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KHAO SAT HIEU NANG (BER, SNR) CUA HE THONG TRUYEN DAN
QUANG-VO TUYEN TUONG TU (ARoF) VA SO (DRoF)

Nguyén Vin Tu:fln
Truong Pai hoc Bdach khoa - PH Pa Nang

TOM TAT

Bai bao trinh bay mo hinh tiéu biéu ciia 2 h¢ théng truyén dan tin hi¢u vo tuyén qua s¢i quang
tuong tw AROF (Analog Radio-over-Fiber) va s0 DRoF (Digital Radio-over-Fiber) v6i khoang
céch truyén dan d <120 km; trinh bay ti s cong suét tin hiéu trén nhiéu (SNR) va ti 1¢ 18i bit (BER)
trong 2 hé thong. Trén co s¢ d6, bai bao sir dung Matlab dé vé cac d thi va so sanh hi¢u ning ciia
2 h¢ thdng theo cac kiéu tach song trye tiép va két hop str dung cac phuong phap giai diéu ché
khac nhau nhu ASK, FSK, PSK bao gdm cac ky thuét d6i tan dong bo, d6i tan khong ddng bd va
dong tan. Viéc so sanh duoc tién hanh theo nhiéu truong hop khac nhau nhu thay ddi cong suat
nguon phéat quang (Prx), d va cong sudt quang ctia bo dao dong nodi (PLo). Bai bao di xac dinh
dugc mot cach dinh luong mirc do cai thién BER cia hé théng DROoF so véi AROF khi ching cé
cung gia tri ciia cac thong sé hé thdng. Tiéu biéu, voi d = 90 km va Prx = 1 dBm, AROF tach séng
truc tiép c6 BER=10"2° thi DRoF c6 BER duoc cai thién dang ké (BER=~102%). Con ddi véi ciu
hinh PSK dbi tan dong b, tach song két hop véi d = 100 km, PLo = 3 dBm thi hé thng AROF va
DROF c6 cac gia tri lan luot 1a BER~10"18 vd BER~10%,
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ABSTRACT

In this paper, we present two typical models of Analog Radio-over-Fiber (ARoF) and Digital
Radio-over-Fiber (DRoF) systems that transmission distance is shorter than 120 km. Signal-to-
noise ratio (SNR) and bit error rate (BER) in two systems are shown. Matlab-based programme
then is written and run to draw graphs and compare the performance (BER, SNR) of two systems
corresponding to direct detection and coherent detection for various demodulation methods such as
ASK, FSK, PSK including synchronous, asynchronous heterodyne and homodyne techniques. The
performance comparison of the two systems is conducted in many different cases such as changing
optical power of transmitter (Prx), transmission distance (d), optical power of local oscillator
(PLo). We quantitatively determine the BER improvement of DRoF system compared to ARoF
when they have the same value of system parameters. Typically, with d = 90 km and Prx =1 dBm,
Direction-Detection ARoF system has BER value of ~1071°, DRoF system has a greatly improved
BER value (BER ~102%). As for Coherent-Detection synchronous heterodyne PSK configuration
with d = 100 km, P.o = 3 dBm, ARoF and DRoF systems achieve BER value of ~10® and of ~10-
2 respectively.
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1. Gi6i thiéu

