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Chwong 1
TONG QUAN HE THONG TRUYEN DAN
VO TUYEN SO DUNG LUQNG LON

1.1 GIOI THIEU CHUNG VE HE THONG THONG TIN VO TUYEN
1.1.1 H¢ thong théng tin vo tuyén

Cac hé théng thong tin vo tuyén 1a cac hé thong truyén tin bang song
dién tir c6 moi trudng truyén lan tin hiéu — méi trudng truyén dan — 1a khoang
khong gian gitta may phat Tx (Transmitter) va may thu Rx (Receiver). So d6
khéi don gian cia mot hé thong thong tin vo tuyén duge cho trén hinh 1.1.

Thong tin Thong tin
—>  Tx Rx  —s

Hinh 1.1 So d6 khdi don gian hé théng thong tin vo tuyén

Thong thuong, thong tin can truyén dugc dua vao may phat thuc hién
diéu ché bang séng mang trung tan IF (Intermediate Frequency), sau d6 duoc
tron tan 1én tan s6 cao RF (Radio Frequency), khuéch dai tin hiéu du 1én, loc
nham chia sé bing thong r6i dugc blc xa ra khoang khong vo tuyén qua hé
théng ang-ten/phi-do. O dau thu, thong qua hé thdng dng-ten thu, tin hiéu vo
tuyén dugc thu nhan (nhd nguyén 1y cam tmg dién tir) va qua hé théng phi-do
dua vao may thu. O day, tin hiéu dugc loc nham chon loc tin hiéu hitu ich va
loai bé nhiéu trén duong truyén dén muc toi da, khuéch dai, tron tan tir tan so
vo tuyén RF xubng trung tan IF va giai diéu ché dé khéi phyc lai théng tin
ban dau di duoc phat di tir phan phat.

Do moéi trudng truyén 1a khong c6 day dan, bau khi quyén dong mot vai
trd then chdt trong truyén song. Mic dau khi quyén ca thay co 5 16p (ting) khac
nhau song tang d6i luu va ting ion 14 cac tang khi quyén gan nhét d6i véi bé mat
trai dat. Do vy ching c6 anh hudng t6i qua trinh truyén séng. Hinh v& 1.2 thé
hién hai tAng khi quyén nay ciing nhu khoang cach xap xi giita chung va bé mat

trai dat.
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Mot séng vo tuyén dugce truyén di lan truyén theo hai phuong thirc:

e Song dat;

e Song troi.

Dua trén dic tinh truyén song cua hai loai séng ndy ma ngudi ta phan
chia phé tan sb.

Nhu cic tén goi, song dét truyén lan theo bé mit cua trai dat con song
troi truyén lan trong khoang khong song c6 thé quay trd lai trai dat do phan xa
hodc trong tang dbi luu hodc trong tang ion. Cac budc song khic nhau thi
phan xa theo nhiing chimg muc khac nhau trong cac tang d6i luu va ion hoic

c6 thé dam xuyén qua khi tan s6 du 16n.

M
~

Tang ion 40+400 km

S N\\x

Tang ddi luu

T -
. 10 km
Mat dat <+
/S LSS S S S/ R

Hinh 1.2 Cac tang khi quyén c6 anh hudng ti truyén song vo tuyén

1.1.2 Phan loai cac hé thong thong tin vo tuyén

Céc hé thong thong tin vo tuyén c6 thé dugc phan loai theo nhiéu quan
diém khéc nhau.

a) Phan loai theo dang tin hiéu

+ Hé thong thong tin vo tuyén tuong tu: Tin hiéu truyén di 1a tin hiéu
tuong tu (analog);

+ Hé théng vo tuyén sb: Tin hiéu dung dé truyén tin 1 tin hiéu sd
(digital) c6 cac dic trung co ban 1a ¢ sb trang thai tin hiéu hitu han M va c6
thoi gian t6n tai hitu han Ts (Symbol Time interval).

b) Theo ddi tan (ddi séng) cong tdc

Viéc phén loai phd tin vo tuyén dua trén cac tinh chat truyén song va

cac khia canh vé hé théng (kiéu ang-ten). Phé tin vo tuyén dugc phan chia

nhu sau:
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1. Tan sb cuc thap ELF (Extremly Low Frequency): f = 300 + 3000 Hz
(A = 1000 + 100 km); va tan s6 rat thip VLF (Very Low Frequency): f = 3 +
30 kHz (4 =100 =+ 10 km). Cac dai nay con duoc goi l1a dai song cuc dai.

Cdc ddc tinh truyén séng: Song truyén lan giita bé mat cua trai dat va
tang d6i luu va cling c6 thé xuyén sau duoc vao long dat va nude. Do kich
thudc dng-ten phu thudc vao bude song, cac song nay doi hoi cac ang-ten co
kich thuéc rat 16n.

