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Ki thuat Radio over Fiber

Loi mé dau

Mang truy nhap 1a nat cudi cling trong mang vién thong, 1a thanh phan giao tiép
Vvéi con ngudi trong qué trinh dua dich vu téi nguoi str dung cudi va 1a thanh phan
tat yéu ciia mang. Hién nay, mang truy nhap dang ngdy cang phét trién khong
ngumg véi nhiéu loai hinh khac nhau nhu mang truy nhéap cap dong, mang truy nhap
soi quang, mang truy nhap vo tuyén,... Mdi loai hinh cila mang déu c6 nhiing dic
diém khac nhau, tuy nhién mang truy nhap vo tuyén dang dugc dé y nhiéu nhat va
phét trién mot cach nhanh chong ma ching ta cd thé thdy dugc chung quanh nhu
mang thong tin di dong 2G, 3G, mang LAN khong diy cho cic két ndi trong nha
Vi tén goi WiFi, hay xa hon nita d6 12 mang truy nhap vo tuyén WiMax dang dugc
phét trién va hau thun boi Intel, Nokia, Motorola,... ma canh tranh voi nd c6 thé 1a
cdng nghé HSPA (High-Speed Packet Access) dua trén nén 3G duoc sy hd tro cla
AT&T. Hay tham chi cic mang NGN ngdy nay ciing dugc phat trién theo chiéu
huéng hd tro wireless. Do 1a nhd nhitng uu diém vuot trdi cia ki thuat khong day
mang lai, dat tinh di dong cao ma cac k¥ thuat truy nhap hiru tuyén khong thé co
dugc. Mic khac, v6i su phat trién cia mang truy nhap bang thong rong thi mang
truy nhap vo tuyén gan bat dau gap phai nhitng nhuoc diém cia minh, toc do thap
véi viing pha séng hep. Vi vay, ngay cang c6 nhiéu cong nghé va ky thuat dugc
nghién ctu va phat trién dé khic phuc nhuoc diém nay, mang lai cho nguoi ding
Mot mang truy nhap vo tuyén bang thong rong.

Bén canh d6, soi quang ngdy nay ciing dang dugc sir dung tré' nén phd bién hon
boi wu diém 14 bang thong rong. Tuy c6 nhirng nhuoc diém nhét dinh trong lap dat,
bao dudng ciling nhu gia thanh cua soi quang va thiét bi di kém con dat hon so véi
cap dong nhung véi bang thong 16n cua sgi quang thi khéng c6 mot moi truong nao

€6 thé so sanh dugc. Vi vay, soi quang dugc xem la co s¢ dé trién khai cac mang
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bang thong rong ma hién ndy ta ¢ thay dugc nhu mang duong truc, FTTx,... cic
mg dung trén soi quang ngay cang nhiéu.

Mot trong nhitng phuong phap dé dat duoc mang truy nhap vo tuyén biang théng
rong 1a két hop vai k¥ thuat truy nhap bang soi quang, voi uu diém 1a bang thong
I6n va cyu ly xa. Mot trong nhimg su két hop d6 1a k¥ thuat Radio over Fiber, mot k¥
thuat ma hién nay duogc coi 12 nén tang cho mang truy nhap khong day bang thong
rong trong tuong lai. Tuy ky thudt RoF chi mdi trong giai doan nghién ctru, phat
trién va thir nghiém nhung nhirng két qua ma né mang lai rat kha quan, khién nhiéu
nguoi tin tuong d6 s& 1a mot ki thuat cho cac tmg dung mang truy nhap vo tuyén
trong tuong lai.

Vi viy, trong d6 an nay, em s& tim hiéu vé k¥ thuat Radio over Fiber ciing nhu
nhilng tng dung ciia né trong mang truy nhap vo tuyén. Noi dung cta dd &n bao
gom 3 phan:

e Tim hiéu vé ky thuét Radio over Fiber.

e Két hop ki thuat Radio over Fiber va mang truy nhap khdng day

e Phan tich hoat dong cua 1 tuyén RoF cu thé

Pé thyc hién nhitng yéu ciu d& dé ra cua dd an, cac van dé trén s& lan lugt dugc
trinh bay trong cac chuong.

Chuong 1, s& n6i vé k§ thuat Radio over Fiber, ky thuat d6 1a gi va vi sao c6 ky
thuat nay. Chuong nay sé tim hiéu cac k¥ thuat dé truyén dan soéng radio qua moi
truong 14 sgi quang. O mdi ky thuat s& c6 nhilng uu nhuoc diém riéng cua noé, tly
vao nhitng vu nhuoc diém riéng ma no ciing sé c6 nhirng Gmg dung trong timg moi
truong cu thé, su so sanh cac uu nhuoc diém cua mdi ky thuat s& dugc dua ra. Cudi
chuong d6 1a tim hiéu vé su két hop cta k¥ thuat trén véi ky thuat WDM, mot ki
thuat khong chi khai thac hi¢u qua bang thong cua soi quang ma lam con tang do
mém déo ciu tric mang. DAy la chuong trong tim ciia quyén do &n nay.

Céac ung dung cua k¥ thuat Radio over Fiber trong mang truy nhap vo tuyén s&

duoc trinh bay trong chuong 2. Cac tmg dung d6 s& duoc trinh bay cu thé trong 3
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mang cu thé 1a mang wireless LAN ding ¢ bang tan mm, mang truyén thong RVC
co s& ha ting cia mang ITS, va mang truy nhap v6 tuyén & vling ngoai 6 va ndng
thon. Qua d6 kién tric ciia mang Radio over Fiber s& duroc mo ta trong mdi phan
cling nhu nhitng khé khan va van dé can khic phuc. Pic biét 1 tinh da dich vu cta
k¥ thuat RoF trong cac kién triic mang nén céc dich vu s& dugc trién khai mot cach
linh hoat va dé dang hon trén cing mot mang.

O chuong 3 s& trinh bay hoat dong ctia mot tuyén Radio over Fiber cu thé.
Trong phan nay sé thiy dugc su két hop cia cac k¥ thuat mo ta & chuong 1 dé tao
nén mot tuyén truyén dan Radio over Fiber cu thé, hoat dong cua cac thanh phan
trong tuyén sé dugc mo ta mot cach cu thé. Cac két qua mo phong ciing duoc trinh
bay cu thé trong chuong nay dé so sanh véi phan 1y thuyét da mo ta.

Phan cudi cung danh dé tong két nhiing van dé da 1am duoc trong dd an ciing

nhu han ché va huéng phat trién ctia dé tai.

Chwong 1
KY THUAT RADIO OVER FIBER

1.1 Radio over Fiber — Dinh nghia
1.1.1 Pinh nghia

RoF 1a phuong phap truyén dan tin hiéu vo tuyén di duoc dicu ché trén sgi
quang.

ROF str dung céc tuyén quang c6 do tuyén tinh cao dé truyén din céc tin hiéu RF

(analog) dén céc tram thu phat.

1.1.2 Céc thanh phin co ban ciia tuyén quang sir dung RoF

e Mobile Host (MH): d6 1a cac thiét bi di dong trong mang déng vai tro 1 cac
thiét bi dau cudi. Cac MH c6 thé 1a dién thoai di dong, may tinh xach tay c6 tich
hop chirc nang, cac PDA, hay cac may chuyén dung khac c6 tich hop chirc nang
truy nhap vao mang khong day.
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e Base Station (BS): c6 nhiém vu phat song vo tuyén nhan dugce tir CS dén céac
MH, nhéan séng vo tuyén nhan dugc tir MH truyén vé CS. Mdi BS s& phuc vu mot
microcell. BS khdng c6 chirc nang xir 1y tin hiéu, né chi don thuan bién doi tir thanh
phan dién/quang va nguoc lai dé chuyén vé hoic nhan tir CS. BS gém 2 than phan
quan trong nhat 1a antenna va thanh phan chuyén d6i quang dién ¢ tan s RF. Ty
béan kinh phuc vu ctia mdi BS ma s luong BS dé phii song mot ving 1a nhiéu hay
it. Ban kinh phuc vu ciia BS rat nhé (vai trim mét hodc thap hon nira chi vai chuc
mét) va phuc vu mot s6 lugng vai chuc dén vai trim cac MH. Trong kién tric mang
RoF thi BS phai rat don gian (do khong c6 thanh phan).

e Central Station (CS): la tram xt Iy trung tdm. Tuy vao kha nang cua ky thuat
RoF ma mdi CS ¢o thé phuc vu cac BS & xa hang chuc km, nén mdi CS c¢6 thé ndi
dén hang ngan cac BS. Do Kién triic mang tap trung nén tat ca cac chirc nang nhu
dinh tuyén, cép phat kénh,... déu duogc thuc hién va chia s& & CS vi thé c¢6 thé noi
CS la thanh phan quan trong nhat trong mang RoF (ciing giong nhu tong dai trong
mang dién thoai). CS duoc nbi dén cac tong dai, server khac.

e Mot tuyén quang ndi gitra BS va CS nham truyén dén tin hiéu giira chung véi
nhau.

Céc thanh phan ctiia mang duoc biéu dién nhu hinh vé 1.1.

1.1.3 Tuyén RoF

Mot tuyén ROF ¢6 Kién triic nhu trén hinh s& bao gom it nhat 12 thanh phan bién
d6i song vo tuyén sang quang, thanh phan chuyén doi quang thanh séng vo tuyén,
mot tuyén quang (song hudéng hay don hudng). C4c thanh phan thudc kién trac RoF
khéng c6 chirc nang quang nhu an-ten thu phét vo tuyén thudc phan vo tuyén, chirc
nang xir ly giao tiép cta CS thudc phan mang ta khong xét & day.

K thuat RoF duoc khao sat & day bao gom tat ca cac ky thuat phat va truyén

dan song radio tir CS t&i BS trén soi quang va nguoc lai.
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Hinh 1.1 CS - BS — MH mét microcell trong kién triic RoF

1.2 Xu thé mang truy nhip v6 tuyén hién tai va su chuyén sang bing

tan milimet

1.2.1 Mang truy nhép vé tuyén hién tai

Mang truy nhap vo tuyén hién nay cé thé duoc chia 1am 2 loai 1a v tuyén di
dong (mobile) nhu mang thong tin di dong 1G, 2G, 3G, WiMax... va vd tuyén cb
dinh (fixed) nhu WiFi. Trong cac mang ndy thi nguoi ta chi y nhat dén 2 yéu té d6
1a bang thong va tinh di dong. So v&i mang ¢b dinh thi mang mobile ¢ tinh di dong
cao hon nhung bu lai thi bang thong ctia né lai thap hon vi du WiFi c6 thé dat t6i
tbc do 108Mbps trong khi mang 3G xu hudng chi dat dugc 2Mbps cOn mang
WiMax c6 thé c6 toc dd cao hon, tinh di dong cling cao nhung van cOn trong giai
doan thir nghiém nho str dung cac k¥ thuat moi tién tién hon. Nhu véy ta thiy rang
xu huéng cia cac mang vo tuyén ngay nay 1a tinh di dong va bang thong ngay cang

tang dé dat dugc mang bang thong rong

1.2.2 Sw két hop giira s¢i quang va v0 tuyén
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Pé dat duoc mang biang thong rong, ngdy nay cac céng nghé truy nhap vo tuyén
dang hudng dan vé kién trac mang cellular, tang tinh di dong cho cac thiét bi trong
mang. Trong khi d6 dé tang bang thong thi nguoi ta &p dung cac k¥ thuat truy nhap
tién tién hon nhu CDMA, OFDM,, ... va ¢6 xu hudng, a. giam kich thudc cac cell lai
dé ting s6 user 18n do 6 lwong tram thu phat tang Ién theo, b. chuyén sang hoat
déng ¢ bang tan microwave/milimeterwave (mm-wave) dé tranh sw chong lin phé
Vi cdc bang tan san cé va M réng bang thong hon niva. Hai xu huéng trén co tac
dong qua lai mot cach chat ché. Doi voi bang tin mm ngodi nhitng wu diém cia né
nhu: kich thuéc anten nho, bang thong 16n, tuy nhién ¢ & tan sé mm suy hao cia n6
trong khong gian rat 16n. Suy hao khong gian dugc biéu dién béi cong thirc sau:

Ly =32+ 20log f + 20logd (1.2.1)
trong d6 f 12 tan s6 tinh bang MHz con d 12 khoang cach tinh bang km.

Duya vao cong thic trén ta thay rang khi tan sb tang 1én bao nhiéu lan thi ban
kinh pha séng cila mot tram thu phat ciing bi giam di by nhiéu lan. Déi v6i bang
tan mm (26Ghz — 100Ghz) thi ltc nay ta thay suy hao 1a rat 16n. O bang tin 60GHz
nguoi ta ¢ ging dé mdi tram thu phat (Base Station) c6 ban kinh phuc vu trong
vong 300m goi 1a cac microcell. Ta thir 1am 1 bai toan tinh s6 lwong tram thu phat
trong mot ban kinh phuc vu 10km véi gid st mot tram thu phat phuc vu mdt
microcell:

Dién tich mdi microcell s& 1 S ;o 0cen = 2> = 7 x 300° ~ 300.000m”>.

Dién tich viing phu séng s& 1a S = 77 x10000° = 300.000.000m?.

S6 luwong microcell s& 12 n = 1000 tram

S6 lwong microcell ndy sé& ting nhanh hon nita néu ban kinh tang (ti 1é thuan véi
binh phuong ban kinh).

V6i mot sb lugng BS 16n nhu thé thi rd rang gia thanh ciia mdi BS s& 12 mot van
dé phai giai quyét trong bai toan kinh té. Bé giam gia thanh cho céc BS thi nguoi ta
a. Cau trac BS that don gian b. dua ra kién trac mang tap trung. Véi kién triic mang
tap trung, cac chirc nang nhu xur 1y tin hi¢u, dinh tuyén, chuyén giao, dinh tuyén, .

duoc thyc hién tai tram trung tim CS (Central Station), mdi CS nay phuc vu cang
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nhiéu BS cang tbt, nho kién triic tap trung ndy thi rd rang cac BS that sy don gian,
nhiém vu ciia chung bay gio chi con 1 phat cac tin hiéu vo tuyén nhan dugc tir CS
va chuyén c4c tin hiéu nhan dugc tir MH (mobile host) vé CS. So véi cac BTS trong
mang cellular da tim hiéu & chuong 1 thi c4c BS ¢6 chiic nang don gian hon nhiéu
Vi ngoai chirc nang thu phat song thong thuong thi cdc BTS nay c6 thém chirc nang
xtr 1y tin hiéu (giai diéu ché rdi truyén vé cac BSC bang luéng T1/E1 duoc ndi bang
cap quang hay vo tuyén).

Dé két ndi CS voi cac BS, nguoi ta str dung soi quang véi nhitng uu diém khong
thé thay thé duoc d6 1a bang thong 16n va suy hao bé, mdi soi quang c6 thé truyén
duoc toc d6 hang tram Gbps v6i chiéu dai 1én dén hang chuc km. Cac k¥ thuat dé
truyén dan tin hiéu vo tuyén tir CS téi BS va nguoc lai duoc goi 1a ky thuat RoF.
Con mang truy nhap vo tuyén dya trén ky thuat RoF dugc goi 12 mang truy nhép vo

tuyén RoF ma ta s& goi tat 1a mang RoF.

1.2.3 Cac dic diém quan trong ciia mang RoF

e Céc chirc nang diéu khién nhu an dinh kénh, diéu ché, giai diéu ché duoc tap
trung & CS nham don giam hoéa céu trac cua BS. Cac BS ¢6 chtic ning chinh d6 1a
chuyén dbi quang/dién, khuéch dai RF va chuyén d6i dién quang.

e Kién tric mang tap trung cho phép kha ning céu hinh tai nguyén va cap bang
thong dong (thanh phan nay c6 thé sir dung bang thong thanh phan khac néu bang
thong d6 thuc su rdi) cho phép sir dung biang thong hiéu qua hon. Hon nita nho tinh
tap trung nén kha nang nang cap va quan Iy mang don gian hon.

e Do cau triic BS don gian nén sy 6n dinh cao hon va quan 1y s6 BS nay tro
nén don gian, ngoai trir s6 lwong 16n.

e Dic biét 1a ki thuat RoF trong sudt v6i cac giao dién vo tuyén (diéu ché, toc
d6 bit,...) va cac giao thirc vo tuyén nén mang c6 kha ning trién khai da dich vu
trong clng thoi diém.

e Néu khic phuc céc nhugc diém trong RoF thi mdt CS co thé phuc vu dugc

cac BS ¢ rat xa, tang ban kinh phuc vu cta CS.
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1.3 K§ thuit RoF — Mé diu

1.3.1 Giéi thiéu vé truyén din RoF

Khéng gidng véi mang truyén dan quang thong thuong, cic tin hiéu duoc
truyén di thuong ¢ dang sd, RoF 1a mot hé théng truyén tin hiéu twong ty bai vi nd
chuyén tai cac tin hiéu dang vo tuyén tir CS t&i BS va nguoc lai. Thyc té thi céc tin
hiéu truyén dan c6 thé & dang vo tuyén RF hay tan so trung tan IF hay bang tan gdc
BB. Trong trudng hop tin hiéu IF hay BB thi ¢ thém céc thanh phan méi dé dua tir
tan s6 BB hay IF 1én dang RF ¢ BS. Trong truong hop 1y tuéng thi ngd ra cia tuyén
ROF s& cho ta tin hi¢u giéng nhu ban ddu. Nhung trén thyc té thi dudi su tic dong
cta cac hién twong phi tuyén, dap ing tan sé c¢6 han cua laser va hién tuong tan sic
trong soi quang ma tin hiéu ngd ra bi sai khac so v6i ngd vao gay ra mot sb gidi han
trong truyén din nhu téc do, cu ly tuyén. Hién twong ndy cang nghiém trong hon
trong tuyén RoF nay Vi tin hiéu truyén di c6 dang analog, do dé cac yéu cau vé do
chinh x4c 1a cao hon so véi cac hé thong truyén dan sd. Pay 1a nhimg khé khin

trong trién khai k¥ thuat RoF ma phan nay s& dé cap dén.

1.3.2 Ky thuét truyén din RoF

Optical ‘ 1 o
i | Detection
Jae - —Topt analy Fer
\ . v Modulation '
Sin _ [ RF/Optical o Prowo | [ oc Sout
BF Modulator | ¥ m " | Detector AE
Input Optical Fiber Cutput

BPF : Band Pass Filter

Hinh 1.2 Sir dung phwong phap diéu ché v6i song mang quang

Hinh v& 1.2 gi6i thiéu mot trong nhitng cach truyén séng vo tuyén trén soi quang
don gian nhat. Pau tién, tin hiéu dir liéu dugc didu ché 1én tan sb vo tuyén RF. Tin

hiéu ¢ tan s6 RF nay duoc dua vao diéu ché (cuong do) sang dang quang dé truyén
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di. O day, ta sir dung phuong phép diéu ché cuong do don gian nhét 1a diéu ché truc
tiép. Nhu vay, song vo tuyén dugc diéu ché 18n tan sd quang, st dung tan s quang
dé truyén di trong soi quang. Tai phia thu, ta str dung phuong phap tach song truc
tiép, tach thanh phan séng mang quang, dua tin hiéu quang tré lai dang dién duéi
tan s RF. Mot bd loc thong thap & phia cudi dau thu nham loc nhiing nhidu gy ra
trén dudng truyén.

