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LICH SU PHAT TRIEN CONG NGHE VIEN THONG
PIEN TU.

- Tir cubi thé k¥ 18 dau thé k§ 19, cong nghé phat thanh va truyén thong bang dién da dugc
phat trién.

- Nam 1820, George Ohm da dua ra cong thirc phuong trinh toan hoc dé giai thich cac tin
hiéu dién chay qua mot ddy dan rat thanh cong.

- Nam 1830 Michall Faraday da tim ra dinh luat dan dién tr truong.

- C6 thé coi lich sir thong tin dir liéu duoc bat dau vao ndm 1937 véi su phat minh dién tin
Samuel F. B.Morse. D6 1a hé thong truyén cic xung dién biéu dién cho cac diu cham va vach
(twong dwong v6i cac sd nhi phan 1, 0) trén cac duong day dong nhd cac méay co dién. Céc to
hop khac nhau cua cdc ma nay thay cho céac chir, s6, dau,...duoc goi la ma Morse.

- Nam 1840, Morse dang ky sang kién vé dién tin & My.

- Nam 1844 duong day dién tin dau tién duoc thiét lap gilta Baltimore va Washington DC.

- Nam 1849, ban tin dau tién dugc in ra nhung véi van tdc rat cham nhung dén nam 1860 van
tc in dat 15 bps.

- Nam 1850, dai s6 Boole ciia George Boole tao ra nén méng cho logic hoc va phat trién ro le
dién. Trong khoang thoi gian gian ndy, cac dudng cap dau tién xuyén qua dai tdy duong dé lap
dat hé thong dién tin.

- James Clerk Maxwell da dua ra hoc thuyét dién tir trudng bang céc cong thic toan hoc vao
nam 1980. Can clr vao cac hoc thuyét nay Henrich Hertz di truyén di va nhan duoc séng vo
tuyén thanh cong bang cach dung dién trudng lan dau tién trong lich str.

- Tong dai dién thoai dau tién duoc thiét 1ap vao nim 1876 (ngay sau khi Alexander Grahm
Bell da phat minh ra dién thoai). Nam nam sau Bell bat dau dich vu goi duong dai gilra New
York va Chocago. Cung khoang thoi gian d6, Guglieno Marconi cua Italia da 1ip dat mot tram
phat song vo tuyén dé phat cac tin hiéu dién tin.

- Nam 1900, Einstein, mot nha vat 1y ndi tiéng vé hoc thuyét twong d6i da viét rat nhiéu tai
liéu quan trong vé vat ly chét rin, théng ké hoc, dién tur truong va co hoc lugng tir. Vao khoang
thoigian nay, phong thi nghiém Bell cia My da phat minh va sang ché ra 6ng phong dién cuc
cho céc kinh thién vin xoay duoc. Tiép theo d6, Le De Forest tr¢' thanh nguuoi khoi xudng trong
linh vuc vi mach dién tir thong qua phat minh ctia dng vé mot 6ng chan khong ba cyc. Lic nay,
hé thdng téng dai twong tu tu dong co kha ‘nang hoat dong khong can bang chuyén mach.

- Nam 1910, Erwin Schrodinger da thlet 1ap nén tang cho co hoc luong tir thong qua cong bd
cua ong vé can bang song d¢ giai thich cau tao nguyén tir va cac déc diém ctia ching. Vao khang
thoi gian ndy, phat thanh cong cong dugc bat dau bang cach phat song.

- Nam 1920, Harold .S. Black ctia phong thi nghiém Bell da phat minh ra mot may khuéch dai
phan héi 4m ban ma ngdy nay van con dung trong linh vuc vién thong va cong ngé may dién
dam.

- V.K.Zworykin (My) da phat minh ra den hinh cho v tuyén truyén hinh va cap dong truc
(phuong tién truyén din hiéu qua hon cac day dong binh thuong).

- Cubi nhitng nam 1940, phong thi nghiém Bell da dat ra nén moéng cho cho cac chéat ban dan
c6 do tich hgp cao. Howard Aiken cua dai hoc Harward cOng tac véi IBM da thanh cong trong
viéc lép dat mot may dién toan dau tién c6 kich thude 50 feets va 8 feets. Va sau do, J Presper
Ecker vo1 Jonh Mauchly cua dai choc Pénnylvania da phat trién may di¢én toan 1én mot bac goi la
méy dién toan ENIAC. Von Neuman dya vao day dé phat trién may dién toan c6 luu giit chuong
trinh.

- Vao nhitng nam 1960, cac loai LSI (Large Scale Interated), cdic mdy dién todn mini, cap
quang va may phan chia thoi gian duoc phat trién va thuong mai hoa thanh cong.

- Vao nhimng nam 1970, truyén hinh anh qua vé tinh, cac hé théng tong dai dién tir ciing lan
Iuot ra doi.
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Phan loAi cac nguOn tin tUc va cac hE thOng thong tin.

- Mot ngudn tin digital ( digital information sourse ) tao ra 1 tdp hop hiru han cac ban tin (
Message ) c6 thé.

Vi du : May danh chir ; c6 mot s6 hitu han cac ky tu ( ban tin ) dugc phat ra tir ngué)n nay.

- Mot ngudn tin tlrc analog tao ra cac ban tin duge xac dinh lién tuc.

Vi du mot micro: Dién thé ra dién ta tin tirc vé& Am thanh va no duoc phan bd trén mot day lién
tuc nhiéu tri gia.

- Hé thong thong tin digital chuyén tin tic tr mot ngudn digital dén thiét bi thu
( Sink ).

- Hé thdng thong tin analog chuyén tin tirc tir mot ngudn analog dén Sink.

No6i mot cach chat ché, song digital duwoc dinh nghia nhu 12 mét ham theo thoi gian va chi co
mot tap hop céc tri gia roi rac. Néu dang séng digital 13 dang song nhi phén, thi chi c¢6 hai trj gi.
Dang song analog la m¢t ham theo thoi gian 6 khoang cac tri gia lién tuc.

