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MO PAU

Cong nghé truyén thong quang qua khong gian ty do (FSO) hira hen giai
quyét tot van dé khan hiém vé phé tan caa hé théng RF truyén théng hién dang ngay
cang tré nén nghiém trong do sy phat trién va trién khai nhanh chéng cua cac mang
khong day. Hé théng FSO ciing phut hop véi cac truong hop khong thé dat cap quang
nhu & cac vung xa x0i héo lanh hoac nhitng noi bi cach biét do xay ra thién tai, dong
dat 1ii lut véi thoi gian trién khai nhanh.

HAP c6 thé duoc sir dung dé thay thé mot tram gbc ¢ trén khéng cung cap
théng tin lién lac v6 tuyén dang tin cay, hiéu qua va theo yéu cau cho cac khu vuc
mong muén. Mit khac, HAP c6 thé hoat dong nhu thiét bi nguoi dung & trén khong
(UE), duoc goi 1a HAP di dong, cung ton tai vai thiét bi thu phat mat dat. Hon nixa,
véi do cao c6 thé diéu chinh, HAP cho phép thiét 1ap hiéu qua cac duong truyén tin
hiéu truc tiép (LOS), do d6 giam thiéu suy hao va che khut tin hiéu. Vi nhiing loi
thé nhu vay, HAP cho thay nhiéu tiém ning @ng dung trong cac mang vién thong.

Noi dung luan van, Panh gia hiéu ning hé théng két hop k§ thuat FSO va

WDM trong ha tang trén cao HAP duoc b cuc nhu sau:

- Chwong 1: Tong quan vé FSO, WDM va kha ning (ng dung trong ha tang
trén cao (HAP),bao gém vé lich sir phat trién caa FSO, cau tric hé théng, dic diém va
kha nang &ing dung cua cong nghé truyén thong quang khéng day FSO, phan tich vé ki
thuat ghép kénh theo budc song WDM, va ha tang truyén théng trén cao HAP va kha
ning (ng dung cong nghé FSO va WDM trong ha tang truyén thdng trén cao HAP.

- Chwong 2: Giai phap két hop k¥ thuat FSO va WDM trong ha tang trén cao
HAP, hé théng WDM — FSO co ban, cac tham sb va yéu té anh huong dén hiéu ning
cua hé thdng FSO va hé théng WDM, phan tich hiéu ning hé théng FSO trong HAP

- Chwong 3: Pua ra hé thdng WDM — FSO 4 kénh trong HAP tir d6 danh gia
hiéu ning cua hé théng nhu cac anh huong vé cong suat phat, khoang cach truyeén,

téc do bit, ky thuat diéu ché...Tir cac phwong phép phan tich duoc anh



CHUONG I: TONG QUAN VE FSO, WDM VA KHA NANG
UNG DUNG TRONG HA TANG TREN CAO HAP

1.1. Giéi thiéu vé truyén thong quang khong day FSO
1.1.1. Lich si phdt trién FSO

FSO (hay truyén théng quang khong day) cé thé duoc dinh nghia 1a cong
nghé vién thdng st dung sy truyén lan anh sang trong khong khi dé truyén tin hiéu
gitta hai diém. Pay 13 cong nghé truyén thong bang rong tim nhin thang, trong d6
tin hiéu quang thay vi truyén trong soi quang, dugc phat di trong mot blp séng
quang qua khéng gian. Mét mang truyén thdng quang khéng day bao gom cac bo
thu — phét quang (gom mét khéi thu va mot khdi phét) cung cap kha ning thong tin
hai chiéu. Mdi khéi phat quang st dung mot nguon quang va mot thau kinh dé phét
tin hiéu quang qua khdng gian t&i khi thu. Tai phia thu, mot thdu kinh khac duoc
st dung dé thu tin hiéu, thau kinh nay duoc ndi véi khéi thu c6 do nhay cao qua mot

soi quang.

1.1.2. Céu triic hé théng truyén thong quang khéng day

B§ phat Kénh truyén FSO Bo thu
|- T T T 7| ] I—_________]
. I | |
: Thiukinh || | w@ Théu kinh thu |
| phat | @ B |
| A | Nhidubicxa | | Y :
| : | [ men | B{ loc quang |
| Ngudn quang | |
(LED/LASER) || | v |
| | B{ tach song |
| 4 | quang |
| Ditligu | | Dix liéu :]u':,'n:|
hat | Bo diéuchéva || | Y khéi phyc
| P ) B dicu che i
diéukhién || || Rl sautich
| | | song |
- e J

Hinh 1.3. So d6 khéi ciia hé théng truyén théng guang khdng day [2].

a) Bé phat



Dit liéu dau vao phia ngudn duoc truyén tgi mot dich & xa. Phia nguén c6 co
ché diéu ché song mang quang riéng, dién hinh nhu laser, duoc truyén di nhu mot
tredng quang qua kénh khi quyén. Cac mat quan trong caa hé théng phat quang 1 kich
c3, cdng suat va chat luong bup song, cac dic diém nay xac dinh cuong do laser va
goc phan ky nho nhat cd thé dat duoc tir hé thong. Phuong thirc diéu ché dwoc sir dung
rong rai tai bo phat 1a didu ché cuong do (IM), trong d6 cuong d6 phat xa cua ngudn
quang sé& dugc diéu ché bai s6 liéu can truyén di.

Bang 1.1: Mét s6 loai ngudn quang sir dung phé bién trong cac hé théng FSO

Loai ngudn quang Budc song (nm) Piic diém

Ré va c¢6 tinh kha dung, khong cé
Phat xa mat khoang | ~ 850 hoat dong lam mat, mat do cong

cong huong doc suét thap, toc do 1én tdi ~ 10 Gbit/s.