Cuodng do truong dién tir E(t) trén soi quang dugc biéu dién boi cong thirc
sau day:

E(t) = Sge ()™ (1.3.1)

Trong d6 Sre(t) 1 tin higu cin truyén & tan s6 vo tuyén chua diéu ché, moy 12 tn

sb quang va ¢ 1a goc pha cua tin hiéu quang.

1.3.3 Cac phwong phap diéu ché 1én tin sé quang

Pé truyén tin hiéu RF trén soi quang ngudi ta sir dung phuong phap diéu ché
cudng do. Tire 1a sdng quang c6 cudng do thay ddi theo cuong do cia tin hiéu RF.

C6 3 phuong phap dé truyén dan tin hiéu RF trén soi quang bang phuong phap
diéu ché cuong d6 1a: (1) diéu ché cudng do truc tiép (2) diéu ché ngoai (3) diéu ché
tron nhiéu anh sang két hop(heterodyne). O phuong phap thtr nhét, cong suat nguon
laser phat ra duoc diéu khién tryc tiép boi cuong do dong dién caa tin hiéu RF. Uu
diém phuong phap nay 1a don gian va ré tién dugc ung dung rong réi trong cac
mach phat laser hién nay. Tuy nhién, do ddp Ung cua laser, tan s6 RF diéu ché bi
han ché & tim 10GHz. C6 mot s6 laser co thé hoat dong & tam cao hon 40Ghz
nhung né c6 gia thanh kha méic va khong pho bién trén thi truong. Phuong phép
diéu ché ngoai 1a phuong phap sir dung mot ngudn sang chwa didu ché két hop véi
mot bo diéu ché cuong d6 ngudn quang ngoai. Uu diém ciia phuong phap nay la
cho phép diéu ché ¢ tan s6 cao hon so véi phuong phép diéu ché truyc tiép. Tuy
nhién do suy hao chén cua phuong phap nay 16n nén hiéu suit cia né khong cao.

Phuong phap cudi clng, tin hiéu RF duoc diéu ché sang dang quang bang phuong

10
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phap heterodyne, tron cac song anh sang két hop dé dua tin hiéu RF 1&n mién

quang. Hai phuong phép nay s& duoc thao luan & cic phan sau.

1.4 Céu hinh tuyén RoF

Nhu ta dd biét, muc tiéu cua mang RoF la lam sao dé cAu truc cua cac BS cang
don gian cang tét. Cac thanh phan cta mang c6 thé chia s¢ duoc tap trung & CS. Vi
vdy ma c4u hinh ciia mot tuyén RoF quyét dinh sy thanh céng cia mang RoF. O
day, c¢6 4 cau hinh tuyén thuong duoc st dung nhu hinh 1.3. Trén thuc té co réat
nhiéu cai tién dé hoan thién mdi cau hinh va ph hop véi yéu cau thyc té. Piém
chung nhat ctia 4 cau hinh nay la ta thay rang cau triic BS khong c6 mot bo didu ché
hay giai diéu ché ndo ca. Chi c6 CS méi c¢6 cac thiét bi do, nim trong Radio

modem. BS chi c6 nhitng chirc ning don gian dé ¢ cau trac don gian nhat.

11
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Hinh 1.3 Céc cdu hinh tuyén trong RoF.

O tuyén downlink tir CS tdi BS, thong tin dugc diéu ché boi thiét bi “Radio
modem” 18n tan s6 RF, IF hay giir nguyén ¢ BB (base band). Sau d6 ching m&i
dugc diéu ché 1én mién quang béi LD va truyén di. Néu sir dung phuong phép dicu

ché tryc tiép thi ta chi truyén dugc tin hiéu & tan sd IF hay BB. Con néu truyén &

12
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tan s6 RF ¢ bang tan mm thi mot bd diéu ché ngoai duoc s dung. Tin hidu quang
duoc didu ché truyén qua soi quang véi suy hao nhé va nhiéu thap téi BS. O BS, tin
hiéu ¢ bang tan RF, IF hay BB sé& dugc khoi phuc lai bang PD (tach song truc tiép).
Tin hiéu dugc khoi phuc s& duge day 18n mién tan s RF va birc xa ra khong gian
boi anten tai BS t6i cac MH. Chuc ning giai diéu ché va khoi phuc thong tin s&
duogc thuc hién tai cac MH nay.

O c4u hinh a, cac bo chuyén doi tan s6 ndm & CS nén céu trac cia BS rit don
gian, chi bao gom bd chuyén ddi dién/quang, quang/dién. Tuy nhién soéng quang
truyén tir CS dén BS co tan s cao (tin s6 RF) nén chiu anh huéng cia tan sic 16n
vi thé khoang cach tir CS dén BS ngén, chi khoang vai km. Tuong tu cho cau hinh
b,c thi cdu tric BS tuy phirc tap hon vi ¢ thém bo chuyén dbi tan s6 BB/IF/RF
nhung bu lai khoang cach tir CS dén BS lai xa hon so véi cau hinh a rat nhiéu.

Céu hinh d chi str dung cho cac tram BS sir dung tan s6 thap (IF) trong cau hinh
IF over Fiber truyén di trén soi quang. Véi tan s6 thap nén b diéu ché ngoai khong
can duoc str dung. Piéu nay chi giup 1am giam gia thanh caa CS di nhung BS van
cO Chu tric tuong ddi phirc tap. Cau hinh ndy chi sir dung truyén séng IF véi
phuong phép diéu ché truc tiép.

Hién nay c6 rdt nhiéu nghién citu vé kj thudt phat va truyén séng mm, bao gom
Cd cdc bg phat quang diéu ché séng RF véi nhiéu pha thdp va khd ndang han ché
hién twong tan sdc trén sei quang.

Trong mang RoF, nguoi ta sit dung cdc ky thudt sau dé phat va truyén dan cdc
s6ng milimet trén tuyén quang.

1. Piéu ché trgn nhiéu song quang

2. Piéu ché ngoai

3. Ki thudz nang va hg tan

4. B¢ thu phat quang

Ta sé fim hiéu cdc ky thudt trén trong cac phan tiép theo.

1.5 Ki thuat diéu ché tron nhiéu song quang (optical heterodyne)
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Trong k¥ thuat optical heterodyne, hai hay nhiéu tin hiéu quang dugc truyén
ddng thoi va chlng cé tinh quan hé véi nhau t6i dau thu. Va mot trong s ching két
hop v&i nhau (duoc goi 1a tich v6i nhau) s& tao ra duge tin hidu vo tuyén ban dau.
Vi duy 2 tin hiéu quang dugc phat & bang tan & chung quanh budc séng 1550nm c6
khoang cach rat nho 0.5nm. Tai dau thu, sy két hop 2 séng quang ndy bang k¥ thuat
heterodyne va tao ra mot tin hiéu dién & tan s6 60Ghz ban dau ma ta can truyén di.
So d6 khdi phia thu cta k¥ thuat duoc mo ta trong hinh 1.4

Beam combiner

Receiver optical signal

—>| Detector »| Electronics

OLo
Local Electrical
oscillator bit stream

Hinh 1.4 So @6 khoi ky thuit tach song hetorodyne

1.5.1 Nguyén ly

Cuong do cua mdt tin hiéu quang dudi dang phire c6 dang:

E, = A exp[-i(ot+¢,)] (15.1)
Trong d6 ws 12 tan s song mang, A, 12 bién do va ¢ 1a pha caa tin higu.
Tuong ty cudng do ciia tin hiéu tham chiéu c6 dang

Eref = Aref exp[— i(wreft + ¢ref )J (152)

VO Aref, Wref, Pre lan luot 1a bién do, tan sd va pha cta tin hiéu tham chiéu. Trong
truong hop nay ta gia sir rang ca tin hiéu gdc va tin hiéu tham chiéu phan cyuc giéng

nhau dé chung co thé két hop tai PD & dau thu. Nhu ta biét rang, cong suét thu dugc

6 PD c6 dang P =K ’ trong d6 K dugc goi 1a hang sb ty 1é ctia PD.

Es + Eref

Nhu vay ta co:
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A, cos(ot + o, )+iA, sin(ot + @, ) {
P(t)=K o
+ A% Cos(wreft + q)réf )+ IAref Sm(wreft + q)ref

A% COS(C()St + (05 )+ Aref Cos(wreft + qoréf )
+ I(As Sin(wst + (05 )+ Aref Sin(wreft + qoref )

= K[+ A% +2A A cos((w, — 0 k+ 0, ~ 0 )

=P, + Py +2,[P.P cos(mt +p, — ¢y ) (1.5.3)

=K

Trong d6: Ps=KAS, Pref=KAf’, wo=ws-ye;. D61 khi ngudi ta ky hiéu wo 13 o
duoc goi 1a tan s (goc) trung tan. Ly do nd duge goi 12 tan s trung tan boi vi thdng
thuong wo Va @y rat gﬁn nhau nén hiéu cia ching l1a w,r thuong nho hon kha nhiéu
SO VGi wg VA wret, va duoc goi 14 tan s trung tan.

e Néu wy =0 thi nguoi ta goi day 1a ki thuat homodyne.

T cong thire 1.5.3 ta co

P(t)= P, +2,/P.P; cos(p, — . ) (1.5.4)

Vi thong thuong Ps<<P. .

Dong dién sau PD c6 dang
1(t)=RP(t)= I, + 2R.[P,Py VGi 05 = pres. (1.5.5)

DO Iy thuong c¢b dinh nén ngudi ta dé dang tach ra duoc thanh phan tin higu

homodyne bang mot mach so sanh quyét dinh ngudng:
lnom (t) = 2R/ PPy (1.5.6)

Tir cong thic trén ta thdy wu diém cia phuong phap tach song homodyne do la:
thir nhat dong dién ngd ra Ién nhéat néu ta triét bo pha cua song téi va song tham
chiéu, nén cho ti s6 SNR cao. Thir hai 1a thanh phan thu dugc khong mang thong tin
tan s6 va pha, chi phu thudc vao bién do, nén no rat phll hop véi phuong phép tach
song truc tiép thuong khong mang thong tin vé tan sb va pha.

Tuy nhién nhugc diém cia n6 1a phai dong bo vé pha 1an tan sé cho ca séng tin
hiéu 1an séng tham chiéu. Piéu nay dugc thuc hién bang mot vong khda pha quang.

o Néu ws # 0 thi day duoc goi 1a ky thuét heterodyne:
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I(t)= RP(t)= I, + 2R [P,P; cos(wot + Ap) (15.7)

Khi d6 thanh phan heterodyne 1a:

|, (t) = 2R, /PP cOS(cw,t + A@) (1.5.8)

Ldc nay thanh phén tin hiéu s& duoc dai dién boi bién d9, tan sé va pha cia song
mang IF. So véi k§ thuat homodyne thi ki thuat nay c6 ti s6 SNR nho hon 1a 3dB vi
chira thanh phan cos. Tuy nhién k¥ thuat nay khong can thiét phai c6 vong khoa pha
phtre tap nén no thyc hién don gian hon so véi homodyne.

K§ thuét heterodyne c6 thé duoc str dung két hop v6i cac phuong phéap diéu ché
ASK, PSK, FSK & phia phat va sir dung phuong phap tach song truc tiép hay tach
song duong bao ¢ phia thu boi vi thanh phan tin hiéu lne Sau khi tach séng mang

day du thong tin vé cuong do, tan sb va pha.

1.5.2 Nhiéu

Cac cong thirc duoc viét & chuong 1.5.1 1a céc cong thire ap dung trong didu
kién 1y tuong. Trén thyc té c6 rat nhicu hién tuong, nguyén nhan trén tuyén truyén
dan ciing nhu cac linh kién khién cho chét lugng tin hi¢u thu duge khong nhu mong
muén. Trong phan nay ta s& tim hiéu cic nguyén nhan d6 va bién phap dé cai thién
chang.

e Nhiéu pha

Mot trong nhitng nguon nhidu anh huéng dén hé théng thong tin quang
cohenrent d6 1a nhidu pha duoc gy ra boi laser phat hay ngudn dao dong noi.
Nhiéu pha hinh thanh do nhiéu nguyén nhan nhu sy khong 6n dinh tan sé phat ctia

laser, hién twong chirp, pha khong 6n dinh cua thiét bi phat,... . Dwa vao cong thic:
(L5.7)— 1(t)= 1 + 2R [P.P; cos(p, — ¢, ) cho homorodyne

(158)— 1(t) = RP(t) = 1 ;1 + 2R /P.P.; COs{yt + ¢, — s ) cho heterodyne
Ta thiy rang sy thay d6i vé pha ctia ngudn phat ¢ hay bo giao dong ndi @res déu

dan toi su khong 6n dinh vé dong dién thu duoc & ngd ra bo tach song dan t6i suy
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giam SNR. Dé han ché hién tugng nhiéu pha, ngudi ta can ding cac ky thuat dé giir
6n dinh pha g5 ciia ngudn laser va pha gre Ciia ngudn dao dong noi.

Nhiéu pha cOn gy ra boi bé rong phd cia laser. Bé rong pho 4v cang nho thi
nhiu pha cang dugc han ché. Vi vay nguoi ta thuong sir dung laser DFB dé 1am
ngudn phat. Vi ngay nay bé rong phd cua laser DFB ¢6 thé nam & mirc 1MHz.

e Mat phdi hgp phan cuc (polarization mismatch)

Trong céc bo tach song quang truc tiép (nhu bang photodiode) d& biét thi su
phan cyc cua tin hiéu quang khong dong vai tro gi boi vi dong dién thu dugc phu
thudc vao sb photon cua tia téi. Tuy nhién trong cac bo thu cohenrent, sy hoat dong
ctia chung con phu thudc vao sy phdi hop phéan cuc cia bo dao dong va tin hiéu thu
dugc. Xem lai cong thie 1.5.1 va 1.5.2 ta thay rang, trong cac cong thirc ndy Cac
treong Es va E o da duogc ta ta gia sir nhu la phéi hgp phan cuc nén ta dugc cac
cong thirc nhu d& néu. Goi é va €, 1a 2 vécto don vi chi hudng phan cuc cua 2 tin
hiéu Es va E,o thi rd rang cac cong thic trén con phai nhan thém mat thanh phan 1a
cos®, & day 0 1a thanh phan goc pha giita & va .. Trong truong hop 1y tuéng ta
phan tich thi thanh phan 6 dugc cho 12 0°, nhung mot su thay ddi ciia goc pha 0 nay
déu tic dong dén bo thu. Trong trudng hop dic biét 1a géc 6 = 90° thi tin hiéu bi
triét tiéu hoan toan vi cosé = 0, fading hoan toan (complete fading). Nhu vay bat cir
sy thay d6i ndo cia @ déu dan dén sy suy giam SNR va gy ra su thay d6i BER
trong tin hi¢u thu dugc.

Trang thai phan cuc vecto € o cua tin hiéu phat ra tir bd dao dong ndi 1a phu
thudc vao laser phat ciia bo dao dong noi va thudng 14 ¢d dinh. Tuy nhién trang trai
phan cuc vecto & cua tin hiéu thu duoc thi khong nhu vay, vi trude do no da bi tac
dong boi cac hiéu ung trén soi quang vi du nhu hién twong tan sic phan cyc mode
(PMD), hién tugng birefringence fluctuations gay nén do sy thay doi ctia moi
truong (nhiét o, sy khong dong déu vat Iy cua soi, ...)

e Tan sic (fiber dispersion)

Ta d4 biét tan sac anh huong 16n nhu thé nao d6i v6i hé thong thong tin quang

nhu thé nao va duoc khac phyc bang nhiéu phwong phép. Pic biét, trong hé thong
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thdng tin quang cohenrent thi hién tuong tan sac anh huéng con nghiém trong hon.
NG lam giam cap tin hiéu mot cach nhanh chong trén dudng truyén. Trong thong tin
quang cohenrent thi nguoi ta han ché hién twong ndy bang cach st dung céc laser c6
bé rong pho rat nho. Han ché ti da hién tugng chirp. Va dic biét 12 ki thuat bl tan

sic bang mot bo can bang dién tir trén & tan sb IF.

1.5.3 Nhén xét

Mic dU k¥ thuat optical homorodyne c6 rat nhidu uu diém nhung do phai duy tri
sy dong b vé pha va tan sd. Didu nay dugc thuc hién bang mot vong khoa pha, tuy
nhién nhu thé s& 1am ting gia thanh ciia cac BS vi chiing phai duoc trang bi cac
laser rat on dinh va phai c6 vong khoa pha. Diéu nay khong c6 lgi trong mang RoF
nén nguoi ta khong str dung k¥ thuat nay dé truyén dan song mm.

So véi homorodyne thi ki thuat heterodyne c6 ti s6 SNR nho hon 3dB so véi
cung 1 cdng suat t6i (do chtra thanh phan cos). Nhung k¥ thuat ndy yéu cau don
gian hon vi b dao dong laser khong nhét thiét phai cling tan s véi song toi va pha
chi can léch nhau mét lugng khong d6i. Nho vay ma cac BS duoc ciu tric don gian
hon, khong can sir dung vong khoa pha quang. Tuy nhién, khong c6 nghia 1a k¥
thuat hetorodyne kha don gian. Yéu quan trong nhat tac dong téi hé thong s dung
k¥ thuat heterodyne 1a léch phan cyc. Thong thuong, 2 ngudn laser khac nhau thi
thuong gay ra hién tuong khong 6n dinh vé pha. Do d6 ngudi ta st dung chung mot
nguon phat hay ca hai ngudn phat nay duoc khéa pha véi nhau. Nho vay da lam
giam bo giao dong ndi ¢ dau thu, tin hiéu tham chiéu dugc tao ra & dau phat va
truyén di song song véi tin hiéu trong soi quang t6i dau. Piéu nay gilp cho ciu tric
BS cang don gian hon vi khdng can phai c¢6 bd dao dong. Ta co thé tham khao mot

céu hinh vi du sir dung k¥ thuat diéu ché heterodyne nhu hinh 1.5
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RF
refence

Refenrence BS %
laser

RF dF;T((e)(E?o-r ’ :
refence

Signal | | Optical
laser mod
I
IF
mod
CS [
Digital
source

Hinh 1.5 Ky thuat Heterodyne trong mang RoF.

Nhu & hinh vé& 2.6 ta thdy 2 vu diém cila ky thuat nay. Uu diém tha nhét d6
la ciu trac BS don gian do ngudn tham chiéu RF dugc tao ra tir CS, ngudén RF tham
chiéu dugc khoa pha v6i Laser phét chinh (master laser). Ca ngudn tham chiéu 1an
tin hi¢u duoc truyén di trong cling soi quang. Chl y rang, ngudn tham chiéu duoc
truyén voi tan sé RF trong khi d6 thi tin hiéu dugc diéu ché ¢ tan sé IF. Uu diém
thir hai d6 14 tin hiéu duoc truyén di véi tan s6 IF (unmodutation signal — Goi 14 tin
hiéu chua diéu ché vi van ¢ tan s trung tan, nhung thuc chat né da duoc diéu ché
sang dang quang). Piéu nay gilp cho tin hiéu dugc truyén di xa hon ma it bj anh
hudéng dén hién twong tan sic hon. Dén BS, ngudn tin hiéu IF ndy s& duoc diéu ché
Ién tan s RF boi ngudn tham chiéu RF tai Photodetector va phat di, tin hiéu lac nay

goi 1a modulation signal vi n6 & tan s6 RF.