Nhitng niam gan diy va trong twong lai khong
xa, nhu ciu thong tin di dong thé hé moi da
dich vu bang thong rong ting 1én nhanh
chéng. Theo du bao trong séch tring cua tap
doan Cisco [1], luu luong di liéu di dong
toan cau sé ting gap 7 lan tir nim 2017 dén
nam 2022, véi toc do ting truong 1a 46% dat
77,5 exabyte mdi thang vao nam 2022 (mot
exabyte bang mot ti gigabyte). Trong do, luu
luong truy cép tir thiét bi khong day va thiét
bi di dong s& chiém 71% tong luu lugng IP
vao nam 2022. Con theo du bao cua tap doan
Erisson [2], &én nam 2025, lvu lugng dir lidu
di dong toan cau s& ting nhanh chéng va dat
160 exabyte mdi thang, trong d6 luu lugng
5G sé& chiém khoang 45% tong luu luong di
dong toan cau. Tuy nhién, hé thong thong tin
di dong 3G, 4G hién nay sir dung cac séng
mang vo tuyén nim & dai bang tan thip
(khoang vai GHz) nén ching mang thdng tin
dir lidu toc do thap, bang thong hep. Trong
bbi canh do, cac hé thong soi quang truyen
dan tryc tiép tin hiéu song vo tuyén tan sb c&
hang chuc GHz, dugc viét tat 1a RoF (Radio
over Fiber) tré thanh gidi phap hira hen va
day tiém ning, cho phép ting dung lugng 1én
hang chuc lan so véi hién nay, dap tng véi
nhu cdu gia ting nhanh chong cia cac loai
hinh da dich vu bang thong rong 5G va sau
5G trong tuong lai. Véi uu diém vuot troi vé
bang thong rat rong ciia cong nghé quang tir
va soi quang trong viéc xir Iy va truyén tin
hiéu, hé thong RoF cho phép ting dang ké
dung lugng, giam tré tin hiéu, giam ning
lugng tiéu thy, chi phi va d§ phuc tap cia
mang thong tin di dong. Ngoai ra, hé thong
con khai thac cac uu diém cta cong nghé vo
tuyén 1a ving phu séng rong, kha ning da
truy cép, tinh linh dong cao. Do do cong nghé
ROF 14 xu thé ung dung tit yéu cho hé thong
thong tin di dong thé hé moi (5G va sau 5G)
[3]-[8].

Hé thong RoF hién nay dwoc phan thanh 2
loai 1a RoF tuong tu (ARoF) va RoF sd
(DRoF). Trong hé théng AROF, tin hi¢u vo
tuyén & dang tuong ty diéu ché nguon quang
con trong hé théng DROF, tin hiéu vo tuyén

dugc chuyén d6i thanh tin hiéu sd truéc khi
diéu ché ngudn quang. Viéc s6 hoa tin hidu vo
tuyén trong h¢ thong DRoF nhu vay s& dem
dén hiéu qua tot hon, tuy nhién nd lam cho hé
thong phirc tap va gia thanh hé thong tang lén.
Do d6, dé c6 co s& lua chon cong ngh¢ tuong
tu hay s6 cho hé thong RoF, nhiéu cong trinh
khoa hoc dd dwoc tién hanh nghién ctu dic
tinh va so sanh danh gia hai hé théng AROF
va DROoF, tiéu biéu [8]-[12].

Trong [8], cac tac gia so sanh dac tinh cua hé
théng AROF véi cac phuong phap didu ché vo
tuyén BPSK, QPSK va 16QAM, sau dé tién
hanh so sanh 2 hé théng ARoF va DRoF. Két
qua so sanh cho thdy dic tuyén BER cua hé
théng DROF duoc cai thién nhiéu so v&i hé
théng AROF véi cung cac thong sé hé thong.
Tuy nhién, bai bao theo hudng khao sat sgi
quang da mode (MMF) va chua di sau vao
viéc khdo sat hiéu qua cuia DRoF so vdi
AROF khi thay dbi cong suat ngudn phat
(Prx), khoang cach truyen dan (d). Trong [9],
chc tac gia co dé cap dén viéc so sanh DRoF
va AROF khi thay ddi Prx va d nhung méi chi
thyc hién biang phan mém mod phong
Optisystem chtr chua so sanh dwa cac biéu
thirc toan hoc cua BER va SNR cua 2 hé
thong. Ngoai ra, bai bio méi chi khao sat cac
hé thdng c6 may thu tach song truc tiép (DD:
Direct Detection) chir chua dé cap dén may
thu tach song két hop (CD: Coherent
Detection) trong d6 c6 st dung Laser dao
dong ndi & may thu véi cong suat Pro dé ting
d6 nhay cho hé théng. Trong [10], cac tac gia
tién hanh cac thuc nghiém so sanh hé thong
AROF va SDRoF diéu ché 16QAM vdi tde do
tir 25 Mbaud dén 125Mbaud, tan s6 trung tim
1 GHz. Qua d6 da chiing t6 tinh hi€u qua cua
ky thuat diéu ché SdoF so v&i ARoF. Tuy
nhién, bai bao theo hudng nghién ctu thyc
nghiém trén sgi quang da mode OM4 véi
d=200 m, st dung budc song anh sang 850
nm (c6 tén hao cong sudt 16n) cho cac hé
thong truyén dan ngin. Trong [11], tuy céc
tac gia da dé cap dén cac hé thong AROF va
DROF vdi loai may thu tach song truc tiép va
tach song két hop khac nhau nhung cha yéu
tap trung nghién ctu hé théng dong tin
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(Homodyne), két qua so sanh cac hé thng
duoc thé hién dudi dang bang so sanh cac dac
diém chung vé bing théng, do nhay, tinh
phirc tap giita cac hé thong. ..