Thoi gian séng lau, tiéu chuan an
toan cho mat thﬁp hon, mat do
cong suat cao hon 50 1an (100 nW/
Fabry — Perot ~ 1300/~ 1550 cm?), trong thich voi bo khéch dai
LD EDFA, toc d¢ cao 1én t6i 40 Gbit/s,
d6 dbc hiéu qua 0,03 — 0,2 W/A.

Pait tién va tuong doi mdi, truyén
rit nhanh véi do nhay cao, truyén
Théc luong tir ~ 10000 dan trong swong mu t6t hon, thanh
phan ché tao khong co sin, khong

tham nhap dugc qua thuy tinh.

R¢ hon, mach diéu khién don gian,
LED Hong ngoai gan | cong sudt va toc do dir liéu thap

hon.

b) Bo thu

Tai phia thu, trudng quang duoc tap trung lai va duoc tach, cling véi sy xuat

hién cua xuyén nhidu, méo tin hiéu, va btc xa nén. Bén phia thu, cac dic tinh quan



trong 1a kich c¢& do mé va sé luong photon, nhitng dic tinh nay xac dinh lwong &nh
sang duoc tap trung va pham vi tach treong quang caa bo tach quang. Trong cac hé
théng quang, cong suit tin hiéu dién thu duoc ti 1é thuan véi A? trong khi do
phuong sai cua nhiéu luong tir lai ti 16 thuan véi A, (A 1a dién tich mat thu cua bo
thu). Bo thu bao gom cac thanh phan sau:
v’ Phan ti thu tin hiéu quang: C6 chirc ning tap hop va tap trung cac phat xa quang
ti bo tach song quang. Khau do (¢6 mé) cua bo thu 1én s& gidp tap hop dugc nhiéu
phat xa quang vao bo tach song quang.
v Bé loc thdng ddi quang: Puoc sir dung véi muc dich [am giam luong bic xa nén.
v B¢ tach song quang PIN hoic APD chuyén d6i truong quang dén thanh tin hiéu
dién. Cac bo tach séng quang thuong dugc dung trong cac hé thdng truyén thong
quang hién nay duoc tom tit trong bang 1.2.
v’ Mach xit Iy tin hiéu: C6 chitc nang khuéch dai, loc va xir ly tin hiéu dé dam bao
tinh chinh xac cao cua dir liéu dugc khdi phuc.

Bang 1.2: Céac b tach quang trong FSO [4]

Loai Vit liéu Budc song | Dap ing Do nhay Do
chu tric (nm) (WI/A) loi
PIN Silic 300 + 1100 0,5 -34dBmtaitoc do | 1

155 Mb/s

Silic  (voi b

khuech dai| 300+1100 | 05 |-26dBmtaitdcdd | 1

phdi hop tré 1,25 Gb/s

khang)

InGaAs 1000 = 1700 0,9 -46 dBmtai toc do | 1
155 Mb/s

APD Silicon 400 + 1000 77 - 52 dBm tai toc do | 150

155 Mb/s

INGaAs 1000 + 1700 9 -33 dBm tai toc do | 10

1,25 Gb/s




1.1.3. Pic diém ciia FSO

Hé thdng thong tin quang vo tuyén truyén thong quang khong day FSO gom
nhirng dac diém ndi bat sau:
v Hé thdng truyén thong quang khong day ra doi 1a su thay thé song dién tir bang
s6ng anh sang. Véi budc song trong khoang tir 780 -1580 nm tuong tmg véi tan sd
trong khoang tir 200 — 300 THz.
v’ Bing thong cuc rong c6 kha nang mang mot lugng tin 16n 13 mot uu diém ndi troi
ctia hé thong truyén thong quang khdng day FSO .
v/ Lam viéc & tAn sd anh sang nén vuot ra ngoai pham vi ctia quan 1y tan s6 chinh vi
vay khong can dang ky va phan chia ving tan sb.
v Pic diém khong mong mudn ciia truyén thong quang khong déy 13 bi suy hao nhiéu
trong moi truong truyén dic biét 13 trong méi truong co mura, swong mu , khéi bui.. .
1.1.4. Ung dung ciia cong nghé FSO
v’ Két néi toc dé cao giira cdc toa nha véi FSO
v' M6 réng mang do thi: Hé théng FSO ¢6 thé duogc trién khai dé mo rong mang
vong do thi da c6 san hay két ndi téi cac mang khac.
v’ Khd ning két néi doanh nghiép: Cac két ndi LAN — LAN, mang luu trir SAN
v Két néi dam cuéi: Ching c6 thé duoc trién khai diém — diém, diém — da diém
hay cac két ndi hinh ludi.
v’ B6 xung cho cdp soi quang: FSO ciing c6 thé duge trién khai nhu dudng truyén
du dé khoi phuc cap soi.
v’ Truy nhdp: FSO c6 thé duoc trién khai trong cac tng dung truy nhap nhu truy
nhap mang Ethernet tdc d6 cao. Cac nha cung cép dich vu ¢6 thé sir dung FSO dé
xéac dinh cac hé thdéng vong lip cuc bd va dé cung cip cac duong truyén dua trén

FSO t6i1 cac doanh nghiép.



v' Cdc cong nghé DWDM: Véi su két hop véi WDM va cac hé théng FSO, nhimng
nguoi su dung doc 1ap hudng tdi xay dung cac vong cap soi cho riéng ho, nhung co
thé s hitu mot phan cua mang vong.

v’ Truyén théng mang té bdao

v’ Hé théng FSO va van dé an ninh mang

1.2. K¥ thuat ghép kénh phan chia theo buwéc song WDM

1.2.1. Tong quan vé WDM

Uu diém cua cdng nghé WDM:

v’ Tang béing théng truyén trén sei quang
v’ Tinh trong suét:
v Khad nang mao rong:

v Nhuot diém cia cdng nghé WDM: Van chua khai thac hét bang tan hoat dong c6
thé cuia soi quang (chi méi tan dung dugc bang C va bang L), qué trinh khai thac,
bao dudng phiic tap hon gap nhiéu 1an. Néu hé théng soi quang dang sir dung 1a soi
DSF theo chuan G.653 thi rat kho trién khai WDM vi xuat hién hién tuong tron bbn
buéc song kha gay gat.