Mot hé théng thong tin digital dién tur thuong co cac dién thé va dong dién voi dang song
digital. Tuy nhién, né van c6 thé ¢o cac dang song analog. Thi du, tin tc tir mot ngudn nhi phan
c6 thé phat dén sink bang cach dung mot song sin 1000Hz dé dién ta bit 1 va mot séng sin 500Hz
dé dién ta bit 0. O day ngudn tin tirc digital duoc phat dén sink bang cach dung cic song analog,
nhung van cir goi 13 hé théng vién thong digital

Xa hon nira, séng analog nay dugc goi 1a tin hiéu digital vi n6 m6 ta 1 nguon tin digital.
Tuong tw, mot tin hiéu analog m6 ta mot ngudn tin analog . Tir quan diém do ta thdy mot k¥ su
Vién thong digital can hiéu 1am sao dé phan tich cdc mach analog ciing nhu cac mach digital.

Vién thong digital c6 nhirng loi diém:

- Cac mach digital trong d6i ré c6 thé duge dung.

- Khoang tac dong 16n hon. ( Khoang giita céc tri 16n nht va nho nhét ).

- Dir liéu tur tiéng noi, hinh va cac ngué)n dit liéu khéc c6 thé duogce tron 13n va truyén di trén
cung mot hé truyén digital.

- Trong cac hé truyén véi khoang cach xa, nhidu khong chdng chat tir repeater dén repeater. (
Tram phat lai ).

- Sai s6 trong dir liéu dugc phan tich thi nho, du khi c6 mot luong nhiéu 16n trén tin hiéu thu
duoc.

- Nhiéu ¢6 thé duoc sira chita ( corrected ) bang cach ding sy ma héa.

Nhung né ciing ¢é nhirng bat lgi:

- Thong thuong, nd can mot hé rong diy tan ( Band width ) 16n hon hé analog.

- Can dén su déng bo hoa.

Véi nhiéu vu diém, cac hé digital tré nén ngdy cang pho bién.

Song xac dInh va séng ngAu nhién.

Trong cac hé Vién thong, ta phan cac dang song lam hai loai 16n: X4c dinh va Ngau nhién.

- Binh nghia: Mt dang séng xac dinh c6 thé dugc mé hinh hoéa nhu mdt ham hoan toan riéng
biét cua thoi gian.

Thi du: Néu

w(t) = A cos (@t + @, )

Dién ta mot dang song , voi A, ®g , ¢, 1a cac hing da biét. Thi dang séng w(t) duoc noi 1a
duoc xac dinh.

- Pinh nghia: M6t dang song ngau nhién khong thé duge chuyén biét hda hoan toan nhu 1a not
ham theo thoi gian va phai mo hinh hoéa 1 cach xac xuat. Cac dang song biéu dién mot ngudn
khong thé xac dinh duoc. Thi du, trong hé vién thong digital, ta c6 thé guri tin tirc tmg voi bat ky
modt mau tu ndo - Mdi mau ty duoc biéu dién bfmg mot dang song xac dinh. Nhung khi ta xét
dang song dugc phat tir nguon ta thay rang d6 1a dang séng ngu nhién, vi ta khong biét chinh
xac nhiing ky tu s€ dugc phat.
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Do d0, ta thuc sy can thiét ké hé vién thong dung dang song ngiu nhién va tat nhién bat ky
nhiu nao dugc dua vio sé ciing dugc mo ta bang mot dang séng ngau nhién. Ky thuat nay can
dén nhitng khai niém vé xac suat va théng ké. ( S& 1am viéc phan tich va thiét ké phuc tap hon ).
Nhunng may thay , néu ta trinh bay tin hiéu bang dang song “ tiéu biéu “ xac dinh, thi ta van c6
thé duoc hau hét, nhung khong tat ca cac két qua.

So PO KHOI MOT HE THONG VIEN THONG.
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Hinh 1.1 So d6 khéi ciia mot hé thong vién thong.

Chu dich mot hé Vién thong 1a truyén mot tin tirc tur ngué)n, ky hiéu 1a s(t), dén Sink. Tin tic
lay ra tir Sink ky hiéu 13 S (t); tin tirc c6 thé 1a digital hay analog, tiy vao hé dugc dung. N6 ¢o
thé 14 tin tirc vé Video, audio hay vai loai khac.

Trong cac hé multiplex ( da hop ), c¢6 thé s& co nhidu ngudn vao va nhidu Sink. Phd cua s(t) va
S(t) tap trung quanh f = 0. Chung duoc goi 1 nhitng tin hiéu biang gbc ( base
band ).

Khéi xir Iy tin hi¢u:

O may phat tuy diéu kién ngudn sao cho su truyén c6 hiéu qua. Thi du: Trong 1 hé digital, n6 1a
mot vi xtr Iy. Trong hé analog, no khong gi hon 1 1 loc ha thong. Trong hé lai, n6 1a mach lay
mAu tin tirc vao ( analog ) va digital - hoa dé c6 mot bién diéu ma xung ( Pulse code modulation )
PCM.

Tin hiéu ra ctia khdi XLTH ¢ méy phét ciing 13 tin hiéu bang gbc vi cac tan s tap trung gan f
=0.

Khéi séng mang:

O may phat doi tin hiu bang gbe da xur Iy thanh mot bang tan dé truyen dua vao kénh truyén.
Thi du: Neu kénh gdm mot cip day xodn ( twisted - pair ) telephone, phé cia sp(t) s& ndm trong
day &m tan (audio ), tir 300 -> 3.700Hz. Nhung néu kénh gdm cap quang, phd ciia sy(t) s& 1a tan
sO anh sang.

- Néu kénh truyén di nhiing tin hiéu bang gbc, khong can ding khéi song mang va sp(t) co thé
14 tin hi¢u ra ciia khéi XLTH.

