va khong c6 tin hiéu hon loan
& tdc do bit 60Gbps, chiéu dai soi quang 1a 80 km va
khoang cach kénh 100 GHz trong bang tin C. Bai bao khao
sat ty s6 151 bit BER theo chiéu dai va theo toc do truyén,
cho hai dang kénh truyén thong véi hai loai diéu ché trén.
Qua hai khao st trén ching t6i thiy diéu ché QPSK c6
chét lwong tdt hon. Bén canh do, bai bao cling thao luan
cac phén tich va danh gia sau hon mot s6 tham s6 hé théng
gbdm tuong quan gilta may phat va mdy thu va gian do
chom sao vai loai diéu ché nay cho ca hai loai kénh truyén.

Tir khéa: hon loan, thong tin quang, twong quan, BER,
QPSK, 16PSK.

. GIOITHIEU

Ngay nay, thong tin quang sgi va k¥ thuat ghép kénh phan
chia theo budc song quang WDM (wavelength division
multiplexing) da xuat hién & moi hé thong mang thong tin
nhu truy nhap, vung, do thi, mang xuong song qudc gia hay
mang qudc té [1]-[4]. Trong cac hé théng thong tin quang,
cac dang diéu ché tién tién khac nhau nhu PSK[5] , QAM
[6],[7] duoc ap dung rong rdi dé nang cao hiéu suét phd
thong tin va nang cao toc do bit trén cac kénh truyén.

PSK (Phase Shift Keying) 1a diéu ché s theo pha tin
hiéu ma mdi bit ddc trung béi goc pha khac nhau cua tin
hiéu. Mot dang co ban thong dung nhét cua diéu ché PSK
1a kiéu didu ché khoa dich pha cau phwong QPSK
(Quadrature Phase Shift Keying). K¥ thuat nay dugc xay
dung tir dang sin v6i bon gia tri pha, xac dinh béi td hop 2
bit lién nhau cua tin hiéu nhj phéan, dugc goi la Dibit c6 do
dai 2 bit. Dang diéu ché PSK thir hai ciing rat phd bién khac
la 16-PSK, trong d6 tin hi€u c6 dang sin vdi tdm gia tri pha
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léch nhau 22.5%, x4c dinh boi t6 hop 4 bit 1ién nhau ciia tin
hiéu nhi phan, duoc goi 1a Quadbit. So do diéu ché 16-
PSK c6 d6 phirc tap cao, duoc sir dung chu yéu trong ki
thuat radio sd. Cac diéu ché khéa chuyén dich da pha dang
PSK thuong duoc ap dung cho tin hi€u bang gdc trong cac
hé thong thong tin vo tuyén.

Trong linh vuc truyén thong, chat lugng dich vu khong
ngimg duoc ning cao, ngudi ding khong chi quan tim dén
tde do, chat lugng truyén tin ma dac biét chi y dén tinh an
toan khi truyén cac ban tin qua mang. Cac nha khoa hoc
trong linh vure bao mat thong tin dua ra rt nhidu phuong
phap ma hoa bao mét nhu DSS (tiéu chuan chit ky so), triple
DES (tiéu chuin ma hoa dir liéu) [8], AES (tiéu chuan ma
hoa tién tién) [8]-[10] v.v nhung ciing dan bi giai ma boi
mot sd thudt toan nhu thuét toan vét can, quy hoach dong,
vv.

Hdn loan duoc biét dén tir cudi thé ky 19 va da duoc st
dung trong rAt nhiéu linh vuc nhu toan hoc, diéu khién hoc,
sinh hoc, vat Iy... V& mit ban chat, hdn loan 1a trang thai
van dong khong c6 tinh chu ky ciia mot hé thong xac dinh
trong mot qua trinh nao d6, va thudng dwoc biéu dién bing
mot phuong trinh dic trung mé ti quan hé bién doi theo
thoi gian [11]-[13]. Hién nay, tin hi¢u hdn loan thuong
dugc sir dung trong cac hé thong truyén thong dé ting tinh
bao mét vi tinh chét nhay cam vdi su sai khac thong s6, ddc
biét 1a diéu kién khoi tao. Tin hiéu hdn loan 1a tin hiéu trai
pho, sir dung bang thong l6n va c6 mat do cong suét thap.
Trong cac hé thong truyén thong truyen thong, cac ham
mau tuong ty dugce giri qua kénh 1a tong trong so cta dang
song va 1a tuyén tinh. Tuy nhién, trong céc hé thong thong
tin lién lac hon loan, cac mau la cac phan doan cua dang
song hdn loan va 1a phi tuyén. Dic tinh phi tuyén tinh,
khong 6n dinh va khong theo chu ky ciia tin hiéu hdn loan
nay c6 nhiéu dic diém khién no trg nén hap dan hon trong
truyén thong [141-[19].
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Hinh 1. M6 hinh hé théng ghép kénh c6 hén loan va khéng c6 hén loan st dung diéu ché QPSK phén cuc