1.2.2. So do khéi tong qudt hé thong WDM

Txl Truyén tin hidu trén sgi quang Txl
r - |_ -

Tx2 | (O o Tx2

| MUX — | | DE |

: < o wox|

I £ . ‘. A P . |
TxN Khuéch dai tin hi¢u Khuéch dai tin hiéu TxN

Phét tin hi¢u  Ghép tin hidu Tach tin hiéu  Thu tin hi¢u

Hinh 1.5: So' do chikc ning hé thong WDM [3].
v Phét tin hiéu:

v" Ghép/téach tin hiéu:

v’ Truyén dan tin hiéu:



v’ Khuéch dai tin hiéu: Thu tin hiéu: Thu tin hiéu trong céc hé théng WDM ciing sir
dung céc bo tach song quang nhu trong hé thdng thong tin quang thong thuong:

PIN, APD.

1.2.3. Phén loai hé thong WDM

Tx] L1203, n Tx1
Bo — — Bo
Tx2 e 3 l_[; 2 Ir‘t - Tx2
| tach/ o | ghep/ |
| ghép ——<ro———= L4+ tach |
| n -—- a2 2,03, 040 ——- R |
I Kenh | 4 huéeh dai tim hic Khuéch dai tin higu | <o l
TXN ucch dai tin hiéu uéch dai tin hiéu TXN
Hé thing WDM don hudng
May phat May thu
quang quang
Txl Tx1
Bo —  ALA22A3..n — Bo
Tx2 oh e L CEL N > Y Tx2
| tach/ g — | | ghep/ |
| ghép < A1,32,43..n —H tach :
—— - ——
I kénh . , , . kénh I
TxN Khuéch dai tin hic¢u Khuéch dai tin higu TN

Hé théng WDM song huéng

Hinh 1.6: H¢ thong ghép buéc séng don hwong va song hwong [4].
1.2.4. Céc phdn tir co ban trong WDM
a) B¢ phat quang

CAac ngudn quang co ban sir dung trong hé théng thong tin cép soi quang c6
thé 1a Diode Laser (LD) hoic Diode phat quang (LED)[3,10]. Trong do6 laser
khuéch dai anh sang nho bt xa kich thich va hoat dong cua laser dya trén hai hién
tugng chinh d6 la hién tugng birc xa kich thich va hién tugng cong hudong ciaa song
anh sang khi lan truyén trong laser.

v" B¢ chinh Xac cua budc séng phat:
v' D6 réng dwong pho hep:
v’ Dong ngudng thdp:

v Khd ndang diéu chinh dwoc budc song:



v’ Tinh tuyén tinh:

v’ Nhiéu thap:

b) Bo thu quang

c) Sei quang

d) Bé tach/ghép budc song (MUX/IDEMUX)

e) Bg khuéch dai quang

1.3. Ha tang truyén thong trén cao (HAP) va kha ning ng dung cong
nghé FSO va WDM

Ha tang trén cao HAP 14 may bay, phi thuyén hoac khinh khi cau nam o trén
cac ting may ¢ do cao dién hinh tir 17 dén 25 km, noi cac chum tia laser it chiu tac
dong cua khi quyén hon trén mat dat. Nhu dugc mo ta trong hinh 1.13 cac lién két
quang giita HAP, vé tinh, va tram mat dit duoc st dung nhu cac dudng truyén
backhaul bang rong dé truyén di liéu tir cac cam bién dit trén HAP hoic khi HAP

lam viéc nhu 14 mot tram chuyén tiép dir liéu [1].

Vé tinh \ HAP HAP khac
Tram mit /

dat

l

Mang ¢6 dinh

17-22 Km

Vung phu HAP
<t 200 Km

\

Hinh 1.13: H¢ thong HAP dwoc trién khai 6 dp cao 17 — 22 km.
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HAP c6 nhitng dic diém khac biét so véi cac hé théng mat dat va vé tinh
chang han nhu khu vuc pha séng 16n (3 -7 km), trién khai nhanh, ting cong suat
linh hoat théng qua viéc xac dinh lai kich thuéc blp séng, chi phi bao tri thap va co
kha ning cung cap duong truyén bang rong. Do HAP dugc dit cach xa ving khi
quyén, ching cung cip diéu kién kénh tét hon so véi vé tinh. Hon nita, HAP cung
cap tinh trang LOS t4t hon & hau hét cac vung phu song, do d6 it bi anh hudéng cua

che khuét hon so véi cac hé thong trén mat dat.

Hon nita, st dung bo tai tao trén HAP c6 thé phan chia lién két vé tinh voi

mat dat thanh hai phan chinh sau d6 1a:
- Lién két vé tinh - HAP c6 suy hao twong duong véi suy hao khdng gian tu do.
- Lién két HAP - mat dat bi anh hudng boi suy hao khi quyén.

HAP c6 thé hoat dong nhu mot hé thong doc 1ap hoic co thé duoc tich hop

véi cac hé théng vé tinh hoic hé mit dat khac nhu minh hoa trong hinh 1.14.

y 4

/IZ( 729 Vi
R
wﬁ 8 E

Ving xiu ving xa Khu vuc ngoai thanh

Khu virc noi 6

Hinh 1.14: Cidc kién tritc hé thong HAP [3)].