- Khéi song mang thi can khi kénh c6 thé chi truyén cac tan s6 thudc 1 bang xung quanh f, ,
voi f; >> 0. Trong truong hop nay sn(t) dugc goi la tin hiéu day thong ( Band pass Signal ). Vi
n6 duogc thlet ké dé co nhiing tan sb thudc 1 bang quanh f.. Thi du, mot dai phét bién diéu AM
v6i mot tan sb két hop 850 KHz c6 séng mang f, = 850 KHz.

Su 4p tin hiéu bang gdc dang song s(t) thanh tin hiéu diy thong sn(t) duogc goi 1a sy bién diéu
( modulation ). ( s(t) 1a tin hi¢u audio trong dai phat AM ).

Tin hiéu ddy thong bat ky c6 dang:

Sm(t0 = s (t) cos [ m¢(t) + 6(t) ]
Voi o, -2nf,, f. la tan sb song mang.
Néu s(t) = 1 va 6(t) = 0 thi sy(t) s& 1a mot tin hiéu hinh sin thuan tay vi f= f, va bang tan
bang 0.
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Trong su bién diéu boi mach séng mang, song vao s(t) lam cho R (t) va/hodc 0(t) thay d6i nhu
12 mot ham cua s(t). Su thay ddi trong R (t) va 0(t) 1am cho sp(t) c6 mot khd bang phu thude vao
nhiing tinh chét ciia s(t0 va vao ham ap dwoc dung dé phat ra R (t) va 0(t).

Céc kénh truyén:

C6 thé phan chia lam 2 loai: didy mém ( softwire ) va day cung
(hardwire). Vi loai kénh ddy mém tiéu biéu nhu: Khong khi, chan khong va nudc bién. Vai loai
kénh truyén day ctmg: Cap day xodn telephone, cap dong truc, dng dan song va cap quang.

Mot cach tong quat, kénh truyén lam giam tin hiéu, nhidu ctia kénh truyén va / hodc nhidu do
may thu khién cho S (t) bi xau di so voi ngudn. Nhiéu cua kénh co sy gia ting tir ngudn dién,
day cao thé, sy danh lira hodc nhiéu do su dong ngét cuia mQt computer.

Kénh c6 thé chira bd phan khuéch dai tac dong, thi du: H¢ théng repeater trong telephone
hozc nhu vé tinh tiép chuyén trong hé thong vién thong trong khong gian. Di nhién, cac bo phan
nay can thiét dé gitr cho tin hidu 16n hon nhiéu.

Kénh ciing ¢ thé co nhiéu duong ( multiple paths ) giita input va output va chung c6 thoi
gian tré ( time delay ), tinh chit giam bién ( attenuation ) khac nhau. Nhing tinh chat nay co thé
thay doi theo thoi gian. Sy thay ddi nay lam thay d6i bat thuong ( fading ) tin hiéu ¢ ngo ra cua
kénh. ( Ta c6 thé quan sat sy fading khi nghe khi ‘nghe 1 dai song ngan 6 xa ).

May thu nhén tin hi€u 6 ngo ra cua kénh va d6i no thanh tin hiéu bing gdc.

SU phan chia cac ving tAN sO (Frequency Allocations).

Trong cac hé thong tin dung khong khi 1am kénh truyén, cac diéu kién vé giao thoa va truyén
song thi phu thude chat ché vao tan s6 truyén.

V& mit Iy thuyét, bat ky mot kiéu bién diéu nao (Am, Fm, mot bang canh - single sideband,
phase shift keying, frequency shift keying...) déu c6 thé dugc dung cho bat ky tin sd truyen nao.
Tuy nhién, theo nhimg qui udc quoc té, kiéu bién diéu d6 rong bang, loai tin duoc truyén can
dugc xép dat cho timg bang tan.

Co s& vién thong

Bang sau day cho danh sach cac bing tan, ky hiéu, diéu kién truyén va cong dung tiéu biéu

cua chung.
Biing tin Ky hiéu Dit tinh truyén Nhiing ving dung tiéu biéu

3 - 30KHz VLF Song dat. Suy giam it ngay | Thong tin dudi nude
very low va dém. Nhiéu khong khi
frequency cao

30- 300KHz | LF Tuong ty VLF. It tin cdy. Bi | Huong dan radio cho hai
low frequency | hap thu vao ban ngiy hanh

300- MF Song dat va song troi ban | Radio hang hai. Tan so cap

3000KHz Medium dém. Suy giam it vao ban va | ctru phat sbng Am
frequency nhiéu vao ban ngay. Nhiéu

khong khi

3 -30MHz HF Su phan xa ¢ tan ion can | radio nghiép du. Phat thanh

Hight frequency | thay ddi theo thoi gian trong | qudc té. Vién thong quan su.
ngdy, theo mua va theo tin | Thong tin dudng dai cho
sO. Nhiéu khong khi it tai [ khong hanh va hai hanh.
30Mhz Pién thoai, dién tin, fax.

30- 300MHz | VHF Gan v6i LOS. Su tan xa gay | Truyén hinh VHE. Radio
Very high boi nhing thay doi nhiét d6. | FM stereo. Tro gitip khong
frequency Nhiéu khong gian. hanh.

0.3-3GHz | UHF Truyén LOS. Nhidu khong | Truyén hinh VHF. Radio
Ultra high | gian. FM Stereo. Trg giap khong

1.0 - 2.0 GHz | frequency hanh.

20-40GHz | L
S

3-30GHz SHF Truyén LOS. Suy gidm do | Vién théng vé tinh. Radar
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Biing tin Ky hiéu Dit tinh truyén Nhirng ving dung tiéu biéu
Supper high | Oxi va hoi nuéc trong khong | microwave links.
frequency khi. Sy héap thu do hoi nudc

rat cao tai

2-4.0 S 22.2 GHz

4.0-8.0 C

8.0-12.0 X

12.0 - 18.0 Ky

18.0 - 27.0 K

27.0-40.0 K,

30 - 300 GHz | EHF Tuong tu trén. Hoi nudce hép Radar, v€ tinh, thi nghiém.
Extremely high | thu rat manh tai 183GHz.
frequency Oxy hap thu tai 60 va 119

GHz.