1.6 B¢ diéu ché ngoai
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Nhu ¢4 tim hiéu & trén thi phuong phap diéu ché truc tiép c6 2 nhuogc diém chinh
sau day:

e Bing thong bi han ché bai tan s6 ciia laser diode

e Chirp hién tugng nay gay Ién sy trai rong ctia xung anh sang. Chirp 1a mot
trong nhiig véan dé cia laser DFB va n6 1a nhan t6 gay ra gidi han vé toc do truyén
tin hi¢u.

Pé tranh dugc hai nhuogc diém noi trén ngudi ta sir dung phuong phap diéu ché

ngoai. So dd téng quat diéu ché ngoai dugc cho nhu hinh V&,

CW light _
PD | < | Laser > External | | Modulation
Diode Modulator
A A
Laser-driving Interface eclectronic

T Information

Hinh 1.6 So' @ khéi bd diéu ché ngoai.

O bo diéu ché ngoai, ngudi ta can mot nguodn laser rat 6n dinh, vi vay mot
vong hdi tiép v6i photodiode duoc thém vao. Vong hoi tiép nay s& lam cho cudng
d6 laser phat ra dugc 6n dinh, dong thoi hién tugng chirp dugc giam thiéu. Tuy
nhién vong hoi tiép nay khién cho hiéu suat 1am viéc cua laser khong cao vi mot

phan dugc dua vao dicu khién hoi tiép.

p—conlact
Cnannel waveguide
Contacts LiNaly N
s |
Absorging e o
BALIW layers : |
sl
p-tyoa /
|'.--!_.'-:.;-'-:~ )I‘
n=lype substrate |'II
{a} (1)
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Hinh 1.7 a. Céu hinh b diéu ché Mach-Zehnder LiNbO3, b.B§ diéu ché birc xa electron
trén nén ban dan.

Ngay nay, c6 2 loai diéu ché ngoai dugc sir dung mot cach rong rdi d6 1a bo diéu

ché ngoai Match Zender va bo diéu ché ngoai burc xa electron. Hinh 1.7 mé ta cau

tao clia 2 bo diéu ché trén.

1.6.1 B diéu ché Mach-Zehnder

Nguyén |y hoat dong cta bo didu ché ngoai Mach-Zehnder nhu sau: Chiét suét
cta 16p lithium niobate thay d6i khi ta dat vao mot nhanh cta ndé mot hiéu dién thé.
Nguon sang tir bo diéu ché dugc chia 1am 2 nhanh khi n6 di qua dng dan séng. Khi
khdng c6 hiéu dién thé dat vao, ca 2 nita cia tia t6i s& khong bi dich pha, tai ngd ra
ching sé& giao thoa v&i nhau vao téi tao lai dang song t6i ban dau. Hinh 1.8a. Khi c6
mot hiéu dién thé dat vao thi mot tia toi s& bi dich pha 90° bai vi chiét suét ciia éng
dan séng d6 da bi thay doi, trong khi d6 nhanh kia lai bi dich pha -90°. Két qua la
tong hop & ngd ra dng dan soéng ca 2 déu bi triét tiéu nhu hinh 1.8b Do d6, ngd ra
clia bd dicu ché ngoai duoc didu khién boi dién 4p dat vao vi vay no co thé dat duoc

téc do diéu ché & hang Gbps.

/

Channel waveguide A! b, Channel waveguide LiNbO;
\ / \ /
ITLT I AT,

Hinh 1.8 a. Khéng cé dién ap; b. C6 dién ap diéu khién.

Nhu vay ngd ra cia bo diéu ché Match-Zenhder phu thugc vao dién 4p diéu
khién dat vao bo diéu ché. Trong trudng hop tong quat, ngd ra ciia bo diéu ché theo

dién ap dat vao V dugc cho boi:
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1 Y%
T(A) = E{“ cos(;r V. + @, (l)ﬂ (1.6.1)
trong do:

¢, (1) = Zﬂ%wtﬂ\\;—b dugc goi 12 phan cuc pha cia bo diéu ché (modulator

T

phase bias)

V6i AnL d6 chénh léch chiéu dai 2 nhanh b giao thoa duoc cho boi cong thirc
nily —noly;

A budc song quang

V}p dién &p phan cuc

V_(1)= ZF(l)nj(bj)r(l)Lm (switching voltage of MZ modulator)

d d¢ phan ly dién cuc (electrode separation)
L, chiéu dai dién cuc (electrode length)

I'(?) hé s giam coa vat liéu

n(%) chi s6 chiét sut

r(%) hé sb dién quang (electro optic coeffcient)

hay cuong d6 dién truong tong hop tai ngd ra dugc cho boi:

E(t) = Dot + ﬂi + ¢b} (1.6.2)

A

Véi A l1a bién do ngudn quang ngd vao, ly 1a tén hao chén va gy 1 tan sb
quang phat ra boi ngudn laser.

Thong thudong ddi véi mot bo dicu ché Match-Zenhder thi nguoi ta thudng quan
tam théng sb V,. Bo diéu ché MZ ché tao boi LiNbO; ¢6 V,=6.6V.

Tin hiéu dién ap V dit vao bo didu ché dugc chia 1am 2 loai, loai tin hiéu nho
(small signal) va loai tin hiéu 16n (large signal). Mdi bo diéu ché c6 tinh chat riéng

clia né, tuy nhién loai tin hiéu nho dugc sir dung nhiéu hon.

1.6.2 B#o diéu ché ngoai hap thu electron
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Nhuoc diém 16n cta cac bo diéu ché ngodi d6 1a tén hao chén, thong thuong ton
hao chén ciia mot bo diéu ché c6 thé 1én dén 5dB, va dién ap dicu ché cao (10V).
Ngoai ra con c6 1 nhugc diém nira d6 1a su cimg nhéc cua nd, khién cac nha thiét ké
va quan tri mang quang phai dau dau. Ho mudn c6 mot b phét tich hop chirc ning
diéu ché bén trong laser diode c6 thé phat ra ¢ nhiéu tan s vao mot con chip ma
khong bi anh hudng cua hién tugng chirp.

Nguoi ta str dung bo diéu ché ngoai birc xa electro. Nguyén tic hoat dong cia né
nhu sau: Mot laser DFB phat ra mot ngudn sang lién tuc, tia sang ndy chay qua dng
dan song dugc ché tao bang cac vat liéu ban dan. Khi khong cé dién ap diéu khién
dit vao, ng dan song gan nhu trong sudt véi ngudn sang duoc phat ra tir laser DFB
boi vi tan s6 cit ctia nd, Ac, Ngan hon budc song tia téi. Khi mot hidu dién thé dicu
khién dat vao, mot khoang tréng (band gap), Eg, cta vat liéu dng dan song tang 1én.
D6 duge goi 1a hidu uéng Franz-Keldsysh. Khi khoang nang luong ny ting 1én, tan
s6 cat giam xudng (Ac = 1024/Eg) va vt liéu ctia dng dan song bat dau buc xa tia
t6i. Bang cach thay doi dién ap ciia 6ng dan song ban dan, dic tinh birc xa ctia dng
dan song ciing thay doi. Piéu thi vi 1a loai bo diéu ché nay 1a vat liéu ban dan 1am
6ng dan song co thé dugc san xuét trén nén caa DFB laser.

Pic diém cua b diéu ché buc xa electron nay la:

Cong suat quang ngd ra bo diéu ché EA c6 thé dat dugc 0dBm. Thong thuong,
ngd ra caa cac bd phat ¢ cong suat nhé hon so véi trudng hop didu ché truc tiép.
Tuy nhién, cdng suat ngd ra cta bo diéu ché EA khong nhimg khong nhé hon ma
d6i khi con I6n hon.

e Diép ap diéu khién bd dicu ché nho chi khoang 2V.

e Tisd chénh leéch dong, PradPumin, 16n.
1.7 Ki thuat nang va ha tan

1.7.1 Giéi thigu
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Thay vi phai truyén tin higu c6 tan s6 RF trén soi quang sé& bi tac dong rat lén
Cla tan sic. Trong k¥ thudt nay ngudi ta truyén tin hiéu ¢ bang tan IF. Tin hi¢u
dugc truyén dan ¢ bang tan IF khi diéu ché 1én tan s6 quang s& han ché rat 16n anh
hudng cila tan sic, tuy nhién can phai c6 mot bd chuyén doi tan sb tir IF 1én RF &
BS khién cho gi4 thanh ciia BS ting 1én. Diéu nay khong co loi. Mot wu diém khac
cua k¥ thuat nay nira 1a can bang thong rat nho (trén mién quang) nén né ¢ y nghia
rat 16n khi sir dung két hop véi ki thuat DWDM.

1.7.2 Ky thuit niang va ha tin
Hinh 1.9 m6 ta so do khéi cua bd ning ha tan.
Gia sir ta c6 tin hiéu s,e(t) o tan so IF:
Sie (t) = cos(w et + ¢;) (1.7.1)
Cuong do dién truong cua tin hiéu quang mang tin hi¢u trén cd dang:
E(t) = K.s,c (). (1.7.2)
V6i K 1a hang s6. Gia st ¢s = ¢ = 0.

Re[E(t)] = KAcos(wet).(Cosw,ut)
1 (1.7.3)
= 2 KAe0s(@4g + 0 1) + CO8((0, ~ 0 )1)]
Nhu vay tin hiéu trén soi quang chiém bang thong 2f. Trong khi d6 ta truyén
tin hiéu ¢ bang tan IF thi bang thong cia str dung 13 2fz;=120GHz = 1nm.
Tai BS, gia st ta tach duoc tin hiéu Se(t), ta s& dwa 1én tan sb RF bang mot bd
nang tan (hay con goi 1a bo diéu ché can bang)

S;F = ACOS(G)”:t)-A’COS(wRFocst)

1, (1.7.4)
=5 AACOS((@rroes + @4 )t + COS((@ppoes — @ )]
Sau khi di qua bo loc théng. Ta c6 tin hiéu RF mong mudn.
1
SRe = ECOS((wRFocs +op)t) (1.7.5)
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IF — - RF
bicu ché Loc thong
| can bing ' dai >
T RFocs

Hinh 1.9 So' @6 khoi bd ning tan.
Déi véi phuong phap ha tan ky thuat cling twong tu.

1.7.3 Nhin xét ky thuit niang va ha tan

Trude hét k§ thuat nang va ha tan giap cho tin hi¢u trén soi quang c6 tan s6 IF
trong mién dién. Nho vay ma n6 han ché dugc hién tuong tan sic anh hudng kha
nghiém trong dén chat luong cua tin hiéu truyén di nhét 14 tin hiéu tan s6 cang cao.
Tuy nhién, gia thanh cia BS ting 1&n do & mdi BS can c¢6 mot bd dich chuyén tan
s6. Su phtc tap ¢ day khong phai 1a bo dich chuyén tin s6 ma d6 chinh 13 bo giao
dong bén trong nd, hoat dong & tan sd cao va can su on dinh.

Bing thong can thiét cho mdi kénh truyén 1a rat nho, nén khi két hop ky thuat
DWDM thi rat c6 lgi, vi s6 kénh mé rong nhiéu trong khi d6 do can bang thong 16n

nén cac tin hiéu quang truyén dan song RF két hop WDM c6 s kénh it hon.

1.8 B¢ thu phéat quang

Céu trac ctia cac BS don gian nhat ¢6 thé dugc thuc hién véi mot b thu phat
quang nhu bd thu phat blic xa electro. Nhitng bd thu phat nay vira ¢6 chltc nang
chuyén doi O/E trén tuyén downlink dong thoi cé thé chuyén d6i E/O cho tuyén
uplink cting mét lic. 2 bude séng d6 duge truyén dan théng qua mot sgi quang tir
CS t6i BS. Mot budc song danh cho diéu ché dir liéu boi nguoi dung cho tuyén
downlink va mot danh cho giai diéu ché ¢ tuyén uplink (hinh 2.11). Budc song giai
diéu ché duoc diéu ché bai dir liéu tuyén uplink & BS va goi trd vé CS. Do do, mot

bo EAT duoc sir dung nhu mot photodiode cho ludng dir liéu t6i chung va dong
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thoi 1am nhiém vu diéu ché dé cung cip ludng dir lidu goi lai cho hudng phat, vi
vay sir dung bd EAT c6 thé thay thé mot laser & phia BS, diéu ndy rat co y nghia khi
céc BS can c6 cau trac don gian. Hién nay, thiét bi nay c6 thé dugc hoat dong song
cdng hoan toan ¢ budc séng mm, tuy nhién chi & muc thir nghiém va diéu tro ngai
nhat voi k¥ thuat nay d6 1a van dé tan sac ma ching can phai dugc giai quyét. Hinh
1.10 m6 ta mot hé thong sir dung k§ thuat RoF sir dung bd EAT

CS
s mm-wave LO
Iq )
58 | pewnink L
. nlin
Coupler Fr BS /L/l
f O M Az \l\
= - j
Dz |22 ] £
ho ou
f
Data — PD [= O
Updirik
Fibar
mrm-wave LO

Hinh 1.10 B thu phat birc xa electron EAT trong mang

1.9 So sanh cac ky thuat

Nhu vay, cac ky thuat da khao sat, mdi ky thuat phat va truyén dan séong mm
trén soi quang déu c6 nhing wu va nhuogc diém riéng. Mdi k¥ thuat c6 thé thich hop
ty vao mo hinh mang duoc sir dung. Bang dudi tong hop lai cac vu va nhuge diém
cua cac k¥ thuat trén.

So sanh cac ky thudt truyén dan va phéat song milimet

K3 thuat Uu diém Nhuoc diém
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Optical Diéu ché ASK, FSK, PSK Céu tao ngudn sang phirc tap

Heterodyne Han ché duoc tan sic soi
quang

Dieu ché| Diéu ché ASK, FSK, PSK Tan sic

ngoai Céu hinh don gian T6n hao chén Ién
Dlng DFB Laser (gia thanh) Hiéu ng phi tuyén
Céc bo diéu ché EAM tan s6 cao
Dich tan Piéu ché truc tiép tir IF Bo dao dong mm & BS

Han ché tac dong boi tan sac

Céc bo diéu ché EAM tan s6 cao

Bo thu phat

quang

Bo diéu ché va tach song don

gian

Céc bo diéu ché EAM tan s6 cao
Han ché trong WDM

1.10 Két hop WDM trong ky thuit RoF

Ung dung WDM vao mang RoF mang lai nhiéu uu diém nhu don gian hdéa mo

hinh mang bang cach 4n dinh cac budc song khac nhau cho mdi BS riéng biét, cho

phép nang cip mang va cic tmg dung dé dang hon va cung cap mot phuong tién

quan ly mang don gian. Xem hinh 1.11, 1a mét vi du trong tmg dung nay cho tuyén

downlink. Nhu vy, véi mé hinh duéi, thi chi can mot soi quang thi k§ thuat RoF d&

c6 thé phuc vu duoc cho rat nhiéu cac BS. S6 luong cac BS duoc phuc vu 1a tiy

thudc vao s6 luong kénh quang c6 thé truyén duoc trén soi quang do.

Data—p><
}‘2 MUX %;B
}\n /

LO

®

=
—| DEMUX _-

W
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Hinh 1.11 Su két hop truyén din DWDM va RoF

Tuy nhién kho6 khin trong tmg dung k¥ thuait WDM & day 1a mdi kénh quang
truyén mot song mm & tan sé6 60GHz. Do d6 bé rong phé mdi kénh quang vuot qué
bé rong phd mot kénh WDM. Vi du nhu hinh 1.12a sir dung phwong phap déu ché 2
bién va 1.12b sir dung phuong phap diéu ché 1 bién dé truyén mot séng mm & bang
tan 60Ghz tirc phai ton mot kénh 100MHz vi bé rong phd trong ludi ITU-T ¢6
chuan 12 100MHz. O phuong phép sir dung diéu ché 2 bién thi ta cin phai sir dung
dén mot kénh 200GHz. Nhu vay c6 mot sy 13ng phi 16n bang thong trong soi quang
hoac 1a céc thiét bi trong thé gioi WDM cii s& khong twong thich dugc trong ky
thuat RoF. Hién nay dang c6 nhiéu nghiéng ctru trong linh vuc ndy. Dé gia ting
hiéu sudt s dung phd, khai niém chén tan sé quang (optical frequency

intterleaving) da dugc dua ra.

4 200GHz 4 optical
g carrier
side :///(a ) f
band v\“ ¥ >
~
(b) f

Hinh 1.12 DWDM trong RoF a. Diéu ché hai dai bién, b. Diéu ché triét

mot dai bién.

Mic khac, mdi quan hé gitra s6 luong budc séng yéu cau cho mdi BS, mdi BS

phai dugc cap du s budc song dé hoat dong song cong hoan toan (full-duplex), nén
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can phai dén c6 dén 2 budc song, mot cho chiéu downlink va mot cho chiéu nguoc
lai. Trong mot k¥ thuat tai str dung budt song da dugc dé cap dén, dua trén ky thuat
khoi phuc song mang quang dung trong tin hi¢u downlink va dugc sur dung lai budt
song d6 cho chiéu truyén dan uplink. Nhu vy chi ton ¢6 1 budc song cho ca hai
chiéu truyén dan. Tang hiéu qua str dung bang thong cia sgi quang.

Hinh 1.13 thé hién mot kién trac sdng mang don hudng ma né dugc sir dung dé
cung cép cac dich vu vo tuyén bang thong rong. O CS, tat ca cac ngudn sang uplink
va down link dugc ghép lai va khuyén dai 1én truyén di trong soi quang. Mot bo
diéu ché kénh downlink va giai diéu ché uplink s& dua céc tin hiéu quang vao trong
So1 quang dugc ndi v&i nhau theo mang ring. Tai mdi BS, mot cip bude song down
— uplink s& dugc xen ré thong qua mot b OADM (optical add/drop multiplexer)
bai mot bo EAT, ca 2 thao tac dién ra mot cach dong thoi ¢ BS. Kénh uplink d&
duoc diéu ché s& dugc thém vao trong sgi quang va truyén vong vé CS, tai d6
chiing s& duoc giai ghép va khoi phuc tin hiéu. Uu diém chinh ctia mang ring WDM
P2MP nay la kha ning tap trung tit ca cic ngudn phat quang & CS, cho phép ¢

dugc mot cau hinh BS don gian.

5 1 |
4 12 ... N

l optical camier with data

optical camier without data

1 mim-wave downlink

Tj mim-wave uplink

Hinh 1.13 Kién tric vong ring RoF dua trén DWDM.

1.11 Tong két chwong
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Trong chuong nay, chung ta da tim hiéu va nghién ctru cac ky thuat truyén dan
s6ng mm trén soi quang, mdi k¥ thuat déu c¢6 wu va nhuge diém riéng ma ching ta
d4 biét. Nhu vay k¥ thuat RoF bao gdom mdt tuyén quang RoF thong thuong, cac ki
thuat phat va truyén song mm trén soi quang d6 va két hop hé thong véi WDM.
Chinh kha ning cung cép dich vu bang rong trén co so ha tan don gian voi nhiéu uu
diém nhu gia thanh ha, trién khai d& dang, bao dudng nhanh chéng nén mang RoF

htra hen cho m§t mang khong day trong tuong lai.