31/28 GHz, (47/48 GHz)
Truy nhéap vo tuyén co Lién két gitta cdc HAP

dinh bang rong ‘ 2 X

gty Toc do truyén

dan 1én téi
120 Mbps
- ¢ 7-22
y b b 1 :{m
' ] Ang-ten thdng minh !
WLAN i
|
\ —
Tau dang chay Toc dg 300 km/h |
]
e
I

Hinh 1.15: Gidi phdp sir dung hé thong HAP cung cdp dich vu bing rong trong du
4n CAPANINA [3].

Hé thong tich hop vé tinh — HAP - mit dat cung cap kha nang quang ba va cac
dich vu bing thong rong trén mot dién tich bao phu rong hon. N6 ¢ thé duoc st
dung dé cung cap cac dich vu cho cac khu vuc ngoai 6 véi chi phi trién khai rat thap.
Nhiéu tai trong quang dit trén mdi HAP c6 thé tao nén cac bo nhé dung luong 16p
(kich thudc 18n t6i Terabyte) luu trit dit lidu thu thap duoc tir vé tinh va chuyén no toi

tram mat dat bat ky lic nao ma khong bi han ché bai thoi gian nhin thy vé tinh.

1.4. Két ludn

Noi dung chuong 1 da gisi thiéu khai quét vé hé théng truyén théng quang
khong day FSO vé lich st phat trién, cau tric hé théng truyén thong quang khong
day va ciing néu lén téng quat vé k§ thuat ghép kénh phan chia theo budc séng
WDM , giéi thiéu dugc so d6 khdi hé thong WDM va phan loai hé théng WDM
cling nhu cac phan tir co ban trong hé théng WDM. Ngoai ra, noi dung chuong 1
con tap trung gigi thiéu vé ha tang truyén théng trén cao HAP va kha ning @ng

dung cong nghé FSO va WDM trong ha tang truyén thong trén cao.
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CHUONG II: GIAI PHAP KET HQP KY THUAT FSO VA
WDM TRONG HAP

2.1. Giéi thiéu chung

Trong truyén dan FSO dan dén hién twong truyén din ngin do tén duong
truyén 16n do vy viéc st dung HAP nhu mot phuong thirc hd tro ting khoang cach
truyén dan giita hai tram trong trudng hop truyén dan diém diém.

Trong truong hgp WDM chi str dung duong truyén soi quang thi tinh linh
hoat ctia hé thng bi gidi han nhung khi két hop hé thong WDM va FSO thi kha
nang ting dung luong va ting bang thong ciia kénh truyén, md rong sb luong kénh
truyén ciing nhu ting tinh linh hoat ctia hé thng.

Hé thong két hop WDM — FSO st dung HAP nhu mét phuong thirc két hop
mang tinh hi€u qua véi cac uu diém ndi troi, hd tro va tuong thich 14n nhau, tbi vu
duong truyén.

2.2. Hé thong WDM — FSO trong ha ting trén cao HAP
2.2.1. M6 hinh h¢ théng WDM — FSO co ban

B6 phat 4 > A "BOF APD Detector
B (]
| Bo thu
D —
1 \ I- ! :
: 2 X ' | Bothu \
1 y - '—I'— —
1 ! [}
X . ~ £ . 1
-—_—————— i B khuéch dai B¢ khuech dai ' '
1 — — — —
BOF APD Detector
] Data (t)) MZI | /1,1‘ HéH&E} ‘
] modulator | | 2, | Bothu \
] ~——— © Tin hi¢u quang m=hem—

|
l | ........... : Tin hi¢u dién
|

Hinh 2.2: H¢ thong WDM — FSO co bin

Thanh phan co ban cia hé thong WDM — FSO trong hinh 2.2 gém cé cdc

khoi chire ning nhe:

v B phat quang:
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v/ B6 thu quang: Gom Photodiode, chuyén tin hiéu quang thanh tin hiéu dién va bd
loc Besel thu tin hiéu c6 tan sb thép roi qua bd khoi phuc tin hi¢u 3R Regenerator
va cudi ciing dua vao bd phan tich ti 16 15i bit BER.

v B0 tach/ ghép kénh quang:

v’ Bo khuéch dai:

v Puong truyén trong khong gian ty do FSO:

2.2.2. Gidi phdp WDM — FSO teng dung trong ha ting trén cao HAP

Khong gian ty do tang
binh luwru

|
|
Tfing binhluvu | |_ - _OA_ - _| \
17-22km ] | | |
| | B{ phat | | B§ phat
[y __Ll:ip_l_+____|_(l:_ip2
Khong gian ty do
biu khi quyén
[ Thiu kinh@ N Thiukinh |
phat thu
§
DEMUX

B kénh quang 1|-+—

,:n =11
] g
% o
= -=
5 5
2 o
= 2
= m

Tram phia thu
GS B

GSA

Hinh 2.3: Gidi phdp WDM — FSO iing dung trong ha ting trén cao HAP
Giai phap WDM — FSO g dung trong ha tang trén cao HAP nhu duoc mo
ta nhu hinh 2.3 trén gdm c6 cac thanh phan: BO phat quang, bo tach/ghép kénh
quang (MUX/DEMUX), ngoai ra, hé thong con c6 bo khuéch dai quang truc tiép va
cac thau kinh thu phat dugc truyén trong khong gian tu do (FSO).
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2.3. Cac dic tinh kénh truyén cia FSO va hé thong WDM
2.3.1. Yéu té anh hwéng dén dwong truyén FSO
a) Hap thu va tan xa