26.5-40 R

33.0-50.0 Q

40.0-75.0 A%

75.0-110.0 |W

110 - 300 Mm

10° - 10’ IR (Hong ngoai | Truyén LOS Vién thong quang
) anh sang kha
kién va UV (
Tt ngoai )

SU truyEn song diEn tU.

Céc dic tinh truyén ctia song dién tir duoc truyén trong kénh truyén diy mém thi phu thudc
nhiéu vao tan sd. Piéu nay duoc thay tir bang ké ¢ trén. Pho dién tir c6 thé duoc chia lam 3 bang
16n: Séng mit dat ( Ground ware ), song troi ( Sky ware ) va séng truyén theo dudng tim mat (
light of sight ) LOS.

Anten phat
(Transmit antenna)

Anten phat
(Transmit antenna)

Su truyén tin hiéu

(signal propagation)

TN

Ion cau

The Earth

a. Truyén song dat

Anten thu

/> (Recieve antenna)

Su truyén tin hiéu

The Earth

b. Truyén song troi

(signal propagation)

Anten thu
(Recieve antenna)
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Su truyén tin hiéu
(signal propagation)

Anten phat
(Transmit antenna)

Anten thu
(Recieve antenna)

The Earth

c. Truyén theo dudng tm mit

Hinh 1.2: su truyén song dién tir.
1. Tan s6 ciia song dat nho hon 2 MHz.

O day séng dién tir c6 khuynh hudng truyén theo chu vi trai dat. Kiéu truyen nay duoc dung
trong cac dai AM. O day sy phu soéng dia phuong theo duong cong mat dat va tin hiéu truyen
trén duong chén troi thdy duge. Cau hoi thuong duge dat ra: « Tan s6 thdp nhét ciia song co thé
dung 14 bao nhiéu ? Cau tra 151 1a tan s6 nay tiy thudc vao chiéu dai ctia anhten phat.

Dé su bure xa ¢6 hiéu qua, antenna can dai hon 1/10 buée song.

Vi du: Vi song mang fc = 10KHz, budce song 1a:

n=C
f,

C
~ A=(3.10°m/s )/10'Hz =3.10" m
Nhu vay, mot anten dai it nhat 3.000m dé buc xa c6 hi¢u qua mdét song di¢n tur 10KHz!

2. Khoang tin sb ciia séng troi la 2 dén 30 Mhz.

Sy truyén cua song nay dya vao sy phan xa tang ion (ion sphere - ting dién ly ) va mat dat.
Nho d6, ¢6 thé truyén mot khoang rat xa.
Tang ion c6 biéu d6 phan bd nhur sau:

(Km) h lép D
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Hinh 1.3: Biéu d6 phan bd tang ion
Su ion hoéa xay ra do sy kich thich cac phan tur khi boi cac buc xa vil try tor mat troi. Téng ion
gdm cac 16p E, Fy, F,, D. Lép D chi hinh thanh vao ban ngay va 1a 16p chu yéu hap thu song troi.
L6p F 14 16p chinh, 1am phan xa song troi vé trai dat.
Thuc té, su khic xa tung bac qua céc 16p cua t?mg jon khién t?mg nay tdc dung nhu mot vat
phéan xa lam song troi bi phan xa trd lai trai dat.
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Hinh 1.4: Sy phan xa song troi bo ting ion.
Chi s0 khuc xa n thay d6i theo d6 cao cua tang ion, vi mat do electron ty do thay doi.

B 8In
n=.,/1- f2
Trong do: N: Mat do electron tu do ( $6 e/m’ ).

f: tan sb cua song (Hz).
- Du6i vung ion hoa, n =1
- Trong vung ion héa, n <1 ( Vi N >0 ) Song bi khuc xa theo dinh luat Snell:
nsing; = sing;
Trong d6: @; : Goc dén
¢;: Goc khuc xa.
a. V6i nhirng séng cé tan sé f < 2MHz :
81N > f* nén n tré nén 4o. Tang ion s& lam giam song dén.

b. Véi nhitng séng c6 tan so tir 2 - 30 MHz ( Song troi ), su truyén séng, goc phan xa va
su hao hut tin hiéu tai mot diém phan xa & ting ion tiy thudc vao f, vao thoi gian trong ngay,
theo mua va sy tac dong cua vét den mit troi.

Ban ngay, N rat 16n 1am n 40. Song bi hap thu, c6 rat it song tro lai trai dat.

Ban dém, N nho nén n < 1. Khi d6, néu song truyén tir trai dat 1én tang ion thi
@: > @1. S€ xdy ra hién twong khiic xa tung béc. Do su phan xa nhiéu lan giira tang ion va mat
dat song troi truyén di rat xa. Vi thé, c6 nhiing song troi phat ra tur nhiing dai xa bén kia trai dat
van c6 thé thu dugc trén bang séng ngan.

3. Sw truyén LOS 1a phwong thire truyén cho cac tan s trén 30 MHz.

O @6, song dién tir truyén theo dudng thing.

Trong truong hop nay 2 >> 81N lam chon~ 1 va nhu vay c6 rat it song bi khic xa boi tang
ion. Song s¢€ truyen ngang qua tang nay. Tinh chat d6 dugc dung cho thong tin v¢é tinh.

Cach truyén LOS bat loi cho viéc truyén thong tin gitra 2 tram mat dat, khi ma duong di tin
hiéu phai & trén duong chan troi. Do cong mit dat s& chin dudng truyén LOS.
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S, P +i
/ h: B8 cac anten so wdi mit dit.
' r. Bdn kinh TD
Barth
Hinh 1.5

Anten phat can phai dit trén cao, sao cho anten thu phai * thy * dugc né.
d+rP=(r+h)
d*=2rh+h’ h*<<2th
Nhu vay: d = +/2rh
Ban kinh trai dat 1a 3.960 miles. Tuy nhién, tai nhitng tan s6 LOS ban kinh hi¢u dung la

%3.960. Vay khoang cach d = +/2rh miles. Trong d6 h tinh bang feet.

