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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 cac 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 dwgc 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.

P s e oo Mhidu e ey
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Hinh 1.1 So d6 khéi cia mot hé thong vién thong.

Chu dich mot hé Vién thong 1a truyén mot tin tirc tir nguon, ky hiéu 1a s(t), dén Sink. Tin tirc
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 trc 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. Nhimng 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 n6 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
) 4nh sang kha
kién va UV (
T 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, bude 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

- "'_ro-'-""'-'_"
300 7 h———‘\ﬂ:},_pT ip F'
400 T

00T f__j—'LﬂPFI
2007

Tip T
160 1 ____J"_' e

N fefemdy

W/ 7. N

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 d¢ 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 no.
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
PEIE

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 Iy thuyét dung lugng kénh
ctia Shannon chiimg t6 rang mot tri gia vo han ctia S/N chi gi6i 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

(t)dt 2.2)
to

=~

-Vé6in=0; ap

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

to

—|n

-Véin=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:
21+
ba= —| 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).

Trude hét ta phai tim khai trién chudi Fourrier theo dang ham mii phiec.
. 1 , ., . R x. . £
Véi Fp= —, 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 gisi 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 sd 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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Vi du 5: Tinh cac tich phan sau:
a) éi(t)[t2 +1] dt

2
b) .B(t—l)[t2+l] dt

-1

5
c) jS(t—l)[t3+4t+2] dt
3

d) Té(l—t)[t4+2] dt

Giai:

a) Ap dung tryc tiép dic tinh miu:

.[S(t)[tz +1] —s(0)=02+1=1
b) Vi xung luc roi vao khoang cua tich phan: Tu phuong trinh (2.30)
2
.[S(t—l)[t2+1] dt =s(1)=1>+1=2
-1

¢) Xung luc xay ra ¢ t = 1, ndm ngoai khoang ca tich phan. Vay:
5
IS(t —1)[t3 T 2] dt =0
3
d)8( 1-t)roitait=1vidola gia tri cua t lam cho suat bang zero. Vay:

TS(l—t)[t4+2] dt = 1% +2 =3

* Bay gio ta tim bién do6i Fourrier cia mt xung luc:

8(t) <> j s(t)e 12t =e®=1 (2.31)

* Ta tré lai tinh bién ddi ctia 1 hang, s(t) = A. Ta dé thdy 1a tich phan xac dinh khong hoi
tu.

o0
Ao I A g 12t gt (2.32)

—00
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Véi f # 0, tich phan nay bi gidi han béi Af .
T

Véi £= 0 tich phan s€ ?

* Vi tich phan dinh nghia bién d6i Fourrier va tich phan dé tinh bién doi nguoc thi twong
tu, nén ta cd thé phong dodn rang bién doi ciia mot hang 1a 1 xung luc. Po6 1a vi, mot xung lyc
bién d6i thanh mot hang, vdy mt hang sé bién doi thanh mot xung luc.

Ta hay tim bién doi nguoc cua mot xung.

5(f) <> j 5(f)eZtdf =1 (2.33)
Nhu vy, diéu phong doan cua ta 1a ding! Bién dbi nguoc cia 5(f) 1a mot hang, vy ta cé:
A < Ad(f) (2.34)
* Néu ta bién déi nguwoe 1 xung lwe bi doi, ta khai trién cip bién doi sau:
AP 5> AS (f-1y) (2.35)

Vi du 6: Tim bién d6i Fourrier cta s(t) = cos2nfot

Giai: Dung cong thirc Euler, dé khai trién ham cosin:

Cos2nfot = 1 gi2nfot 1 o i2nfot
2 2

Bién d6i Fourrier cua s(t) 1a tong cac bién doi ctia 2 ham expo. Tir (2.34)

1 1
Cos2mfot <—>§8(f _f0)+§8(f +fo) (2.36)
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Bién doi nay dugc vé:

s(f)
1/2 1/2
l R f
10 10 >

Hinh 2.8 Bién ddi Fourier cua cos2mfot.

3. Ham néc don vi ( Unit step function ).

Mot cip bién d6i khac ma ta s& néi dén, 1a ham nac don vi. O day, mot lan nita, ta lai gin
ham vao dinh nghia cua phép bién doi, tich phan khong hoi tu. Ta lai dung dén ky thuat phong
doan. Va do su khong lién tuc cua ham nac, ky thuat ndy trd nén c6 nhiéu hy vong. Phép bién doi
thi twong ddi dé tinh khi ta thuc hién nhu sau:

u(t) = 1S9 (2.37)
2
Trong d6, ham Sgn dugc dinh nghia boi:
n :
s 1 ,t<0
sign (t)/2 1/2 U(t)/2
1
1/2 1/2
t + t = t

-1/2

Hinh 2.9 Tin hiéu ctia ham ddc.
NPT CT S |
Bién doi cua 5 la — 8(‘[).
Bién d6i ciia ham Sgn(t) c6 thé tinh ban% cach xem nd nhu 1a mot gidi han cuia ham expo.

Sgn(t) =lim t Sgn(t) ]
a—0

Trang I1.12
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-at

at

Hinh 2.10 Ham sgn(t).

Ta co: F[Sen(t)]=lim F [e*l Sgn(t) ] (3.39)
a—0

) 1 1 1
=lim - + - = -
a—>0 | j2nf +a j2nf —a| jnf

Bién d6i ciia ham nic don vi dugc cho boi phuong trinh (2.40)

u(t) < ZL + %S(f)

j2rf (2.40)
Phép chOng (CONVOLUTION)
Phép chong 2 ham r(t) va s(t) dugc dinh nghia béi thuat toan tich phan:
r(t) * s(t) = Jr(r)s(t—r) dr = js(r)r(t—r) dr (2.41)

Ky hiéu * thi duoc qui ude va doc “ r(t) chdng voi s(t) «.

Tich phan tht hai 13 két qua tir sy ddi bién s6 va chimg to rang phép chdng co tinh giao
hoan vay:

r(t) * s(t) = s(t) * r(t).
Nhé 1a phép chong 2 ham cia t 1a mot ham cua t. © 13 mot bién sb gia do tich phan ma ra.
Mot cach tong quat, tich phan ctia phuong trinh (2.41) thi rat kho tinh.

Vi du 7: Tinh phép chong cua r(t) véi s(t). Trong do, r(t) va s(t) 1a nhimg xung vudng duoc
v€ nhu hinh.

r(t) s(t)

Hinh 2.11 Dang tin hi¢u r(t) va s(t).
Giai:
Céc ham c6 thé viét dudi dang:
rt)=u(t+1)-u(t-1)
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s =u(t+2)-u(t-2)
Trong d6, u(t) 1a ham nic dinh nghia boi:

() = 1 ,1>0
70 <o
Phép chong

H(0) * s(t) & I ((7)s(t—1) e
Ta thay rang:

r(t)=u(t+1) -u(r-1)
va:

s(t-t) =u(t-t+2)-u(t-1-2)
(1) s(t-t) = u (t+1)u(t-t+2) - u(r+1)u(t-t-2) - u(r-1)u(t-t+2) + u(t-1)u(t-t-2)
Nhu vay, tich phan dugc tinh thanh timg phan:

H(0) * s(t) = ju(r+1)u(t—r+2) dr-Iu(r+l)u(t—r—2) dr
-Iu(r—l)u(t—r+2) dr+ Ju(r—l)u(t—r—Z) de

Bay gi0, ta nhd rang u (©+ 1) thi bang zero vdi 1< -1 vau (7 - 1) thi bang zero véi t < 1.
Nhu vay, nhitng gidi han cua tich phan duoc thu lai:

r(t) * s(t) = Ju(t—r+2) dr-ju(t—r—Z) dc
-1 -1
-ju(t—r+2) dr+Iu(t—r—2) dr
1 1

Ta da thay mét cua cac ham nac bang tri gia cua nd (12 1) trong khoang ma né ap dung.
Bay gio, ta c0 gang tinh tung tich phan. Nho la:

ut-t+2)=0 ,T>t+2
va u(t-t-2)=0 ,T>1-2
Ta co:
0 t+2
Iu(t—r+2) dr = jdr 143
-1 -1

( Virang t+2 > -1 hoic t > -3. O khoang khac, tich phan 14 zero).
-Néut-2>-1hodc t> 1,
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© t—-2

Iu(t—r—Z) dr = de =t-1

-1 -1
-Néut+2>+1hodct> -1,

0 t+2

ju(t—r+2) dr = jdr - t+1

1 1

-Néut-2>1hoict>3,

00 t-2

Iu(t—t—Z) dr = J.dr - t-3

1 1
Dung 4 két qua do ta co:

r(t) * s(t) = (t+ 3u(t + 3) - (t- Du(t- 1) - (¢+ Dut + 1) + (t - 3u(t - 3)

Bon s6 hang nay va tong cta ching duoc v& nhu hinh dudi dy. Tir vi du khiém ton nay, ta
c6 the thay rang néu r(t) hodc s(t) chira ham nac, thi cach tinh phép chong trd nén rat ling tung.

Hinh 2.12 Phép chdng cua tin hiéu r(t) va tin hiéu s(t).

(t+3)U(t+3) (t-3)U(t-3)
3
/ t t
(DUt (t=HUED
i : 1 F
AN
r(t)*s(t)
2

Phép chOng dO hinh ( Graphical convolution )

Néu r(t) va s(t) qua phurc tap, hodc dang song khong dugce biét chinh xéc, ta c6 thé dung
phép chong d6 hinh. Phuong phap nay dung nhimg quan sat va kiém tra tong quat ma khong
phai tinh chi tiét cac tich phan. Trong nhiéu 4p dung thong tin, phuong phap nay thi di ma
khong can thiét phai tinh mot phép chong chinh xéc.

Vi du 8: Dung phép chong d6 hinh cho 2 ham & vi du 7.
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Hinh 2.13 Phép chong d6 hinh cho hai ham & vi du 7.

t s(tpd) r(t)s(t-1) Dién tich
4 ¢ : 0
1 1
1 0

SRIngs)

f)
R
R
1 1
| 1z
22 1L %) 2
1 I 1 )
11 D! %
1 1
—15 1 1 1 15
inn L1 .
-1 1 1 1 2
I - W
_l 1 1 1 2
I —— 7
5 5
1 1 1
| 11 ) YV 5
2 1 1 1
{11 ds | ol D272 2
1 1 1
e z e
1
5
I
5

1

Anh qua guong ciia s(t) 1a s( - 7). D6 13 s(t) duoc phan xa qua truc ding.