Su hap thu thé hién sy phu thudc manh vao buéc séng [3], Trong thuc té, chi
cd céc cira s6 khi quyén, noi sy suy hao 1a téi thiéu, thich hop cho FSO. Cac buéc
truyén thong laser dién hinh 14 1,064 um va 1,55 pum, ciing nhu khoang cach gita
10 um va 12 pm roi VAo cé&c cira so truyén dan tét. Tan xa khéng khi do céc hat c6
kich thudc phan tir duoc goi 13 tan xa Rayleigh. N6 chiém wu thé trong diéu kién
bau troi trong va ty 1é thuan vaoi 1. D4i vai cac hat I6n hon so véi bude song, tan

xa Mie xay ra ma khdng co su phu thugc manh vao A, cho bai cong thic (2.4):

391 A °
B.W= = (55) (24)
Trong d6 V 1& dai tam nhin (tinh theo mét) va & duoc biéu dién nhu sau:
16 M6 hinh Kim V> 50 Mo hinh Kruse
13 6<V <50 1.6 V:>50
5 =1 0.16V + 0.34 1<V<6 ‘S:{l':“ 6<v<s0 (23)

V-05 05<V<1 0.585V/2 VEsg
0 V<05

Bang 2.2 dwéi day dwa ra gia tri cia dai tam nhin duéi cac diéu kién thoi tiét

khéc nhau.
Piéu kién thoi tiét Dai tAm nhin (m)
Suong mu day dac 200
Suong mu trung binh 500
Suwong mu nhe 770 - 1.000
Mua 16n (25mm/h) 1.900 - 2.000
Mua trung binh (12,5mm/h) 2.800 - 40.000
Khd rao/Mua bui (0,25mm/h) 18.000 - 20.000
Rat kho rao 23.000 - 50.000
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Voi:
0,11478)\+3,8367
O advection (W)= v (2.6)
0,18126)>+3,7502
ORadation O‘)z vV (27)

Trong d6 A 1a budc song tinh theo nm va tim nhin V tinh theo mét. Ton hao

cong suat do mua va tuyét I thap so voi do tan xa Mie.

Suy hao kénh truyén khdng khi caa hé théng FSO chi yéu gay ra boi khoi
bui, swong mu va ciing phu thudc vao mua. Suy hao tong sé 1a su két hop cua suy
hao méi trudng khong khi va suy hao hinh hoc. Suy hao tong cua hé théng FSO
duoc cho boi cong thuc:

P, d3 2.8
%t: mx exp(-BL) =9

Trong d6: P, 1a cong suat phat (mW), P, 1a cong suat thu (mW), 0 1a goc phan
ky bup song (mrad), B 1a hé sé suy hao (1/km), L Ia khoang cach quing duong
truyén dan.

b) Su mo rong bup

C) Fadinh do nhiéeu loan

2.3.2. Yéu t6 anh hwong dén hé théng WDM

a) Suy hao xen: Puoc biéu dién twong ty nhu suy hao d6i vdi cac bd tach/ghép hdn
hop (MUX/DMUX) nhung can luu y trong WDM 14 xét cho mot budc séng dic

trung. Suy hao xen dugc xac dinh qua cong thirc sau:

, O(4
Dbi voi MUX L; =-10log I-E z'; [dB] (2.16)

: O, (4
Dbi véi DEMUX L; =-10log ﬁ[dB] (2.17)

Trong d6: L;1a suy hao tai budc song A; khi thiét bi duoc ghép xen vao tuyén

truyén dan.



16

1(4), O(4)tuong (g la cdng suat c&c tin hiéu quang tai dau vao va da ra
bo DEMUX va MUX.

1. (4)1a cong suat tin hiéu dau vao tha i cia bo ghép.

O,(4) 1a cong suét tin hiéu dau vao thir i cua bo tach .
b) Xuyén kénh: La sy c6 mat cia mot kénh nay trong kénh ké can 1am ting nén
nhiéu va giam ty sé tin hiéu nhidu cua kénh dang xét.

Kha ning dé tach cac kénh khac nhau duoc dién giai bang suy hao xuyén
kénh va duoc tinh bang dB nhu sau:

D, (4)=-10 Iog{%}[@] (2.18)

Trong bo giai ghép thi Uij(Ay) 1a lugng tin hiéu khong mong mubn & bude
sOng Ak bi do & ctra ra thir i ma dang ra chi c6 tin hiéu & budc song A;.
¢) Suy hao quy cbng sudt cia hé thong WDM:
Pé may thu thu duoc thong tin thi cong suat tin hiéu dén may thu phai nam
trong dai cong suat caa may thu nhu trong cong thuc sau:
Pmay phat = Pphat + Pay i

(2.19)
Pthu min < Pphét - Pténgsuyhao < Pthu max

d) Dé rong kénh: Méi quan hé giira tan sé va budc song dugc xac dinh theo cong

thuc sau:
Af =c
f-C
2 (2.20)

da ¢ Af

=S —===——=—

i 2 AL 2

Trong do6: ¢ 1a van téc anh sang 3.10° m/s.

A 1a budc song hoat dong.
Vi vay 1,875 nm 1a tuong duong véi d6 rong cua cac kénh cé tan sé xap xi
250GHz. Vay do rong kénh 1a dai buéc song ma né dinh ra cho tirng ngudn phét
quang. Dai buéc song C cua cac bo khuéch dai EDFA 1a 1530-1550 nm.
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2.4. Hiéu ning hé thong truyén din WDM — FSO trong HAP

2.4.1. Tham so6 dinh gid hiéu ning hé thong

Ti s6 tin hiéu trén nhiéu SNR: La ti sb gitra cong suit tin hiéu mong mudn thu duoc
va cong suat tin hiéu gay nhiéu.

Ti 1¢ 16i bit BER duogc xac dinh tai bo thu, 14 ti sb gitta sb bit thu b 13i trén tong sd
bit Dung lwong kénh C 1a gi6i han trén cua luong thong tin ma hé théng c6 thé
truyén tai qua kénh truyén thong. Dung lugng s& 1a mot ham cia tin hiéu quang thu
dugc va cac cong suat nhidu, phuong phép diéu ché va tach song.