Bai bao tién hanh khao sat va so sanh danh
gia dic tinh SNR, BER cua cic hé thong
AROF va DRoF cho ca 2 phuong phép tach
song truc tiép va tach song két hop. Trong
phuong phap tach song két hop, bai bao cing
tién hanh so sanh, danh gia cac kiéu diéu ché
va tach song khac nhau nhu ASK, FSK, PSK
dbi tan dong bo, khong dong bd va dong tan
v6i nhiéu kich ban thay d6i Prx, d va Pio.
Phan 2 cua bai bao khao sat mo hinh tinh
toan, SNR va BER. Phan 3 sir dung cong cu dé
tinh toan mo phong, tir d6 tién hanh danh gia
va thao luan.

2. M hinh tinh toin va ti sé cong suit tin
hiéu trén nhiéu (SNR)

So dd khéi cua 2 hé théng AROF va DRoF duoc
trinh bay tuong Gng trong hinh la va 1b, trong
d6 hé théng DRoF (1b), tin hiéu v6 tuyén duoc
s0 hoa trudc khi tién hanh diéu ché vao song
anh sang dé truyén trong soi quang.
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1b. He thong RoF s6 (DROF) )
Hinh 1. Hé thong RoF twong tu (1a) va hé thong
RoF so (1b) [9]

Trong mdi hé thdng AROF va DRoF con duoc
phan loai thanh hé thdng tach séng truc tiép
(DD-Direct Detection) va hé thong tach séng
két hop (CD-Coherent Detection).

Hinh 2a trinh bay nguyén 1y tach séng truc
tiép, trong d6 séng anh sang dén duoc tach
song truc tiép nhd photodiode dé chuyén doi
tin hi¢u sang mién dién va dua vao khdi xir ly

tin hiéu dé khoi phuc lai tin hiéu RoF ban
dau. Hinh 2b biéu dién nguyén 1y tach song
két hop, trong d6 song anh sang dén phdi hop
v6i song anh sang cua Laser dao dong ndi cua
may thu trude khi dugc photodiode tach song.

Tin hiéu Xir ly

tin hiéu

Photodiode

quang dén

2a) Tach song truec tiép

Tin hié i 1y
—‘l;_. Photodiode ,Xu 1 Y
quang den tin hiéu
A
Laser dao 2b) Téch séng
dong ndi két hop

Hinh 2. Nguyén Iy tach song truc tiép (2a) va tach
song két hop (2b)
Hiéu nang cta h¢ thong AROF va DRoF dugc
thé hién bang ti s& cong sudt tin hiéu trén
cong suat nhidu (SNR) va ti 1 15i bit (BER)
nhén dugc tai may thu.
Khac véi hé thong AROF, hé théng DRoF
thuc hién qua trinh chuyén d6i tin hiéu tuong
tu - s6 (ADC va DAC) 1am phét sinh céac loai
nhiéu tréi tac dong vao tin hiéu [13], [14] bao
gdm nhidu do bd loc bing thong trude khi ldy
mau, nhiéu do chdng phd, nhidu do lwong tir
héa cua bd ADC, nhiéu truot (jitter) cia bd
ADC va DAC va nhiéu trong b tach song.
Céc loai nhiéu nay anh huong dén ti s cong
suét tin hiéu trén nhiu téng SNR cua hé
thdng nhu sau:
+ SNR ctia hé théng AROF va DRoF st dung
ky thudt tach séng truc tiép (DD) duoc biéu
dién theo cac SNR thanh phan [13], [14]

SNRmor oo =SNRyy + SNRpp (1)
SNRpmor po = SNRE! + SNR," + SNR'

-1 -1 -1 (2)
+ SNR; - soc + SNRZpac + SNRp
Trong d6, SNRim, SNRop 14n Iuot 1a SNR do
anh hudng cta nhidu xuyén diéu ché va SNR
ciia bo tach séng truc tiép. SNRr, SNRa,
SNRg, SNRy.anc, SNRy.pac 14n lugt 1a SNR do
anh hudng cua bd loc bing thong, chdng phd,
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lugng tr hoéa, do anh hudng trugt cuia bd
chuyén d6i ADC va DAC.