Thi du: Cac dai truyén hinh c6 tan s trén 30MHz trong bang VHF va UHF, ving phua séng
cia cac dai cong sudt 16n bi gigi han boi dudng tdm mat. Vi mot thap anten
1000 ft — d = 44,7miles.

Néu anten thu cao 30 feet , d = 7,75 miles. Vay vdi chiéu cao dai phat va may thu nay, dai c6
vung phu song c¢6 ban kinh 44,7 + 7,75 = 52,5 miles.

* V&1 nhiing tan s6 30 - 60 MHz, tin hiéu c6 thé bi tan xa boi tﬁng ozon. Su tan xa la do su
bat thudng ctia n & 16p dudi cta tang ndy. ( ~ 50 miles trén mat dat ). Khién cho thong tin c6 thé
truyén di xa hon ca 1000 miles.

* Tuong tu sy phan xa ¢ tAng tropo ( trong vong 10 miles cao hon mat dat ) co thé truyén tin
hiéu ( 40 MHz - 4GHz ) xa vai tram miles.

1 miles = 1.609,31 m
1 feet = 0.3048 m
sea miles = 1852 m.
SU do tin tUc.
Pinh nghia: Tin tirc giri tir 1 ngudn digital, khi ban tin tht j dugc truyén di 1a :

1
I, =log, (P—J) bits

P;: La x4c suét clia viéc truyén ban tin thi J

Co sb (base) cua log xac dinh don vi duoc dung dé do tin tirc.Néu log co s6 2, thi don vi 1a
bits. Vi log tu nhién don vi 1a Nats.Va véi log co s6 10 don vi s& 1a Hastley

Bit, don vi do tin c6 ¥ nghia khic vai bit 1a don vi ctia dit liéu nhi phan.Tuy nhién nguoi ta
van hay dung ” bit ” dé ky hiéu cho ca hai loai don vi.

Cong thuce trén duoc viét lai v&i co sb tu nhién va co sb 10:
L= —llog10 P, = :

log,, 2 log, 2

Mot cach tong quat, ndi dung tin tirc s& thay ddi tir ban tin ndy dén ban tin khac, vi Py s&

khong bé’mg nhau. Nhu vy, ta can dén mot su do tin tirc trung binh cua nguén.

log,, P;

Trang 1.9
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Pinh nghia: S6 do tin tirc trung binh (average information) ciia 1 nguén la:
m m 1
= j=1 j

m: S6 ban tin.
P; : X4c suét clia sy goi ban tin thir J

Tin tlrc trung binh con goi 1a entropy.

Vi du: Tim information content (dung lugng tin tirc ) tin tirc cia mét ban tin gém mot word
digitaldai 12digit , trong d6 mdi digit c6 thé 14y mot trong 4 mirc c6 thé. Xac suat cia sy goi mot
mirc bat ky trong 4 mirc dwoc gia sir bang nhau va mirc ciia mot digit khong tiy thudc vao tri gia
duoc 1y cua digit trudce do.

Trong mot string gdm 12 symbol (digit) ma ¢ d6 mdi symbol gdm mét trong 4 mirc d6 1a
4.4....4=4"bits, t6 hop (word) khac nhau.

Vi mdi mirc gdm bang nhau tt ca cic word khac nhau déu bang nhau. Vay:

1_ 1 12
PRI

hoac

I; = log, % =1210g2(4)=24bits
(&)
4

Trong vi duy trén ta thdy dung luong tin ( information content ) trong bit ky mot ban tin c6 thé
nao d6 déu bang voi dung tin trong bat ky ban tin c6 thé khac (24 bits). Vay tin tirc trung binh H
1a 24 bits.

Gia sir rang chi ¢6 2 mirc (nhi phan) dugc cho phép cho mdi digit va rang tit ca cac wordthi
gan bang nhau Vay tin tirc s& 1a Iy = 12 bits cho word nhi phan va tin tic trung binh 1a H =
12bits.

O d6 tat ca word 12 bits s& cho 12 bits tin tirc vi cic word gan bang nhau Néu ching khong
bang nhau mot vai trong cac word 12 bits s& chira hon 12 bits tin tirc va mot vai s& chira it hon
.Va tin tlrc trung binh s€ chura it hon.

Dinh nghia: .
Nhip d6 cua nguon (nate source) dugc cho boi
R= E bits/sec
T

H: Tin tuc trung binh.
T: Thoi gian can thiét dé giri mot ban tin.

Pinh nghia trén dugc ap dung cho mot ngudn digital.
Céc hE thong tin 1y tuOng.

C6 mét sb tiéu chuan dugc dung de danh gia tin hiéu qua cua mot hé thong tin . Do 1a gia
thanh, d§ rdng kénh, cong suat truyén, ty so s/n tai nhitng diém khac nhau cua hé, thoi gian tré
ngang qua hé théng. Va xac suat bit error cua hé digital.

Trong céc hé digital, hé ti wu c6 thé duoc nghia nhu 1a mot hé c6 xéc suit bit error t6i thiéu
& ngd ra ciia hé vai sy cudng ché vé cong suat dugc phat va do rong kénh.

Diéu nay 1am ndy ra cau hoi: liéu c6 thé phat minh mot hé khong co bit error & ngd ra du khi
c¢6 nhidu thim nhap vao kénh ? Cau hoi nay dugc Claude Shannon tra 10i 14 c6 thé, véi vai gia
thiét Shannon chimg minh ring mot dung lwong kénh C (bits/sec) s& duoc tinh sao cho néu nhip
do tin tic R (bits/sec) nho hon C, thi xac suat cta bit error tién dén zero.

Phuong trinh cua C la:

Trang .10
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S
C=B 10g2{1+§}

B: Do rong kénh (Hz) va S/N 1a tong sé cong suét tin hiéu trén nhidu tai ngd vo cua
may thu digital.