Chwong 2

KET HQP KY THUAT RADIO OVER FIBER
VA MANG TRUY NHAP KHONG DAY

1.1 2.1 Gioi thiéu

O chuong nay chung ta s& két hgp mot mang truy nhap khong day va ki thuat
Radio over Fiber dé xem ching khac va giéng v&i nhitng mang truy nhép hién tai
nhu thé ndo.Mang truy nhap vo tuyén két hop ki thuat RoF ta goi la mang RoF
Chung ta s& tim hiéu vé kién tric mang RoF nhu thé nao va ting dung cia k¥ thuat
ROF trong mang truy nhdp vo tuyén ra sao sau khi d& tim hiéu k¥ thuat RoF trong

chuong 1.
1.2 2.1 Mang vo tuyén cellular dwa trén Ky thuit RoF

2.2.1 Da truy nhap 2 16p

Trong mang truy nhap vo tuyén st dung ky thuat RoF, 16p vat Iy bao gom 2 16p
con d6 1a 16p vo tuyén va lép quang & phia dudi. Lop quang bay gid nhu thanh phan
trung gian dé dua cac tin hiéu RF tir tit ca cic MS trong mang vé CS. Lép CS sé& xir

ly cAc tin hiéu vo tuyén ndy. Hinh 2.1 m6 ta 2 16p quang va vo tuyén clia mang.
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O MS

Ldp vo
tuyeén
Lop quang

Soi quang

Hinh 2.1 Mang khong diy da truy nhap 2 lép

Trudce hét, & 16p vo tuyén, mdi BS phai phuc vu rat nhiéu MH, dong thoi mdi
CS lai phuc vu rat nhiéu BS, trong d6 BS chi dong vai trd trung gian dé chuyén céac
tin hiéu tir CS téi MS va nguoc lai. Do d6, c6 thé xem mdi CS phuc vu gian tiép rat
nhiéu cac MS. Nhu vay mot ky thuat da truy nhap (multiaccess) & 16p vo tuyén
dugc hinh thanh.

Céu tric mang don gian nhat & 16p quang d6 1a cau tric mang hinh sao: cac
tuyén RoF két ndi point-to-point s& két ndi CS véi mdi BS bang mot soi quang. Tuy
nhién, cau tric ndy gay lang phi soi quang nén ngudi ta dua ra nhiéu cau hinh tot
hon, nhat 1a khi s6 luong BS 1a twong d6i nhiéu. Néu mét soi quang phuc vu dugc
nhiéu hon mot BS, thi ldc d6 16p quang ciing tré thanh mot hé théng da truy nhap
thir hai, doc 1ap véi 10p da truy nhap vo tuyén.

K thuat da truy nhap & 16p quang 12 rat da dang, né co thé str dung k¥ thuat
SCM (FDMA), CDMA, TDMA, WDM...
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2.2.2 Tinh da dich vu ciia mang RoF két hop k§y thuat WDM

Hién nay, hau hét cac mang diéu dugc thiét ké dé truyén tai cho mét dich vu
nén do linh hoat cia mang khong cao. Thir nhat d6 1a do bang thong clia mang chua
du 16n dé phuc vu nhiéu dich vu ciing mét lac. Thi hai nita d6 14 cac loai dich vu
khac nhau c6 cac chuan khac nhau, y8u cau phai c6 mot ky thuat truyén dan trong
sudt véi cac ki thuat khac. Tuy nhién, ké tir khi bang thong sgi quang duoc sir dung
hiéu qua hon nho k§ thuat WDM va ting lén nhiéu lan ma dic biét 1a k¥ thuat
WDM trong subt véi tat ca cac ki thuat truyén dan, chuan diéu ché,... nén mdi soi
quang c6 thé truyén tai nhiéu loai hinh dich vu khac nhau mot cach dong thoi. Cac
tin hiéu cta cac loai hinh dich vu khac nhau dwgc truyén tai trén cac budc song
khac nhau. Tat nhién l1a cac dich vu khac nhau d6 phai dugc hoat dong véi cac tan
s khac nhau, kiéu diéu ché RF khac nhau véi nhitng cell khac nhau, v...v... Dich
vu cung cap c6 thé 1a vO tuyén cb dinh hay di dong, dich vu bang hep hay dich vu
bang rong, v...v... D6 d6, RoF ¢ thé duoc tmg dung trong mang truyén tai ctia cac
tmg dung thong thudng. Trong mang RoF da dich vu thi moi dich vu hoat dong trén
mot budc song khac nhau, cac budc song duge chon lya mot cach thich hop dé

phuc cho cac tin hiéu tir CS téi BS va nguoc lai. Ta ¢d thé xem mot vi du ¢ hinh

! 7
_,-' In’ . !
& CSIA2 optical layer
F, S22 ;
o \/ V4

Hinh 2.2 K§ thuat WDM cho phép trién khai da dich vu trén mang
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K§$ thuat RoF ma ta d& nghién ctru & chuwong 1 12 mot k¥ thuét truyén dan tin
hiéu vo tuyén trén soi quang sao cho tin hiéu vo tuyén truyén di dugc cang xa cang
t6t voi do tuyén tinh cao nhat.

Trong nhitng chuong tiép theo, ta s& tim hiéu xem, k¥ thuat RoF dugc két hop
véi mang truy nhap vo tuyén nhu thé nao? N6 dem lai nhimg loi ich gi? Nhiing khé
khin khi tng dung cho mdi mang va hudng giai quyét ra sao?

3 kiéu hinh mang dugc chung ta tim hiéu & day 1a:

e Mang Wireless LAN
e Mang truyén thong Road Vehicle Communication (RVC)

e Mang truy nhap v tuyén bang rong & viing ngoai 6 va néng thon
1.3 2.3 RoF trong WLAN & bing tin 60Ghz — Giao thirc MAC

2.3.1 Giéi thiéu

K§¥ thuat RoF dugc ung dung cho mang WLAN s€ 1a mot trong nhiing (mg dung
hira hen nhét, voi cac BS chi thyc hién cac chirc ning don gian va duoc két nbi dén
CS thong qua mat soi quang, cac chirc nang dinh tuyén va xir Iy duoc tap trung tai
CS. Tuy nhién, trong mang WLAN nay, do ban kinh phu séng cta cac BS nho nén
mdi sy di chuyén ciia MH sé& can phai ¢6 yéu cau chuyén giao. Do sy chuyén giao
thuc hién lién tuc khi MH di chuyén nén trong mang WLAN ndy can phai c¢6 mot
giao thirc chuyén giao don gian nhung phai tin cdy & bang tan mm. Trong phan nay
ching ta s& dé cap t6i giao thirc MAC (media access control) duoc goi 1a “Chess
Board Protocol” (Giao thirc chuyén giao ban co) duoc tmg dung cho mang WLAN
st dung k¥ thudt RoF hoat dong ¢ bang tan 60GHz, voi dac tinh chuyén giao nhanh
va don gian, tich hop QoS. V¢i kha ning diéu khién tap trung ciia mang RoF nén né
phu thudc vao ma chuyén mach tan so FS (frequency switch) dé cung cip mot co
ché chuyén giao don gian, va cac picocell lién nhau dugc 4n dinh cac ma FS tryc

giao voi nhau dé tranh hién twong giao thoa dong kénh. Co ché nay cho phép cac
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MH c6 thé hi¢u chinh tan so trong sudt qua trinh chuyén giao, d6 chinh 1a dic tinh

quan trong nhét cila giao thirc chuyén giao ban co.

2.3.2 Kién triic mang

Déi v6i mang WLAN, do cdu triic mang can don gian, cac thiét bi gia thanh rg
nén thuong mang sir dung cac Ky thuat cang don gian cang tot. Pbi véi mang
WLAN trong chuong nay ta gia sir ching ¢ dic tinh sau: (1) song cong phén tan s6
va (2) kha nang thay d6i kénh RF dong. Hinh vé& 2.3 chi ra mot vi du vé kién trac
RoF dugc ung dung trong mang WLAN.

V6i kién tric nay, mang str dung phuong phéap diéu ché song mang con, phuong
phap don gian va co thé s& dugc sir dung rong rdi trong mang RoF. Trong ky thuat
nay, dir liéu tir tuyén truyén dan theo hudng downlink (tir CS téi MH) dau tién dugc
diéu ché 1én mién tan s6 RF thich hop boi mot ngudén vo tuyén (duge goi 1a
subcarrier) sau d6 méi dugc diéu ché 18n mién quang (duoc goi 1a maincarrier) bang
mot ngudn quang. Tin hiéu ndy dugc truyén trén sgi quang dén BS, ¢ day cac tin
hiéu quang lai dugc chuyén vé thanh tin hiéu vo tuyén va dugc phat di tir BS dén
cac MH. Déi voi tuyén uplink (tr MH dén CS) thi cAc tin hiéu nhan dugc & BS s&
dugc didu ché sang mién quang bang mot ngudn quang. N6 duoc truyén dan thong
qua tuyén quang toi CS va duogc giai didu ché sang tin hiéu vo tuyén ¢ day boi PD.
Sau d6 cac dir liéu ciia mdi user s& dugc tach ra. Do dic diém ctia mang WLAN 1a
khoang cach tir BS dén cac CS 1a khoang vai trim mét nén anh huéng cia cac hién
tuong phi tuyén 1én tan s6 RF 1a twong dbi thap, vi thé tin hiéu truyén trén soi quang

dugc truyén & tan s6 RF. Hoat dong duoc md ta trong hinh 2.3.
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Hinh 2.3 Kién tric mang RoF cho WLAN

V6i kién triic cho mang WLAN nay thi mdi CS s& c6 rat nhiéu bd thu phat
(TRX) bang véi sd luong cia BS, va mdi bo thu phat bao gdm (1) ngudn sang dé
phét tin hiéu nhu laser, (2) mot PD cho hudng uplink (3) va mot modem dé phat va
nhan dir liéu & mién RF. Nhin vao ciu hinh trén ta ciing thy rang BS chi ¢6 nhiing
chirc nang don gian la thu va phat tin hi¢u, ngoai ra khong co chuc nang xir 1y tin
hiéu nao duoc thuc hién ¢ BS. Ddi véi mang WLAN chiing ta dang khao sat thi cac
bo diéu ché ngoai duoc st dung thay cho cac LD vi ching hoat dong & tan sb
60GHz, tan s6 ma cac LD khong thé dap tmg kip. Cac bo thu phat c6 thé dugce trang
bi cac bd dao dong co thé diéu chinh duoc nhung vi gid thanh cao, nén doi khi
ching dugc trang bi cac bd dao dong véi tan sd cb dinh. Su thay doi bd giao dong

s& anh huong dén qué trinh phan b6 tan s6 cho mang RoF nay.
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a. Gioi thi¢u
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Hinh 2.5 Giao thirc chuyén giao ban co.

Nhu ta d4 biét, trong mang WLAN phu séng mot t0a nha (building) thi moi

phong s& duoc phu song boi it nhat mot BS, goi 1a mot picocell. Do ban kinh mdi
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picocell 13 twong dbi nho nén toa nha s& dugce phu soéng boi rat nhiéu cac picocell,
do d6 quan ly tinh di dong ciia cac thiét bi trong mang 1a mot diéu rat can thiét.
Trong mang WLAN, ta gia sir mang sir dung mang hoat dong & ché do song cong
phan tin s6 FDD (Frequency Devision Duplex), do cic thiét bi sir dung bang
phuong phép nay don gian, ré tién va dang dugc phat trién rat thanh cong. Bang
cach phan chia bang thong tong ciia hé thong thanh 2n kénh véi n kénh downlink
duogc ky hiéu 1a fy, f, ..., fy va n kénh uplink dugc ky hiéu 1a fo+q, fraz, ..., f2n. ChUy
rang bang thong, bé rong phd mdi kénh tan sd, cia tuyén downlink va uplink Ia
khong dong nhat, khong giéng nhau, vi viy mang c6 kha nang hd tro luu lwong bat
d6i ximg. Hon nia, tryc thoi gian ciing ¢6 thé duoc chia thanh cac cac khe thoi gian
(time slot) bang nhau va n khe thoi gian dugc nhom lai thanh mot mot khung. Hinh
2.5 m0 ta khung thoi gian véi n=10.
b. M0 ta giao thire

Trudce hét, khi MH tham gia vao qua trinh truyén dit liéu, né s& dugc an dinh
mot cap kénh tan sd nao d6 trong 2n kénh vo tuyén ma mang WLAN d6 hd tro (f;,
f..i) i=1, 2, 3, ...,n va mot cap khe thoi gian (fy, ts) tuan hoan chu ky n cho tuyén
downlink va uplink (xem hinh). Khi MH nhan dugc tin hiéu cho phép truyén tir
kénh downlink f; trong khe thoi gian t, thi nd duoc phép truyén dan cac goi thong
qua kénh uplink fi., trong khe thoi gian ké tiép t1. Moi BS déu hé tro cac kénh
(tin s6 két hop khe thoi gian), tuy nhién mdi chung chi dugc sir dung nhiig khe
thoi gian quy dinh san. Trong hinh v& 1a mot vi du véi n=5. Trong mdi khung thoi
gian, mdi khe thoi gian trong n khe chi dwoc sir dung dung 1 1an. Cac picocell ké
nhau khong duoc sir dung lai kénh (dugc quy dinh bang mot méa FS) d6 dé tranh
hién twong nhifu giao thoa dong kénh. Mot ma FS chi duoc s dung boi mot
picocell va c6 thé dugc sir dung lai bdi mot picocell khac khi khoang cach cia
ching du 16n dé tranh hién twong giao thao tin hiéu. Mot van dé quan trong trong
giao thirc nay d6 chinh 1a van dé dong bo. Do sir dung phuong phap TDM nén viéc
ddng bo giira cac thiét bi 1a khong thé thiéu, tuy nhién van dé dong bo tan sé va khe

thoi gian twong ddi don gian. Vi giao thirc ndy, viéc dong bo phai duoc thyc hién
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trén toan bo céac picocell, tirc 1a cac picocell ciing phai duge dong bo khe thoi gian
V61 nhau, viéc déng bo cac cell that sy don gian nho kién trac tap trung, CS s€ dam
nhan vai trd dong bo nay. Pé dong bd vai cac BS, cac CS bat dau do khoang thoi
gian truyén tin hiéu dén BS rdi truyén ngugc vé CS (round-trip time) goi 1a RTT.
Luc d6 CS co thé 4n dinh dugc khoang thdi gian truyén tir BS t6i CS 1a RTT/2 dé
ddng bo cac BS.

Giao thirc chuyén giao ban co dd duoc tng dung nhiéu trong mot sd hé théng sir
dung phuong phap nhay tin nhu BlueTooth thudng thiy ¢ cac dién thoai di dong
ngay nay. Tuy nhién trong mang WLAN giao thirc chuyén giao ban co c6 mot sb
diém khéc biét: (1) trong hé théng nhay tan thi cac BS va MH s& thay doi kénh tan
s6 theo mot quy luat cho trude (goi 12 ma gia ngau nhién), tuy nhién trong giao thirc
ban co thi chi co cac BS hiéu chinh tan s6 ciia nd con MH van giit nguyén cip tan
s6 hoat dong cua nd, (2) giao thirc chuyén giao ban cd dugc két hop voi kién triic
mang tap trung & CS nén c6 tranh duoc hién tugng nhiéu giao thoa déng kénh, tranh
duogc viée sir dung 2 tan sé chuyén mach cling nhau trong cac picocell gan nhau. Do
d6 trong hé thong WLAN st dung giao thirc ban cd ngudi ta thudng st dung khai
niém chuyén d6i tin sd (frequency swiching) thay cho khai niém nhay tan
(frequency hopping).

c. Chuyén giao

Mot ddc diém quan trong cua giao thirc ban cd nay d6 1a qua trinh chuyén giao
khi MH di chuyén tir BS nay sang BS khac la rat don gian va nhanh. Thoi gian
chuyén giao chi mét toi da (2n+1) khe thoi gian. Nho sy don gian va nhanh d6 nén
giao thire dugc sir dung trong mang WLAN, dé giam bat su phire tap ctia cac MH.
Ta s& tim hiéu mot vi du chuyén giao khi MH di chuyén tir BS nay sang BS khac
nhu hinh vé dudi. Trong hinh 2.6 1a vi du véin = 5.

Co ché chuyén giao xay ra nhu sau: truéc hét & cell cii cac MH nhén tin hi¢u
cho phép & khung thoi gian c¢6 t6 méau den va tra 101 lai bang tai cac khe thoi gian co
duong gach chéo (da dugc mo ta trong giao thirc ban co). Lic nay MH s€ sir dung

cap tan s (fi, f.+i) cho 2 chiéu up va down. Gia st MH di chuyén tir picocell cii sang
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picocell méi thi nG van sir dung cip tan sb ndy cho truyén dir liéu. Tat nhién 1a khi
qua cell khac, do tinh truc giao (dugc diéu khién boi CS) nén né s& hoat dong & khe
thoi gian khac do van khong thay d6i cap tan sb (dic diém cua giao thic chuyén
giao ban cd ). Khi no dén ving bién gidi cia ca 2 picocell thi nd dong thoi nhan
dugc ca 2 khe thoi gian cia ca 2 picocell. Khi d6 no ciing s& tiép tuc lién lac véi
picocell cii cho dén khi thiét 1ap kénh méi véi picocell méi dugc thanh lap. Khi lién
lac vé6i picocell cii that sy bi mét do di qua tAm phii song thi nd méi bit dau yéu cau
picocell méi cap cho né mot kénh dé hoat dong, cong viéc nay dd duoc MH chuan
bi tir khi nhan dugc tin hiéu ciia picocell méi (xem hinh). Viéc cap bang thong cho
MH s& dugc thyc hién & khung tiép theo. Nhin vao hinh v& 2.6, ta thay thoi gian

chuyén giao t6i thiéu 12 2n +1 khe thoi gian.

: Dawn
Oid
Cel Up 'li ‘ time
2 | T b -
L | s |
T
Down I
N |
Cell Up |
| Y / .
| '- Y ,
Handover ) Tx Allocate Tx
Sanse Confirm .
Handoger  Handover Request Slat  Uplink

Downlink slot . received |:| not received
Uplinkstot [ ]

Hinh 2.6 P$ tré chuyén giao trong giao thirc chuyén giao ban co.

Gia nhap vao mang WLAN: Khi mét MH méi bat dau gia nhap vao mang
WLAN thi cong viéc dau tién cia n6 1a dong bo véi CS, sau d6 né chon mot kénh
bat ky ngiu nhién néu né c6 kha ning thay doi kénh tan s hoic 1a sir dung mot
kénh dinh trudc néu nd khong ¢ kha niang thay doi kénh. Sau d6 né lang nghe &
nhiing khe thoi gian myén downlink. N6 s€ nhan dugc mot tin hiéu trong khe thoi

gian nao d6 ciia khung va 4n dinh khe thoi gian cho MH hoat dong. Sau khi nhan
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dugc goi tin an dinh khe thoi gian, nd s& bat dau goi tin hiéu xac nhan ngay ¢ khe
tiép theo trong tuyén uplink dé gia nhap vao mang. Sau d6 n6 bat dau truyén nhan

dir liéu trén kénh da duoc 4n dinh nhu 44 duoc mo ta trong phan giao thirc.