+ SNR ciia hé thong AROF va DROF sir dung
k¥ thuat tach song két hop (CD) bao gdm céc
SNR thanh phan va duoc trinh bay theo biéu
thirc [13], [15].

SNR;éoF_CD =SNR,; + SNR:p ()

SNRogor cp = SNRE' +SNR ! + SNR e

-1 -1 -1 (4)
+SNRG! + SNRgh + SNR;! pac

Trong d6, SNRep 1a SNR ciia bo tach song két hop.

Cé4c SNR thanh phan dugc trinh bay lan luot
nhu sau:

+ SNR cua bd tach séng tryc tiép (DD) dugc
xac dinh nhu biéu thirc [16], [17], [18].

SNRpp ___ S
Ng +Np + Nqy
~ R?PZR,
~ 20B,RPR, +20B, (1 + I o )R, +4KTB,

V6i Sop, No, Nb, Nt 1an luot 14 cong suat tin
hi¢u dién trén dién tr¢ tai Ri, cong sudt nhidu
1u0“ng tu, nhidu dong tbi va nhleu nhiét. Ps la
cong suét tin hiéu quang dén dau vao may
thu; R, Ry 1an luot 1a hé s6 chuyén ddi quang -
dién va dién tr¢ tai cua photodiode; g, K, T
lan luwot 1a dién tich electron, hing sb
Boltzmann va nhi¢t do tuyét 601 lpeva lps: 1a
dong t6i khéi va dong tdi be mat cua
photodiode; Be: bang thong dién cua may thu.

+ SNR ciia bo tach song két hgp (CD) dugc
biéu dién theo biéu thire [16], [17], [18].

(5)

SNR¢p S
Ng +Np + Ny
R*PsPoR,
29B,R(Ps +P.o )R, +20B, (I pg + I g )R, +4KTB,

(6)
Vé6i Scp 1a cong sudt tin hiéu dién trén dién
tro tai Ry, Pio 1a cong suat quang cua Laser
dao dong ndi. Biéu thirc (6) tuong tng véi
truong hop da sir dung vong khéda pha OPLL
va vong khoa phan cuc dé ddong bd séng
quang dén bo tich song va song quang ciia
Laser dao dong noi.
+Trong hé théng AROF, c4c séng mang vo
tuyén ciia cac kénh khac nhau tic dong vao

song mang vo tuyén cua kénh dang khao sat
tao ra nhiéu xuyén di€u ché. SNR do anh
huéng cua nhidu xuyén diéu ché dugc xac
dinh theo biéu thuc [13], [14].

SNR, (dB)=21P-2P, @)
Trong d6, IP 1a diém chin (Intercept Point)
Pin 12 cong sudt song mang vo tuyén.
+ SNRr do anh hudng cta bd loc bang thong
dugc trinh bay nhu sau [13]

P

P. )
SNRp = 2 =% (8)
F>Nth NOB

Vé6i B, Psig 1an luot 1a bang thong bo loc va
cong suat tin hi¢u vao bd loc, No la mat do
pho cong suat cua nhieu.
+ Do tac dong cuia nhiéu chong pho, SNRa tai
bd lay mau dugc bi€u dién nhu sau

P, P

SNR, = sig — sig (9)
" (m-DRy  (M-1)N,B

Trong dé: m:% v6i Beff 1a bang thong

hi€u dung ctia bo 1§y mau.
+ SNR;.apc tai bd ADC bi anh hudng nhiéu do
truot (Jitter) trong qua trinh chuyén doi AD.

P 1
SNR, = 29 = (10)
P on?f 262A*  4n? 6P

Voi o, la d trugt (jitter) cua xung clock, A
va f lan luot 13 bién dd va tan so tin hiéu vao
hinh sine.

+ SNRg tai bd ADC do tac dong nhiéu luong
tr, duoc xac dinh nhu sau:

M)
[3\%—3} ‘/SZ_Q}

SNR, =201g

[dB] (11)

=6.02Q +10Ig(

IM +1
IM -1

Trong do, Q 1a sO bit cia tir ma hoa tin hiéu vo
tuyén (RF), M 1a so trang thai diéu ché.