- Trong cac hé analog, hé tdi uu co cho dinh nghia nhu 12 mot hé co tong s6 S/N 16n
nhat ¢ ngd ra may thu véi su cudng ché vé cong suat duoc phat va do rong kénh.

Ta c6 thé dat cau hoi: Liéu c6 thé thiét ké mot hé thong voi tong $6 S/N 16n v han &
ngd ra khi nhiéu thAm nhép vao kénh ? Cau tra 10i 1a di nhién 1a khong.
ma hoa (CODING).

Néu dit lidu & ngd ra cua mdt h¢ thong tin digital c¢o errors, cé thé giam error béng
cach dung mdt trong hai ky thuat :

-Automatic Repeat request (ARQ).
-Forward error conection (FEC).

Trong mdt hé ARQ, khi may thu phén tich dugc error trong khéi dit lidu, né yéu cau
khéi dir liéu phat tro lai.

Trong mot hé FEC dir liéu dugc phét ra can duge ma hoa sao may thu co thé sira sai
nhu 13 cic sai s dd phan tich. Bién phap nay ciing dugc xép loai nhu su mi hoa kénh, vi né
dugc dung dé sita sai khi kénh bi nhiéu.

Su chon lya ARQ hay FEC tuy vao ap dung riéng. ARQ thuong dugc dung trong hé
thong tin computer.

FEC dugc dung dé stra sai tré cac kénh simplex (1 way).

Heé thong tin véi FEC duoc v& ¢ hinh dudi ddy. Vé mit 1y thuyét dung luong kénh
ctia Shannon chiimg t6 rang mot tri gia vo han ctia S/N chi gidi han nhip do truyén. D6 1a xac
suét ctia error P(E) c6 thé tién dén zero khi nhip do tin tirc nho hon dung lwong kénh.

Truyén nhiéu Nhan
— —" —~ l — —" —~
Tin hi¢u |m | Ma hod g(t)| Mach séng |s(t) wanh r(t) | Mach séng |9(1)] M43 hoa
sO M vaxily > mang en > mang va xu ly
y MmO
Hinh 1.6 Bﬁ. thu tin
iéu so
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Pham Van TAn

Chuong 11
PHAN TICH TIN HIEU
XEM LAI CHUOI FOURRIER.
PHp VAACH.
BIEN DOI FOURRIER.

CAC HAM KY DI: ( SINGNLARITY FUNCTIONS).

PHEP CHONG (CONVOLUTION).

PHEP CHONG DO HINH ( GRAPHICAL CONVOLUTION).
PINH LY PARSEVAL.

NHUNG TINH CHAT CUA BIEN POI FOURRIER.

PINH LY VE SU BIEN PIEU.

CAC HAM TUAN HOAN.
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XEM LAI CHUOI FOURRIER.

1. Mot ham bat ky S(t) ¢6 thé dwoc viét: ( dang lwong giac ).

o0
S(t) = agcos(0) + Z [ a, cos 27 nfot + by, sin 2xfot ] 2.1)

n=1

. 1

Véi to<t<te+T; TS —
f0

S6 hang thir nhat 14 ag vi cos (0) = 1.

Viéc chon cac h?mg an va by, theo cac cong thurc sau:

pto+T

S(t)dt 2.2)
to

=~

-Vé6in=0; ap

pto+T
S(t) cos 2nnf ,t.dt (2.3)

to

—|n

-V6in=0; an

pto+T

S(t) sin 2nnf ,t.dt (2.4)

—
T-to

Heé thire (2.2) c6 duge bang cach lay tich phan 2 vé cua (2.1).

Hé thirc (2.3) va (2.4) c6 dugc bang cach nhan ca 2 vé caa (2.1) cho ham sin va l4y tich

phan. 7 .
2. Dung cong thitc EULER, c6 thé dua dang s(t) ¢ trén vé dang gon hon ( dang ham mii phtc ).
EULER —> 2™ = ¢os 2nnf,t + j sin 27tnfot (2.5)
w .
S(t) — Z Cn e j2mnfot (26)
n=-—oo

Tron d6 n: S6 nguyén; duong hodc am. Va C, dugc dinh boi:

1 pto+T .
Com L s(t) ¢ 12mPet ¢ 2.7)

e 7m0 ya 14y tich phan hai

Diéu nay dé kiém chimg, bang cach nhéan hai vé cua (2.5) cho

Két qua cin ban ma ta nhan duoc = mot ham bat ky theo thoi gian ¢ thé duoc dién ta bang
tong cac ham sin va cos hoac la tong ctia cdc ham mil phirc trong mot khoang.

Néu s(t) 1a mot ham tudn hoan, ta chi can viét chudi Fourrier trong mot chu ky, chudi s&
tuong duong vai s(t) trong moi thoi diém.

Vi du 1: Hay xéac dinh chudi Fourrier lugng giac ctia s(t) nhu hinh v&. Chudi nay cin ap
dung trong khoang - n/2 < 1< m/2 .
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Ta dung chuoi Fourrier lugng giac, véi T = &t va f,

s(t) = % = % nhu vay chudi cé dang:
0
/\ s(t)=ap + Z [ a, cos 2nt + by, sin 2nt ]
2__sh AV =l
Hinh 2.1 Tin hiéu cos(t).

T
+7
Trong do6: ap = EJ‘ 2 cost.dt = E
nJ_T T
2
2 +% 2 (_1)ﬂ+l (_1)n
va a,= —J cost.cos2nt.dt = — +
o _% | 2n-1 2n+1
Ta dinh gia b, nhu sau:
20+
b= =| Zs(t).sin2nt.ct

2

Vi s(t) 1a mot ham chan theo thoi gian, nén s(t) .sin 2nt 1a mot ham 1é va tich phan tir - /2
dén n/2 1a zero. Vay b, = 0 v6i moi s(t) 1¢. Chudi Fourrier dugc viét :

_2, N2t (Y
s(t) n+zn[ R 2n+1}0032nt (2.8)

n=1

Lueu y: Chuéi Fourrier cho béi phwong trinh trén dédy cé cing khai trién nhie ciia ham tudn
hoan s,(t) nhu hinh dwdi day:

Sp(t)

)

a LI () Q D)
-3/ 2 =T Z T T Z >

Hinh 2.2 Anh cua s (t) trong bién ddi Fourier.