Cdc ing dung: Lién lac dudi nudc (cho cic tau ngam), trong cac mo,
cho céc sonar thuy am...

2. Tan s6 thap LF (Low Frequency) hay séng dai LW (Long Wave-
length): f = 30 kHz =+ 300 kHz (A4 =10 + 1 km).

Cdc ddc tinh truyén séng: Song troi co thé phan tach vaoi song dat doi
v6i cac tan so trén 100 kHz. Séng dat co ton hao truyén din 16n hon.

Cdc tng dung: Phat thanh, vo tuyén hang hai, truyén tin cy ly dai véi
céc tau bién.

3. Tan sb trung binh MF (Medium Frequency) hay séng trung MW
(Medium Wavelength): f = 300 kHz =+ 3 MHz (4 =1000 + 100 m).

Cdc dic tinh truyén séng: Song troi tach khoi song dat. Song dat cho
phép truyén tin kha dung 1én téi 100 km tinh tir may phat.

Cdc trng dung: Phat thanh diéu bién (550 + 1600 kHz).

4. Tan s cao HF (High Frequency) hay séng ngan SW (Short Wave-
lenght): f =3 + 30 MHz (4 =100 + 10 m).

Cdc déc tinh truyén séng: Song trdi 1a phuong thirc truyén lan chi yéu
tai tan s6 cao (HF). Song dat duoc str dung dé truyén tin trén cac khoang cach
ngin hon so voi song troi. Khi tan sé ting, ton hao do truyén lan séng ting va
do d6 can phai co cac tram phat chuyén tiép (cac tram phat lap).

Cdc 1rng dung: Phat thanh trén cac ving rong, cic may vo tuyén nghiép
du, cac may vo tuyén dén suy.

5. Tan s6 rat cao VHF (Very High Frequency): f = 30 + 300 MHz (4 =
10+ 1 m).

Cdc ddc tinh truyén séng: Su nhidu xa (udn cong tia séng do can trd

cua khi quyén) va sy phan xa dan dén viéc truyén lan song vuot qua duong
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chan troi. Cy ly truyén séng vao khoang vai ngan km. Su lan truyén séng
trong cac tod nha ciing xay ra rat tot.

Cdc vmg dung: Cac tmg dung phat thanh-truyén hinh: TV, vo tuyén
diéu tan (FM radio) bang tan 88 =+ 108 MHz; diéu khién khong luu vo tuyén
(cling con goi 1a hé dan duong vo tuyén).

6. Tan s6 cuc cao UHF (Ultra High Frequency) hay dai séng cm:
300+-3000 MHz (4 =1m + 10 cm).

Cdc ddic tinh truyén séng: Cac phan xa tir cac tang khi quyén xay ra,
cac ton hao tiéu biéu 1a do cac chudng ngai 16n hon trong cac bang VHF, tac
dong ctia mua va hoi am trong khong khi c6 thé bé qua duoc.

Cdc g dung: Phat thanh-truyén hinh: Truyén hinh vé tinh; vo tuyén
di dong mat dat (dién thoai khong day, dién thoai vo tuyén té bao), cac dich
vu thong tin ca nhan twong lai (nhu thé hé thong vo tuyén di dong thé hé thu
ba: biang ~2 GHz), diéu khién khong luu vo tuyén.

7. Tan sb siéu cao SHF (Super High Frequency): f = 3 = 30 GHz (4 =
10 + 1 cm).

Cdc dic tinh truyén séng: Hap thu do mua, may, hoi am (swong mu) 13
rat 1on dan dén tiéu hao va do dé han ché truyén lan song.

Cdc ung dung: Cac dich vu thong tin vé tinh ¢d dinh cho dién thoai va
truyén hinh, cac dich vu di dong trong twong lai nhu mang may tinh cuc bd vo
tuyén (WLAN: Wireless Local Area Network).

8. Tan s cuc ky cao EHF (Extremly High Frequency): f = 30 + 300
GHz (A =10 + 1 mm), con goi 1a dai v6 tuyén song mm.

Cdc ddc tinh truyén séng: Cac ton hao rat cao do hoi nudc va oxy trong
khi quyén.

Cdc 1mg dung: Thong tin voi cac khoang cach ngin (bén trong tam
nhin thang). Cac vé tinh truyén thong c6 thé sir dung cac tin sb trong dai nay
dé truyén truyén hinh d6 phan giai cao (HDTV: High Definition TeleVision)
do tai cac d6 cao nhu thé thi cac ton hao s& thap hon.