2.3.4 Céc thong s6 ciia giao thirc

Trong giao thic chuyén giao ban co thi ¢6 2 théng sb chinh duoc nguoi ta quan
tdm nhét d6 chinh 1a (1) s6 luong kénh va (2) d6 rong khe thoi gian. Mot thong sd it
quan trong hon d6 14 thoi gian tré chuyén giao doi khi ciing dugc ngudi ta nhic dén.

e S6 lwong kénh:

Ta goi bing thong tong cong cua hé thong 13 BWig, bing thong bao vé BW, gia
st bang khong, bang thong cho mdi kénh up va down 1a bang nhau va bang BWq,.
Nhu vay tong bing théng ciia 2n kénh s& bé hon hoic bang bang thong tong cong
cua hé théng: 2xXNXBW;, < BWiota. Hon nita bang thong cua mdi kénh lai duoc chia
chi s& cho n user trong hé thong do dic diém cta giao thirc chuyén giao ban cd. Do
d6 ta c6 cong thirc: 2xN°xBWyger < BWiora. VAy ta co cong thire:

n<| oW |31)
2BV\/user

V6i [x] 12 ky hiéu phan nguyén ciia x (s6 nguyén I6n nhat bé hon hodc bang x).
Néu co tinh thém khoang bao vé va cdng thiic cho truyén dir lidu bat dbi xting
thi cong thirc dugc viét lai nhu sau:

n< Wer (23.2)
BW,, + BW,,, +2.BW,

own

o D¢ rong khe thoi gian:
Cong thirc tinh do rong t6i thiéu mdi khe thoi gian duge cho nhu sau:

L {(z.tprop +1,00)-N.BT

2 e }(dk 'n>3)(2.3.3)
n-2
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Trong d6 L 1a chiéu dai khe thdi gian tinh bing bit, ty, 12 thoi gian tré lan
truyén & ca phan quang 1an phan khong gian tinh bang s, ty 12 thoi gian xu 1y
thong tin tai CS tinh bang s, BT 1 bang thong danh cho user tinh bang bit/s.

Cong thuc trén dugc xay dung nhu sau: gia st MH bat dau gai cho CS mot goi
thong tin, tai thoi diém t=0, thi CS s& nhan dugc gbi d6 vao thai diém t = typ, SaU
d6 CS s& ngung truyén trong n-1 khe thoi gian sau dé truyén cho MH vao ding khe
thoi gian quy dinh. Thoi gian d6, CS sé& xir 1y va truyén goi d6 dén lai MH, tirc 1a
thoi gian ma MH nhéan dugc ddy du goi thong tin tir CS ké tir khi ¢6 yéu cau sé 1a
2. tyrop+ toroctts , VA Khodng thoi gian ndy phai nhé hon hodc bing khoang (n-1)t ma
MH phai cho dogi. Vi vay ta c¢6 cong thirc trén.

o Thoi gian tré chuyén giao: thdi gian tré chuyén giao nhé nhét phai thoa man

diéu kién.

2t ro +t roc - 2t ro +t roc
(2n+1)] ZELE | min(l ) < (30 -1)] S22 |(2.3.4)
n-— n-—

2.3.5 Tong két

Ung dung k¥ thuat RoF va mang WLAN hoat dong & bang tan mm 12 mot trong
nhing tmg dung don gian cia k¥ thuat trén vao mang truy nhap vo tuyén. Véi cy ly
nho, ban kinh phu séng cac picocell khong can qué 16n, gia thanh BS khong phai 1a
qua dit nén cac nhuoc diém cta song mm tré nén khong dang ké nira, trong khi d6
cac wu diém cua k¥ thuat nhu kién tric tap trung, bang thong rong, tinh di dong cao
lai dugc phat huy.

So v&i mang WLAN thong thuong thi mang WLAN hoat dong ¢ bang tan mm
c6 nhiéu diém khac nhau. Tir dic diém ton hao 16n ctia song mm, s6 luong BS can
duogc lap dat s& nhidu hon dé phi song méi truong indoor. Trong nhiéu mang twong
ty véi s6 lwong cac micro cell dii 16n thi van dé quan 1y di dong 1a that sy quan
trong. Véi giao thirc MAC, goi 1a giao thirc chuyén giao ban co, voi dic tinh 1a
nhanh v&i chuyén giao don gian va tich hop QoS, n6 d4 dugc dé xuét 1a giao thirc

trong mang WLAN hoat dong & bang tin mm nay
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1.4 2.4 Ky thuit RoF trong mang truyén thong Road Vehicle

2.4.1 Giéi thiéu

Mang truyén thong Road Vehicle (Road Vehicle Communication RVC) 1a co s
ha tang cia mang ITS (intelligent transportation system), duoc tmng dung cho céac
phuong tién dang di chuyén co thé truy cap vao mang, tir 46 cac phuong tién tre
thanh nhimg thanh phan ctia mang thong tin, chiing cé thé lién lac véi nhau duoc sir
dung trong viéc diéu khién cac phuong tién mot cach tu dong boi trung tdm. Nhirng
yéu cau ctia hé théng RVC nay la phai dat dugc tbe do it nhat 2-10Mbs cho mdi
MH néu can. Hon nita, mang phai khong chi hd tro thoai va dit liéu ma con phai hd
trg cac dich vu da phuong tién nhu video thoi gian thyc khi cdc MH dang di
chuyén. Tir nhung mang thong tin di dong cellular hién tai va phét trién 1én bang tan
micromet nhung van khong thé ndo cung cap du bang thong, do dé cac bing tan
mm trong khoang tir 36GHz dén 60GHz dang dugc xem xét, cai tién dé tmg dung
cho mang RVC nay. Tuy dai bang tin niy c6 bang thong cao hon so véi bang tan
micromet, nhung ban kinh phu séng cua cac cell nho hon do suy hao trong khong
gian. Do d6 dic tinh cia mang RVC d6 1a s6 lugng BS 16n dé phu song hoan toan
moi noi va sd lwong nguoi st dung 16n, hd tro tinh di dong. Nhu vay kién tric
mang can cc yéu cau chinh sau: (1) mang phai ¢ gia thanh tot va (2) tich hop kha
nang chuyén giao nhanh va don gian dé phuc vu mét sb luong cac user.

Tuy nhién, trong RVC thi mét tht tuc chuyén giao nhanh thyc hién khé hon rat
nhiéu so voi moi truong indoor, nhat 13 & téc do dir liéu cao 13n toc do di chuyén.
Pé thuc hién dugce kha ning ndy, hé thdng phai co co ché quan 1y chuyén giao dé
thue hién viéc chuyén giao lién tuc va chinh xéac. Ta c6 thé lay mot vi du 1a mot
chiéc xe dang di chuyén voi van tbc 100km/h, thi véi ban kinh cell 14 khoang 100m
thi sy chuyén giao thuc hién mdi 3.6s mdi lan. Néu viing chdng 1an giita 2 cell 1a
10m thi yéu cu chuyén giao phai dugc thyc hién trong 0.36s. Trong vi du nay ta da
thay dugc trong mang RVC can mot thi tuc chuyén giao nhanh va don gian dé dap

mg yéu cau di chuyén nhanh ciia cac MH. Dong thoi, trong kién tric mang thi phai
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tinh toan dén viing chong 1an cta 2 cell du 16n sao cho ching c6 thdi gian chuyén
giao va ciing khong dugc qua nho khién cho sé lwong BS tang 1én, khong cd loi
trong viéc quan ly cling nhu gia thanh mang tang. Trong chuong nay ta s€ dugc tim
hiéu tha tuc MAC dé thyc hién chuyén giao trong mang RVC dugc ting dung k§
thuat RoF véi dic tinh 1a chuyén giao nhanh va dic biét 1 kha nang cip bang thong
dong. No duoc thuc hién dya trén kha nang diéu khién tap trung ctia mang RoF dé

quan ly tinh di dong mot cach hiéu qua.

2.4.2 Kién triic mang

Hé thong RVC st dung k¥ thuat RoF duoc thé hién trong hinh 2-7, ¢ day mdi
BS duogc két ndi lién tuc dén mot s6 luong BS thong qua soi quang, va mdi BS &
day 1a loai phuc vu cho mang RVC véi tim phua séng rong va cac dic tinh phd hop
mang. O chwong nay ta chi khao sat cac con dudng mot chiéu, voi hudng di chuyén
cia MH da dugce CS biét trudc. Doi véi cac duong nhidu chiéu, ing dung co thé
trién khai trong thanh phd. Cac CS duoc két ndi dén mang dudng truc, mang duong
truc c6 thé 12 mang PSTN hay l1a mang Internet. Mdi BS s& phu song mét khu vuc
ma ta goi 1a cell (khdng goi 1a picocell nhu trong mang WLAN nira). Do déc tinh
cliia song mm ¢ bang tan 36GHz cho dén 60GHz c6 suy hao 16n nén ban kinh cua
mdi mdi cell chi nam trong khoang tir vai chuc dén vai trim mét va so luong BS dé
pht séng nguyén con dudng 1a kha 16n. Bé dat duoc kién tric tap trung va ciu tric
BS don gian véi tim phu song CS 16n thi nhiéu k¥ thuat RoF dugc thao luan trong
chuong 2 s& dugc tmg dung vao mang va hién nay ngay cang duogc cai tién. Tuy
nhién trong chuong nay, ta chi thao luan vé kién triic mang, con cac ky thuat d6
duoc 4p dung nhu thé ndo trong mang d4 duogc thao luan & chuong 1. Kién tric
mang RVC sir dung k§y thuat RoF duoc thé hién trong hinh 2.7
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Backbone Network
(PSTN. the Internet)

CS : Control Station
ES :Base Station

Hinh 2.7 Mang RVC dua trén ky thuat RoF.

Phuong phép truyén dan tuyén uplink va downlink d& dugc néi & chuong 1. Dua
vao hinh vé ta thay ciu trac BS rat don gian chi gdm mot PD, mot LD, mot EOM va
c6 thé c6 mot bo khuéeh tan sé RE. BS khong thuc hién bat cr mot chire nang xtr 1y
tin hiéu nao, nd chi déng vai trd trung gian chuyén tai song RF giita BS va MH.
MJi CS sé& co rat nhiéu bo thu phat TRX (transceiver), mbi TRX phuc vu cho mdi
BS. TRX ¢6 thé duoc trang bi bd dao dong c6 tan sb cb dinh hay co thé diéu chinh
dugc. V&i bo dao dong RF diéu chinh dugc tan sb thi hé thong c6 kha nang an dinh

tai nguyén mém déo hon.
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Hinh 2.8 Kién triic mang RVC dua trén ky thuit RoF.

2.4.3 Hoat dgng co ban trong mang

Gia sir CS duoc két néi dén N BS nhu trong hinh vé 2.8, va sé luong BS phu
song hoan toan con duong. N BS nay s€ dugc chia [am S nhom (1 < S < N), trong
d6 tap hop cac BS trong mot nhom duoc dat gan nhau, va tip hop cac viing pha
song cta nhom d6 dugc goi la VCZ (vitual cellular zone). TDMA duoc sir dung
trong hé théng vai cac super-frame c6 kich thudc ¢ dinh, bao gdm M khe thoi gian
ma mdi khe dugc 4n dinh cho mdi VCZ, mdi khe dugc 1ap diy mot goi dir lidu co
kich thudc tdi thiéu. Kénh RF bén trong mot VCZ ciing tuong tu, va cac VCZ lién
ké khong dugce dung chung kénh RF dé tranh hién tugng giao thao dong kénh. Do
d6 khi mot MH dang di chuyén trong cting VCZ thi ching khong nhat thiét phai doi
kénh tan sd. N6 chi phai thay doi kénh RF khi chuyén sang VCZ khéac. Mdi super-
frame duoc chia thanh cac frame nhé hon cho céac cell bén trong VCZ, ma modi
khung bao gom ca kénh uplink 1an downlink. Kich thuéc mdi khung ¢ thé dugc

thiét ké sao cho can d6i véi luu luong cia moi cell.
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Hinh 2.9 An dinh khung trong khi di chuyén.

Hinh 2.9 md ta mot VCZ bao gom 3 cell va 3 frame duoc an dinh cho mdi cell
trong mién thoi gian nhu thé nao khi sir dung cing mot kénh RF. Piéu can dugc
nhan manh ¢ day 1a trong mdi chu ky cua khung i thi chi ¢ sy trao doi thong tin
cia BS i véi CS duoc thiét 1ap, BS trong mot VCZ phai dugc diéu khién bai CS dé
tim ra khung thoi gian thich hop. Vi vdy mdi kénh RF duoc an dinh dé tranh hién
tuong giao thoa clng kénh giita cac cell trong cling VCZ. Néu thiét bi di vao khu
viue ma khong c6 chong 1an giira 2 cell lién tuc thi nd chi nhan duge mot khung
trong cell ma né dang dung. Trong khi d6, khi n6 di chuyén vao viing chong lan cia
ca 2 cell thi né s& phai “lang nghe” ca 2 khung trong mot super-frame. Vi dy trong
hinh 2.9, V1 chi nhan dugc frame 1, trong khi d6 V2 lai nhan dugc ca frame 1 va 2
trong super-frame d6. Chii y rang mdi frame khong chi hd trg mot thiét bi ma cé thé
hd tro duoc nhiéu thiét bi nhu trong cell 3. Nhu vay mdi CS s& c¢6 nhiéu VCZ, s6

lugng VCZ bang véi s6 lugng super-frames duge phuc vu mot cach dong thoi.
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2.4.4 MAC - quan Iy tinh di dong — chuyén giao

a. Cau tric khung

Tuy mang RoF chua dugc 4p dung vao thyuc té, nhung d4 c6 nhiéu dé nghi vé
c4u tric khung cho mang nham dat dugc nhiing yéu cau ciia mang. Ta s& tham khao
mat cau tric khung trong mang RVC sir dung k¥ thuat RoF nhu dugc mo ta & hinh
2.10

Mdi khung trong super-frame thudc s hiru cia mot BS va bat dau véi mot
truong “beacon” dugc phat ra boi CS bao gdm ma sd nhan dang BS (ID) va mot
ban tin théng bao viéc an dinh khe thoi gian cho vi tri khe dau tién va chiéu dai
khung cho méi MH. Tiép theo 1a trudong “reservation minislots” ma ching duoc
truy cap boi MH dé xac dinh quyén uu tién truy cdp vao mang, khung nay khdng
dung cho truyén dir liéu. Hon nita, né dugc chia nhé thanh cac minislot danh cho
yéu cau chuyén giao lién VCZ, lién CS hay mot két néi méi cho MH khi gia nhép
vao mang. CS c6 thé thay doi cau triic ctia cac milislot nay dé qua trinh chuyén giao
dat do tré cho phép. Dé giai quyét van dé tranh chap tai nguyén, cdc phuong phap
thong thuong duge st dung nhu p-persistent. Tiép theo 1a truong broadcast dé
quang ba thong tin ctia mang cho cic MH tham gia. Cudi cung 1a truong thong tin
duogc chia thanh 2 phan uplink va downlink. Trudng uplink thuong c6 1 bit danh

cho co ché chuyén giao nhanh trong cing VCZ ma ta sé& thao luan & phén sau.
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Hinh 2.10 Céu tric khung (khdng c6 cic doan bio vé).

b. Khéi tao va gia nhap mang

Khi mot MH bat dau gia nhap vao mang, dau tién nd phai quét tat ca cac kénh
RF. Sau khi chon duoc mot kénh RF str dung trong cell d6, no s& goi yéu cau vé sd
lugng bang thong can thiét t6i CS bang cach sir dung mot trong nhiing reservation
mini-slot. Néu yéu cau thanh cong va hé thong c6 du bang théng dé cung cip cho
yéu cau do, thi thiét bi s& duoc 4n dinh luong bang thong can thiét trong superframe
tiép theo.

c. Hd tro tinh di dong — chuyén giao

Trong Kkién trac mang duoc phat hoa ¢ trén thi mang RVC s& hd trg 3 kicu
chuyén giao (hinh 2-11):

(1) chuyén giao giita 2 BS thudc cling 1 VCZ (intra-VCZ handover)

(2) chuyén giao giita 2 BS thudc 2 VCZ ké nhau (inter-VCZ handover)

(3) chuyén giao giira 2 BS thudc sy quan ly cua 2 CS khac nhau (inter-CS
handover)

Trong tat ca cac truong hop chuyén giao thi viing chong lan gitra 2 BS phai du

I6m sao cho thiét bi c6 du thoi gian dé thyc hién chuyén giao. Vi du MH di chuyén
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véi van te 100km/h thi di chuyén 1m hét 36ms. Do d6 ciu triic mdi superframes
da nho (1-5 ms) thi thi tuc chuyén giao c¢6 thé thuc hién trong vong vai mét. Ta s&

lan luot tim hiéu cac thu tuc chuyén giao do.

PSTH, PSTN,
the Imtarnat tha Intarnat
Ogtical > CS lCS
Fibar N T B,
A0 ‘\\:»---___ W
— o — ——
|E!S1| |BS 2| |Bsa| |BS4| |955| |BSE|
 call callz \ [ col3 ' [ call4 ' ! call5 | ! cal
.- ; TP = R
' %W V12 ) :
. - N 48 .
UirtusICeIIuIar Z_DHE--'-_ ' _'-.,-'022_ L
Vet s

1
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Hinh 2.11 Mét vi du chuyén giao trong mang RVC.

(1) Intra-VCZ handover

Trude hét, do tt ca cac BS cua mot VCZ déu ding cung mot kénh RF, do do
khi MH tién dén viing chong lan giita 2 BS, no sé bat dau nhan duoc 2 beacon, mdi
becon s& chira mot BS-ID khic nhau dic trung cho mdi BS trong cling mot
superframe. MH s& gdi tro lai CS yéu cau chuyén giao bang cach thiét 1ap co
“handover indication”. Sau d6, CS s& gdi tra dap ung trén bang luong bang thong
duoc cap ¢ cell tiép theo va giai phong bang thong & kénh cii dé sir dung cho cac
MH khac. Ta c6 thé nhan thiy rang tai nguyén dung dé thuc hién chuyén giao tir BS
nay dén BS tiép theo ludn sin c6 boi vi co ché MAC tap trung nén nd co thé hicu
chinh bang cach thu hep chiéu dai mot khung ciia BS ma MH dang roi khoi va gia
tang khoang thoi gian khung ciia BS ma né chuan bi chuyén sang dé cung cap cho

MH lugng bang théng yéu cau. Do d6, trong chuyén giao intra-VZV, d6 tré chuyén
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giao va do rét chuyén giao co thé gan bang 0, hon nita bang thong duoc an dinh
trong sudt su di chuyén cia MH. Pay chinh 1a nhitng dic diém chinh cua kién trac
“dy thao” nay.

(2) Inter-VCZ handover

Trong truong hop chuyén giao inter-VCZ, MH khdng thé lang nghe duoc khung
“beacon” & VCZ méi duge vi & VCZ lién ké st dung nhiing kénh RF khac dé tranh
hién tuong nhiéu giao thoa ddng kénh. Twong tu véi thu tuc thong thuong, MH phai
quét tat cac cac kénh RF & VCZ tiép theo, hay con dugc goi 1a thu tuc chuyén giao
cimg. Tuy nhién, trong mang RVC, do CS biét dugc hudéng cia MH nén né c6 thé
thong bao cho MH dang di chuyén trong cell cudi cling cia VCZ biét duoc kénh RF
dugc sir dung trong VCZ tiép theo. Khi MH nhan dugc thong tin vé kénh RF duoc
st dung trong VCZ tiép theo, no s& bat dau quét kénh RF moi trong mot chu ky,
trong giai doan nay nd chua dugc cip bang thong ¢ kénh tiép theo. Néu né nhan
duoc kénh RF moi, n6 s& gdi yéu cau chuyén giao trong reservation-minislot dé
thuc hién qua trinh chuyén giao inter-VCZ. Néu yéu cau t6i VCZ méi dugc chap
thuan va mang du bang thong dé cip cho VCZ, MH méi ¢ thé lién lac dugc véi
mang, cOn nguoc lai 13 yu ciu gdi dén mang bi 16 (1ot lién lac). Nhu vay, chuyén
giao inter-VCZ khong giéng vai chuyén giao intra-VCZ bdi né khong chi thay doi
kénh tan s6 ma con phai cap lai bang thong cho thiét bi nén can mot co ché quan ly
bang thong. Cac CS c6 thé dat cac do wu tién chuyén giao cho mdi thiét bi, nham
han ché bang thong va cho phép két ndi dé diéu khién 18i trong mang thong tin di
dong cellular.