PhO vAch

Trong lac tim sy biéu dién chudi Fourrier phirc ctia 1 ham theo thoi gian, ta dung mot thira
s0 trong luong phirc C,, cho moi tri cua n. Thura s6 C, c6 thé dugc v€ nhu 1a ham ctia n. Vay can
dén 2 duong biéu dien. Mot dé biéu dién cho suat ciia n va mdt dé bieu dién pha.

Puong biéu dién nay thi roi rac. N6 chi khac zero dbi véi nhitng tri gian doan cua truc
hoanh. ( Vi du: Cy, thi khong c6 y nghia ).

Puong biéu dién C, dbi voi nfy goi 1a phd Fourrier phuc. Trong d6 nfy 1 lugng tuong tng
v6i tan s0 cia ham mii phttc ma doi véi nd C, 1a mot hé so trong luong.

Vi du 2: Tim phd Fourrier phtc cua song cosin duoc chinh luu toan séng,
s(t) = | cos t|, nhu hinh v& duéi day.
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|cost|
L A \ﬁ/—\m t
=37/ 2 =T Z T Z DT Z >

Hinh 2.3 Tin hi€u |cos(t).

Tru6e hét ta phai tim khai trién chudi Fourrier theo dang ham mii phic.
. 1 , ., . <o x. . £
Véi Fy= —, ta tinh tr1 gia C, tr (2.6) va tim chuoi Fourrier truc ti€p.
T

Tuy nhién ¢ vi du 1, ta da khai trién chudi Fourrier dudi dang luong giac 101, nén co thé
khai trién ham cos dé dua vé dang ham mii phirc bang cach dung cong thuc Euler:

2 2 ("t (-1)"
)= —+ — + cos 2nt
W=~ Zn on—1 @ 2n+1

. 1r r
Vi cos 2nt = E[ejzm +e lzm]

Vay chudi Fourrier dang ham mii:

2 an i
s(t) = —+Z ngl2nt | Z g ot
T

n=1 Nn=—x
2 0 0
., i a i
EPR DR Ty 2
n=1 n=1

Ta da doi bién so ¢ so hang sau. Vay C, li€n hé voi ay:

Cn Véin>0

@]
=]
I
aln N‘_fJ N|3$JJ

Véin<0

Cn

Trong trudng hop nay, C, 14 s6 thuc. Nén chi can v& mot d6 hinh.
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2/

2/3xw

-2 2 2/35n
Il Ilf()

> >

(o

=
—

3
-2/15n

o Hinh 2.4: Phd vach cua vidu 2 .
BiEn dOi Fourrier:

Mot tin hiéu khong tuan hoan dugce xem nhu 1a truong hop gi6i han ciia mét tin higu tuan
hoan, trong d6 chu ky T cta tin hiéu tién dén co. Néu chu ky tién dén oo, tan sé cin ban F tién
dén 0. Cac hoa tan khép lai véi nhau va, trong gidi han, téng chudi Fourrier biéu dién cho s(t) s&
tré thanh mot tich phan.

0

F [s0]-sH 2 janéﬂm o (2.10)

—00

F [.] ki hiéu cho bién d6i Fourrier cua [.].
_ Nocon duoc goi la phd - hai - phia ( Two - Side - Spectrum ) ctia s(t), vi ca hai thanh phan

tan s06 duong va am déu thu dugc tir (2.10). Gid st s(t) 1a mot ham thyc (vat 1y).

Mot cach tong quat, S(f) 1a mot ham phtc theo tin sb. S(f) ¢6 thé phan 1am hai ham thuc
X)) vayY(D):

S(f) = X(®) +jY(H) (2.11)

Dang trén goi 12‘17 dapg Cgrtesian, vi S(f) co thé duoc biéu dién trong mot hé truc toa do
Dqscartes. Ciing c6 thé bi€u dien S(f) trong mét h¢ truc cuc. Khi do, cap ham thuc s€ trinh bay
suat va pha.

s =1[s( | &%

(2.12)
Voi :
(B = VX 2(F) + Y 2(F) (2.13)
va:
- Iﬁg
0(f) = tan (x(f) (2.14)

Dang trén day con goi 1a dang cuc ( Polar form ).
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Pé xac dinh nhirng tan sé ndo hién hiru, ta khao sat phd cua xuat | S(f) . ( Doi khi goi tat
1a” Pho ).

Phé ctia mot dang song ( dong hay thé ) co thé thu dugc tir nhitng phép tinh toan hoc. N6
khong xuat hién mot cach vat 1y trong cac mach dién thuc té. Tuy nhién c6 thé dung Spectrum
Analyser d€ quan sat mot cach gan dung.

* P& phuc hdi lai s(t) tir bién d6i Fourrier ctia nd, ta tinh tich phan sau:

s(t) = _[ s(he?t dt = F ' [s()] (1)

Phuong trinh ndy thuong goi 12 bién d6i nguoc cia S(f). Hai ham s(t) va S(f) tao thanh mot
cap bieén doi Fourrier. Trong do, s(t) dién ta trong pham vi thoi gian, con S(f) dién ta trong
pham vi tan so.

Ky hiéu cho mot cap bién doi Fourrier :

) S(f) <> s(t)
Hodc s(t) <> S(f) (2.16)

Néu tin hiéu hodc nhiéu dugc mo ta trong pham vi nay, thi sy mo ta tuong ung trong pham
vi kia s€ dugc biét nho cach dung (2.10) hodc (2.15).

Dang song s(t) c6 thé bién ddi Fourrier dugc néu no thoa cac diéu kién Dirichelet. Tuy
nhién, tat ca cac dang song vat 1y trong ky thuat déu thoa cac diéu kién do.