B

~ V&i mot t cho sén, ta 1ap s(t - 1), bicu dién cho ham s( - t) bi doi v& phia phai boi t. Sau do,
ta lay tich so:
r(t) s()(t-7)

Va lay tich phéan cua tich s6 nay ( chinh 13 tim dién tich ) dé c6 duoc trj gia ctia phép chong
ung voi tri gia cuat.
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Hinh trén déy trinh bay 12 khung cta su doi hinh. Véi vi du ddc biét nay, khong bét budc
s(t) phai phan xa dé c6 anh qua guong, vi s(t) la mdt ham chan.

Nhé 1a dién tich cua tich s6 biéu dién cho tri gia cia phép chdng. Dién tich nay dugc vé
thanh mot chudi cac diém. C6 thé thay 1a két qua gidng nhu & vidu 7.

DBuong n01’cac diém la duong thgng. Diéu d6 hién nhién, vi phép chong trg thanh tich phan
cua mot hang. Két qua cho mdt ham doc ( Ramp Function ).

r(t)*s(t)
2

Hinh 2.14 Két qua phép chong do hinh cia s(t) va r(t).
Vi du 9: Tinh phép chong ( bang db hinh ) ctia 2 ham sau day: (Sinh vién tu giai)

r(t) s(t)
1 1

v

Hinh 2.15 Tin hi¢u s(t) va r(t) .
Béy gid ta xem phép chong ciia mot ham bat ky véi xung luc 8(t).

S(T) * s(t) = j S()s(t—1)dt = (t—0) = (1) (2.42)

Nhue vdy mét ham bat ky chong véi mét xung lic thi git nguyén khong thay doi.
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Hinh 2.16 Két qua phép chong dd hinh cia s(t) va r(t)
Néu ta chdng s(t) voi xung luc bi doi ( Shifted ) 3(t - to), ta thay:

8(t - to) * s(t) = '[ 3(t—to)s(t—1)ck = S(t—0) = S(t—ty) (2.43)

Tém lai, phép chong s(t) véi mot xung luc khong lam thay déi dang ham ciia s(t). Cé thé
chi gay nén mot sy doi thoi gian trong s(t) néu xung lyc khong xay ra tai t = 0.

Gio ta da co khai niém vé thuat toan goi 1a “ phép chong . Ta hiy tro lai phép bién doi
Fourrier. Dinh ly vé phép chong:

Néu 1(t) <> R(f)
Va s(t) < S(f)
Thi: r(t) * s(t) <> R(). S(f) (2.44)

C6 thé chimg minh tryc tiép dinh 1y bang cach tinh bién doi Fourrier ctua phép chong.

Ta ciing c6 thé chimg minh:
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R(f) * S(f) <> 1(t) . s(t) (2.45)
Bang cach tinh bién dbi Fourrier nguoc.

Vi du 9: Dung dinh 1y phép chong dé tinh tich phan sau:

J‘smBT sn(t—r) de
T t—1

Giai:

Tich phan trén biéu dién phép chong ctia 2 ham theo thoi gian:

-+
No
|
4

1l
17270

Bién d6i1 Fourrier cua tich phan 1a tich ctia bién d61 Fourrier ciia 2 ham. Hai bién d6i nay c6
thé xem & bang phu luc.

Hinh 2.17 Tich cua hai bién d6i Fourier tir s(t) va r(t).
Lay bién dbi Fourrier nguoc cua tich ndy, ta s& c6 két qua cta phép chong. D6 1a:
nsint
t

DInh 1y PaRseval

Dang song cua mot ham va cua bién doi Fourrier cua nd thi rat it giong nhau. Tuy nhién,
mot vai h¢ thirc hién hitu gitta ndng lugng cua mot ham thoi gian va nang luong cta bién doi
Fourrier cta no.
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Dung “ nang lugng “ dé chi tich phan cua binh phuong ctia ham. Tir nay dugc dung va né
biéu dién tri gia nang lugng ( watt - sec ) ti€u tan trong dién trd 1Q2 néu tin hi€u 1a dién thé hoac
dong dién ngang qua dién tro.

Ta co:

r(t) s(t) <> R(f) * S()

0

Flr(t)s(t)] = I r(t)s(t)e 12 dt (2.46)

—00

_ I R(K)S(F — k) dk

Vi dang thirc nay dung v6i moi f, ta dat f= 0. Khi do:

j ((H)s(t) dt= j R(K)S(—k) dk (2.47)

Biéu thirc (2.47) 1a mot dang ctia cong thirc Paseval. N6 lién quan dén ning luong nén ta
xét truong hop déc biét:

s(t) =1 * (1)
r*(t) 1a 1ién hop cua r(t).
F [ r*(t)] cho boi lién hop cua bién dbi Fourrier, bi phan xa qua truc doc. P6 1a
R*(-f).
Dung két qua cua (2.47), ta duoc:

Trz(t) dt = ]E‘Rz(f)‘ df (2.48)

Phuong trinh (2.48) chiing to rang ning luong ciia ham theo t thi bang véi ning luong clia
bién d6i Fourrier ctia no.
NHUNG tinh chAt cUa biEn dOi Fourrier
1. Thyc / 4o - Chan / I&.

Béng sau ddy tom tat nhiing tinh chat ciia bién doi Fourrier dya trén sy quan sat quan sat
ham theo t.

Ham thoi gian Bién dbi Fourrier
A Thuc Phan thuc chin - Phan ao 1&
B Thuc va chin Thuc va chin
C Thyc va 1¢ Aovale
D Ao Phan thuc 1é - Phén 40 chian
E Ao va chin Ao va chin
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F Ao valé Thuyc va 1é

C6 thé dung cong thirc Euler dé chimg minh:

S(f) = 's(t)e‘jZTtft dt

L
—00

— [ s(t)ycos2nft dt — | j S(t) sin 2nft dit
—R+jX

R 1a mot ham chén cua f vi khi f duge thay béng -f thi ham khong doi. Tuong tu, X 1a mot
ham 1¢ cua f.

Néu s(t) gia sur 1a thuc, R trd thanh phan thuc cta bién dbi va X 1a phan do. Vay tinh chét
A da dugc ching minh.

Néu s(t) thyc va chan, thi X = 0. Diéu nay ding vi X 1¢& ( tich cia ham chan va 1¢ ) va tich
phan 1a 0. Vay tinh chat B da dugc chung minh.

Néu s(t) thuc va 16, R = 0. ( Tinh chét C ).

Néu s(t) 40, X tré thanh phan 4o cta bién ddi va R 1a phan thyc. Tir quan sat don gian do,
cac tich chat D, E, F dé¢ dang dugc ching that.
2. Doi thoi gian ( Time Shift ).

Bién doi Fourrier ciia mét ham thoi gian bi doi thi bang véi bién doi ciia ham thoi gian
goc nhan boi mot ham expo phurc.

37 S(f) > s(t - o)
(2.49)

Vidu 10: Tim bién do6i Fourrier cua:

1 ,O<t<2
s(t) = A
0 ,pha d khat
s(t)
1

v

Hinh 2.18 Dang tin hi¢u s(t).

Giai: Tu dinh nghia ta co:
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2 ) —jonft = )
TT
0

_ e_jznf sin 2rf
7f
Két qua nay co thé thu duoc tir viée dung mot ham nic trong vi du 4 va tinh chat doi thoi
gian. s(t) & vi du 10 trén day thi giong nhu ¢ vi du 4 ( Vi A = a = 1), ngoai trir viéc dich thoi
gian 1 sec.

4. Doi tan sé ( Frequency shift ).

Ham theo thoi gian tuong Gmg voi mot bién doi Fourrier doi tan thi bang v6i ham theo thoi
gian cua bién doi khong doi tan nhan véi 1 ham expo phuec.

27t
S(f - fi (.
(f-fo) e st (2.50)
Vi du 11: Tim bién d6i Fourrier cua s(t).
e |t]<1
s(t) =
0 , phé& & khat

Giai:
s(t) nay gidng nhu s(t) & vi du 4 (v6i A = a = 1), trir viéc nhan véi thira s6 &*™ .
. ,Binh 1y vé sy doi tan duoc dung dé thiy rang bién d6i 1a bién doi gbe bi doi bai mot don vi
tan so.
Nhu vay, ta lay bién dbi trong vi du 4 va thay thé f- 1 cho f.
sin2r(f -1)

S = n(f -1)

S(f)

Hinh 2.19 Bién d6i Fourier cua tin hiéu s(t).

5. Su tuyén tinh.
Su tuyén tinh 1a tinh chat quan trong nhat ctia phép bién ddi Fourrier.

Bién d6i Fourrier cia mot t6 hop tuyén tinh ciia cac ham theo thoi gian 1a mét t6 hop
tuyén tinh cua céac bién doi Fourrier twong ting.
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asi(t) + bsy(t) <> aS;(f) + bS()

Trong d6 a, b 1a nhirg hang bat ky.

(2.51)

C6 thé chimg minh tryc tiép tir dinh nghia cta phép bién d6i Fourrier va tir tinh chét ctia

tuyén tinh ctia thuat toan tich phén.
J.[asl(t) + bsz(t)]e—jZTCft di= aJ’Sl(t)e—jZEftdt n bJ‘ Sz(t)e—jZtht dt

=aS(f) + bSy(f)
Vidu 12: Tim bién d6i Fourrier cua s(t).
1 —l<t<O
2 , O<t<1
1 , 1<t< 2
0 , Phad khat

s(t) =

s(t)

=
y

D
Un
e

Hinh 2.20 Bién d6i Fourier cta tin hiéu s(t).
Giai:

vidu 11.

Vay, bién d6i F cho bdi tong cia hai bien doi.

S(f) = sin 2xf [1+e_j2nf
nif

Vi ham duoc cho s€ chan néu bi doi vé trai 0,5 sec, ta ¢ the viét lai.

S() = 2sm 2nf cosnf o it
) _ nf
DINh 1y vE sU biEn diEu

Dinh 1y nay két hop chit ché véi dinh 1y vé sy doi tan.

Cho mot ham s(t) va bién doi Fourrier cua nd. Ham s(t) nhan vo1 mét song cosin:

s(t) cos2mf,t
Trong do, f; 1a tan sd cua cosin.

Bién do6i Fourrier cua dang song nay cho bai:

Ta dung tinh chét tuyén tinh va thay rang s(t) 13 tong ctia ham trong vi du 4 v&i ham trong
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F [s(t) cos2mtfot | = %S(f ~fo) +—]2-S(f +fo) (2.52)

Ket qua cua sy nhan mot ham theo t voi mot ham sin thuan tuy la lam doi bien doi goc, ca
chiéu lén va chiéu xuong, boi tan so cua ham sin. ( Va cat bién do con phdn nita).