Céc dai tan s6 (dai song) tir 6 dén 8 nai trén con dugc goi chung la dai
song vi ba (microwave), dic tinh truyén néi chung 1a trong tim nhin thang
LOS (Line-Of-Sight). N6i chung, tan s6 cdng tac cang cao thi kich thudc dng-

ten cang nho.
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¢) Theo ddc trung kénh truyén

+ Hé thong thong tin vi ba: Con goi 1a cac hé théng vo tuyén chuyén
tiép, trong d6 tin hiéu duoc chuyén tiép boi cac tram trung gian qua timg
chang c6 cu ly 1én téi vai chuc km, déi khi 1én t61 ~100 km.

+ Hé théng thong tin vé tinh: Trong d6 tram chuyén tiép duoc dit trén
vé tinh, thudng 13 vé tinh dia tinh c6 khoang cach tir quy dao ndm trén mit
phang xich dao t6i mat dat 13 36000 km.

+ Hé thdng thong tin di dong: Pic diém co ban 13 cac may thu va phat
v6 tuyén c6 thé di dong so voi nhau.

d) Theo dung lwong ciia hé thong

Cac kénh vo tuyén 6 thé dic trung duogc mot cach so bd bot dd rong
bang két hop (coherence bandwidth) B, ciia kénh, 1a khoang tan s6 ma trong
d6 ham truyén ciia kénh co6 thé xem la bang phang (flat). Mot hé thong vo
tuyén s6 s& dugc xem nhu biang rong néu nhu d6 rong bing tin hiéu W caa nod
(ty 1é thuan véi toc do dir liéu) vuot qua do rong bang két hop ciia kénh vo
tuyén gitta dau phat va dau thu. Thi du, dbi véi cac hé thdng vi ba sd, dung
luong C > 70 Mbps (thuong sir dung diéu ché M-QAM) véi do rong bang tin
hiéu W vao quang 20 MHz trd 1én méi ¢6 thé duge xem 1a 16n [8]. Trong khi
d6, do dic tinh truyén da duong (multipathpropagation) rat manh, cac hé
théng vo tuyén di dong véi tbe do bit chimg vai Mbps trd 1én da ¢ thé xem 1a

hé théng bang rong, chang han nhu cac hé théng tir thé hé 3 tro di.

1.2 SO PO KHOI HE THONG VO TUYEN SO DUNG LUQNG LON
1.2.1 So @0 khdi tiéu biéu hé thong vo tuyén s6 dung hrong lém
a) Cdc hé thong vé tuyén so

Céc hé thong vo tuyén s 1a cac hé thdng vo tuyén sir dung tin hiéu s6
dé truyén tin. V& nguyén tic, cic hé thong thong tin vo tuyén déu co thé
truyén tin bang tin hiéu sé duoc, tuy nhién do cac giéi han vé cong nghé, cac
hé théng vO tuyén bang rat rong mdi chi thyc hién dugc voi dd rdng bang tin
hiéu nhiéu nhat 13 vao khoang 1% tan sé song mang f. (carrier frequency).
Mit khac, téc do truyén symbol Rg = 1/Ts (s6 symbol truyén duoc trén 1 don
vi thot gian) lai ¢6 quan hé mat thiét véi do rong bang tin hiéu vdi d§ rong
bang khong-khong (null-to-null bandwidth) cta phd tin hiéu Woo: Woo > Re.
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Nghia 13, téc d6 truyén tin cta hé théng v tuyén sb s& phu thudc vao tan sd
song mang cua hé thdng, theo d6 cac hé théng tir HF tré xudng (co tan sb
song mang tir dai song HF tré xudng t6i dai ELF nhu phan loai ¢ phan trudc)
c6 téc do truyén tin bang tin hiéu sé kha thap, it c6 ¥ nghia véi cac dich vu
thong thudng hién nay nhu thoai, data cao tdc (tai file, video...).

Céc hé thong vo tuyén sb dung luong cao duoc xem xét tdi trong ludn
van ndy do tim quan trong ctia ching trong cac hé théng dudng truc cling nhu
truy nhap vo tuyén di dong hién dai. Tty theo cac dic tinh kénh (cé dinh hay
di dong), cac téc do truyén tin duoc xem la cao: V > 70 Mbps véi cac hé
théng duong truc va V ~ vai Mbps ddi véi cac hé théng thong tin di dong té
bao. Dai tan sd cong tac cua cac hé théng nhu thé co thé tir vai trim MHz dén
hang chuc GHz, trong dai soéng vi ba (microwave), va do vay, vé dic tinh
truyén song thi phuong thirc truyén séng 1a truyén trong tim nhin thang. Do
rong bang tin hiéu dbi véi cac hé thong xem 13 16n hay nho ciing lai con tly
thudc vao kiéu dicu ché duogc ap dung. Luéng tin hiéu s6 toc do cao duge
truyén trong cic hé théng vo tuyén sb bing rong thudng 1a ludng bit dugc
ghép kénh theo thoi gian tir cac ludng tin hiéu sb cap thap hon, hoic 1a luong
bit cua mot nguoi dung stir dung cac dich vy tdc d6 16m (video, tai file...).