Vi du 3: Phd ciia mdt xung expo.

Pit s(t) 14 mot xung expo tit ( Decaying Exponential Pulse ) bi ngat ( Switched ) tai
t=0.

gt t>0
— 1 2.16
() {0 ,t<0 ( )

Phd ctia xung nay c6 duoc bang dung phép bién dbi Fourrier.

1
1+ jorf (2.17)

S(H) =

Phé ctia S(f) c6 thé tinh bang cach hiru ty hoa mau sé (2.17)
1 . —2nrf
XO=—"3 Va YO=—"=
1+ (2nf) 1+ (2nf)

Va dang cuc:
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1 1
— e — * e =
s | /1+ Pl UG

Cap Fourrier trong vi du trén:
-t
e 0 o 1 (2.18)
0 ,1<0 1+ j2nf
Céac ham kY dI: ( Singnlarity Functions ).

Ta phai dua vao mot loai ham méi trude khi néi dén nhimg Gmg dung cua ly thuyét
Fourrier. Loai ham nay ndi 1én bat cir lic ndo ta phan giai cac loai ham tuan hoan. Do 1a mot
phan ciia nhom cac ham ky di. Chung c6 thé nhimg chuyén hoa ctia ham nac don vi.

1. Vi dy 4. Bién ddi Fourrier ctia ham céng ( Gating Function ):

Tim bién ddi cua s(t), trong do:

® A , |t|>a (2.19)
S(t) = .
0 , Phad khat
s(t)
A
t
=1 (] d >

Hinh 2.5 Tin hiéu s(t).

* Tt dinh nghia cua bién doi Fourrier.

S(f) = js(t)e‘jznft ot

o
. j2nft | a
= At g = —Ae_I
127'Ef -a
-
j2rnfa _ —j2nfo
_p g e (2.20)
j2nf
sin 2rnfa

=A
i
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4s(f)

20

f—\ 12a ml/oc =f
= A B A

Hinh 2.6 Anh cua s(t) trong bién d6i Fourier.

Nhimng ham thudc loai trén day rat phd bién trong ky thuat thong tin. Dé tranh lap lai ham
nay ta dinh nghia ham Sa(x) nhu sau:

sinx
)ﬁ.

Sa(x 2.21)

Khi d6 (2.20) duoc viét lai:
S(f) =2Aa . Sa( 2rnfa ) (2.22)

2. Ham xung lwc ( Impulse ).

Béy gid ta mudn tim bién d6i Fourrier ctia 1 hang, s(t) = A, véi moi t. Ta c¢6 thé xem n6 1a
gi61 han ctia xung g(t) khi oo — . Ta ¢0 gang theo cadch quanh co nay, vi ky thuat truc ti€p that
bai trong truong hop nay.

Khi 4p s(t) = A vao tich phan dinh nghia, ta co:

S(f) = I Ae 12t g (2.23)

Tich phén nay khong hoi tu. Tu (2.6), ta thay khi o — oo , bién dbi Fourrier tién dén vo
cuc tai goc va nhimng diém cit truc zero tré nén cach nhau v6 cung 16n. Nhu vy, trong gioi han,
chiéu cao cuia bién doi Fourrier tién dén vo cuc, con bé rong thi dén zero. Pidu nay nghe budn
cuoi ! Nhung né khong phai 1a mot ham thye sy véi moi luc vi né khong duge xac dinh tai £= 0.
Néu ta c6 néi bat ctr diéu gi vé bién d6i Fourrier cia mot hang, ta phai thay do6i cach nghi.

Su thay ddi do bat dau bfmg cach dinh nghia mét “ ham “ mai dat tén 1a xung luc ( ma n6
khong phai 1a mot ham thyc sy tai moi lic ). Ky hiéu 1a o(t).

Dinh nghia cta xung luc dugc tao boi 3 quan sat don gian. Hai trong sé d6 da noi dén roi,
do la:

o(t)=0 ,t=0

5() >0 ,t=0 (229)

Tinh chét tha 3 1a dién tich téng dudi dang xung luc la don vi:
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0

I S(tydt = 1 (2.25)

—00

Vi tat ca dién tich cua 3(t) tap trung tai mot diém, nhitng gi6i han trén tich phan c6 thé
chuyén vé goc ma khong lam thay doi gia tri cua tich phan. Vay:
b

.[S(t) d = 1 a<0; b>0 (2.26)
a
Ta c6 thé thiy rang tich phan cua 8(t) 1a u(t), ham nac don vi:
, >0

1
j 5(1) dr = {o o T U (2.27)

Béy gio ta tinh tich phan ctia mot ham bat ky véi 8(t).
js(t)éi(t) dt = js(O)S(t) dt (2.28)

O (2.28) ta da thay s(t) boi mot ham khong d6i, bang véi s(0) ma khong lam thay déi tich
phan. Ta nhé rang vi 8(t) = 0 voi moi t # 0. Vi thé tich cua 8(t) voi mot ham bt ky chi phu thude
tri gia cia ham d6 tai t = 0. V&i ham khong ddi ( theo thoi gian ) duoc chon, ta c6 thé dem nd ra
ngoai ddu tich phén.

Is(t)S(t) dt = s(O)J.B(t) dt = s0) (2.29)

Day la mot két qua c6 y nghia, va né dugc xem nhu la dic tinh miu ( Sampling Property
) ciia xung luc.

Néu dbi cac bién sb, s& c6 mot xung bi doi ( Shifted Impules ) véi dac tinh mau tuong tu.

p: e (2.30)
j‘s(t)S(t—to) dt = qu+to)6(k) dk = s(tp)
5('[) 6(‘[“[0)
1 1
t N ‘t

Hai hinh v& trén trinh bay 8(t) va 8( t - to ). Mii tén hudng 1én dé chi trj gia tién dén vo
cuc. S6 1 bén canh miii tén dé chi dién tich toan phan cia xung luc.
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