+ SNRy.pac tai bd DAC bj anh hudng nhiéu
do trugt trong qua trinh chuyén doi DAC.
SNR, pac = (142 / f5 )(4o? £ sin’(nf / £, ) (12)

Vi fs 1a tan s6 1ay mau tin hiéu.
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Hé thong AROF va DRoF dung k¥ thuét tach
song truc tiép chi sir dung mot phuong phap
diéu ché - giai didu ché ASK. Trong khi do, hé
thong AROF va DROF tach song két hop thi sir
dung nhiéu phuong phap diéu ché - giai dicu
ché: ASK, FSK, PSK, trong do co ddi tan déng
bo, d6i tan khong df"mg bd va déng tan. Mdi
quan hé giita SNR tong trong cac biéu thirc (1)
dén (4) va BER cua cac hé thong AROF va
DROF theo cac phuong phap giai diéu ché duoc
biéu dién nhu sau [16], [17], [18].
Bang 1. Cdc théng s6 ciia hé thong khdo sat

Cic thong so ciia h¢ thong

R Hésb chuyén doi quangdien 0,8 A/W
RL.  Dién tro tai caa photodiode 50 Q
T  Nhiét d6 tai may thu 300°K
Ips  Dong téi khoi 100 x1012 A
Ips Dong ti bé mat [A] 100 x1012 A
B  Bing thong b6 loc ADC 1x10° Hz
Be Bing thong cua may thu 0,75 x 10° Hz
7. Dotrugtciabd ADCvaDAC 0,3 x 1012 Hz
f  Tansoséngvd tuyén RF 2 x 10° Hz
Tan so6 lay mau tin hiéu RF 9
f ciia by ADC 2,5 x 109 Hz
Suy hao trén 1km sgi quang
% (ké ca suy hao cac méi han) 0,25 dB/km
A Buébc séng quang 1550 nm
m  m= Be/B 2
IP  Piém chén (Intercept point) 12-20
Pry Cong suét cia nguon phat -5dBm-
quang +5dBm
p Cong sudt quang cua bd -5dBm-
" dao dong ndi +5dBm

3. Két qua va théo ludn

3.1. So sdnh BER ciia hai hé thong ARoF vi
DRoF tich séng truc tiép (DD) theo cong
sudt phdt Prx

BER theo cong suat phat PTX

e
A
i

— -~ AROF-DD d=90km

DRoF-DD d=90km
A\ —<}-- ARoF-DD d=80km
't: — %~ DRoF-DD d=80km

-4 -3 -2 -1 0 1 2 3 4 5

Hinh 3. Quan hé BER va Prx ciia 2 hé thong
AROF va DRoF tdch song truc tiép voi d = 80 km
va d=90 km

Hinh 3 biéu dién mbi quan hé giira BER va
cong sudt ngudn phat quang Prx cua hai hé
théng AROF va DRoF str dung phuong phap
tach song truc tiép voi khoang cach truyen lan
luot1a d =80 kmva d =90 km. Pé tién viéc
phén tich, bai béo so sdnh BER tuong tng véi
truong hop d = 90 km trude. Tir dd thi ta
thay, khi cong suat ctia ngudn phat quang Prx
con nho (Prx <-2 dBm) thi BER cta 2 hé
thdng ARoF va DROF gan nhu tring nhau,
kha nang cai thién BER cua DRoF khong
dang ké so voi AROF. Tuy nhién, khi Prx ting
Ién thi BER ctia DRoF giam xudng rat nhanh
trong khi BER ciia AROF giam xudng cham
hon va dat gi tri thip nhat (BER=10") twong
ung voi Prx = 0,5 dBm. Sau do6 khi Prx cang
tang thi BER cua DROF tiép tuc cang giam
nhung BER cua AROF thi tang 1én lai (sau khi
dat cuc tiéu) lam cho 2 dic tuyén ngay cang
cach xa nhau. Dang di¢u BER cua ARoF giam
sau do lai tang lén dugc gidi thich nhu sau:
khi cong sudt phat quang Prx  dua vao soi
quang con nho (Prx < -2dBm), thi cong suat
nhleu xuyén diéu ché do cac song mang Vo
tuyén khac tac dong vao song mang vo tuyén
cua kénh dang khao sat con bé nén SNRm lon,
do d6 theo biéu thirc (1) thi SNRaror oo ctia hé
théng AROF phu thudc chi yéu vao SNRpp
ciia b tach song. Ma theo biéu thic (5)
SNRpp tang 1én khi Prx tang (lam Ps ting),
diéu nay lam BER cia AROF giam va dat
duoc gia tri cuc tiéu tai Prx = 0,5 dBm. Tuy
nhién, khi Prx ting 16n hon 0,5 dBm thi cong
sut nhiu xuyén diéu ché tang 1én 1lam SNRm
giam dan dén SNRaror po giam lam cho BER
tang Ién. Trai lai, trong hé théng DROF vi tan
s6 song vo tuyén mang thong tin da duoc sO
hoa trude khi dua vao diéu ché anh sang nén
hién twong nhidu xuyén diéu ché rat nho,
khong gy anh huéng nhiéu dén SNRpror po
ctia hé thong, do d6 khi Prx cang ting Ién thi
SNRpror pp cang ting lam BER cang giam va
khoang chénh léch ciia BER giita 2 hé thong
cang tré nén dang ké. Cu thé, khi Prx = 0 dBm,
AROF c6 BER~107 thi BER cua DRoF gidm
xudng thanh BER~107, Khi Prx = 1 dBm thi
BER cua 2 hé thong nay cang chénh léch nhau
nhiéu hon, cu thé: BER~10° d6i v6i AROF va
BER~10% dbi v6i DRoF. Piéu nay chung t6
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khi tang cong sut quang Prx dua vao soi quang
thi h¢ théng DRoOF c6 chat lugng ngay cang tot
hon (BER cang thip hon) so v6i AROF.