Ta c6 thé ching minh tryc tiép tir dinh 1y doi tan. Phan cos2nfyt thanh 2 thanh phan expo
va ap dinh 1y doi tan cho ta thay rang bién doi F cia mdt ham tuan hoan theo t 1a mot doan xung
luc cach déu nhau. Mo6i xung luc c6 do 16n ( Strength ) bang voi hé so6 C, twong ing.

Vi du 12: Tim bién ddi F ctia ham tudn hoan tao béi cac xung lyc don vi nhu hinh v&. Ham
cho bdi:

s(t) = ZS(t— nT)

N=-o0

s(t)

Hinh 2.21 Ham tuan hoan s(t).

Giai:

Bién d6i F cho bai phuong trinh (2.53)

S(f) = Y Cod(f ~nfo)

N=-o0

Trong do:

Cn _ s(t)e—jHZthot dt

=~
—_—r |

|
N

Trong khoang ciia tich phan, su phan bd ciia s(t) chi do xung luc tai gbc. Vay:
T

2
Co= J S(t)e 2ot g =
T

1 1
T T

2

Cudi cung, bién d6i F cua doan xung lyuc la:
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(=2 > 3(f - nfo)

N=—owo
Trong dé6 fy = 1 )
T
M&i thanh phan:

s(t) cos2nfot = lzs(t)ejz’ffot i Ezs(t)e—janot
Céc ham tuAn hoan

O vi du 6, ta di thay blen d6i F caoa 1 ham cosin (fo) va tai tri am cua tan sb nay
(-fo). Bay gio, ta s€ ching to rang bién ddi F ciia mdt ham bat ky 13 mot ham roi rac ciia tin
s0. D6 1a bién ddi thi khac zero chi tai nhitng diém roi rac doc theo truc f.

Céch chimg minh dua vao su khai trién chudi F va sy tuyén tinh cta phép bién dbi F.

Gia str ta phai tim bién d6i F ctia mot ham tuan hoan s(t), v6i chu ky T. Ta c6 thé viét ham
s(t) theo céach biéu dién chuoi F phuec.

s(t) = i CnejnZchOt
N=—o
Trong do f, = 1
T
Ta 1ap mot cap bién d6i:

AP™ 5 A (f - fy)

Tir cdp nay va tinh tuyén tinh cua phép bién doi F, ta co:

Fsmi= ) c, F ™™ (2.53)

Nn=—

Bién doi nay dugc v& nhu hinh du6i ddy. Nhé 1a C, 1a s6 phirc, vay hinh v& chi ¢6 chi dich
trinh bay khai ni¢m. Néu ham s(t) thuc va chan, C, s¢€ thuc.

s(f)
C_z C() CZ C4
................ x [ I T e
=10 1o 2f0 4f0 >

Hinh 2.22 Bién d6i Fourier ctia ham tuan hoan s(t).
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Chwong ITI: CAC HE TUYEN TINH

DAI CUONG.

HAM HE THONG.

HAM CHUYEN PHUC: (COMPLEX TRANSFER FUNTION).
CAC MACH LOC.

CAC LOC THUC TE.

CAC LOC TAC PONG.

TICH CUA THOI GIAN VA KHO BANG.

CONG SUAT VA NANG LUONG.

o PHAN TICH PHO.
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I. PAI CUONG:

Mot hé théng la mot tap hop nhitng dinh luat lién két mot ham thoi gian & ngd ra voi moi
ham thoi gian 0 ngd vao.
So do khoi biéu dién mot h¢ thong v€ & hinh 3. 1.

r(t) s(t)

— —

Hinh 3.1
- Input hay ngudn tin r(t).
- Output hay dap tng ciia ngudn tin s(t).
Céu trac vat 1y thuc té ctia hé xac dinh hé thtc chinh xac gitra r(t) va s(t). Su lién hé giira
Input va Ouput dugc ding ky hiéu 1a mili tén mot chiéu.
r(t) — s(t)
Néu hé 1a mot mach dién, r(t) c6 thé 1a dién thé hodc dong dién va s(t) co thé 1a dién thé
hodc dong dién dugc do bét ky noi dau trong mach.
[] Mot hé dugc ndi 1a Chong chdt ( Superposition ) néu dap tmg do tong cac tin hiéu
vao la tong cua cac dap ung riéng tuong Gmg. Nghia 13, néu s,(t) 1a dap tng cua ri(t) va sa(t) 1a
dap tng cua ry(t) thi dap ung cia ri(t) + ra(t) 1a s;(t) + sa(t).

Néu r,(t) = s, (1)
1, (t) = s,(t)
Thi: 5 (t)+1,(t) = s,(t)+s,(t) (3.1

Mot khai niém lién quan dén tinh chong chit 1a su tuyén tinh. Gia st r(t) — s;(t) va
12(t) = sy(t). Hé thdng dugc noi 1a tuyén tinh néu hé thirc sau day dugc giir dung véi moi tri gia
clia cac hang a va b:
ar (t)+bur,(t) > as, (t)+bs,(t) (3.2)
Mot hé thdng duge noi 1a “ Khong doi theo thoi gian “ ( Time invariant ) néu dap tng
cua mot tin hiéu vao khdng phu thude vao thoi diém ma tin hiéu do tac dong 1én hé.
Mot thoi tré ( Time shift ) trong tin hiéu vao s& gy ra mot thoi tré bang nhu vay trong dap
ung cua no :
Néu r(t) > s(t)
Thi r(t—t,) —>s(t—t,) ,vO1 moi ty thuc.
Mot diéu kién di cho mot mach dién khong ddi theo thoi gian 13 cac thanh phan cia né
c6 tri gia khong doi voi thoi gian ( gia st cac diéu kién dau khong doi ). Po 1a dién tro, tu va
cudn cam.

II. HAM HE THONG:

Pé dic trung hoa mot hé théqg tu}fén tinh khong dé)i theo thoi gian, ta co thé dung mot
phuong phap rat don gian. Thay vi can biét dap tmg cta moéi tin hi€u vao, ta chi can bict dap ing
ctia mot tin hi¢u thir (test input) ma thoi. Tin hiu thir 1a xung lyc. Xem phép chong:

r(t)= r(t) x S (t)
= Cr(0)8(t-1)de (3.3)

Ta xem tich phan 13 truong hop gidi han cia mot tong:
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r(t) = liir}) ir(nAr)S(t —nATt)At (3.4)

Phuong trinh (3.4) biéu dién téng trong lugng cua xung lyc bi tré. Nhu vay, tin hi¢u ra la
mot tong cac dap tng ra bi tré ciia mot xung luc duy nhat.

Gia sir, ta biét dap (mg ra ctia mach do mot xung lyc duy nhét gay ra va ky hiéu d6 1a h(t)
(dép trng xung luc).

Vay dap tng do tin hiéu vao ctuia phuong trinh (3.4) la:

s(t) = 2210 ir(nAr)h(t —nAT)At (3.5)

Néu ldy giéi han, no trd thanh tich phan:
s(t) = [ r(mh(t-)dr

s(t) = r(t) x h(t) (3-6)

Phuong trinh (3.6) chimg to rang dap Gmg ctia bat ky tin hiéu vao nao ciing c6 thé tim duoc
bang cach chong né véi dap img xung luc cta hé thdng.

Anh Fourier cua xung luc 1a 1. Vay mdt céach truc giac, ta théy o(t) chura tat ca moi tan so.
Vi thé xung lyc thuong dugc xem nhu 1a mot tin hi¢u thir (Test Signal) cho h¢ théng. Cho mét
xung luc & ngod vao hé thdng, ngd ra ta c6 dap tmg h(t). Can cr trén h(t), ta c6 thé xac dinh duoc
nhiing dat trung cua h¢.

3(t) h(t)

Hinh 3.2: DBap ung xung lyc

Ta khong thé tao duoc mot xung luc 1y tudng trong thuc t& ma chi co thé xem noé xép xi
v&1 mot xung ¢d bién do that 16mn va rat hep.

Léy bién d6i F phuong trinh (3.6) :

S(f) = R(f) H(H) (3.7)
Hoac H(F) = S(H) (3.3)
R(f)

H(f) 1a ham chuyén hodc ham h¢ thong.

IIILHAM CHUYEN PHUC: (complex transfer funtion)

Ham chuyén phirc ciia mot hé 1 ti s6 phasor & ngo ra va phasor & ngod vao. Phasor 1a mot
s6 phirc biéu dién bién do va pha ctia ham sin. Ti s6 cac phasor 1a mot ham phire caa tan sb.
Trong truong hop dit biét, ngd vao 1a dong dién va ngd ra la dién thé, thi ham chuyén phuc 1a
mot tong trd phire (complex impedance).

Td: Xem Hinh 3.3. Trong do, i, (t) 1a ngd vao va v(t) 1a ngo ra.
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+ .
i (t) wit) 10 E zh
q Hinh 3.3
Ham chuyén cho boi:
4jnf
H(f)= 3.9
® 1+ 4jnf (39)
Néu i, (t) 1a Output, ham chuyén 1 :
1
H(f) = 3.10
® 1+ 4jrf ( )

Ta da dung cung ky hiéu H(f) dé chi ham chuyén phirc cia hé va do ciing chinh 14 anh
Fourier cua dap ung xung luc.

HO=FThw]
IV.CAC MACH LOC:

Céac mach loc dung dé 1am giam thanh phan tan sé khong mong mudén khoi mot song.
Nhiéu hé thdng thong tin ¢6 chira cac mach loc 1y tudong khong lam méo tin hiéu.

Mot tin hiéu bj méo (distorted) khi dang séng co ban ciia n6 bi bién dang - Luru ¥ 14 r(t) c6
thé duoc nhan boi mot hang va bi doi (thoi gian) ma khong 1am thay d6i dang song co ban,
truong hop nay khong xem 1a tin hiéu bi méo.

Xem A.r (t - to) 1a mot phién ban cua r(t) - Trong d6 A va t; 1a nhiing hing thyc bat
ky. A khong thé bang zero.

-ionft
F 5 Art-t0) & Ae PO R() (3.11)
Ta xem d6 nhu 1a Output ctia mot hé tuyén tinh véi input 13 r(t) va ham hé thng
i2nft
H(f) = Ae 2™ (3.12)
H(f) 14 ham phirc, duoc v& & Hinh 3.4 (xuat va pha).