Trén thuc té, viéc trién khai hon loan cho cac thiét bi
lién lac va dién tir can chi ¥ hai qua trinh quan trong la
ddng bo hoa hdn loan va kiém soat hdn loan. Tin hiéu hdn
loan dugc tron voi thong tin thong qua mot sé so dd khac
nhau nhu x4o tron, didu ché va ma hoa s& gitip bao mat tot
hon vi néu bi nghe trom, ho ciing khong thé phat hién mot
cach chinh xac thong tin da bi ma héa [20],[21].

Trong bai bao nay, chiing t6i trién khai mé hinh théng
tin quang WDM hai kénh véi mot kénh c6 hdn loan (COC
- chaotic secure optical communication) va kénh quang
thong  thuong (CFOC- common fiber-optic
communication) st dung k¥ thuat diéu ché QPSK va
16PSK két hop voi ky thuat phan cuc kép (dual
polarization). Kénh COC c6 ting dung nhu la mot kénh
truyén thong tin bao mat danh riéng cho céac dich vy thong
tin quan trong. Pay 1a md hinh kénh don gian va hiéu qua
sir dung ham hdn loan (chaos) dé nang cao mirc d6 bao mat
cua kénh thong tin. Chung t6i khao sat BER theo cac tham
s6 hé théng, hi¢u qua st dung truyén dan cua kénh c6 hdn
loan khi truyén qua soi & toc do cao.

Il. MO HINH HE THONG

So d6 hé thdng truyén dan ghép kénh ctia kénh COC va
CFOC str dung diéu ché QPSK phén cuc kép dugc thé hién
nhu Hinh 1. Khi phan cyc kép, dung lugng cta kénh s& tang
gap d6i va BER cua kénh quang ciing bi suy giam nhu la
su danh d6i khong thé tranh khoi boi sy anh huéng dén ty
s6 tin hiéu trén nhidu quang OSNR (optical signal to noise
ratio). Mdi kénh, duoc xac dinh boi budce séng ciia song
mang quang /., dugc ghép vao cung mot soi quang ¢ dinh
dang dir liéu goc Kénh 1 ban tin dugc chia lam 2 ludng
song song c6 tbe do bang mot nira tdc d6 ban dau, sau dé
mdi ludng dugc diéu ché QPSK va hdn loan dugc thém vao
tai day. Kénh 2 dugc xay dung nhu kénh 1, tuy nhién chi
khac 1a kénh nay khong c6 hon loan dugc thém vao trude
khi diéu ché ngoai mién quang. Hé théng Logistic map mot
chiéu dugc chon 1a hé théng dong phi tuyén roi rac, phu
hop vdi tinh chét phi tuyén trong cac hé thong truyén tin
quang, dugc cho boi cong thue:
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kép.

X, =ax,(1-x,), x, €(0,1) (1)
Véin=123.. 1la s6 nguyén duong. Néu hé s diéu
khién a =39 hé ,théqg roi vao trang thai hon loan. Kh1 do,
gia tri dau ra bién doi hon loan trong khoéng tr 0 dén 1.
Ham hon loan cé dang mat d¢ phan bo xac suat nhu sau:

p(x) =

voi 0<x<1 2)

1
7 x(1-x)