Db thi hinh 3 ciing cho thdy véi cling mot gia
tri Px, khi ting khoang cach truyén dan d tir
80 km thanh 90 km thi dic tuyén BER cua ca
2 hé théng AROF va DRoF déu tré nén xau
hon (gia tri BER twong umg 16n hon). Diéu
nay duoc giai thich la luc do cong suat tin
hi¢u dén dau vao may thu (Ps) bi suy giam do
t6n hao trén duong truyén tang 1én, trong khi
d6 cong suat nhiéu nhiét (chiém phan quan
trong trong cong suat nhidu téng) khong thay
d6i nén SNRpp ciia may thu giam (biéu thic
(5)), lam cho BER téng lén.

3.2. So sanh BER ciia hai hé thong AROF va
DRoF tich séng truc tiép (DD) theo khodng
cach (d)

10°
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Hinh 4. Quan hé BER va d ciia 2 hé thong ARoF
va DRoF voi Prx =-2 dBm va Prx =-1dBm
Hinh 4 trinh bay méi quan hé giita dic tuyén
BER theo khoang cach d cua hai hé théng
ARoF va DRoF dung ky thuat tach song tryc
tiép tuong tmg véi cong suat phat Prx = -2
dBm va Prx = -1 dBm. Tir d6 thi ta thiy rang,
voi cung mot gia tri ciia d thi BER ctia DRoF
nho hon (t6t hon) BER ciia AROF. Piéu nay la
do viéc sb hoa tin hiéu song vo tuyén trudc
khi diéu ché 4nh sang dua vao sgi quang
trong hé théng DRoOF 1am SNRpror.op (bicu
thirc (2)) khong c6 thanh phin SNRyu nén
SNRDpRror-DD> SNRAROF.DD, nghTa la BER cua

DRoF nho hon ARoF.

Khi ting cong suat phét (tir Prx =-2dBm Ién
thanh Prx =-1dBm) thi BER cta ca 2 hé
thong AROF va DRoF déu tot hon. Piéu nay

duogc giai thich 1a do khi ting cong suit tai
maéy phét (Prx) thi cong suat tai diu vao may
thu Ps cling tang 1én. Luc d6, duya vao biéu
thire (5) tinh SNRpp ctia may thu DD ta thdy
ttr s6 ctia SNRpp ti 16 v6i binh phuong Ps con
mau s6 chi ti 18 v6i Ps ma thdi. Do d6 SNRop
ting dan den SNR tong ciia 2 hé thong tang,
lam dic tuyén BER cua ching giam xudng
(chat lugng hé thdng ting 1én) khi ta ting
cong suat phat Prx tir -2 dBm thanh -1 dBm.