—_— I—I|:f:| —

[Fi] pha [Hifj]
" g6 dée=- 2T tg
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Hinh 3.4: Nhitng dac tinh cia mot h¢ khong méo.
Loc ha thong ly tudng.
Mot loc ha thong 1y tuong 1a mot hé tuyén tinh, tac dong gidng nhu mét loc 1y tuong khong
méo. Nhirng thanh phén tan sb 1on hon tan s6 cat caa loc déu bi chan, khong xuét hién & ngo ra.
Tan sd cét 1a tAn sb cao nhat duoc di qua mach loc, Ky hiéu la f;,.

Ham hé thong la:
Ae 2
H(f) = { ’

0 >f

~ Ham chuyén ciia mach ha thong ly tuéng dugc vé ¢ Hinh 3.5. Nh¢ la, vi h(t) thi thue, nén
suat cua H(f) thi chan va pha thi lé¢. (Hinh 3.4)

<f_

A|H(f)| A
A ph|H(F)|

A\ 4

A\ 4

Hinh 3.5: Dac tinh cua loc ha thong 1y tudng.
Pap tng xung' luc ciia loc ha thong 1y twong cé duge bang cach tinh bién doi F nguoc.
f . .
h(t) = j mf Ae P o2 gf (3.13)

_ Asin2zf, (t-t,)
n(t-t,)

LNt

o T
VAVESvAvA

Hinh 3.6: Pap ing xung lyc cta ha thong ly tuong.
Loc day thong 1y tudng:
Loc day thong 1y tuong cho qua nhitng tan s6 giita hai tin sd khac khong, fi va fy. N6 tac
dong nhu mot hé khong méo 1y tuong, tin hiéu ra khong chira nhitng thanh phin tin s nam
ngoai diy thong loc. Ham hé thong cua né:

Ae P g <|f| <1y
H(f) = (3.14)

0 ,Phadkhaic

Trang IIL.5



Co S& Vién Thong Pham Vin Tin

|HiB)| phH(f)]

-ty -f fi fH r -fy —f . f.|_ fH

Hinh 3.7: Ham hé thong cua loc ddy théng 1y tuong.

Pap tmg xung luc cua loc, c6 thé tinh bang cach F' cia H(f). (Khai trién tir dap ing xung
lyc cta loc ha thong va dung dinh 1y doi tﬁn). Ham hé théng 6 thé viét :

H(f):HLP(f—fL;fHJ+HLP(f+fL;fH) (3.15)
[Heo) Hyp (0
A
Al
{ ;
-y - fy fL i fL _fl-{ fH — fL
2 2

’ Hinh 3.8: Dac tinh cua loc day va ha thong.
Néu ta dinh nghia diém gilta (midpoint) cua ddy thong (trung binh cua fi va fy)
laf,, :

Dap tng xung luc cho bai:

j2Ttfavt
h(t) = hep(t)e + hep(t) €
= 2hrp(t)cos2nf,t= 2hyp(t)cos[m (fr + fu)t | (3.16)

-j2Tfavt

Tupt(3.13)taco:
b, (1) = Asinn(f, —f, )t
r TEt r
Két hop (3.16) va (3.17) thém vao tinh chat doi thoi gian, ta tim dugc dap ung xung luc
cua day thong ly tudng:

(3.17)

h(t) = 2Asin[n(f,, —f, Xt ;(‘f[o_)]fo)s[n(fL +f, t—t, )] (3.18)
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Hinh 3.9: Dap ung cua loc day thong ly tuong

Dang song cua dap tmg xung lyc twong tu nhu cua loc ha thong. Khi 2 tan sd gidi han tre
nén l6n so vo1 hiéu s6 gitra chiing, dap (mg xung luc gidng duong cham cham (dap ung xung luc
cta loc ha thong va anh qua guong ctia nd ). Piéu d6 xay ra khi tan s6 cua ddy loc 16n hon so véi
bé rong cua diy thong. Nhan xét ndy co y nghia khi ta khao sat vé su bién diéu AM.

Su Méo Dang:

Méo tuyén tinh co thé giy ra nhitng van dé trong cac hé théng truyén xung hodc trong
thong tin s6. Su méo nay duoc dic trung boi thoi gian lan téa (spreading) do hiéu Gng nhiéu
duong hodc do dac tinh cua kénh.

H() = AP (3.19)
A(f): Thira s6 bién do ; 0(f): Thira s6 pha.

Su méo dang sinh ra tir hai thira s6 phy thudc tan sé & phuong trinh (3.19). Néu A(f) khong
13 hing, ta c6 su méo bién d6. Néu 0(f) khong tuyén tinh véi f, ta co su méo pha.

Méo bién do.

Trudce hét Gia sir 6(f) tuyén tinh véi .

Ham chuyén c6 dang:

H(f) = A(H)e
Trong d6 hang sd ti 16 ctia pha 13 t, vi n6 biéu dién cho thoi tré cta kénh.
Mot cach tong quat dé phan tich biéu thirc ndy véi su bién thién cta bién do 1a khai trién
A(f) thanh chudi Fonrier.

H(f) = 2Hn(f) (3.21)

jonft
Jentio (3.20)

Céc hang cua tong c6 dang
H (f)=a, cos[nf—nfj.e'jz“ﬁ“ (3.22)

Chung ta c6 thé lién két v6i loc Cosine, ma dic tuyén bién do cho song Cosine trong diy

thong nhu hinh 3.10 (v6in = 2).
| Hif) |
VD (I
VAR

—fm fm
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Hinh 3.10: Loc cosine
Ham h¢ thong cua loc nay la:

H(f) = [A + acosi—nf].e_ﬂ"ﬂ"

m

=Ae *™ 4 a{exp{j%cf(fL —-t, ﬂ + exp{jan{—fi —t, ﬂ}

Néu input 13 r(t) vao loc cosine bi gidi han boi bang tan thi Output la:

a 1 a 1
S(t)—A.r(t—to)+Er(t+f——toj+§r[t—f——toJ (323)

m m

Phuong trinh (3.23) cho thay dap tmg c6 dang ctia mot phién ban khong méo cta input
cong thém 2 phién ban bj doi thoi gian (time - shifted) ( tiéng vang / da 16 ) echoes/multipaths.

Tré lai truong hop loc téng quat, ta théy Output ciia mdt hé voi sy méo bién do 1a mot téng
cac input bi tré.

Vay voi:

H(f)=a, co{nf—“f}ei“ﬂo (3.24)
n=0

m

Thi Output do mot input r(t) 1a :

S(t) = i,az {r(t+%—toj+r[t—%—toj} (3.25)

Thi du:
Xem loc ¢6 dic tinh tam giac nhu Hinh 3.11. Gia s pha thi tuyén tinh, v6i d6 doc

-2mty. Tim Output cua mach nay khi input 1a r(t) = sin 400nt

Hif)

10004377 1.000/577

Hinh 3.11
Giai :
Khai trién H(f) thanh chuéi F
nf 4 3nf 4 Suf
+ 2COS + 2COS +
1000 97> 1000 257> 1000

1 4
H(f)=—r+—-cos
® 2 n’
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1(t) bi gidi han trong khoang sao cho tat ca tan s6 déu qua mach loc. Diéu nay ding vi R(f)

=‘O tai cac tan sb trén 200/2n va mach loc cit tai f= 1000/. Néu ta gitr 3 s6 hang khéac khong
dau tién thi Output s€ 1a: s(t) = r(t) * h(t).

2 T T
s(t)=— ( )+n—{ (t_IOOO_t j+r(t+m—t ﬂ
2 kY4 RY/4
on “tmt) (”m* ﬂ

Két qua nay duoc v€ nhu hinh 3.12 véi t, = 0,05 sec.
Nhing dinh danh dau X 1a nhiing dinh khong méo cua s(t).

60+ i

301

104 X ¥

P AN St
0.05

_'][:] 1

201 b4 hs
Hinh 3.12

Me¢éo pha :

Su thay dbi pha tir truong hop khong meo (pha tuyén tinh) c6 the dugc déc trung béang su
thay d6i do doc cta dic tuyén pha va dic tuyén ciua mot duong tir gbc dén mot diém trén dudng
cong dic tuyén.

Ta dinh nghia Tré nhém (Group delay hay tré bao hinh) va #¢ pha (Phase delay) nhu sau:

& do(f)
(= =
a 0(f)

ph(f) ot

(3.26)

0 ssdbe=m tor

—;"d'f" déc =21 tphifo) ;

f

a

Hinh 3.13 : Tré nhém va tré pha.
* P01 vo1 mot kénh Khong méo Iy twong, dic tuyén pha 1la mdt duong thang. Vay tre
nhom va tré pha déu khong do6i véi moi f. That vay, cd hai s€ bang vdi thoi tre ty cua tin hiéu
vao.
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V.CAC LQC THUC TE:

Bay gid ta trinh bay nhimg mach thuc té, xap xi voi cac loc diy thong va ha thong 1y
tuong. Gia sir rang H(f) tién dén ham hé théng cia mot loc 1y twong - Mot sy thay doi nho cia
H(f) c6 thé dua dén mot su thay doi twong dbi 16n ctua H(t). Ta c6 thé khao sat nhitng hau qua
ctia sy thay ddi tir tinh chat bién d6 khong d6i hodc tir tinh chat tuyén tinh cta pha cta ham hé
théng cta loc Iy tudng.

Loc ha thong:

Mach thu dong don gian nhét xép xi vé1 mot loc ha thong 1a mach chi chira mot thanh phf?m
tich trit nang luong. Thi du mach RC nhu Hinh 3.13 . Diéu nay dung, vi khi tan sd ting, tu xem
nhu bi néi tit.

K

¥in (t)

I
D{'.
=
=
=

Hinh 3.13: Loc ha thong RC

Ham chuyén:

1/j2afC 1

H(f) = : =—
R+(1/j27fC) 1+ j24fRC

(3.27)

Suét va pha:
[H()

1
J1+Q2nfRC)?

0 (f) = - tan” (2nfRC)

A - 1 A 5 \ A .9 A 1 c LA A . 71N LA
—Neéu dat RC =—, suat cia ham chuyén giam dén — tai tan so 1 Hz. Ta goi d¢ 1a tan
2r J2
s6 cat 3 db cua loc.
Hinh 3. 14 chi suat va pha cua mach RC, so sanh véi duong cong d6 lgi ciia mdt loc ha
thong ly tudng cé tan so cat 1Hz.
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0.00 ——— K 0.0
SRS \ AC gain
"\\ /
—8.00 o
S 18.0
™
i
Ideal
= —16.00 5 LPF gain —-36.0 —
=] N T
A=) N =
<0 N o
= —24.00 < —-54.0
N RC phase
\
\\/
—32.00 N —72.0
‘\.“'H.
—40.00 1 | S )P S g 1 1 o N LT i ! I B ) |||-|_-—g[)_0
10m 100 m 1 10
Hz
(a)
0.00 0.0
\\
\
\ \ :
-8.00 —% RC gain -18.0
\ o
= —16.00 N~ Ideal gain —— -36.0 ©
=) *-_"““--_______ =
=5 el (=u
= \ j
@ —24.00 \\\ —54.0
Fisie RC phase
~ = /
—32.00 == —72.0
—40.00 _‘ 1777 900
0
Hz 10
Hinh 3.14: Cac dac tuyén cua loc RC
Ta xem dap ung xung luc cua 2 hé thong.
- Bai véi loc ha thong 1y tudng:
sin2m(t—t
h(t) = 02 t) (3.28)
it
- P61 véi mach RC, véi RC=2m:
Tt
ht)y=e¢ 2 (3.29)
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Hai dap umg nay v€ ¢ Hinh 3.15. O day, ta da chon tuy ¥ thoi tré ciia mach ha thong 1y
tudng la 10 sec dé hinh vé de phan biét.