Céac hé théng vo tuyén sb dung luong 16n, bing rong, c6 vai trd rat
quan trong trong mang vién thong do kha ning co dong hoic di dong ciing
nhu thoi gian trién khai kha nhanh cta chiing, cai ma cac hé thong thong tin

quang — mic du c6 dung luong rat 16n — lai kha han ché.

b) So' dé khoi tiéu biéu ciia hé thong vé tuyén sé dung heong lon

Céc hé théng vo tuyén sb dung luong 16n 1a cac hé thdng thong dai co
tan sd song mang c6 thé tir 16n dén rat 16n, 1én t6i vai chuc GHz. Béi voi cac
hé thong nhu vay, viéc xem xét hé thong gip kha nhiéu kho khin, dic biét
trong md phong may tinh do van dé ldy mau cac tin hiéu thuc té co tan so rat
cao s& doi hoi tan sé 14y mAu rat cao nham thoa man dinh 1y 14y mau va do
vy s& doi hoi may tinh can c6 tdc d6 xur 1y rat 1on, dén murc thudng 1a khong
thuc té. Dé giai quyét tré ngai ndy, ngudi ta thuong xem xét va phan tich hé
thong thyc thong qua cic hé thong thong thap tuong duwong véi cac tin hiéu
bang gbc twong duong [3]. Piéu nay ¢ thé giai thich duoc dudi day.
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Tin hiéu s diéu ché tong quat (ca diéu ché bién do 1an diéu ché goc) co

thé biéu dién dugc & dang:
X(t) = At) - cos[27z ft + ()] (1.1)
trong d6 A(t) va o(t) 1a cac ham mang thong tin can truyén, f, 1 tan sb
song mang. Biéu thirc (1.1) c¢6 thé viét lai theo:
X(t) = Re{A(t) - e 27Oy — Ref A(t) - 017 . @127} (1.2)
trong d6 Re{.} 1a ky hiéu phan thyc.

C6 thé nhan thay rang, trong vé phai ctia (1.2) chi c6 thanh phan
A1) mang thong tin cin truyén, con &7 chi biéu thi mot song mang cao
tan khong mang thong tin. Do vay, chi cin quan tAm t6i tin hiéu:

K(t) = A(t) - el?® (1.3)

Tin hiéu biéu dién theo (1.3) 14 tin hiéu bing gdc do khong chira thanh
phan séng mang cao tan, duogc goi la tin hiéu bing gbéc twong duong
(equivalent baseband signal) cta tin hiéu thuc té x(t). La mot ham phuc va co
vai trd duong bao ddi voi song mang cao tan nén tin hiéu 4y con duogc goi 1a
duong bao phtrc (complex envelope) cua tin hiéu thuc té x(t). Khi xét hé thong
v6i tin hiéu bang gdc twong duong, cac phan tir dai thong ctia hé théng thuc té
c6 thé dua vé biéu dién bang cac phan tir thong thap twong duong nho bién
d6i Hilbert [3]. So d6 khéi tiéu biéu ciia mot hé thong vo tuyén s6 dung luong 16n
duoc thé hién trén hinh 1.3 [1].

Tap am
Nguén |S[  Bo By | e [V * Bo Bo
guon B 0 trugng| 0 o
symbol [ diéu ché [ loc phat _’[>_’ truyén (> loc thu [™®]san bang[ ]
Nhiéu
Thietbi|. | Bo giai
g_ qu. dinh [€ | diéu ché [
K
Chu giai: 1
KPDBH = Khéi phuc cjéng ho; KPSM = Khéi phuc song KPPH KPSM |
mang; KDCS = Khuéch dai cong suat

Hinh 1.3 So d6 khdi trong duong bang gdc mét hé thong vo tuyén sé dung lwong 16n [1]
Trén so d6 hinh 1.3, ludng bit toc do cao ghép kénh theo thoi gian tir
nhiéu kénh béc thép, sau khi dugc ma hoa kénh s€ dugc ghép thanh cac cum
ting m bit va duoc anh xa mot cach thich hop thanh cac symbol C, & 16i vao

bo diéu ché (thi du nhu str dung anh xa Gray sao cho cac symbol lan can nhau
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