Do vay, dung lugng kénh duogc tinh theo cong thirc nhu sau:

P
C=log,M+(I- P )log,(I- P, )+ P,log, /M—eJ (2.30)

Trong d6 P, 13 x4c sudt tach ky hiéu sai; P, duoc rut ra tir cong thirc (2.25).
XAc sudt duéi nguong duoc dinh nghia 12 xac suat ma hé thong khéng thé dap tng
dugc mot yéu cau xac dinh vi du nhu toc do bit hodc dung luong. Vi céc tham sé
tbc d6 bit va dung luong déu phu thuoc vao SNR, x4c suat dudi ngudng cd thé coi
nhu xac suat ma SNR cuaa hé théng nho hon mét gia tri ngudng xac dinh.
2.5.2. Phdn tich higu ning hé thong

Hé théng FSO trong HAP dugc chia 1am ba doan truyén FSO d6 1a: Pudng
truyén FSO Ién tir tram mat dat (tram phat) dén tram HAP, duong truyén FSO trong
tang binh luu va dudng truyén FSO xudng tir tram HAP dén tram mat dat (tram
thu). Bé don gian, phan nay chi xét hiéu ning cho mét kénh buéc séng riéng 1é ma
khong xét dén anh huong gitra cac budc séng cua cac kénh véi nhau. Trén thuc té,
do sé luwong kénh ghép trong hé thbng WDM — FSO 1a nho, khoang céach gitr cac
kénh nay 16n nén cac anh huong (néu co) ciing 1a khong dang ké.

a) Puong truyén FSO tir tram mdt dat (tram phdt) t6i tram HAP
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| Théu kinh @
phat
+
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ang n

B4 kénh quang |
Bé kénh qu

Tram phia phat
GSA

Hinh 2.7: Puong truyén FSO tir tram mdt dit lén téi tram HAP
Truyén théng FSO duoc sir dung trong duong 1én dé truyén dit liéu tir tram
mat dat GS A t6i HAP.

d3 —aL
PR == PTW 10 10 (231)
Trong d6: dy 1a dudng kinh thau kinh phat (m), dg 12 duong kinh thau kinh
nhan, 6 1a chum tia phan ky (mrad), L la khoang cach (km), a: Hé s suy hao

(dB/km), Py la cdng suat phéat sau bo MUX, Pg la cong suat thu duoc tai HAP (b

phat dap 1).
Véi dic tinh kénh h (tir GSA dén bo phat dap 1) cho bai cong thic:
d2 —aL 2.32
h=—"2_— 10710 (2.32)
(dr+6L)?

Trong d6: 0: Chum tia phan ky (mrad), o: Hé s6 suy hao (dB/km), L: Khoang
cach tur GS A t6i HAP hoac tir HAP t6i GS B (km).
b) Duong truyén FSO trong tang binh leu
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Puong truyén FSO trong ting binh lwu (17 — 22km) & méi trudong chan khong
hé thdng 1y tuong va ludn on dinh nén hé thdng duoc coi nhu 13 tuyén dudng truyén

FSO truc tiép khong xét ngudng véi do suy hao nho, dwgc miéu ta nhu hinh 2.8.

— e — — — — — — — — — s ey e

| Khong gian ty do tang |
| binh luru H A P |
T T T on T T T T
a | \ 0A I
o W P OJ*D L
& )
| | B phat | | BO phat | |
| o |

— 71 —77L_—_— dap1_ 1 l_—d_‘—lp_—z —— = _Ejg\

Hinh 2.8: Puong truyén FSO tir by phdt ddp 1 dén bé phdt ddip 2
V6i hyap 1a dac tinh kénh gitra bo phat dap 1 va b phat dap 2 dugc xac dinh
theo cong thurc sau:
dz, —ayapLyap (2.33)

h = .10
HAP = (0L gap)? B

Trong d6: 0 13 cham tia phan ky (mrad), ayae 12 hé s6 suy hao trén HAP
(dB/km), Luap la khoang cach tir phat dap 1 dén phat dap 2 (km).

Do d6 cong suat thu (Pr_yap) dugc trén tuyén duong truyén tir phat dép 1 dén
phat dap 2 duogc xac dinh theo cong thic sau:
PRy ap =Prwap)- Ruap
= hyap-i. Gyap.Gyap- Pr
= GZ4p-hyap. h.Pp (2.34)
¢) Puong truyén FSO xuong tir HAP dén tram mdt ddt (tram thu)
Gia sur dac tinh kénh gitra GSA véi phat dap 1 va phat dap 2 véi GSB la
giong nhau. Cong suat thu tai GS B duoc xac dinh nhu sau:

PR_GSB :GI?IAP'hHAP'h’Z' GPT (235)
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Hinh 2.9: Puong truyén FSO xuéng tic HAP dén tram thu

2.6. Két luan chwong

Noi dung chuong 2 giéi thiéu hé théng WDM — FSO co ban va giai phéap
WDM — FSO &ng dung trong ha tang trén cao HAP. Bén canh do, ndi dung chuong
2 con néu lén cac tham sb va yéu té anh hudng dén hiéu nang cua hé thong FSO
cling nhu cac yéu té anh hudng dén hé théng WDM. Ngoai ra, ndi dung chuong 2
con phan tich hiéu niang hé théng FSO trong HAP (nhu duong truyén FSO tir mat
dat dén HAP ciing nhu duong truyén tir HAP xuéng mat dat va duong truyén trong

tang binh luu).
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CHUONG |11: PANH GIA HIEU NANG HE THONG KET
HQP WDM - FSO TRONG HAP