(3) Inter-CS handover:

Déi voi chuyén giao gilta 2 CS khac nhau, vi du MH di chuyén tir viing pha
song BS nay sang vung phu séng BS khac ma 2 BS nay dat dudi sy quan ly cia 2
CS khac nhau, thi van dé quan trong nhat d6 1a phai bao dam thong sé QoS cho bat
ky két ndi nao dang di chuyén. Thu tuc chuyén giao d6i voi truong hop nay ciing
tuong tu v6i thi tuc chuyén giao inter-VCZ ¢ n6i & trén, nhung diém khac nhau co

ban 1a 2 BS nay duoc quan 1y béi 2 CS khac nhau nén ching khéng c6 kién trac tap
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trung nira. Trong truong hgp nay 2 CS phai 1ién lac véi nhau qua mang duong truc
(c6 thé dya trén giao thic IP). Tuy nhién dé giai quyét tha tuc chuyén giao ddi véi
inter-CS nay thi ngoai giao thirc diéu khién & 16p vat Iy thi con ¢6 nhiing van dé lién

quan dén nd nira nhu dinh tuyén.

2.4.5 Két ludn

Mang truyén thong Road Vehicle trong tuong lai s& hoat dong & bang tan
mm dé dat duoc téc do dir liéu cao hon (tir 2-10Mbps). Pic tinh cia mang RVC 13
ban kinh cell twrong d6i nho va tinh di dong cta cac user cao, do d6 co ché chuyén
giao 12 mot trong nhiig van dé quan trong can phai giai quyét trong mang nay. Khi
Kién trac mang hoan chinh, nd s& duoc tmg dung trén cac tuyén dudng cao tdc, cic
BS c¢6 thé duoc lap dat tai cai cot dén & giira hay 2 bén dudng rat thuan loi. Khi do
cac phuong tién giao thong trén dudng ¢ thé lién lac v4i nhau hay lién lac véi
trung tam diéu khién, 1a co s& cho mang diéu khién tu dong cac phuong tién trong
mang ITS .Tuy nhién hién nay mang ciing chi & mirc dy thao vi con nhiéu van dé
(cac giao thirc 16p cao hon, vé mat k¥ thuat, vé mit kinh té,...) cOn can phai giai
quyét trong tuong lai, nhung nhimg gi duoc viét & chuong nay cho thay sy kha quan

cua mang RVC trong tuong lai.

1.5 2.5 ROF ing dung cho mang truy nhip vé tuyén & ngoai o,

ndng thon

2.5.1 Giéi thiéu

Mang truy nhap bang thong rong hién nay dang c6 xu hudng phat trién manh
mé, thém vao d6 dé dat duoc su thuan tién trong cong viéc thi ngoai dap tmg toc do
cao thi két ndi phai ludn & tinh trang “always on”. Mang truy nhap vo tuyén bang
thong rong hién nay d4 c6 nhiéu lua chon tot hon dé c6 thé cung cap cho user nhiéu
dich vu bang rong hon voi gia tét hon va c6 thé canh tranh dugc véi cac dich vu

truy nhap cé day nhu xDSL hay mang Cable modem. Tham chi hién nay, nguoi ta
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con dan dan thay thé cac doan diy dong chay dén thué bao bang cong nghé wireless
mMa moi ngudi van thuong goi cai tén “wireless last mile”. Tuy nhién ddi véi
“wireless last mile” thi van dé can quan tdm d6 chinh 1a & nhiing noi c6 mat do dan
s6 thua thét nhu viing ngoai 6 nong thon. O nhitng noi nay, thir nhét 1a van dé kéo
day rat kho khan vi s6 lugng dan cu thua thét trai rong trén mot ving, van dé nira
d6 1a kha ning tap trung thué bao ciing khong dé. Do d6 van dé wireless gan nhu 13
mot giai phéap kinh té d6i voi nhimg noi nhu thé ndy. Hay trong cac nghién ciru gan
day, nguoi ta cling bat dau quan tim téi mang BWAN cho cac ving dan cu thua
thét nhu ndng thén hay ngoai 6, noi ma can mot sd luong 16n BS duoc lip dat trong
khi d6 yéu cau luu lwong & mdi BS duong nhu 1a rat thap so véi mat do déan sb.

Mit khac, k¥ thuat RoF tng dung cho mang truy nhap vo tuyén dang trd nén
hira hen cho mang BWAN bai vi Kién tric mang ¢6 gia thanh kha tét. Hon nita, dé
hd tro dich vu bing rong, bang tin mm trong khoang 36-60GHz dang dugc xem xét
dé str dung cho mang BWAN nay.

Trong hau hét cac kién tric mang RoF thong thuong, CS bao gom mot LD, mot
PD va mot modem vo tuyén dé phuc vu mdi mot BS, thi nd duoc diéu khién boi CS.
Hon nita, nhd k¥ thuat ghép kénh WDM c6 thé img dung mot cach rong réi trong
mang RoF, nén n6 don gian hoa két ndi gitta BS va CS. Va trong phan nay, chlng
ta s& tim hiéu mot kién tric mang truy nhap vo tuyén st dung ky thuat RoF duoc
mg dung trong cac mang BWAN két hop WDM. Va dic biét trong mang nay la s6
lugng b TRX ¢ CS it hon s6 lugng BS ¢6 trong mang, va mdi bd TRX duge trang
bi mot bo thu va phat quang ¢ thé didu chinh tan sé duoc va mot RF modem, véi
Kién triic nhu vay ta c6 thé don gian hoa dugc ca cau triic CS. CS dugc két ndi lién
tuc toi nhidu BS, mdi bo TRX & CS déu c6 mot bo dicu chinh bude song dé hoat
dong & nhiéu tan s thich hop. Tuy hé thong bi gi6i han dung lwong béi s6 luong bd
TRX, nhung nd ¢6 ciu trac CS don gian va mém déo hon trong viéc 4n dinh bing
thong. Do d6, hé thdng nay thich hop cho BWAN khi ma s6 luong BS yéu cau kha
I6n nhung luu Iugng mang thi khong nhiéu, thoa min mot sb yéu cau caa ving

ngoai 6 va néng thon.
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2.5.2 Kién triic mang

Kién tric mang BWAN duoc mé ta nhu hinh 2-12. Mang bao gom 1 CS véi K
TRX, N BS va nhiéu tram thué bao SS (subscriber station) cé dinh, va mdi BS két
ndi dén CS boi 2 soi quang cho tuyén uplink va downlink mot cach riéng biét. Bé
néi tir CS dén nhiéu BS, cac thiét bi quang thu dong dugc sir dung nhu 1a b ghép
hinh sao hay b cong/phan chia quang véi dic tinh 1a cac thiét bi nay it nhay cam
véi bude song. Do mang dugc tng dung vung ngoai 6 va néng thon nén khoang
cach tir CS dén cac BS 1a rat 16n. Ving phi song cua mdi BS dugc goi 1a cell.
Chtrc nang duy nhat ctia BS trong mang chi don gian 1 chuyén dbi tin hi¢u tir dang
quang sang RF va nguoc lai, BS cling khong c6 chirc nang xur 1y tin hi¢u nao. Trén
thue té, kién tric mang nay dugc cai tién nhidu v6i nhimg dic tinh thém vao va sir
dung thém céc céng nghé méi hon.Mdi TRX trong mang CS bao gém 1 RF modem
va mot cap TT-TR (tunable transmit — tunable receiver), c6 kha ning diéu chinh tan
s6 trong khoang budc song 4, 1 <i < N. Cac bo diéu chinh budc song phai co thoi
gian diéu chinh budc séng 1a khong dang ké, hay thuc té cac TRX phai c6 thoi gian
diéu chinh trong khoang vai chuc nano-gidy. Modem trong mdi TRX c6 khéa ning
thay doi kénh RF dé diéu ché va giai diéu ché. Cac BS hoat dong & cac budc song
¢ dinh nén nd co thé str dung duoc cac bd loc quang thu dong, don gian. Mdi budc
s6ng c6 thé dugc sir dung nhur séng mang cho ca dit liéu truyén dan tuyén uplink 1an
downlink. Vi vy, mang trén thudc loai broadcast-and-select khi bat ky bd TRX nao
& CS déu co thé truy nhap vao bat cir BS nao bang cach diéu chinh tan s thich hop,
trir phi ¢6 sy dong do cac budc song. Va cudi cling, trong Kién triic nay ta tat nhién
K <N.
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Hinh 2.12 Kién triic mang RoF bao gom K bd thu phat (TRX) va N tram BS.

2.5.3 Hoat dong

Ta xét mang hoat dong theo kiéu TDMA/TDD. Pé mdi TRX c6 thé phuc vu mot
BS, n6 phai biét duoc budc song va kénh tan s6 RF dugc ding & BS d6. Vé phan
kénh RF, ta gia sir rang kénh RF d3 duoc an dinh trude va ¢b dinh cho mdi BS. CS
s& gitr mot bang danh sach cac sé BS ID, céc budc song va kénh RF ciia BS d6.

V6i tuyén truyén dan downlink tir CS t6i BS i, dir liéu cua user dau tién dugc
diéu ché sang mién RF, sau d6 dugc didu ché sang sang mién quang tai tan s6 ;.
Tin hiéu quang nay duoc truyén trén tuyén downlink t&i BS i, tai d6 cac tin hiéu
quang duoc chuyén doi lai sang mién vo tuyén va btrc xa bai anten tai cai BS. Con
o tuyén uplink, tin hi€éu RF nhan dugc tai BS s€ dugc chuyén doi sang tin hi¢u
quang tai tan s c6 dinh 4. Sau d6 n6 dugc truyén vé TRX trén tuyén uplink, TR s&
giai diéu ché tin hiéu quang tai tan sb ;. Sau d6 né duoc giai diéu ché thém mat lan
nira trén mién RF dé lay ra dit lidu ciia nguoi dung.

V6i cau trac mang nhu trén thi khéng thé co qua 2 TRX cung diéu khién mot
BS, boi vi néu nhu vay thi s& xay ra hién tugng chong lan tan s6. Do do, bang thong
clia mang bi gidi han boi sé6 TRX va bang K 1in bang thong ciia mdi bd TRX. Dé
taing dung lugng ciia mang, ta co thé ting s6 luong bd TRX 1én, va sb luong bd

TRX nay nhu thé ndo 12 tdy thudc vao luu lugng mang ctia ving d6. Hién nay, gid
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k¥ thuat ghép kénh DWDM nén mdi CS c6 thé két ndi dén hang trim BS ma khong
bi hién twong thiéu budc séng. Hon nita, do mang hoat dong ¢ bang tin mm nén
dung luong ciia mdi TRX 1a dén hang trim Mbps, trong khi d6 véi luu luong dir
liéu khong 16n vai chuc Mbps thi chi can mot sb it TRX d& c6 thé phuc vu dugc cho
toan bo luu lwgng mang. Tom lai, v6i kién trac mang dua ra thi ta da thiy duogc 2
vu diém ciia mang c6 thé img dung cho nong thon va ngoai 6 d6 1a (1) kha ning 4n
dinh bang thong linh hoat va hiéu suét str dung bang thong cao (2) dé dang mé rong

dung luong hé thong khi can thiét.

2.5.4 Giao thirc truy nhip mang

Do d6 tré truyén céac goi tir CS t6i cac BS trong mang RoF c¢6 thé rét 16n so véi
thoi gian truyén dan ciia mdi goi, do d6 cac giao thie MAC nhu CSMA khong thé
thich hop khi ing dung vao mang. Vi vay kién triic dy thao trén can phai két hop
Véi giao thic MAC tap trung tai CS dé c6 dugc mot giao thirc truy nhap mang

khong dung d6. Ta s& tim hiéu giao thirc d6 trong phan nay.

Super Frame (Fixed)

[sF sk tsk
i i | |
m-1 m m+1
7 3 — Time
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Frame 1 |Framg 2| ... Frame L
o - -—
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-— | >
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Hinh 2.13 Céu triic khung (cic doan bio vé dwoc lwot giin).
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e Céu truc khung: toan bo thoi gian duoc chia thanh cac super-frame c6 chiéu
dai ¢6 dinh nhu hinh 2.13. Véi mdi super-frame nhu vy thi n6 lai dugc chia thanh
cac frame c6 kich thudc nhé hon, ¢ chiéu dai tly y mién 1a né thoa mén diéu kién:

L

Dty <tg (2.5.1)

-1
v6i L biéu thi sé BS dugc hd tro boi mot TRX, va nd phu thude vao luu lugng
ctia mang & modi BS va mdi TRX c6 mot hé s6 L khac nhau.

Mdi frame duoc bt dau voi trudng “beacon” bao gdm BS ID va “slot asignment
map”, né cho biét cu tric cac khe thoi gian (thoi diém bat dau va két thuc) danh
cho mdi SS. Trudng tiép theo 1 “reservation minislot”, dé khi mdi SS truy nhap
vao trudng thong tin ndy nd 6 thé danh trude mot khe thoi gian dé truyén dir licu.
Ty thudc vao timg bdo TRX ma mdi CS s& quyét dinh c6 bao nhiéu minislot danh
cho mdi BS. O tuyén uplink thi trudng “reservation minislot” bao bom SSID va
tham s6 QoS dé bao dam chat lugng kénh truyén. Dé giai quyét van dé tranh chip,
mot phuong phap don gian dugc s dung 1a p-persistence. Tiép theo 1a truong
“broadcast” ding dé quang ba thong tin ciia mang, va cudi cing 1a cac khe dugc an
dinh cho luu lugng tuyén uplink va tuyén downlink danh cho mdi SS ma né da
duoc chi ra trong trudng “asingment map”. Do cac minislot ndy c6 chiéu dai co thé
thay d6i duoc nén mdi SS c6 thé yéu ciu mang thém bang thong néu can thiét. Moi
CS bao gom K TRX, nén c6 thé co dén K super-frame dugc hoat dong dong thoi
cling mot luc. Va dé TRX c6 thé chiém quyén diéu khién 1 BS n6 can phai c6 mot
s6 thong tin thich hop nhu budc song ciia BS d6 dé bo TT va TR diéu chinh tan sb
hoat dong & budc song thich hop, kénh RF duoc ding ¢ BS dé diéu ché 1én mién
tan s6 RF. Mot bang liét ké (scheduler) & CS s& cung cip thong tin nay dé diéu
khién mdi TRX.

e Scheduling — lap biéu: k¥ thuat scheduling trong mang vo tuyén bang rong 1a
kha phtrc tap, trong phan ndy ta chi tim hiéu nhimg y8u cdu cua thudt toan
scheduling véi kién triic da dwa ra v&i mot trudng hop don gian nhat d6 12 mdi TRX

c¢6 dung luong mdi khe dir liéu 1a ¢6 dinh va bang C va yéu cau bang thong cho mdi
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Iwu lugng thudc dang hudng két ndi nay 1a ¢d dinh trong todn bo thoi gian. Do do,
can phai hiéu chinh dung lwong cho khung tiép theo. Cong viéc chinh ciia scheduler
la 4n dinh céc khung t6i TRX sao cho nd dat dugc hiéu suat sir dung bang thong cao
nhat va tranh kha nang dung do budc song. Két qua ciia bai todn s& cung cip cho
chung ta biét dugc mdi TRX véi nhitng thong tin nhu budc séng hoat dong, thoi
diém va khoang thoi gian hiéu chinh & budc séng d6, kénh RF tuong tmg cho mdi
BS. N6 ciing chuan bi cac khdi dir liéu huéng downlink cho mdi BS va két hop
chung véi TRx twong tmg & mdi khung thoi gian. Nhur ta d biét, mang BWAN ciia
chung ta dang nghién ctru c6 dén hang trim BS dugc két ndi dén mot CS, do d6
thuat toan scheduling can phai nhanh chéng va don gian.

Van dé khé nhat trong thuat toan scheduling d6 12 1am thé nao dé dong goi N
frame thudc sé hiru cia N BS thanh K super-frame. Néu cho phép phan doan cac
frame thi hiéu suat sir dung bang thong ctia mang s& cao hon mic di phai c6 thém
céc doan overhead. Tuy nhién néu sir dung thuat toan cho phép phan manh cac doan
thi lai gay nén hién tuong chong 1an budc song. Vi mot yéu cau luong Bpey trong
mdi super-frame & BS i phai thoa mén 2 diéu kién dudi day:

(B, +B,,, <C

N .
(ii)>_BJ + B, <K.C
j=1

trong do Bd 1a bang thong dang dugc sir dung tai BS j. Diéu kién thtr nhat 1a dé
tranh hién tuong chong lan bude séng, didu kién thir hai 14 dé tong luu luong bé hon

luu lugng cho phép cua mang.
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Fixed length super-frame

i: -
Super-  ["gg BS 2 BS 3
frame 1
Super-
iciie o BS 3 BS 4 BS s
—= Tima

Hinh 2.14 Vi du: 5 frame dwgc chén vao 2 super-frame véi frame thir 3
bi chia thanh 2 phan.

2.5.5 Két ludn

Trong Kién triic ma chung ta dang xem xét, ching ta méi chi méi hiéu duoc van
dé 1a sir dung budc soéng quang cho mdi BS chon trude, tuy nhién khi sé luong BS
duoc chon 14 doc 1ap va 16n hon s6 luong sd bude song san co (do gidi han cia ki
thuat WDM), chung ta can phai mo rong hon k¥ thuat ghép kénh (thoi gian, khong
gian, phan cuc tin hiéu, m4, séng mang con,...) dé co thé két hop voi WDM, tuy
nhién n6 ciing lam tang gia thanh phan cing cia mang do d phic tap. Dé hoan
thién mang truy nhap vo tuyén nay ngudi ta dd cung cap nhiéu cach dé gia ting sb
lugng BS ma khodng bi phu phu thudc va su truy cdp véi CS trong khi cau hinh

mang van c6 dugc su don gian can thiét

1.6 2.6 Tong két

ROF la mot k§ thuat rat hay dé két hop truy nhap vo tuyén va truy nhap quang.
NG két hop hai méi truong lai voi nhau, d6 12 S¢ quang va vo tuyén, va do 1a mot
trong nhig cach twong ddi don gian dé truyén céac tan s6 vo tuyén (bang rong) hay
tin hi¢u baseband trén soi quang. N6 sir dung cac tuyén quang twong tu dé truyén
dan va phan phdi cac tin hiéu vo tuyén gitra CS va mot sé luong 16n cac BS. Tir khi
no6 bit dau dugc gidi thidu 1an dau tién boi Cooper vao nam 1990 cho dén nay, rat
nhiéu nghién ciru nham vuot qua nhitng khé khan caa k¥ thuat va thiét ké mot BS

that don gian. Hién nay, n6 da bat dau di vao giai doan nghién ciru dé c6 thé tng
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dung cho thuwong mai va canh tranh véi nhitng cong nghé bang rong khac, va ching
ta ¢ thé hi vong trong tuong lai k¥ thuat RoF c6 nhiéu timg dung hon nita véi gia
thanh thap hon. Nhung du thé nao di nita thi chiing ta ciing c6 thé thay duoc 3 dic
diém quan trong cila mang mg dung k¥ thuat ndy so V&i cac mang truy nhap vo
tuyén thong thudong do 1a: (1) no6 trong sudt véi bang thong, ki thuat diéu ché vo
tuyén va céc giao thic 16p vo tuyén (2) BS don gian, nho va (3) kién trac mang tap
trung.