Trong hé thong nay, bo phat laser diode (LDT) va bd
thu laser diode (LDR) déu duoc cdu tao tir laser ban dan
ché do don vai bo phan xa ngoai va ¢ cung ciu hinh. Ca
kénh hai kénh COC va CFOC déu dugc phong cling nhau
vao soi quang thong qua bd ghép kénh WDM (MUX). pé
bu suy hao do tan sdc gdy ra khi thong tin dugc truyén di
trén sgi quang, bd khuéch dai soi pha tap erbium (EDFA -
erbium-doped fiber amplifier) dugc st dung v6i hé sb
khuéch dai G duge thiét ké dé bu suy hao, dugc tinh theo
cong thic G =a,y, g LV6i @, g 12 hé s suy hao soi
NZ-DSF, L 1a tong chiéu dai duong truyén soi dich tan sic
khac khong NZ-DSF va s¢i DCF, 1a sgi bu tan sdc, co hé
so suy hao a,, =0.4dB/km). Dén phia thu, tin hiéu quang
dugc phén tach bang bo tach song WDM (DMUX) sau khi
truyén tai duong dai, thong tin néu dwoc ma hoa hdn loan
thi s& duoc giai hdn loan tai ddy, dong thoi duoc giai didu
ché QPSK. Céc dic tinh dong hoc cua timg cip mdy phat
va may thu trong thiét 1ap trén c6 thé duoc mé ta bang cac
phuong trinh téc d6 Lang-Kobayashi d6i voi laser ban dan
ché d6 doc don mode nhur sau [17],[22] :
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Trong d6, Er i va Ny, twong ung 1a bién do truong di¢én
tir phirc tap thay d6i cham va mat d6 song mang trong
khoang laser. Cac chi s6 7' va R lan luot biéu thi may phat
va may thu, o 1a tin s goc cua laser chay tu do, E.y 12
bién d¢ truong dién tir dugc dua vao may thu va la thoi
gian ctia mot chu ky. Sy lan truyén cua tin hiéu quang hdn
loan thir j trong soi ¢ thé dugc mé ta bang phuong trinh
Schrédinger phi tuyén (NLS) [23]:

o, B
la_z’:_za AT _7(|E| +2k1 ¢,| jE"’(S)

trong do Ejva Ej tuong tng la bién d6 trudng dién tir phtrc
tap thay doi cham cua kénh thir j va kénh tht £. o 1a h¢ so
suy hao soi, £, 1a hé s6 phén tin bac hai cta soi, y 1a hé

s6 phi tuyén. Soi quang duoc st dung trong bai bao nay la
soi dich chuyén phan tan khac khong (NZ-DSF), cac tham
s0 duoc chon theo khuyén nghi ITU-T G.655, cu the 1a
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Hinh 2. B4 thj biéu dién sy phu thuéc cta BER vao
chiéu dai sgi quang cua hé thong.

Ay pg = 02 dB/km, B, = 5.1 ps’/km’ y = 1.5

W'/km™. Cac tham sb khac cia h¢ thong dugc thé hién
O bang 1.

lll. KET QUA MO PHONG VA THAO LUAN

Dang song cua song mang hdn loan c6 thé duoc thay
d6i théng qua viéc truyén qua soi, do do, su dong bd hon
loan giita may phat va may thu dugc gia thiét. O phia phat,
kénh 1 dugc cong thém tin hiéu hon loan dé truyén di. O
phia thu, tin hi¢u nhan duogc lai mot lan nita duge trir di tin
hiéu hdn loan dé c6 duoc thong tin géc. Trong bai bao nay,
mb hinh dugc xiy dung nhu trén véi hai loai diéu ché 1a
QPSK va 16PSK phén cuc kép. Bai béo sir dung mo phong
trén nén tang cua phan mém thuong mai hoa Optisystem
V.15 cho hé théng thong tin quang va cic ma ngudn cua tin
hiéu hdn loan tir cong cu md phong Matlab.

Trude hét, dé so sanh hai loai diéu ché trén véi hai kénh
COC va CFOC, chiing t6i danh gia hiéu nang ciia hé thong
thong qua ti 1& 15i bit BER theo chiéu dai soi va toc do
truyén dan.