3.1. Hé thong WDM — FSO 4 kénh trong HAP
3.1.1. Kién triic h¢ thong WDM — FSO 4 kénh trong HAP dwoc mé phéng.

L=70km
B{ phat @ a =005 dB/km Bi phat
dap 1 " dap 2

<
N7,
ﬂ.ﬂl | ﬂ

-
-

4 Al 32 A3

b
hr

W2

s
7%

Pphat = 30 dBm

A=1350 nm

B kénh quang 2 |——
B{ kénh quang 3 ——=
Bj kénh quang 4 =

B kénh quang | |-
B kénh quang 2 =
B kénh quang 3 [

B kénh quang 4

B kénh quang 1

I'ram phat Tram phat
GS A GS B

Hinh 3.1: Kién triic hé thong WDM — FSO 4 kénh trong HAP .
Kién tric hé théng WDM —FSO trong HAP gdm c6 b Phat: ((tram phat
GSA) Dir liéu vao gém 4 bo kénh quang tir A, dén A,), thau kinh thu phat (nhan va
truyén tin hiéu tir tram mit dat dén HAP, tir Bo phat dap 1 dén bo phat dap 2 va tur
bo phat dap 2 dén tram thu tai mat dat) va tram thu dé thu dugc tin hiéu tir A; dén 4.
3.1.2. Mé hinh héa va mé phong hé thong

a) Gidi thiéu vé cong cu mé phong Optisystem:

b) Gigi thiéu hé thang WDM — FSO 4 kénh trong HAP



22

Pseudo-Random Bit SNRZ Pulse Genergtor : oy SR o2 Power Mater 1
Cesude Ranom Su o 1 ' Optical Poser Meter_3 Optical Power Meter_

i G H
D= fie- qeliD=
FS0 Channel lifier_2FSC Ch:
ange =20 km Gain = anae

E Range

E: -
Frequency = 183.1 THz Attenuation = 0.4 dB Noise fi

Power =30 dBm

Photodetector APD  Low Pass Bessel Fiter? Regenerator BER Analyzer
Cutoff frequency = 0.75 " Bit rate Hz

v

H BER Analyzer_{
WOM Mux 431
Banduidth = 10 GHz
H v H
[=H
Photodstactor APD_Z4 BER Analyzsr_2

Cutol

o
[EERL ]

BER Analyzer_3

L

CW Laser 3 Mach-Zehnder Modulstor_3
Frequency = 153.4 THz
Fower =30 d8m

Optical Spectrum Analyzer_?

Hinh 3.2: So' do thiét ké mang mé phéng hé thong WDM — FSO 4 kénh trong ha
ting trén cao HAP
3.2. Panh gia hiéu ning ciia hé thong WDN —FSO 4 kénh trong ha tang
trén cao HAP
3.2.1. Hiéu ning chung ciia hé théng

v Phé tin hiéu: Str dung thiét bi may phén tich quang phd dé do phd tin hiéu dau

vao va dau ra cua hé théng dugc mé ta nhu hinh 3.3
[= [=

o4
ol [ry]
8T 7]
E E
m m
= B
23T £ =
(=N
="
2
1551 1551 p 15521 1550 1551 p 1552 p
Wavelength {m} Wavelength {m)
Power ."{. Power X .}‘, Power Y ,-"I Power ."i Power X ;?\ Power Y I,-'r

Hinh 3.3: Phé tin hiéu dau vao va ddu ra kénh 1
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v Vé céng sudt St dung thiét bi may do cong sudt quang dé do cong suét tai cac
diém can do. Cong suit ddu vao va dau ra ctia cac kénh trong hé thong duoc mo

ta nhu hinh trén.

Optical Power Meter @
=
=]

|Tota| Power ﬂ

Optical Power Meter

=)
|T0tal Power ﬂ

Hinh 3.4: Cong suat dau vao va dau ra kénh 1.
v Vé ti 1¢ 16i bit ciia cdc kénh: St dung thiét bi Ber Analyzer dé do BER, hé s
chét luong Q va dd thi mat tai dau thu.

Nhgn xét: Sau khi md phong, ta thdy ca 4 tin hiéu vao thiét bi BER Analyzer do va
phan tich céc théng so.
3.2.2. Anh hwéng ciia toc dp kénh truyén

Céc tham s hé thdng sir dung trong cau hinh mé phong cong suat phat Py =
30dBm, cur ly truyén Lesa_ par: nar_cse = 20 Km, cur ly truyén Ly = 20km, hé s suy
hao G asa_ Hap: iar _ose = 0,4 AB/KM, hé sb suy hao oy = 0,05 dB/km, budc song A =
1550 nm va hé s6 khuéch dai Guap nap_css = 20 dB.

Bing 3.2: So sanh anh hwéng caa téc dd bit dén hé théng

STT Rp(Gb/s) Max Q Min BER P, dBm)
1 1,25 6,17171 3,0427.107"° -27,071
2 2,5 3,59736 0,000150 -27,010
3 5 0 1 -27,154
4 10 0 1 -27,524
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Hinh 3.12. :Khdo sdt dnh hwéng ciia téc dé bit kénh 1
Nhdn xét: Theo khao sat c6 thé nhan thay tc do truyén anh huong dén chat luong
cua tin hiéu. Khi md phong véi téc do 5 dén 10 (Gb/s) hé théng bi 16i khdng chay.
Chi sir dung véi toc do 2,5 Gb/s trg xubng thi hé théng mé phong méi hoat dong.
Téc do cang cao thi cong suat may thu thay d6i khong dang ké va lam giam chat
luong Q va lam tang ti 1& 16i bit BER. Do d6, hé théng phai truyén tin hiéu ¢ mot
téc do thich hop dé dat duoc nhitng théng sé theo mong muén.