Trong chuong nay, ching ta d tim hiéu dugc 3 tng dung cta ky thuat RoF 1én
3 kiéu mang truy nhap vo tuyén khac nhau cho nhiing Gmg dung khac nhau. Véi 2
tmg dung dau, cac cell c¢o ban kinh nho va tinh di dong cac user cao, do d6 van dé
guan trong trong mang d6 1a quan ly tinh di dong. Vi vay, ¢ 2 mang nay chdng ta
tim hiéu vé giao thirc MAC tich hop kha ning chuyén giao nhanh va don gian ding
cho kién triic tap trung phi hop v6i mdi loai mang. Mic khac, & mang truy nhap vo
tuyén danh cho cac viing ngoai 6 va nong thon thi can phai sir dung bang thong hiéu
qua hon, do d6 né phu thudc rat 16n vao Kién trac mang tap trung. Véi nhiing két
qua trén, n6 d4 chi ra rang cic mang truy nhap vo tuyén biang rong tng dung k¥
thuat RoF con nhiing van dé kho khan can giai quyét, dé no co thé canh tranh véi
nhitng mang truy nhap vo tuyén ngdy nay. Trong khuén khé dé tai, ching ta ciing
khong dé cap dén van dé quan ly tai nguyén trong mang, d6 1a mot diéu rat quan
trong d6i voi mang truy nhap vo tuyén. Tuy nhién, véi nhimg gi tim hiéu dugc thi
RoF dang 1a mot cong nghé hira hen cho cac dich vu vo tuyén da phuong tién bang

rong va dung lugng 16n trong tuong lai.

Chwong 3
HOAT PONG CUA MOT HE THONG ROF

1.7 3.1 Giéi thi¢u
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O chuong nay ta s& khao sat mot tuyén RoF cu thé dé xem n6 hoat dong nhu
thé ndo ciing nhu danh gia cic thong sé cua tuyén d6 nhu cu ly, dung luong, ty Ié
bit 16i,...

Nhu ta d4 biét, hiéu nang cia mot tuyén RoF sir dung tan s mm, mot phan
bi gigi han bai murc nhiéu pha khi khoi phuc séng mang & bang tin mm. Phan nhiéu
pha nay duoc tao nén do 2 tin s6 quang trong k¥ thuat heterodyne khong twong
quan thyc sy véi nhau. Dé dat dugc sy twong quan, nhiéu k¥ thuat vong khoa pha
duogc néu ra, tuy chiung déu c6 nhimg dit tinh t5t nhung hau hét ching déu phirc tap,
hay phai sir dung nhirng laser dic biét. Pidu ndy khong co loi cho cac BS don gian
dé giam gia thanh. Mot ki thuat don gian nhung c6 hiéu qua cao dugc dua ra trong
chuong nay d6 1a ky thuat OSSBC (optical single-side-band modulation: diéu ché
quang don bién) ap dung vao tuyén downlink. Véi k¥ thuat ndy, khoang cach tan sb
giita tin hiéu va séng mang phai ¢ mot mic nhat dinh dé giam thiéu hién tugng
nhiéu pha trong sogi quang c6 do tan sic thap. O tuyén downlink trong chwong nay,
ta s€ phan tich k¥ thuat OSSBC duya trén cac ky thuat dd duoc mo ta ¢ chuong 1.

Pbi véi tuyén uplink, cling ¢4 ¢d nhiéu phuong phap duoc dua ra dé cai tién
nd dugc chia lam 3 loai: RF over Fiber, BB over Fiber va IF over Fiber. béi véi
phuong phap thtr nhat, tuy dat duoc sy don gian trong ciu hinh va dic biét 1a tai sir
dung séng mang cia tuyén uplink nhung né yéu cau céac linh kién phtic tap hoat
dong & bang tin mm va dic biét 1a van dé tan sac cho cy ly dai. O phwong phép thir
hai thi chling ta phai giai diéu ché song RF nhan duoc ¢ BS roi méi truyén vé CS &
bang tan gbc. Nhin chung 2 phuong phap trén déu 1a gia ting do phirc tap cia cac
BS. Phuong phép IF over Fiber, song mm nhan dugc phai dugc ha tan xudng IF roi
mai truyén tiép vé CS trén soi quang. Do d6, & BS cin phai c6 mot bd dao dong &
tan s6 mm, didu ndy s& lam ting gia thanh cia BS 18n vi bo giao dong. C6 mot
phuong phap dé 1am giam bo dao dong nay d6 1a “remote LO”, séng LO duoc tao
ra & dau phat va dua t6i BS.

O chuong nay ta s& tim hiéu mot phuong phép truyén dan cu thé cua ky

thuat RoF cho ca tuyén uplink va downlink.
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1.8 3.2 Mot tuyén RoF cu thé
1.9 3.2.1 Céu hinh h¢ thong

Hinh 3.1 M6 ta c4u hinh hé thdng s& duoc khao sat trong chuong nay.

Cenitral Office
—0 Down Link
—hr ..lrrj'_a l A
J— Base Station ’I/’
Isolated DFB ¢ MIM rf
LD l
1 oL !
i\\-\_yl . _>|:;‘_'h|
:-' i fiber I .-'—5\__? g
EDFA oo ¥
B, A Lo Up Link
Data In T FE LD \ 4 i
C—b| PSE MOD ' (LED)
5 Fy. 8
r\l;}u-"rmb J r‘ '“:m_k_"‘
Dhata Out B, Optical Filter
DD Demodulator
Hf=" DFB LI Distributed Feedback Laser Diode
« — ?;Hi*_ EDFA; Erbium-Doped Fiber Amplifier
FD EDFA MOD: Modulator
MEM: Mach-Zehnder Modulator
PLy Photo Dicde
Optical — PSE: Phase Shift Keying
Electrical -

Hinh 3.1 Tuyén RoF khio sat sir dung 2 bd diéu ché dual-Mach-
Zehnder.

1.9.1 3.2.2 C4c thanh phin ciia hé thong
Bo: B9 loc quang dd rong By.
DMOD: B¢ giai diéu ché.
DFB LD: Laser DFB.
EDFA: B khuéch dai quang soi.
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MOD: B diéu ché.

MZM: B6 diéu ché Mach-Zehnder.

PD: Photodiode tach song

PSK: Phuong phap diéu ché sé PSK khoa dich pha.

1.9.2 3.2.3 Hoat dong ciia hé thong

Trén tuyén downlink: DFB laser dung dé cung cip ngudn ngodi cho 2 bo diéu
ché dual-Mach-Zehnder (gém 4 b diéu ché Mach Zehnder) béi 1 coupler 3dB. B
diéu ché MZ & trén dung dé dé diéu ché tan s6 LO danh cho k¥ thuat remote LO, bd
diéu ché dudi diéu ché tin hiéu sé dang BPSK. Ng6 ra 2 bo diéu ché nay duoc tong
hop boi mot coupler 3dB va duoc khuéch dai 1én boi mot bd EDFA. Bo loc bing
thdng quang B, dung dé loc cac thanh phan tan s6 khong mong mudn dong thoi
giam hién tugng xuyén kénh khi st dung phuong phap WDM. Trén sg¢i quang, tin
hiéu s& bi cac tac dong cua soi quang trudc khi dén BS.

Tai BS, trudc tién tin hiéu quang duoc tach song bdi mot photo-diode. Tai ngd
ra ciia photo-diode nay Ia tin hiéu dang dién trong d6 c6 2 thanh phan quan trong
duoc tach ra boi nhitng bd loc thong dai. Mot thanh phan 1a dit liéu dugc dua t6i bd
khuéch dai cao tan trudc khi birc xa ra anten tdi MH. Mot thanh phan 1 tan s6 LO
ding trong tuyén uplink.

Tuyén uplink, tin hiéu thu dugc & anten dang dién s& dugc ha tan boi tan s6 LO
dugc tach ra & photodiode. Sau khi ha tan, tin hiéu s& duoc truyén vé CS bé'lng FB
laser hay tham chi LED. Tai CS, trudc hét tin hiéu duoc khuéch dai boi EDFA sau
d6 tach song boi photo-diode. Mach loc théng sau photo-diode dé tach ra thanh

phan can thiét trudc khi dua toi bo giai didu ché.
1.10 3.3 Phan tich hoat dong tuyén downlink
1.10.13.3.1 B§ diéu ché “dual Mach-Zehnder” — K§ thuit diéu ché

OSSBC
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Trong cau hinh & hinh 3-1, ngd ra cua laser DFB duoc két nbi véi 2 b diéu ché
ngoai “dual Mach-Zehnder” mic song song bdi mot coupler 3dB thong thuong.

Bo diéu ché ngoai “dual Mach-Zehnder” bao gom 2 bd diéu ché Mach-
Zehnder (Mach-Zehnder Modulator - MZM) duoc méc song song voi nhau nhu
hinh 3-2. Ng6 vao cua bo diéu ché duoc cung cip bai laser DFB. Hé thong trén bao
gom 2 bo diéu ché nhu vay. Mot bo cung dé cung cép tan sé dao dong LO cho
tuyén uplink, vi tuyén sir dung k¥ thuat Remote LO, va mot bd diéu ché tin hiéu ¢
tan s6 RF. Dé khao sat bo diéu ché ngoai ndy, ta gia sir ngudn tin hiéu diéu khién 1a

f nhu hinh vé.

.._.f;f Vn‘t
-~ l\'. - —
:f'f -\\ A () |'
T T
¥ ' 1 v
-9 J} j“
A _\\.
/ .
VAT 7 N - | s
K . Vo
In S | COut

I

Hinh 3.2 B¢ diéu ché ngoai “Dual Mach-Zehnder”

Tin hiéu tan s6 RF nay duoc chia 1am 2 phan dé phan cuc cho 2 nhanh cia bd
diéu ché. O nhanh dudi, tan s RF nay duoc di qua mot bo dich pha 90°. Bé diéu
khién pha cho mdi bd MZM, nhanh trén dugc phan cuc bdi mot dién ap Vg, con
nhanh dudi duoc ndi dat (grounded). Nhu vy, theo cong thic (1.6.2) thi ta c6
truong dién tir ngd ra caa bo diéu ché s& 1a (phan thuc):

A [ coslogt +ar + rcos(w,t)]
e (3.3.1)
21, |+ cos[woptt + B cos(ayt + 7/2)]

trong d6 A 1a bién do cuong do truong cia ngd ra, ly 1a ton hao chén cila b dicu

E@t) =

che, wqp la tan s6 goc cua tin hiéu quang, w la tan so goc tin hiéu RF, a (=Vy/V,)

63




Ki thuat Radio over Fiber

dién ap phan cuc chuin héa, B (=Vy/V,) dién ap diéu khién chuin hoa véi Vi 12
bién d6 cua tin hiéu diéu khién.
Phan tich cong thirc trén dudi dang chudi Fourier sir dung ham Bessel ta duoc:

)cos[a—”—n—”)
‘/_M““” 2 4 (3.3.2)

ar 3Nz
X COS (wopt + Ny +7+T

E@t) =

véi Jo(.) dai dién cho ham Bessel thir n loai 1.Hinh 4-3 v& mot sé ham Bessel loai 1.

Hinh 3.3 Mot s6 ham Bessel loai 1.

Nhu & cong thirc trén ta thay, cuong do truong E(t) tai ngd ra c6 rat nhicu thanh
phan phd, tuy nhién bién do ciia mdi thanh phan nay la khac nhau, tly thudc vao gia
tri # & bén trong mdi ham Bessel. Ddi voi bo didu ché dual-MZM thi tin hiéu diéu
khién thong thuong 12 tin hiéu nhé nén ngudi ta chon sao cho fr << 1, dong thoi bo
diéu ché hoat dong ¢ diém ciu phuong (quadrature point) c6 a=1/2. Khi d6 cac
thanh phan ¢ n # 0 thi J,(fr)=0 va J,(r)<<Iy(fr)<<Jo(Br) nén ching khong dang
ké ta c6 thé bo qua. Vi vay cudong do truong E(t) ngd ra lay 2 thanh phan c6 thé viét
lai thanh:
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T
£(0) = A Y O(ﬂﬂ)COS(a)Optt + Zj (333

\/m - J1(ﬁﬂ)cos[(wopt T Wy )[]
Pay chinh 1a k¥ thuat diéu ché OSSBC ma ta dang dé cap.
Cuwong dd trwdng tong hop tai ngd ra Cudng d6 trudng ngd ra cia laser DFB
S€ co dang:

Evp (t) = 2P,y cos(wyt)(3.3.4)

pt
Déi véi bo diéu ché phia trén, tin hi¢u diéu khién 1a tin hiéu f,o la thanh phan
song mang duoc sir dung cho tuyén uplink trong k¥ thuat remote LO. Nhénh trén c6
cuong do truong:
P T
Eypp (1) = ﬁJo(ﬂLoﬂ)COS(a)optt + Zj

M

(3.35)
_ hjl(ﬁLoﬂ)COS[(wopt +oo )[]

I M
Con & nhanh dudi tin hiéu diéu khién 1a thanh phan dir liéu d4 duoc didu ché, ¢
phuong phap nay, nguoi ta chon k¥ thuat diéu ché dir liéu 1a BPSK. Dir liéu dugc
diéu ché BPSK tai tan s6 fip. Sau d6 duoc dua truc tiép vao diéu khién bo diéu ché
ngoai ¢ nhanh dudi. Do d6, cuong do truong ¢ nhanh dudi c6 dang:
E,, ()= ;iJo(ﬁsubﬂ)cos(woptt + %)

M

_ (3.3.6)
— =2 1(ﬁsub7l')COS[(wopt + Oy ) * Psig (t)]

I M
VGi gsig(t) 12 pha dit liéu duge diéu ché BPSK va ggiq(t)=0 cho bit “1”, pgqy(t) =7
cho bit “0” trong sudt chu ky bit.

Vay tong hop ngd ra cua ca 2 bo diéu ché sé& 1a:
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P
EZ(t) 2] pl [ (:BLOﬂ-)—i_‘J (:Bsubﬂ)]xcos(woptt—i_élj

53 (Buo)cod (g + w0 )] (33.7)

I M IC
t
%Jl(ﬁsubﬂ)cos[(wopt + Ogyp )t + qosig (t)]
MTC

Véi I¢ 12 ton hao chén ciia coupler.

Phan tich pho ciia tin hiéu dé hiéu 16 hon vé tin hiéu Eg(t) ta phan tich pho cua
chdng.

Duya vao hinh 3.4 ta thiy tai ngd ra cia bo diéu ché c6 3 thanh phan tan sé do 1a
fopts fopr+fsup (thanh phan nay mang dit ligu), fou+fLo. Dua vao pho bién ngd ra cia
bo diéu ché, pho bién d6 gdm cac vach tan sb, va cach tach song & dau cudi ta co
thé biét duoc myén RoF nay dang str dung k¥ thuat remote heterodyne, tirc bd dao
dong duoc tao ra tai ddu phat. Ta co thé st dung cic két qua trong ky thuat
heterodyning khi phan tich tuyén quang nay.

A A
RS, 5 RS, 5

7/ f; 7/ f=

a. Eyop — Nhanh b.E;ow — Nhanh
pp d
trén ol
y O
A 4 fio
Ch thich
1: fopt
) 2: fopetup (& data)

3: fop[+f|_o

c. Ex—Ngbra
Hinh 3.4 Pho bién d9 ciia a. nhanh trén bd diéu ché, b. nhanh dwéi bd

diéu ché, c. ngd ra bj diéu ché

66




Ki thuat Radio over Fiber

1.10.23.3.2 Tac dong s¢i quang

Khi truyén tin hiéu trén qua Soi quang, tit nhién nd s& bi anh huéng cia rat
nhiéu hién twong gay nhiéu, khién cho tin hiéu thu dugc khong hoan toan chinh xac
Vvéi tin hiéu ban dau. Tuy nhién, 3 tic nhan anh hudng 16n nhét dbi voi tuyén quang
nay do la:

e Suy hao: do chiéu dai cua tuyén quang thudng 16n, trén 10km, nén hién
tuong suy hao anh huéng dén tuyén quang rat quang trong. Thir nhat, n6 1am cho tin
hiéu suy yéu, khi tin hiéu suy yéu thi anh huong cila cic tac nhan khac cang I6n
hon. Thir hai d6 13 do bién d6 tin hiéu ngd ra nho, nén can phai c6 mot bo khuéch
dai RF ¢ dau BS, va tén niang lugng cung cap cho BS, véi nhitng BS ¢ gin ngudn
dién thi diéu nay khong quang trong, nhung dbi v6i nhitng BS ¢ xa ludi dién, thi
ngudn dién duoc cung cip tir xa 16n s& khién cho diy dan 16n hon, din t6i chi phi
bo ra cho mang ciing nhiéu hon. Diéu cudi clng 12 do tuyén sir dung ky thuat
remote hetorodying cho tuyén downlink va remote LO cho tuyén uplink, nén suy
hao nay lam cho tin hi¢u tach tai BS c6 bién d6 cang nhé. (Xem phan 3.3.3).

e Téan sic: hién twong tan sic 12 hién twong phd bién nhét khi truyén tin hiéu
quang trén soi quang. Hién tuong tan sic xay ra cang nghiém trong hon khi tuyén
quang nay sir dung k¥ thuat RoF véi song RF duoc diéu ché 18n mién quang. Dé
khic phuc hién turong nay, ngudi ta str dung laser DFB ¢6 bé rong phd rat nhé tinh
biang MHz, hién nay d& c6 nhitng laser DFB c6 bé rong phd 1a IMHz, con loai
75MHz va 150MHz d4 tré nén pho bién hon. S¢i quang ciing gép phan giam anh
hudng cta hién twong tan sac, nhiéu loai soi quang méi dugc phét trién dé han ché
véan dé nay.

e Nhiéu pha: cling 1a 1 trong nhiig hién twong anh huéng dén tuyén quang
nay nhiéu nhat. Hién tugng nhiéu pha c6 gia tri trung binh ty 1& véi binh phuong
bang thong tin hiéu. V&i phuong phap trén ¢ tuyén uplink thi ta thay bé rong pho 1a
rat 16n, chiém mot khoang f 0. Vi f o €O tan s6 60GHz thi bé rong phé 1én dén
0.5nm. K§ thuat ndy ciing cho ta thiy mot han ché 1a ta khong thé ap dung phuong
phap DWDM thong thuong dugec.
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1.10.33.3.3 Tach song tai BS — cac san pham RF

Thanh phan tin hiéu truyén dén BS bao gém 3 tan so, phuong trinh cuong do

treong nhan duogc tai PD cua BS duogc biéu dién nhu sau:

B | GPopt T
Epp (1) = m[Jo(ﬁLo”)Jr 'Jo(.Bsub”)]>< Cos[a)optt + Zj

_ %Jl(ﬁmﬂ)cos{(wopt + o] (338)
- %Jl(ﬂsubﬂ)cos[(wopt + Oy ) * Qsig (t)]
+ Epoise (1)

véi Ig 1a suy hao chén ctiia b EDFA, G 1a d6 loi cua EDFA, L 1a suy hao cua soi
quang.