Hinh 2 thé hién két qua khao sat ty 1¢ 13i bit theo chiéu
dai soi quang & khoang cach tir 20 dén 80 km, vé6i hé sd
khuéch dai G = 20 dB dé bu du suy hao soi quang. Véi
QPSK, BER gan nhu bing 0 ¢ khoang cach tir 20 km dén
40 km, BER giam khi khoang cach tang 1én (d6i v6i kénh
COC), khoang cach cang xa thi hiéu ning cua hé thong
cang giam. Tir khoang cach 80km tr& di chit luong kénh
¢ hdn loan rat xau, BER s& tang mot cach nhanh chong, )
luong bit sai nhidu, con kénh CFOC thi chét luong tét hon
rat nhiéu, hau nhu khong c6 sai s khi khoang cach duong
truyén ting lén. Didu ndy chimg t6 khi thém b tao hén loan
vao thi hi¢u nang hé thong giam dang ké & khoang cach xa.
Khi & khoang cach xa, cong suét suy giam manh khi dén bo
thu, lac nay bd thu c6 do nhay thu nhat dinh kho co thé phat
hién duoc tin hiéu cé cong suit qua thip, cong thém viéc
¢6 hoén loan 1am che mét dang tin hiéu géc, lam cho may
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Hinh. 3. D6 thj biéu dién sw phu thudc clia BER
vao toc do truyén cta hé thong.

thu kho c6 thé thu dung duogc hét tin hi¢u, gy ra 15i bit ¢
bd xir 1y phia sau. Vi 16PSK, hé sb BER rét 16n va hau
nhu khong phu thudc vao do dai duong truyén, du 1a kénh
COC hay CFOC.

Tbc do truyén thong tin ciing 1 mot tham sé ma céac
nha nghién ctru mudn t6i wu va nang cao. Hinh 3 khao sat
BER theo tdc do bit, tbe do bit cang cao thi BER cang 16n.
QPSK va 16QPSK déu 1a nhitng dang diéu ché don gian
nén trong bai bao nay, chung t6i chi khao sat kénh truyén
& toc d6 dudi 60 Gbps. Vi QPSK, cling mot khoang cach
nhung téc d6 khac nhau s& dan dén BER khac nhau, hon
nita kénh c6 hon loan cling tdc dd bit thi no c6 ti 18 13i bit
16n hon, dic biét tir tdc do bit tir 44 Gbps tro 1én thi sy
khac nhau nay cang rd rang. Kénh c6 hdn loan c6 ti 1¢ 16i
bit cao nhu vay 1a do tdc do bit cao thi chu ky xung nho
ma laser cn thoi gian bat, néu nhu thoi gian bat cua laser
16n hon chu ky xung thi s& dan dén hién tuong chirp, thém
vao d6 c6 thém hon loan lam bién d6i dang xung. Véi
16PSK, ciing giéng nhu BER theo d6 dai, BER theo toc do
rat 16n va hau nhu khong phu thudc tde d6 truyén. Tham
chi, v&i kénh COC, BER 1én t6i 0.5.

Tuy rang kénh c6 bo hdn loan BER ting, hay néi cach
khac hiéu ning hé thong khong cao, nhung ddi lai thi hé
thong s& an toan & trén kénh truyén, tranh bj giai ma thong
tin khi kénh truyén bi truy cap bat hop phap. Py co thé n6i
1a mot phuong phap bao mat hiru hidu, don gian. Dé nang
cao hiéu nang hé théng hay giam BER c6 thé sir dung ma
hoa kénh, ma sira 16i dé chén céc bit phat hién va sira 15i.
Mot yéu cau nghiém ngit ciia hé théng co sir dung hdn loan
1a phia bén may thu ciing phai biét quy luat ham hdn loan
thi m&i 6 thé tach duge ra tin hiéu. Vi vay, viéc déng bo
ham hdn loan gitta may phat va may thu thyc sy 1a mot
thach thirc. Tuy nhién, c6 thé sir dung mot kénh truyén
riéng dé truyén va ma héa ham hdn loan, tranh bi 1§ quy
ludt ctia ham hén loan dé thong tin truyén di dwoc an toan.
Qua tham s6 BER theo d6 dai va toc do truyén ta thiy,
QPSK cho chét lugng tot hon, ké ca kénh COC va CFOC.
Dé danh gia chinh xac hon chét lugng cua hé théng COC
va CFOC, gian db chom sao va hé sb twong quan da duoc
sir dung. Hinh 4 thé hién két qua mé phong khac nhau cta
chom sao tin tai kénh hon loan va kénh khong hon loan tai
tung khoang cach khac nhau: 20km, 50km, 80km. Mo
phong duge khao ctru st dung khuén dang didu ché QPSK.
Gian do chom sao chira trang thai tin hiéu sau diéu ché s6
g v6i cum bit, tir 6 danh gia dinh tinh vé x4c suét 15i bit,
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ché QPSK, (a) 20km, (b) 50km, (c) 80km.