3.3. So sanh BER ciia hai hé thong ARoF va
DRoF theo khodng cdach d (mady thu tach
song ket hop (CD))

BER theo khoang cach d

10°
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Hinh 5. Quan hé BER va d dung ky thudt ASK,
FSK, PSK doi tan dong bg, khong dong bg va ASK
dong tan
Hinh 5 trinh bay dic tuyén BER theo khoang
cach d cua hai hé thong ARoF va DRoF tach
song két hop (CD) dung ky thuat giai diéu ché
ASK, FSK, PSK déi tan dong b9, khong dong
bo va ASK dong tan véi cong suat quang bo
dao dong ndi PLo = 3 dBm. Trong tit ca cac
ky thuat giai diéu ché, ca hai hé thong déu co
BER<10?) khi d<100 km. Khi d tir 105 km
dén 115 km thi chi c6 k¥ thuat giai didu ché
ASK ddng tan va PSK doi tan dong bo ctia ca
hai hé thong 1a vin dép Gng dwoc yéu cau
BER<10?®. Trong timg phuong phap giai diéu
ché, h¢ théng DROF déu c6 duong dic tuyén
BER t6t hon so voi hé théng AROF, 1y do ciing
duoc giai thich 1a hé théng DRoF truyén dan
tin hiéu RF da dugc sb hoa nén khong bi nhiéu

xuyén diéu ché nhu trong h¢ théng ARoF.
3.4. So sanh BER ciia hai hé thong ARoF va
DROF theo céng suit dao djng nji PLo
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BER theo PLO (PTX=1dBm va d=100km)
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Hinh 6. Quan i‘z_é BER va PLo su dung kffhudt
ASK, FSK doi tan dong b, PSK doi tan dong bo
va ASK, PSK dong tan
Hinh 6 trinh biay mdi quan hé giita BER va
cong suat dao dong ndi Pro cuia hai hé thong
AROF va DRoF sir dung k¥ thudt ASK, FSK
dbi tan dong bo, PSK d6i tan dong bo va
ASK, PSK dong tan tuwong tmg véi Prx =
1dBm va d =100 km. Tir d6 thi ta thiy, khi
ting Plo thi cac duong dic tuyén BER déu
giam 1am chat lugng tin hiéu thu ting lén.
Diéu nay duoc giai thich dya vao biéu thirc
(6) tinh SNRcp. Khi ting Pio tir -5 dBm dén
+5 dBm thi cong suét tin hiéu ting nhanh hon
cong suat nhidu lam cho SNRcp ting din dén
SNR tong ctia 2 hé thong 13 SNRaror co VA
SNRoror cp trong cac biéu thic (3) va (4)
ting. Piéu nay lam BER cua ca 2 hé théng
déu giam. Cac két qua trong hinh ciing cho
thdy, trong cung mot phuong phap giai diéu
ché va cung cac théng sb dau vao, thi dic
tuyén BER hé théng DROF ludn nim phia
dudi (BER t6t hon) so v6i hé théng AROF. Ly
do ciing dugc giai thich 1a hé théng DRoF
truyén dan tin hiéu RF di duoc s6 hoéa nén

khong bi nhiéu tich lily nhu hé thong AROF.
4. Két luan

Bai bao di trinh bay mé hinh tiéu biéu cua 2
hé thdng truyén dan tin hiéu v6 tuyén qua soi
quang tuong tu (ARoF) va s6 (DRoF) voi
khoang cach truyén dan <120 km; trinh bay ti
sd cong suat tin hiéu trén nhidu (SNR) tong tir
cac SNR thanh phan va ti 1& 15i bit (BER)
trong 2 hé théng ARoF va DRoF. Tir do, bai
bao da st dung Matlab dé vé& cac dd thi va so

sanh hiéu ning ctua 2 hé thong AROF va
DROF tach song tryc tiép va két hop sir dung
cac phuong phap giai diéu ché khac nhau.
Viéc so sanh di duogc tién hanh theo nhiéu
truong hop khac nhau nhu thay d6i cong suét
ngudn phat quang, khoang cach tmyen dan,
cong sudt Laser dao dong ndi. Két qua so
sanh cho thdy véi cing gia tri cua cac thong
s6 hé thong thi hiéu nang (BER) ctia DROF t6t
hon so véi ARoF. Kha nang cai thién hi¢u
nang nay cang tang khi tang Prx hodc Pro. T
cac do thi biéu dién hiéu ning cia 2 hé thong
AROF va DRoF, bai bao d3 xac dinh duoc
mot cach dinh luong muc do cai thién BER
ctia hé théng DROF so véi AROF tuong tmg
voi 2 ky thuat tach song khac nhau va véi cac
phuong phap diéu ché khac nhau theo céc gia
tri cu thé cua cong suat ngudn phat quang,
khoang cach truyén din ciing nhu cong suat
Laser dao dong noi.
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