Gia sir thanh phan nhiéu khong dang ké. Nhu vay sau khi tach song, ta s& thu
dugc san pham & mién tan s RF dang tin hiéu dién. Phuong trinh tach song cé
dang:

1(t) =|Epp (t)| (3.3.9)

Do Epp(t) bao gom 3 thanh phan tan so, nén san pham sau khi tach song s& bao
gom 3 thanh phan tan sd. Bang bo loc thich hop, nguoi ta tach ra 2 thanh phan song
dang quan tAm nhét. San pham RF thir nhat d6 1a tin hiéu RF dugc dua t6i anten va
birc xa toi BS. D6 12 san pham cua 2 thanh phan tan sb foprtfLo va foprtfsup:

eGP,
hfoz N I(;p; L ‘Jl(lBsubﬂ)‘Jl(lBLOﬂ)(3.3.10)
X COS[(wLO — Ogyp )t ~ Psignal (t)]

Vv6i 7 hiéu suit lugng tir cia PD, e Ia electro charge, va hfyy 1 ning luong

isignal (t) =

photon va tin hi¢u isgnal(t) nay dugc dua téi anten truyén t6i MH. Pay chinh 1a k¥y
thuat tach song heterodyne, nhd ki thuat ndy ma tin hiéu dir liéu dugc dua 1én mién
tan s6 RF c6 tan sb song mang f_o-fy, Ma khong can phai co bd diéu ché nang tan

RF. Day ciing 12 mot diém hay cta k§ thuat nay.
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Duya vao cong thirc ta thay anh huong cua suy hao 1én tin hiéu ngd ra. Néu bién
do ciia tan s6 LO tang 2 1an thi iggna(t) chi ting 1&n V214n néu sir dung phuong
phap remote heterodyning, nhung néu séng LO duoc tao ra tai BS thi bién d6 cia
Isignal(t) lai tang 1én 2 lan.

San pham thtr 2 d6 1a thanh phéan tan sé LO dé sir dung k¥ thuat ha tan cho tuyén
downlink. D6 1a san phém cua 2 thanh phﬁn tan sb fopt Va thanh phﬁn tan sb foprtHfLo.
Tin hiéu tach duoc c6 dang:

GP.

. _ NeGky,
o (t) = —hfoptIM I L [‘Jo(lBsub”)Jr Jo(lBLo”)]

(3.3.11)
x J1(.BL07T)COS[0)L0'[ - %}

1.11 3.4 Tuyén uplink

Tuyén uplink str dung k¥ thuat ha tin dé dua tin hiéu tan sé RF xudng tan s IF
(k¥ thuat IF over Fiber) véi tin hiéu LO duoc lay ra tir thanh phan truyén dan tuyén
uplink. Do s6ng quang mang tan sé IF nén bé rong phd nho hon va it bi tac dong
clia hién tuong tan sic hon. Vi vy tuyén downlink sir dung k¥ thuat nay chi can
trang bi mot LD FB hay tham chi 1a mot LED c6 bé rong phd 16n ma van bao dam
tin hiéu duoc truyén vé mot cach day du.

Trudc khi vé t6i CS, tin hiéu duoc khuéch dai béi by EDFA trude khi di vao bo
tach song, sau d6 qua mach loc thong dai dé lay thanh phan can thiét dé giai diéu
ché tai RF modem.

Nhu vay véi ky thuat remote LO ma ¢ BS ta khong can bo dao dong LO, dong
thoi thanh phan phét ciing chi can sit dung 1 LD FB hay tham chi 1a 1 LED ciing
bao dam yéu cau. Cau hinh ¢4 cho ta mot cu trac BS kha don gian, chi bao gom
cac thanh phan chuyén doi dién/quang, nguoc lai va loc thong chir khong c¢o chirc

nang xur 1y nao duoc thyc hién tai BS
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1.12 3.5 M6 phéng tuyén downlink
1.13 3.5.1Giéi thi€éu

Trong phan nay, ta s¢ mod phong hoat dong tuyén RoF nhu d4 dugc mé ta ¢ hinh
3.1 sur dung chuong trinh Simulink cua Matlab.

Dé don gian ta chi mo phong hoat dong cila tuyén downlink dé so sanh véi cac
cong thirc ¢4 duoc néu ra ¢ phan 3.3. Cac tac dong cua nhidu s& khong duoc xét
trong qué trinh mo phong.

Chuong trinh mé phong s& vé ra dang d6 thi vé dang cua tin hiéu va phan tich

pho cua no.

1.13.13.5.2 M hinh hoa va cac théng sb

Dua vao cong thace (3.3.5) va (3.3.6)

upp (t) Opt (ﬁLOﬂ)COS(woptt + 4 j

(3.3.6)— v
PO
= ot Jl(lBLoﬂ')COS[(a)opt + wLo)t]
M
Po t
Elow(t) = 2 | : :Bsubﬂ Cos(wopt j
(3.3.7)—
P
S Iy ,Bsubﬂ Cos ( Wopt + wsub)t * Qig (t)]

Iy

La cac két qua ciia ngd ra bo diéu ché ngoai dual-MZM. Ta c6 thé mo phong 2
bo diéu ché nhu 2 khdi upper va lower trong hinh 3.5. Mot khéi cong tin hiéu duoc
dat o phia sau dé két hop 2 ngd ra bo diéu ché nay, dé phén tich tuyén ta c6 thé sir
dung cac két qua cua heterodyne. Vé phia BS, tuyén downlink chi don gian 12 mot
photodiode dugc biéu dién boi cong thic (3.3.9) nén duoc md phong boi mot khoi
ldy module nhu hinh 3.5. Hai khéi Scope va PSD dung dé phan tich hinh dang tin
hiéu thu dugc. M6 hinh nay da don gian hoa cac thanh phan nhiéu, bo khuéch dai
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EDFA, suy hao soi quang, va mot s6 thanh phan khac vi ta chi can quan sat dang

clia tin hiéu va phan tich ph6 caa thanh phan ra.

~

Upper

ﬁ%
n

Hinh 3.5 So' @ mé phéng tuyén downlink

V6i md hinh nhu trén, ta 1an luot chon cac thong sb trong cong thire (3.3.5) va

(3.3.6) nhu sau:

¢=3x10% (m/s) la vén tdc anh sang trong chan khong.
A=1550nm Nén wey = 2xmxc/i=1.21x10" (rad/s)
PrLo=Psup=0.4

Popt = 1MW = 10"°W c¢dng suat quang ngd ra.
fLo=60GHz

fsup=2.5GHz

Data: bit 1 V61 ¢signai=0 & bit 0 V&1 ggigna=.
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Céc thoéng sb nay duoc chay trong file parameterRoF.m dé cung cap cho phan
mo phong ciia simulink, dong thoi ta co thé thay d6i duoc thong sé mot cach dé
dang.

Ngoai ra con co cac thong sé ciia chuong trinh md phong, cac thong sé ndy co

thé thay doi tly bién dé dugc cac gia tri quan sat.

1.13.23.5.3 C4c két qua md phéng va phan tich

Két qua thir 1: Pho tin hiéu tai BS

Bo diéu ché ngodi cua ching ta bao gom 2 bo dual-MZM diéu ché 2 dang song
quang riéng biét ¢ tin s6 RF. Bay gid néu ta chi st dung mdi bo diéu ché dual-
MZM mét cach riéng biét dé truyén toi BS thi s& nhan duogc cac két qua nhu hinh
3.6 cho bo diéu ché trén va 3.7 cho bo diéu ché dudi.

O hinh 3.6 cho ta thay néu chi truyén nhanh trén thi & BS ta chi thu dugc song
RF c6 tan s6 60GHz twong tng v6i tin sb goc 1a 3.7x10"(rad/s) twong tng véi
song LO.

O hinh 3.7 cho ta thay néu chi truyén nhanh dudi thi & BS ta chi thu duoc song
RF c6 tan s6 2.5GHz. Pay chinh 1a dir liéu cua chung ta duoc diéu ché ¢ tan sd
2.5GHz, nhung d6 khong phai 12 cai ma ta can dé birc xa tai Anten BS vi tin hiéu
birc xa can phai diéu tan 1&n & 60GHz.

q
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Hinh 3.6 San pham tai BS ciia by diéu ché nhanh trén.
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Hinh 3.7 San pham tai BS ciia by diéu ché nhanh dwéi.

Tuy nhién khi ta két hop 2 bo diéu ché lai truyén di thi tai BS con c6 thém 1 san
pham nira ¢ tan s6 (60-2.5)GHz nhu hinh 3.8. D6 1a dir liéu can truyén da dugc dicu
ché 1én tan s6 vo tuyén. Nhu vy k¥ thuat nay (két qua ciia heterodyne) d mang lai
cho chiing ta san phan can thiét trong diéu ché ma khdng nhat thiét phai c6 b nhan

tan. Pay chinh 1 diém hay cua k§ thuat ma ta d4 giai thich trong 3.3

3

w10” Fower Spectral Density
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Hinh 3.8 Sian phim ngd ra ciia tuyén downlink.

Phan tich
Dya vao cong thirc (3.3.10) va (3.3.11) 1a 2 san pham ciia BS s& dugc bo loc

thong dai tach ra. Ta so sanh san pham nay vé mit bién do:
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io(t) _ [‘Jo(lBsub”)+Jo(lBLo”)]X‘Jl(.BLo”)
isignal(t) J1( LO”)XJ1(.Bsub7T)
[‘Jo(lBsub”)+Jo(lBLo”)]

‘Jl(:Bsubﬂ)

Do Jo(X) 16n hon Jy(X) nhiéu véi x nho. Nén bién d6 tin hiéu i o S& 16n hon Isignal

(35.1)

nhiéu lan. Vi vay ta can thiét ké bo loc that tot sao cho chung khéng bi nhidu 1én
nhau.
Két qua thir 2: Quan sat tin hiéu dir liéu.
Bay gio ¢ BS ta dat thém mot mach loc thong dai ¢ tan s6 tir 57 dén 58GHz
nhu hinh vé& 3.9 dé quan sét tin hiéu va pho cua tin hiéu ngd ra. Hinh 3.10 1a pho cua

ngo ra.

Hinh 3.9 BS véi bd loc thong dai dé lay tin hi¢u dir liéu & tin s6 RF

74




Ki thuat Radio over Fiber
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Hinh 3.10 Phé tin hi¢u tai BS

-

Hinh 3.11 Hinh dang tin hiéu véi bit 1.

Nhu hinh 3.10 ta thdy ph ctia ngd ra bo loc thong dai chi co tin hiéu dir liéu can
truyén. Thanh phan ndy s& duoc birc xa truc tiép dén tir anten dén cac MH. Hinh
3.11 1a hinh dang caa tin hiéu véi bit 1 (trc chua c6 dir liéu v6i pha bang 0).

Tiép theo ta cai tién mo hinh bo phat véi kiéu didu ché BPSK nhur hinh 3.12.
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Hinh 3.12 Bj diéu ché c6 dir li¢u

Thanh phan d6 Sin & Cos thir 3 dai dién cho bit 1 véi pha bang 0, con thanh
phan Sin va cos thir 4 dai dién cho bit 0 voi pha bang . B phat xung c6 téc do trén
thuc té 12 toc do bit diéu khién 2 thanh phan duéi, nhung dé dé& quan sat cling nhu
thoi gian mo phong ta chon tdc mot cach thich hop.

Cac két qua vé hinh déang tin hiéu va pho duoc dién ta nhu hinh 3.13 va 3.14.

Hinh 3.13 Hinh dang tin hi¢u dir liéu véi cac bit 1-0 lan lwgt (isigna)-

b (ﬂ r
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Hinh 3.14 Phé ciia tin hiéu dir liéu.

Dua vao hinh trén ta thiy pho tin hiéu van khong thay d6i do phuong phap diéu ché
la BPSK, chi gom mot vach phd tai 57.5GHz. Tuy nhién khi c¢6 dir liéu thi hinh
dang cua tin hiéu khac voi ban ddu. Thoi gian cia mot bit trong md phong 1a 2x10°°
gidy, nhu trong hinh v& 3.13 thi khoang thdi gian mdi bit van nhu cii nhung c6 bi tré
mot thoi gian la 1.7x10° gidy, d6 1a do tac dong cua bo loc théng dai tic dong dén

do tré.

1.14 3.6 Phan tich BER ciia tuyén

Thanh phan gay nhidu nhiéu nhat ddi vé6i soi quang d6 1a hién twong tan sac, suy
hao va nhiéu pha. N6 tic dong t6i tin hidu 1am suy giam CNR cua tin hiéu khi dén
dau thu. Cac thanh phﬁn flo VA fy €O thé phan tich theo k¥ thuat heterodyne, thi tac
dong cua tan sic, suy vao va nhidu pha trén thanh phan ciia soi quang s& 1am giam

SNR di mét luong so véi & diém phat 1a:

[ZHAVDLf ﬂ’z(fLO - fsub )J

P, =exp (3.6.1)

V6i A, 12 bé rong 3dB ngd ra cua laser, D 1a tAn Sic cua soi quang, Ly 12 suy hao.

Mic khéc, gia sir nhidu pha c6 phan b Guassian thi variance cia né 1a:

2 DLfﬂ’z(fLO - fsub) i
0% =27, B, : (3.6.2)
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Vv6i B, 1a bang théng nhiéu twong duong cua bo thu song mm. Sau khi giai diéu
ché BPSK thi BER cua tin hiéu s& 1a:

p (¢):%erfc{ w](&as)

e

Vi CNR, 1a CNR cua tin hiéu tai dau thu bao gém ca méat mat tinh boi cong
thire (3.6.1). Nhu vay BER ctia hé thong ¢ thé dugc tinh boi cong thic:

2

b 2 -
o CNR, cos (¢)e o} |(3.6.4)

A :71 jerfc
2\2r0, °,

Cong thirc (3.6.4) cong thirc xap xi BER cho toan tuyén uplink.

1.15 3.7 Két luin

V6i nhiig két qua thu dugc, ta thdy rang tuyén str dung k¥ thuat OSSBC bang
bo didu ché ngodi va ki thuat tich song heterodyne nén da c6 duoc mot cu hinh
BS kha don gian véi nhimng linh kién ré tién, giam gia thanh cho BS, dua n6 dén

gan véi thuc t€ hon.

KET LUAN

Trong khudn khé cia dd &n, céc nodi dung co ban cua k¥ thuat RoF ciing nhu
mg dyng ctia n6 vao mang truy nhap vo tuyén d lan lugt dugce trinh bay.

Chuong 1 12 trong tdm ciia d6 an nay. O chuong nay chiing ta bat dau tim hiéu
vé k¥ thuat RoF, 1a mot k¥ thuat méi trong viéc két hop thé gidi soi quang va thé
gioi vO tuyén lai v6i nhau. Chuong 1 da néu lén duoc cac phuong phap duoc tng
dung trong k¥ thuat RoF nay, néu 1én dugc cac wu diém va céach cai tién ciing nhu
cac nhugc diém va bién phap khac phuc. Tuy van dé tim hiéu chua dugc nhiéu va &
murc chung nhat cho ting k¥ thuat, nhung n6 d4 lam 16 1@ ban chat cua k¥ thuat
RoF.
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O chuong 2, ta d4 thay dugc cac tmg dung cua k¥ thuat RoF vao c4c mang truy
nhap vo tuyén nhu thé nao. Dau tién 12 vao mang WLAN ¢ bing tan mm. Day Ia
loai hinh mang ma tuong lai s& phd bién thay thé cho mang WLAN hién nay dang
phd bién 12 WiFi. Tiép d6 1a timg dung ciia n6 vao mang RVC, mot phan trong mang
thdng minh véi cac tmg dung 1 truy nhap vo tuyén cho céc thiét bi dang di chuyén
va tuong lai 14 cac tmg dung trong diéu khién ty dong cac phuong tién. Cudi cling la
mot tng dung trong mdt mang quan trong khong kém d6 1a mang truy nhap vo
tuyén danh cho ngoai 6 va néng thén. Vi mat do luu lugng thap, nén gia thanh
trién khai cta bat cir mang nao khu vuyc trén ciing tré nén hét sirc quan trong. Véi
mot kién tric dua ra dya trén ky thuat RoF thi tng dung ctia nd cho mang trén 13
mot didu c6 thé thue hién duoc. Tuy nhién dé trién khai mot mang nhu vay trong
thuc té thi con nhiéu van dé phai duoc tiép tuc nghién ciru va phat trién hon nira ¢
tat ca cac 10p quang, 10p vo tuyén va Iop mang. O chwong nay em ciing chi dua ra
va tim hiéu mot trong sd cac van dé quan trong nhét cho mdi mang, ma trén thyc té
con nhiéu.

Cubi cung 1a chwong 3, M6 ta mot tuyén RoF cu thé dé dat dugc cau tric mot
BS don gian. Chuong 3 12 sy két hop céac ky thuat trong chuong 1 lai véi nhau dé
dua ra mot cau hinh va phan tich né dya trén céc cong thie cing chuong trinh mo
phong. Chuong trinh dugc sir dung dé mo phong 1a Simulink cia Matlab v6i nhitng
cdng cu hd tro san. Nhitng két qua mo phong cua chuong d4 gilp chdng ta hiéu hon
vé ky thuat truyén ddn RoF. Cong thirc tinh toan BER ciing dugc dua ra trong
chuong nay, nhung do van dé thoi gian ciing nhu nhitng han ché vé mait kién thirc
ma nhiing két qua trong tinh toan BER khong duoc nhu mong doi va d& khong
duoc trinh bay & day, né chi nging lai & muac do 1y thuyét.

Nhu vay dd &n d4 dat duoc mot sd két qua nhét dinh nhung bén canh do cling c6

nhiing viéc chua lam dwgc cing véi nhimng thiéu sot cin bo sung.

HUONG PHAT TRIEN DE TAI
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Vé hudng phat trién cta dé tai cling cho nhiéu huéng dé 1am dé tai hoan chinh
va €0 ndi dung phong phu hon:

(1) Tim hiéu sau hon vé cac k¥ thuat dang dugc ing dung hay tim hiéu cac ky
thuat méi duoc ing dung trong k§y thuat RoF duoc dé cap trong cac tai ligu.

(2) Tim hiéu cac ciu hinh ctia mang c6 sir dung k¥ thuat RoF. Mdi cu hinh nhu
vy déu c6 nhirng vu nhuoc diém riéng va tmg dung phl hop cho mot s6 loai mang.
Cac két qua mo phong duoc sé chimg minh cho k¥ thuat do.

(3) Hoic tim hiéu nhitng tmg dung cia k¥ thuat RoF vao cic mang truy nhép
khac hoidc co thé tim hiéu sdu hon vé cac k¥ thuét trong mot mang truy nhap dé bd
sung cho cac tmg dung ctia mang truy nhap. Va khi mot k¥ thuat c6 nhiéu tmg dung
trong thuc té thi y nghia cta k¥ thuat d6 cang lon.

Tuy nhién, vé phia by moén thong tin quang, chi nén tim hiéu (1) va (2) néu ra vi
no thudc pham vi quang. Cac van dé duoc néu ¢ (3) mang dam tinh chat vé mang va
céc k¥ thuat trén phan vo tuyén.

Cubi cling, em Xin cam on céc thay, co da dé thoi gian doc nhitng van dé duoc

trinh bay trong d6 an ciia em.
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