2,00 n

1.4
0 h(t) loc ha

thdng Iy tudng

htt) loc RC

Bé  lai

0.80

0.20

-0.40

—1.00

12 16 20
Thdi gian
Hinh 3.15: So sanh céac dép tng xung luc. o

Bay gio hdy xem song vudng vao hai mach loc. Ta dung mt song vuéng c6 tan s6 co ban

la 1/4Hz (bang céach dung s6 hang d‘éu ti’én ’khéc zero cua chuoi Fou,rier), hinh 3.16a.
Loc ha thong ly tuong voi tan s6 cat 1Hz chi cho qua hai s6 hang déau tién khac Zero (do

13, tin s 1/4Hz va 3/4Hz). Trong khi d6, mach RC (v6i sy giam 3dB ¢ 1 Hz)lam méo dang ke
cac thanh phan nay (Hinh 3.16b). Khong chi thé, no con thu nhan ning luong tin hiéu tai tan sd
cit.
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1.00

0.60

0.20

po loi

—0.20

—0.60

=

—-1.00 e 1 1 5] 1

Thdi gian

(a)

1.00

0.60 Ha thdng Iy tudng

0.20

po loi

=020

—0.60

—1.00

Thdi gian

Hinh 3.16: So sanh dap ting cua song vudng vai 2 loc.

C6 mot vai loai mach x4p xi véi loc ha thong 1y twong. Mdi loai biéu 16 nhimng tinh chit
riéng.
1. Loc Butteworts lam mit séng du trong ddy tan sé di qua va lam giam cac tan sb
khong mong muén ngoai diy nay. No dugc xem la loai loc lam phang t6i da.
2. Loc Chebyshev giam cac tan s khong mong mudén hiéu qua hon loc Butteworts,
nhung 1am phang song du kem hon.
3. Cac loc cb dién quan trong khac gdom loc Bessel, Papoulis, Gauss.
Ta cha y dén loc Butteworts:
Bién do cua loc ha thong 1y tudng c6 thé tinh xap xi béi ham:

]
HAl=z—on
. (6) J1+@2nrf)™

Ham nay dugc ve, vdi vai tri gid cua n, nhu hinh 3.17. Ta chi v€ nita duong cua truc f, vi

(3.30)

ham chan. Chon £, = Py cho hinh v&. (Khi thiét ké c6 thé chon bat ky tan so cat nao). Nhé 1a
Vs

khi n chon 16n, dic tuyén Butteworts sé& tién dén dic tuyén caa loc ha théng 1y tuong.
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Néu h(t) thuc (Vi 1a hé thong vat 1y ), phan thuc cua H(f) chan, trong khi phan 4o 1&. Vay
H(f)=H * (-f) (3.31)
va  |HOP=HOH® (3.32)
Tur do, két hgp voi phuong trinh (3.30), du dé thiét ké cac loc Butteworts.

|Hn(f1'|2 n=co

’/!I'l=-5
05 __Ngfn=l

f.=1/2n

Hinh 3.17: Ham d6 loi Butteworts

Tuong duong. Thiét ké mot loc Butteworts cap 3 (n = 3) voi tan sb cat f, = %
Giai:
Tt phuong trinh (3.30) ta c6:

1+ (2nf)°

Doi n6 vé bién doi laplace bang cach dit s = j2nf. Quan sat vi tri twong dbi cta cac luc va
zero cua ham:

1
1-S°
Cac luc cua | H(s) 12 126 nghiém don vi. Chung cach diéu nhau quanh vong tron don vi.

Ba cuc két hop véi H(S) ba nira mat phang trai. Ba cuc kia vai H(-S). Vay H(S) duoc tinh tur céc
luc cta no:

H(s)|" = H(s).-H(-s) =

1 1
H(S) = = 3.33
®) (S-=P)S-P,)(S-P,) S’ +28*+2S+1 (3:33)
T im(s)
z,.+f---__--h-h-\-+.\\
i L Be@®
L3 v "
W | ¥

Hinh 3.18: 6 nghiém

Néu v (t) 1a dp ung va i(t) 12 ngudn, ham hé thdng ctia phuong trinh (3.33) tuong ng véi
mach cuia hinh hinh 3.19a.
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4/3h
" ~Y Y " .
oD l 1.5uF % 0.5uF 1 v(t)
@
A
0.00 o Hz ()T 08
-4.00 -~
=z
= i
% -8.00
5.
8 -12.00
]
90+
-16.00
-20.00 1
(b)

Hinh 3.19: Loc Butteworts cap 3
Nhiing mach lgc cap cao hon s€ dugc lam day du bang cach dung thém mat loc. Linh kién
thém vao la cudn cam noi ti€p, tu song song.

Loc day thong o
Mach thu dong don gian nhat xap xi vd1 mot loc day thong 1y tudng la mach chira hai

thanh phan tich trit ning luong.
Tuong duong nhu mach RLC vé ¢ hinh 3.20:

+

Vout(t)

Vinll LF T

Hinh 3.20: Loc day thong RLC

Néu output lay ngay qua LC dau song song, thi mach trén xap xi voi mét loc day thong.
biéu nay dung, vi khi tan so tién dén zero, cudn cam xem nhu bi noi tat. Va khi tan so tién dén
oo, tu xem nhu bi ndi tat. Nhu vay dap tmg cta mach tién dén 0 ¢ cd hai dau va cuc dai ¢ gitra.

H(f) = jarfl. (3.34)
R —-(2nf)"RLC+ j2nfL

Suit:
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[FL(E) S

. o [ 1 2 Tz T
Suat cuc dai tai 2nf = c bicu nay dugc xem nhu 1a tan so cong huong ly tudng

cua loc. 7
Hinh 3.21 chi dac tinh ctia mach RLC. O d6, ta chon R=L=C= 1.
0.00 Q0.0
o : h
Do Igi
—4,00 \\ — 0.0
S
S
/7' A ——
-8.00 [~ T T e g =
Pha =
T
-12.00 + —180.0
—16.00 —270.0
—=20.00 I | | l —-360.0
0 1
Tan sé (Hz)

Hinh 3.21: Cac dac tinh cta loc RLC
Lo -1
bap ung xung luc ciia mach RLC dugc cho bdi bién d6i nguoc F

t
h(t)= 1,15 ¢ sin (1,15¢)
N6 dugc so sanh véi dap ting xung luc cia loc day thong 1y tudng (phuong trinh (3.18))
h(t) = 2Asin[n(f, —f, )(t—t,)]cos[n(f}, +f )(t—t )]
n(t—t,)

Trang I11.16
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Loc Ly
tudng

RLC

Hinh 3.22 : So sanh nhiing dap Urng xung luc.
Hinh 3.22 cho thiy d4p ung xung luc ciia mach RLC va cua mach diy thong 1y tuong. Ta
chon fi; = 0,1Hz va fi = 0,25Hz 1 cac diém 3db nhé 1a hé sb Q ciia mach RLC thi rat thip vi ti
sO ctia d6 rong kénh va tan s6 giira gan bang 1.

VI.CAC LOC TAC PONG:

O ph?m trén ta da khao sat vai mach loc thuc té don gian dung cudn cam, tu va dién trd.
Nhitng mach loc nhu vay goi 1a loc thy dong, vi tit ca cac thanh phan ay hodc hap thu hodc tich
trlt nang lugng.

Mot mach loc goi 1a tac dong néu n6 chira cac thanh phan con lai cia mot mach. Loc tac
dong khong hip thu nang lugng tin hiéu mong mudn, nhu céc loc thu dong. Chung cé nhidu kha
nang dugc thiét ké don gian va cac ham chuyén co6 thé thuc hién duoc (Trong khi cac loc thu
dong, trong vai ap dung, thi du loc audio, can dén rat nhiéu cudn cam va tu ).

Bo phan co ban xay dung céc loc tac dong 1a op.amp. Céc tinh chat ctia op.amp, viéc phan
tich va thiét ké cac loc tic dong 1a phan rt quan trong cua dién tir hoc. Nhung & déy ta s& khong
13p lai. Chi gi6i thiéu hai loai loc tac dong tiéu biéu.

Zin * —

Hinh 3.23: Op.amp v&i hdi tiép
Zin: Téng tré vao
Zs: Téng tro hoi tiép.
Hai hinh, hinh 3.24 va hinh 3.25 biéu dién loc ha thong tac dong va loc day thong tac dong
dung op.amp.
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AN AMA- -
il 0.159 ©2 0.159 2

B
1

Vi, () =

§ Vour (2)

{a)

DL 4\ 5
\

—4.00 o lgi 0.0

—8.00 V —90.0
Pha \

~16.00 el :—-zmo

1 | L1 | ] 1111 1M —360.0

—20.00 1
100 m 1 10
Hz

Pha()

P6 lgi (dB)

Hinh 3.24: Loc ha thong tac dong
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1k&2
WA

v, (1) 1kQ g AL 5
2 1kQ Vour It
{a)
30.00 90.0
20.00 00

g 1000 ~90.0

E.

2 0.00 ~180.0
~10.00 ~270.0
~20.00 —360.0

1000 40,000

(b)
Hinh 3.25: Loc day thong tac dong

VIL.TICH CUA THOI GIAN VA KHO BANG.

Van dé can luu tam trong vi¢c thiét ké mot hé thong tin 1a khé bang (band width, d§ rong
bang ) ctia hé thdng. Khé bing 1a khoang tan s ciia hé c6 kha nang hoat dong.

Kho bing c6 lién quan dén bién d6i f ciia ham thoi gian. N6 khong thé xac dinh truc tiép tir
cac sb hang cta ham, trir khi ta dung cac biéu thirc truc quan vé su thay doi tri gia ctia ham
nhanh dén mirc nao.