0.14
—— C6 hén loan

012 - Khéng hén loan
Q
& 04
©
=]
S .08/
(=]
s Y e
g 0.06 - Diéu ché
g QPSK
)
? 0.04f
«@-
I

0.02 -

0! : . " ; . |
20 30 40 50 60 70 80
L(km)

Hinh 5. D6 thj biéu dién sw phu thuéc cia hé s6
twong quan vao chiéu dai sgi cua hé thong voi
diéu ché QPSK.

15i symbol. Hé thdng sir dung diéu ché QPSK nén chom
sa0 c6 4 diém. Gian d6 chom sao cuia kénh khong c6 hon
loan thi cac diém nho hoi tu tai diém 16n goi 13 toa do diém
ban tin twong ddi rd rang, diéu nay c6 nghia la xac suét 16i
bit thap, tham chi gidng hét nhau vdi cac khoang cach
20km, 50km va 80 km. Nguoc lai, kénh c6 hon loan thi toa
d6 trang thai trong chom sao bi loe ra chung té sy méo dang
tin hiéu 16n, va do d6 lam cho xac xuét 13i bit tré nén 16n
dang ké. Khi truyén & khoang cach 20km, 50km thi toa do
diém ban tin cua kénh khong c6 hdn loan va kénh c6 hdn
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loan khong bi chdng 1én nhau tic 13 ty 18 13i bit hay 15i
symbol thap. Tuy nhién tai khoang cach truyén tang 1én
80km, cac toa do diém cua gian dd chom sao ctia kénh c6
hdn loan bi chong 1én nhau, c6 nhiéu diém xuyén nhiéu &
giita cac trang thai ciia bién d6 véc to 151 nén kho c6 thé xac
dinh thudc toa d6 diém ban tin nao gay ra 16i bit hay 16i
symbol, con kénh thong thuong khong c6 hon loan thi sur
thing gidng ctia bién do véc to 161 trong pham vi bién dong
1a rat nho. Piéu nay hién nhién, khong nhimg do khoang
céch cang xa thi cong suat cang suy giam, may thu kho co
thé phat hién ding dugc tin hiéu ma con do kénh c6 hdn
loan gay bién d6i dang song tin hi¢u. Nhu vdy hé thong
WDM mot kénh hdn loan va mot kénh thong thuong hoat
dong dam bao chét lugng, hiéu nang & khoang cach dudi
50km.

Mubn danh gia dong bd hoa cia hé thong c6 thé dua
vao hé sO tuong quan tuyén tinh Pearson dugc xac dinh
theo cong thirc:

(ro-tEo)(AO-(EO))
\/<|[Pr(t)_<PT(t)>]|2>J<|[ﬂ(t)—<&(;)>]|2>

Véi P.(t)va P,(f) tuong ting la cong suat dau ra ctia may

phat va médy thu va () biéu thi trung binh thoi gian. Hé s6
turong quan p chi s6 théng ké do luong mirc d6 manh yéu
ctiia mdi quan hé giita hai méay phét va may thu. Trong d6 p
6 gia tri tir -1 dén 1, néu két qua dugc tinh ra 16n hon 1
hodc nho hon -1 c6 nghia 1a c6 16i trong phép do tuong
quan, trong mo phong nay ta 13y |p| c6 gia tri tir 0 dén 1.
Heé s6 tuong quan p cang 16n thi may phat va may thu cang
phu thudc nhau,va nguoc lai, khi p =0 thi may phat va may
thu doc 1ap v6i nhau. Hinh 5 biéu thi sy phu thudc ciia hé
s6 tuong quan vao chiéu dai soi quang trong khoang cach
tor 20km den 80km. Khi & khoang cach 20km, kénh hon
loan c6 hé sb tuong quan p =0.135, cao hon kénh khong c6
hdn loan vé6i hé sb tuong quan p = 0.03 khi ma cong sut
phat xa cua laser 1a 10dBm. Khoang cach cang ngay cang
tang thi hé s6 tuong quan ngay cang giam, dén khi chiéu
dai soi la 80km thi h¢ s0 twong quan ctiia kénh COC khoang
0.08, con cua kénh CFOC gan nhu khong phu thudc vao
khoang cach duong truyén, ludn c6 gia tri xap xi bang 0.