3.2.3. Anh hwéng ciia céng sudt phdt P,

Céc tham s6 hé thong sir dung trong c4u hinh mé phong téc do bit R, = 1,25
Gb/2, cu 1y tNYén LGSAf HAP: HAP — GSB — 20 km, cu ly tNYén L HAP — 20km, hé 56 suy
hao o GSA — HAP; HAP — GSB — 0,4 dB/km, hé Sé suy hao Ouap — 0,05 dB/km, budc Séng A=

1550 nm va hé s6 khuéch dai Guap nap _css = 20 dB.

Bang 3.3: So sanh anh hwéng caa cong suat phat dén hé thong

STT P (dBm) Max Q Min BER P, dBm)
1 -10 0 1 -34,929
2 10 0 1 -34,715
3 30 0 1 -27,071
4 50 0 1 -7,838
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Hinh 3.13 : Khdo sdt dnh hwéng ciia cong sudt phdt kénh 1

Nhdn xét: Thong qua viéc md phong ta nhan thiy véi céng suat dudi P; = 10 dBm
thi hé théng bi 18i khong chay. Chi s dung P, = 30 dBm tro 18n thi hé théng md
phong hoat dong, véi P; cang tang thi hé sb pham chat Q tang, ti 1¢ 13i bit BER cang
giam va khi cong suat phat cang 16n thi céng suat thu cang lén.

3.2.4. Khdo sat anh hweéng cua cu ly truyén dan:
Céc tham sb hé théng st dung trong cau hinh mo phong cong suat phat Pt =
30dBm, tbc d6 bit R, = 1,25 Gb/2, cur ly truyén Lasa - nar: tar - sss = 20 km 12 khong

thay dél, hé Sé suy hao o GSA — HAP; HAP — GSB — 0,4 dB/km, hé Sé suy hao Ouap — 0,05

dB/km, budc song A = 1550 nm va hé s6 khuéch dai Guap Hap _css = 20 dB.

Bang 3.4: So sanh anh hwéng caa cw ly truyén din dén hé théng

STT | Lpyap(km) Max Q Min BER P, (dBm)
1 5 38,4803 0 -15,113
2 10 16,6921 5,877.10® -21,174
3 20 6,17171 3,04273.10™"° -27,071
4 30 3,12109 0,000087 -30,118
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Hinh 3.14: Khdo sdt anh huéng ciia khodng cdch dwong truyén

Nhdn xét: Thong qua viéc md phong khi cu ly truyén dan cang ting 1én thi ty s6 15i
bit Min BER cang 16n, chét luong hé s6 pham chat Q va cong suat dau thu cang
giam.

3.2.5. Khdo sat @anh hwong cua photodiode

Céc tham s hé thong sir dung trong cau hinh mé phong cong suat phat Py =
30dBm, tbc d6 bit R, = 1,25 Gb/2, cur ly truyén Lasa - nar: tar - sss = 20 km 12 khong
thay doi, culy truyén Lyap = 20 km, hé $b suy hao G gsa _ nap; Har - css = 0,4 dB/km, hé
sb suy hao oy = 0,05 dB/km, bude song A = 1550 nm va hé s6 khuéch dai Gupp ,
Hap—css = 20 dB.

Bang 3.5: So sanh anh hwéng caa photodiode dén hé thong
STT Photodiode Max Q Min BER
1 APD 6,17171 3,04273.10™"
2 PIN 3,84625 5,9546.10"
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Nhdn xét: Theo khao sat trén cing mot cdng suit cing mot hé thdng nhung
photodiode APD nhan tin hiéu nhiéu it hon photodiode PIN.
KET LUAN

Noi dung luan vin da trinh bay mot cach tong quan nhat vé hé thdng truyén
thong quang khong day FSO két hop véi ghép kénh phan chia theo budc song
WDM trong ha tang trén cao HAP. Cac wu diém théach thic d6i vai ca hé thong,
trinh bay cac nguyén nhan chinh lam suy giam hiéu ning cta hé théng ciing nhu cac
giai phap ti uu cua tuyén duong truyén trong khong gian tu do FSO. Ngoai ra, luan
van con gidi thiéu FSO (hay truyén théng quang khdng day) la céng nghé vién
thong st dung su truyén lan anh sang trong khong khi dé truyén tin hiéu gitra hai
diém. Day 1a cong nghé truyén thong bang rong tim nhin thang, trong d6 tin hiéu
quang thay vi truyén trong soi quang, dugc phat di trong mot blp séng quang qua
khong gian. Mot mang truyén théng quang khong day bao gom cac bo thu — phét
quang (gom maot khéi thu va mot khéi phat) cung cap kha ning thong tin hai chiéu.
MJi khdi phat quang str dung mot nguon quang va mot thau kinh dé phét tin hiéu
quang qua khdng gian t&i khéi thu. Tai phia thu, mot thdu kinh khac duoc st dung
dé thu tin hiéu, thau kinh nay duoc ndi véi khdi thu c6 do nhay cao qua mét soi

quang. Cu ly hoat dong ctia mot tuyén FSO tir vai trim km dén vai km. Véi cac hé
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théng FSO trong khdng gian, cu ly két ndi cd thé vai chuc km (tir mat dat toi ha
tang trén cao HAP va nguoc lai).

Ngoai ra, luin vin d3 phén tich cac két qua nhu dua ra duoc phd tin hiéu dau
Va0 so voi phd tin hiéu dau ra, ty I& 15i bit, biéu d6 mat , BER véi khoang cach
duong truyén, BER véi cong suit phat...

Huéng nghién ctu tiép theo cua luan vin s& tap trung vao nghién ctu mo
hinh toan hoc va cac truong trinh mé phong khac dé danh gia hiéu niang cua hé
théng WDM — FSO trong HAP, ma hda kénh trong hé thong WDM — FSO trong
HAP...