Nhimng dai lugng vat Iy quan trong trong viée thiét ké he thong tin bao gom thé t6i thiéu
clia mot xung va thoi gian toi thiéu ma trong dé output ctia hé c6 thé nhay tir mot mirc nay dén
mot muc khéac. Ta s& ching t6 2 dai lugng nay c6 lién quan dén kho bang.
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Bat dau tir mot vi du va rdi tong quat hoa két qua.
Dap tng xung luc cia mot loc ha thong 1y tuong:
sin2nf_(t—t
h(t) = n(t=t)
n(t—t,)

(3.35)

[H)]

t 2fm ¢
—fm | fm )
£ . Siy t

‘ . Pédéc=-2mto

Hinh 3.26: PBac tinh cua
loc ha thong 1y tudng.

C6 hai nhdgn xét:
1- Bé rong clia vanh 16n nhat cua h(t) la 1/f,. Vay no ti 1¢ nghich voi khé bing
cua tin hi¢u. Thuc vay, vi kho bang (Hiéu cta tan s cao nhit va thip nhét ) 1a f,,, nén tich caa
d6 rong xung véi kho bang 1a 1.

2 - Vi ham nic 1a tich phén cua xung luc, nén dap ing cua ham néc 1a tich phan
cua dap Gmg xung lyc. Dap ung ham néc v& ¢ hinh 3.27.
Ta thay rang thoi gian ting (rise time) ctia (dap mg nay thi ty 1¢ nghich v6i kho bang
cua loc. Thot gian tang dugc dinh nghla 1a thot gian can cho mot tin hi€u di tu tri gia dau dén tri
gia cudi doc theo mot dudng doc v6i hé sé goc khong doi bang vai do doc tdi da cia ham.

alt)

Hinh 3.27 : Pap tng nic cua loc ha thong.

P déc toi da cua a(t) 1a tri ti da cua h(t) dao ham cda n6. Tri nay dugc cho 1a 2f,. Vay

thoi gian ting cta dap Gmg nac :
1
t, o (3.36).

Vi khé bang cua loc 14 f,,, ta thay t, va kho bang ti 16 nguoc va tich cua chung 14 0.5.

Mac du ta chi quan sat sy quan hé nguoc gitra thoi gian tang va khé bang (hay do rong
xung va kho bang) ddi véi loc ha thong 1y tuong, nhung diéu nay c6 thé 4p dung mot cach tong
quat. D6 13, thoi gian thi ti 1é ngwoc véi khé bang trong bét ky hé théng nao. Tich cia chung 1a
mot hing.

Béy gio ta ap dung nhan xét 4y vao truong hop dic biét ciia khd bang va do rong xung

(Khé xung - Pucse Width). Gia st ring mot ham thoi gian va bién d6i F ciano vé ¢ hinh
3.28.
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Ta dinh nghia khé xung T la chiéq rong cua mot hinh chir nhat ma chié}l cao cua no6 dinh
tai s(0), va dién tich bang vai dién tich ndm dudi duong biéu dién xung. Nhé rang n6 khong phai
la mot dinh nghia day du trur khi s(0) 1a cuc dai ciia dang song.

s(t) Sify
//\?\ R: /\ b f
te—| D — |2

(2] (b
Hinh 3.28: Kho xung va kho béng. o
Tuong tu, ta dinh nghia kho bang BW, bang cach dung mt xung trong pham vi tan so
(bién @i F ) nhw hinh 3.28b. Ta c6 :

N OOOOS(t)dt

T£
S(o)
joo S(fdt
w e ‘ET (3.37)

Tich cta ching :

o0 o0
j s(t)dtj S(f)dt
TBW = =% —0 (3.38)
5(0)S(0)

Dung tich phéan bién d6i F 4 tim:

S(0)=|" stye”"df],_, = [ s(t)dt (3.39)
Bién d6i nguoc dé tim:

s(0)= [ S(he”™"df|_, = [ S(df (3.40)
Thay thé (3.39), (3.40) vao (3.38) :

q 7 TBW=1 ’ (341
Tich cua kh6 xung va kho bang bang 1. Hai thong s6 nay thi ti 1 ngugc. Diéu nay rét co
y nghia trong hé thong tin s6, & do nhip truyén bit b1 gidi han bdi kho bang cua kénh.

VIII.CONG SUAT VA NANG LUQNG.

Chu dich dau tién cta nhiéu hé thong tin 13 lam tang tin hiéu dong thoi nén nhidu. Pic biét
hon, ta mudn lam gidm cong suat nhiéu ¢ ngo ra cua h¢ ma khong lam gidm cong suat tin hiéu:
H¢ lam tang ty so S/N.

Goi E; 1a nang lugng cua r(t):
E = jw O (3.42)

Néu r(t) 1a dién thé hodc dong dién ngang qua dién tré 1Q, E, s& 13 ning luong tiéu tan
nhiét (W/sec).
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. Déi véi nhig tin hidu khong bi giéi han thoi gian, E; thudng 1a vo han. Thi du, r(t) 1a mot
hang khac zero. Trong truong hop nay, ta phan chia nang lwong voi thoi gian trung binh, goi la
cong suat trung binh P, .

T
P2 () =1gg% [lrof dt (3.43)
-T

Ta da chu tAm chuyén binh phuong ra ngoai ddu trj tuyét d6i dé nhdn manh rang ca hai vi
tri diéu co cung két qua.
Néu E, hitu han, P; 14 zero va néu P, khac zero, E; phai v0 han.
Nguoi ta chia tin hi¢u thanh 3 nhom dya vao tinh bi gidi han ctia cong Xuét va nang lugng.
- Nhém I: P, = 0. Nhom nay chira nhitng tin hiéu c6 ning lwong hiru han. Phd bién
nhét 1a tin hiéu bi giéi han thoi gian.
- Nhom II: 0 < P; < oo . Nhom nay chira nhimg tin hiéu c6 cong xuat hitu han. Phd
bién nhét 1a tin hiéu thoi gian tuan hoan.
- Nhom III: P, — oo . Nhom nay c6 tinh hoan chinh. Nhung ta khong gép nhiing tin
hiéu c6 cong xuit vo han trong thuc té. Vai tin hiéu, thu vi vé mit 1y thuyét, thich nghi v6i nhém
nay, thi du nhu doan xung lyc tuan hoan.

IX. PHAN TICH PHO:

Bién déi F khéng hién hitu trong doi séng thuc té. N6 1a mot cong cu toan hoc dé gitp
phan tich hé théng.

C6 nhitng giéi han nghiém ngat khi ta ¢6 gang tim bién d6i F coa mot ham thoi gian
duoc dung trong mot hé Analog. 7

Gia su r(t) 1a input cua mot loc ha thong 1y tudng, co6 ham chuyén H(f) nhu hinh 3.29.

Bién déi F cho bai:

R(f) , f, <|f|<f
)[R <ll<f,
, phadkhaic
s(t) dugc cho boi bién ddi nguoc cia S(f)
Hif)
1_.
W g 5 H f
f. 1 =

Hinh 3.29

—f,
s(t) = j R(f)e*™df+ j R(f)e*™df (3.44)

_fH
Néu fy rat gan voi fi (loc day hep - narrwband filter), ta gia st rang xap xi khong doi trén
toan khoang cua tich phan. Nhu vay, néu f,, 13 tin s giita cta ddy loc, ta co:

S(t) = ( £y + f)[R(Fy) €27 4 R(-f) € 2™ (345
Vi R(-fy) =R * (fy), ta co:
f |cos[2nf, t+ ZR(f,)] (3.46)
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Suéit clia output thi ti 1¢ v6i suit cta bién d6i F cua input tinh tai f,, . Pha thi bi doi boi
pha cua R(fa).

Trong rat nhiéu mach phan tich pho thuc té, loc diy thong dwoc quét ngang bdi mot
khodng tan s6, va suét cuia output thay do6i xap xi véi | R(f) .

Co3 nguon sai s6 (error ). Thtr nhét, trong khi loc ddy thong thi hep, khé bang ctia no thi
khac zero. Dleu nay anh huong dén do phan giai output. Thir hai, loc thi khong 1y tuong. Cudi
cung, khi tan sd giita loc thay d6i voi thoi gian (khi nd bi quét), output khong nhét thiét tién dén
tri dung cuia no (steady state). Thoi gian ting cua loc thi ti 18 nghich v6i kho bing ciia nd. Vay,
loc cang hep, cang dugc quét cham hon.
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Chwong IV: BIEN PIEU BIEN PO

DAI CUONG.

SU BIEN BIEU (MODULATION).

BIEN DIEU BIEN BQ SONG MANG BI NEN 2 BANG CANH: (DSB
SCAM).

( DOUBLE - SIDE BAND SUPPRESSED CARRIED AMPLITUDE
MODULATION ).

BIEN PIEU BIEN PO SONG MANG PUOC TRUYEN 2 BANG CANH.
HIEU SUAT.

CAC KHOI BIEN PIEU.

CAC KHOI HOAN PIEU ( DEMODULATORS).

TRUYEN MOT BANG CANH (SINGLE SIDEBAND) SSB.

BIEN BPIEU AM TRUC PHA.

BIEN PIEU BANG CANH SOT ( VESTIGIAL SIDEBAND ) VSB.

AM STEREO.
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PAI CUONG

Hinh 4.1 trinh bay mot mau dang song cua tleng n6i ma ta mudn truyén di. N6 khong co
mot dic trung riéng biét nao va tly thudc rat nhicu vao am thanh dugc tao ra. Vi dang song
chinh xac khong duogc blet nén ta c6 thé noi nhu thé ndo vé hé thdng can thiét dé truyén no ?

Trong truong hop tleng n6i ( hay bat ky mot tin hiéu Audio nao ), cau tra 161 dya vao sinh
1y hoc. Tai ngudi ta chi co the dap mg voi nhiing tin hiu c6 tan sd khoang dudi 15kHz ( sé nay
glam theo tudi tac ). Vay néu myc dich cudi ciing cta ta la nhan nhing tin hiéu audio, phai gia st

rang anh F cua tin hiéu 1a zero khi | f | >15kHz.
S(H)=0, > fm ; Véi f, = 15kHz .

s

o ﬁ/\ﬂf\ f\hj\ﬁﬁﬂnﬂ t

Y U VY vy yr yyge

Hinh 4.1: Dang séng ciia tiéng noi

Nhitng hoa 4m hoic nhitng dung cu phat 4m khac, c6 thé tao ra nhimg thanh phan tan sé
cao hon 15kHz, du tai nguoi khong thé nghe dugc. Tuy nhién, néu mot trong nhiing tin hiéu nay
di qua mot loc ha thong co tan s6 cit 15kHz, thi ngd ra cua loc ( néu dua dén loa ) s& tao lai
giéng nhu tin hi¢u vao. Nhu vay, ta da gia st rﬁng tin hiéu da bi gidi han béi mot tan so trén (
upper frequency ) vao khoang 15kHz.