Nhan thay rang, kénh c6 sir dung két hop nhiing mit na
hdn loan thi ty s BER ting nhung dbi lai thi hé thong s&
an toan & trén kénh truyén, tranh bi nghe trom. Py c6 thé
n6i la mot phuong phap bao don gian ma hiu qua. Dé nang
cao hi¢u nang hé thong hay giam BER c6 thé sir dung ma
hoa kénh, ma stra 16i dé chén cac bit phat hién va sira 15i
vao, dén phia may thu n6 c6 thé ty sira dwoc 16i. Mot yéu
céu nghiém ngit ciia hé thong ¢6 st dung hdn loan 1a phia
bén may thu ciing phai biét quy luat ham hdn loan thi méi
¢6 thé tach duoc ra tin hiéu. Do d6, viéc trao dbi thong tin
chia khoa luat sinh hdn loan gitra may phat va may thu phai
dugc dong bo. Tuy nhién, viéc dong bd ham hdn loan giita
méy phét va may thu hién nay 1a van dé kho khan nhat d6i
v6i hé théng thong tin hdn loan. Tuy nhién, c6 thé sir dung
mot kénh truyén riéng hodc mot phuwong thirc ma hoa lugng
tir dé truyén va ma hoa ham hdn loan cho tién trinh truyén
nhén thong tin.
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IV. KET LUAN

Trong bai bao nay, chung t6i da trinh bay nghién ciru
vé anh hudng cia cac yéu td anh ‘huong dén BER nhu toc
d6 bit va khoang cach duong truyén cho kénh truyén quang
¢6 va khong c6 hdn loan, sir dung hai dang diéu ché QPSK
va 16PSK phén cyc kép. Tdc d6 kénh dugc thiét ké dé hoat
dong 1én dén 60Gbps & khoang cach 20km vin dam bao
chit lugng BER khi chua chén ma stra 16i truéc FEC
(forward error correction). Py 1a mot két qua hoan toan ¢
thé dat dugc BER dép ung day dii cac yéu cu cho mang
duong dai hay mang truy nhép bang rong.

Boi vi may thu bat budc phai biét duoc luat hdn loan thi
méi c6 thé nhan duge thong tin mot cach chinh xac, do d6
viéc déng b thong tin luat hdn loan trd thanh mot linh vuc
s€ dugc quan tdm 16n. Nghién ctru nay ciing mé ra kha nang
nghién ctru sau rong hon trong twong lai ddi véi cac ky
thuat sir dung ghép kénh tién tién nhu OFDM hay trong céc
siéu kénh, ghép kénh theo mode khong gian tryc giao hoac
1a cac hé thng da kénh sir dung diéu ché cao cap hay diéu
ché da mirc ma duoc 16ng ghép véi ky thuat hon loan dé
nang cao muc do bao mat hodc phan tap trai phd dé cai
thién SNR cho hé thdng thong tin.
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MODULATION OF MULTIPLAYER QPSK
AND 16PSK IN OPTICAL CHANNEL WITH AND
WITHOUT CHAOTIC SIGNAL

Abstract: In this paper, we present research on a
haphazard security fiber optic communication system using
two advanced modulation methods QPSK and 16PSK. The
system compares optical performance in optical channels
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with and without chaos at a bit rate of 60Gbps, fiber length
of 80 km and channel spacing 100 GHz in band C. BER bit
error according to length and baud rate, for two types of
communication channel with the above two modulation
types. Through assessment, the quality of BER shows that
the QPSK modulation has better quality. In addition, the
paper also discusses further analysis and evaluation of a
number of system parameters including transmitter and
receiver correlation and constellation diagrams with this
modulation for both types of transmission channels.

Keywords: chaos, optical information, correlation,
BER, QPSK, 16PSK
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