Bay gio ta gia s iy mot tin hiéu audio va ¢ truyén qua khong khi - Budc song cua tin
hi¢éu 3KHz trong khong khi khoang 100km. Mot anten 1/4 song s€ dai 25km! Diéu 4y khong thé
thuc hién. Va néu gia s ta c6 thé dung dugc anten thi ta con gdp phai 2 van dé. Thur nhét, lién
quan dén nhitng tinh chat cua khong khi va tan sb audio. Nhimg tan s6 ndy truyén khong hiéu
qué trong khong khi. Thir hai, sy giao thoa do cac ddy tin cac dai phat phu 1én nhau.

Vi nhitng 1y do d6, ta phai cai bién tin hiéu tin sb thap trudc khi giri né di tir noi nay dén
noi khac. Tin hiéu da cai bién it nhay cam vdi nhiéu so véi tin hidu gbc.

Phuong phap chung nhat dé thuc hién su cai bién 13 dung tin hiéu tan sb thap dé bién diéu (
cai bién nhitng thong sé ciia ) mot tin hiéu tin sé cao hon. Tin hiéu ndy thudng 13 hinh sin.

SU BIEN PIEU

Sc(t) 1a tin hi€u hinh sin cao tan, duoc goi la song mang (carrier). Goi nhu thé vi n6 duogc
dung dé chuyén tai tin hiéu tin tirc tir dai phat dén mdy thu.
Sc(t) = Acos (2nfet+6) 4.1)
Néu fe(t) dugc chon thich hop, song mang co thé duoc truyen di c¢6 hi¢u qua. Thi dy, c6
thé chon nhiing tan sb trong khoang gitta 0.5 va 3MHz dé truyén xa dén 250 km. Budc song cua
cac tan s tuong tmg ¢& 100MHz, va chiéu dai hop 1y cta anten c6 thé chip nhan duogc:

8
/12323.10 _3m

£ 10®
Biéu thirc (4.1) chira 3 thong s6 ¢6 thé thay doi: bién do A; tan s6 fc; va pha 6. Nhu vy,
hau qua 1a c6 3 ki€u bién di¢u: bién di€u bién dg, bién di€u tan so hodc bién di¢u pha.
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BIEN PIEU BIEN PO SONG MANG BI NEN 2 BANG 2
CANH: (DSB SCAM)

( double - side band suppressed carried amplitude modulation ).
Néu ta bién diéu bién do ciia song mang & phuong trinh (4.1), ta c¢6 két qua:
Sm(t) = A(t) cos ( 2nfct+0 ) (4.2)
Tan s6 fc va pha 6 khong doi
Bién do A(t) thay dbi cach nay hay cach khac theo s(t).
Pé don gian, ta gia sir 0 = 0. Didu nay khong anh hudong dén két qua can ban vi goc thyc té
tuong ng voi mot do doi thoi gian % e ( Mot sy doi thoi gian khong duge xem 1a sy méo

dang trong mot h¢ thong tin ).

A(t) thay doi nhu thé nao vé6i s(t)? Cau tra 1oi don gian nhat 1a chon A(t) bang véi s(t).
Diéu d6 s& dua dén dang song bién diéu AM.

Sm(t) = s(t) cos 2mfct (4.3)

Tin hiéu loai nay goi 13 bién diéu AM sdng mang bi nén 2 biang canh vi nhitng Iy do ma ta
s& thay ngay sau day:

bat S(f) la bién 601 F cua s(t). Nho la ta khong can gi hon la S(f) phai bang zero dbi voi
nhing tan sb cao hon tan s cat f,. Hinh 4.2 chi mot S(f) biéu dién cho yéu cau do.

Dung nghi rang S(f) ludn phai la nhu vy, ma no chi la bién doi F ctua mot tin hiéu tan sb
thp tong quat, co ddy tan bi gidi han.

i)
v £
—fm fn
. ) Hinh42
Dinh 1y vé sy bién di¢u ( chuong Il ) dugc dung dé tim S, (f):
Sm(f) = F [s(t)Cos2nfct] = % [S (f+1fc)+ S (f-1fo)] (4.4)

Nh¢ 1a bién diéu mot song mang bang s(t) s€ lam doi tan so cua s(t) ( ca chiéu 1én va chiéu
xudng ) bdi tan s6 cua soOng mang.

H.-'—\-\.

/N
[ |\

—fe—fy —fe —fotim femfm 1 fotfm

Hinh 4.3
Dicu nay tuong tu
véi két qua lugng gide ciia mot phép nhan mdt ham sin véi mot ham sin khac.
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CosA CosB = % Cos(A+B) + %cos (A-B) 4.5)

Néu cosA thay bang s(t), trong d6 s(t) chira nhirng tan sd lién tuc tir gitra 0 va ;.

Hinh 4.3 cho thiy, song bién diéu sy(t) chira nhiing tan s6 trong khoang fc - f,, va fc
+ fin.

Néu gan nhiing tri tiéu biéu vao cho f, = 15kHz va fc = IMHz, ta s& thiy khoang tan sb bi
chiém boi song bién diéu 1a tir 985.000 dén 1.015.000Hz.

- Thtr nhét: Véi khoang tan sb nay, thi thi anten c6 chiéu dai hop 1y c6 thé xay dung
dugc. D6 la mot trong 2 van dé can giai quyét.

- Vén dé th hai, 1a kha ning tach kénh trong mot hé da hop (Multiplexing). Ta thay,
néu mot tin tac bién diéu mot song hinh sin tan s6 fo; va mot tin tire khac bién diéu mot song
hinh sin tan s6 fc, thi cdc anh F ciia 2 song mang bi bién diéu s& khong phu 1én nhau. Va fe, fe
tach biét nhau it nhat 1a 2f;,.

Smllif:l + Sméﬂ

! ! H i
_fcz _fcl f,;-_-‘_]_ fcz

COAf>2f,

Hinh 4.4: Bién d6i F cta 2 song AM.
Néu cdc tan s6 ciia 2 song bién diéu khéng cdach nhau xa ldm, cd 2 cé thé ding I anten,
mdc di chiéu dai t6i wu cia anten khong nhuw nhau cho ca 2 kénh [trong thuc té, mét anten duwoc
ding cho cd 1 khodng tan sé.

Ta nhan manh lai réng, cac tin hiéu c6 thé duoc tach ra néu chung khoéng bi phu 1én nhau (
hodc vé thoi gian, hodc vé tan sb ). Néu ching khong phu nhau vé thoi gian, c6 thé dung cac
cong hay cac Switchs dé tach. Néu ching khong phu vé tan sd, cac tin hiéu co thé tach ra bai cac
loc day thong. Vay, mdt hé thong nhu hinh 4.5 ¢6 thé dung dé tach song mang bi bién diéu.

A Hi(f)
1 4+
Cll fcl "
BPF
Hi® |, s1(t). Cos2mfct A g
si(t).cos2mfe,t ! ¢l 2(f)
+ 1 4
sa(t).cos2mfe,t Hy(f) |, s5(t). Cos2mfeat ’—‘ ’—‘
_|fC2 ch >

Hinh 4.5: Su tach 2 kénh.
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Néu nhiéu tin hiéu duoc truyén trén cing mot kénh, chii ¥ ¢6 thé dugc tach ra tai may thu
béng cac loc day thong. Céc loc nay chi tiép nhén, mot trong cac tin hi¢u hién dién trong tin hi¢u
bién diéu mong mudn.

TD: MGt tin hi¢u chira thong tin c6 dang:

S() = sin2 7t
t

Tin hiéu nay bién diéu bién d6 mot séong mang cé tan sd 10Hz. Hay v& dang song AM va
bién d6i F cua no.

Giai: Song AM dugc cho bodi phuong trinh:

Slt) = sin2 7t

cos 207t

Ham nay duogc v€ nhu hinh 4.6:
Hinh 4.6: Dang song AM

& hit)

S »ﬂﬂ,f},ﬂ%ﬂumg% Al

cos 20mt 1a sc')ng-mang.

- Khi séng mang bang 1 (t= % ), Sm (t) = s(t).

k
- Khi s6ng mang bin -1, t= — +—, su(t) = -s(t
g mang bang - TRETE (1) = -s(1).

pé ve€ dang song AM. Ta bat dau v& s(t) va anh qua guong cta no -s(t). Song AM cham
mot cach tuan hoan vao mdi duong cong nay va thay d6i bién do gilta nhiing diém tuan hoan do.
Trong hau hét trudng hop thuc té, tan s6 song mang cao hon rat nhiéu so véi thi du trén.
Bién d6i F ciia s(t) duoc vé ¢ hinh 4.7 ( Xem phu lyc chwong 1T )
150

-1 1

o ~ Hinh4.7: Anh Fourier cua s(t)
Bién doi F cua song bién di¢u duoc tinh nho dinh 1y bién diéu.
S(f -10) + S(f + 10
sy = SC10 S+ 10)

4.7)
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Hinh 4.8: Tan phf) clia song bién diéu
Vi S (f) duge suy tu S(f) bang cach doi tit ca cac thanh phan tan so cia s(t) mot khoang 13
fc, ta s& co thé hdi phuc lai s(t) tir sm(t) bang cach doi cac tan sb boi cing mot tri theo chiéu
nguoc lai.
Pinh 1y bién diéu chung t6 rang phép nhan mot ham thoi glan voi mot ham Sinusoide s&
doi anh F cua ham thoi gian di ( ca chiéu 1én va xubng ) trong mién tan s0. Vay neu ta lai nhan
Sim(t) véi mot ham sin ( tan s song mang ), thi anh F s& doi lui xudng dén tan sb thap cua no.
Phép nhan nay ciing doi anh F 1én dén 1 vi tri giira khoang 2fc, nhimg thanh phan nay dé dang
bi loai b&di mot loc ha thong. Tién trinh nay v€ ¢ hinh 4.9.
Sy hdi phuc cia s(t) duge mo ta bai phuong trinh (4.8)
Sm(t). cos 2mfct = [ s(t) cos 2mfct | cos 2mfct
= s(t) cos” 2mfct
_ 8(t) + s(t)cos 4nf .t
2

(4.8)
Ngo ra loc ha thong 1a s(z)/2

. Sm
' (ﬂ R = | LPF [— 350
: : < L
Sralf) s
* H

_f::: | f::: e _2:&: ‘ 2:&: |
Hinh 4.9: Sy hdi phuc tin hiéu tir séng bién diéu.
Tién trinh nay goi 1a hoan diéu ( Demodulation ).
BIEN PIEU BIEN PO SONG MANG PUQC TRUYEN 2
BANG CANH

(Double - Side Band Transmitted Carrier AM ). DSBTCAM. .
Bay gio ta cai bién thém su bién diéu AM, bang cach cdng vao song bién di¢u mot phan
cua song mang.
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s(t) + = s(tcos2nict + Acos2nfct
¥ #@
T +
cos2mfet
Hinh 4.10.

Hinh 4.10 chi sy cong mot song mang hinh sin thuan tiy vao song bién diéu DSBSCAM.
Két qua cho boi phuong trinh (4.8)

Sm(t) = s(t) cos 2nfct + A cos 2nfct (4.9)

Day 1a kiéu bién diéu AM song mang dugc truyén 2 bang canh. ( DSBTC AM). Khac v6i
kiéu AM séng mang bi nén 2 kiéu AM séng mang duogc truyén c6 chira mot thanh phan ro rang
cua song mang ( A cos 2nfct ).

Anh F ciia TCAM 1a tong cua bién doi F ciia SCAM va bién doi F song mang thuan tdy.
Bién d6i song mang 1a mot cap xung luc + fe.

[AIE [AIE

fofm | fotim (fefm | fotrm
S fe

~ Hinh 4.11: Bién doi F cia TCAM

Dang song c6 thé viét lai ( Tt phuong trinh 4.9 )

i Sm(t) [A+s(t)] cos 2mfct ) (4.10)

Ham nay c6 thé v& theo cach v& dang song SCAM. Trudc hét, ta v& dudng bién [A+s(t)] va
anh qua guong -[ A + s(t)]. Song AM cham tudn hoan vao 2 duong bién va thay d6i bién do diéu
giita nhitng diém tuan hoan d6. Hinh v& 4.12, cho mot s(t) hinh sin ( thi du tiéng huyt sdo vao
mot microphone ).

- Hinh 4.12a Tin hi¢u s(t) hinh sin

- Hinh 4.12b Dang song DSBTCAM véi gia tri cua A nhd hon bién dd a cua s(t); A<a;
A#0.

- Hinh 4.12c Dang song DSBTCAM khi A 16n hon bién d¢ cua s(t); A>a; A=0.

- Hinh 4.12d Dang song DSBTCAM khi A=0.
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Hinh 4.12

HIEU SUAT

Su cong thém séng mang vao song bién diéu s& lam cho sy hoan diéu dé dang hon. Cai gia
ma ta phai tra 13 hiéu suit. Mot phan cta ning luong duge truyén ding dé giri song mang va nhu
vay khong mang mot thong tin hitu ich nao.

Ta thdy tir phuong trinh (4.9) : Coéng suit song mang 1 cong suit cia A cos2nfct, hay

2 ‘ .
A 4 watts. Cong sudt cua tin hiéu 1a cong suit cia s(t) cos2nfct, 14 tri trung binh cua s*(t) chia

2. Cong suét trung binh ctia s*(t) thi don gian 14 cta s(t), hay Ps. Vay cong suit cta tin hiéu la

PS/
2 .

Cong suit truyén toan phan la tong ctia 2 6 hang nay.
Ta dinh nghia hiéu suit 13 ty s6 ctia cong sudt tin hiéu cong suit toan phan:
P
n=—->— (4.10)
A“ + PS

, TD: Gia str ta xem dang song hinh 12c, va dat A bfing vo1 bién do cua hinh sin. Vay hiéu
suat la 33%.
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CAC KHOI BIEN PIEU:

Hinh 4.13 So db cua cac khdi bién diéu AM.
- Hinh 4.13a: H¢ théng tao nén DSBSC AM.
- Hinh 4.13b,c: Hé théng tao nén DSBTC AM.
Hinh 4.13: Khéi bién diéu AM

Tai sao suw bién diéu thi khong tuyén tinh 2
Ta da biét, bat ky mot h¢ tuyén tinh va khong doi theo thoi gian nao di€u cdé mot output ma
bién do6i F cua no 1a tich cua anh F cta input véi H(f). Néu bién doi cua tin hiéu vao bang zero

&it) W) s (feos Infet =5y (t)
cos2nfot
fa)
s(t) ¥} =@ [A ;I-s(tj] vos 2nf ot =amp ()
cos2nft
(k)
=0 (¥ W) [ A +s(t)]eos2nict =spp(t)
A cos 2riet

(el
trong mot khoang tan sd nao d6, thi anh F cia output phai cling bang zero trong khoang y.
Nghia 13, tinh chat tong quat cia hé tuyén tinh khong doi theo thoi gian 1a nd khong thé cho ra
bat ky mot output nao néu khong cé input & ngoé vao.
Vay c6 mot hé tuyén tinh khong theo t nao c6 thé cho sy(t) & ngé ra khi nhan s(t) & ngod vao
? Noéi cac khac, ta co thé tim dugc hay khéng mot H(f) nao dé cho:

Sm(f) = S(f) . H()

Hinh 4.14
RO rang, cau tra 161 1a khong.
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Su bién diéu 1a mot tién trinh doi tan. Va khong c6 mot hé tuyén tinh nao thuc hién duoc
diéu do.

Mot hé phi tuyén va thay ddi theo t, noi chung, la rat phiic tap. Tuy nhién, trong truong
hop bién diéu, nguoi ta co thé thuc hién dugc bang 2 kiéu gian tiép: Bién diéu cong (Gated
mudolator) va bién diéu theo lut binh phuong (Square - Law Mudolator ).

Bién Diéu Cong:

Dua vao su kién: Phép nhan s(t) vdi mot ham tuan hoan bat ky s€ tao ra mot chudi song

AM véi nhiing soéng mang 13 boi s6 ctia tan s6 co ban clia ham tuan hoan. Hinh 4.15

e (t) s{t) P(t) ] BPF snlt)
- - b —-\\i
9 — &
1 .:'f P 1‘-. \ﬁ”'.
e i y2f !
ey H— e |
n '-I. 3 t: ;.' | : f;: n
[} 4
v % e 4 Y
| F P
/K(n /\ =S({)*P) Smif)
ANA_ e AN,
I |  fe 2fc -fe | fe

Hinh 4.15: Tich cta s(t) va ham cong tudn hoan
Output cia mach nhan (hinh 4.15)

s(t)P(t) = s(t) {a + Z a, cos(2zmf, t)] (4.11)
=1

f, La tan s6 co ban ctia ham tuan hoan. a, , cac hé sé chudi F. Gia st P(t) 1a ham chan ( dé
tranh phai viét cac so hang sin trong chuoi )

Loc BPF sé& chén tat ca, chi trir thanh phan nao d6 trong chudi ma ta s& chon. Két qua 1a ¢
ngo ra c6 mdt song AM. Mach loc diéu hgp véi tan s6 co ban, nhung n6 sé co thé dieu hop voéi
mot trong nhiing hoa tan cua song AM, c6 tan s6 song mang cao hon. Trong thuc té, ta chon
nhiing hoa tan thap (Vi cac hé s F 1am gidm bién do tin hi¢u khi n tang).

P(t) 1a mot ham cong gdm mot doan xung tuan hoan. (Hinh 4.16)

o

g’

tl.._

C

—
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Hinh 4.16: Ham cong
* Vi P(t) luon bang 0 hay bang 1, mach nhan c6 thé xem nhu c¢6 co ché hoat dong
on/off ( hodc switch ).
Output ctia BPF tim dugc bang cach khai trién P (t) thanh chudi F va tim a.

a, =—
V4

s, () = 5(1).P(t)
Sm(t) = 2 s(t) cos2mfct (4.12)
T

Phuong trinh (4.12) duoc viét cho ham cbng ¢ nira thdi gian cao va nira thoi gian zero.
Nhung song AM van duoc tao ra vdi bat ky tri gid nao cua chu ky thao tac cua xung.
B phan tao ham cong c6 thé 1a thy dong hodc tac dong hinh 4.17 chi by phan bién didu
gom 2 thanh phan thu dong.

B0 phan tao ham céng

+

s(t) o
2 = 2it)

Hinh 4.17a: Mach tao xung cong thu dong ding Switch.

c2(b)

I/ +

s(b) C

cos2mfct

L+
_/

Hinh 4.17b: Mach tao xung cong thu dong dung diode.

- Hinh 4.17a, SW dong ngét tuan hoan. Khi SW hd, tin hiéu ra béng tin hiéu vao. Khi
SW dong, tin hi¢u ra bang zero. R 1a dién tro ngudn. Bit loi cua SW co hoc la dong ngét cham.
Tan s0 dong ngit ctia SW phai bang tan s song mang ( hodc udc s0, néu ta chon 1 hoa tan ). Vi
tan sb song mang cé MHz, SW co hoc khong thé déap u ng kip.

- Hinh 4.17b: Su dong ngit thuc hién nho cdu diode. Khi cos2nfct duong ( diém B
c¢6 dién thé duong hon diém A ), ca 4 doide bj khoa: Mach twong tu nhu hinh 4.17a khi SW hd,
tin hiéu ra 1a s(t). Nguoc lai khi cos2nfct am ( diém B co dién thé am hon diém A ). Ca 4 diode
dan: mach giéng nhu hinh 4.17a khi SW dong. Gidi han duy nhat cho mach déng ngit ndy 1a tan
s6 dong ngat cua loai Diode dugc dung. ( Tinh khong 1y tudng cua cac diode, thuong 1a thoi gian
hdi phuc ( recovery time ) ctia dién dung mdi néi kha 16n so véi chu ky song mang ).
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- Ham cong con co thé tao dugc bang cach dung cac linh kién tic dong, nhu
transistor hoat dong gitra vung khoa va vung bao hoa. M(t transistor khda, tuong duong v4i mot
SW hd. Mot transistor bao hoa, xem nhu mot SW dong.

- Hinh 4.18, trinh bay mot kiéu mach bién diéu doi 1a bién diéu vong (ring
modulator). S6ng mang 14 mdt sdng vudng, dugce dua vao mdi giita cta 2 bién thé. Output 1a mot
phién ban bj “ cong hoa “ cia input, chi can loc 1a ¢ duge song AM .

Bién Piéu Theo Luat Binh Phuong.

Loai nﬁy dua vao dinh luat: “ Binh phuong cua mot téng 2 ham ¢6 chira mot sd hang 1a

tich cua 2 ham do “
, [s1(D)Fs2(D)°= 817 (1) + 52 (D2 81(8).5(1)

Néu s;(t) 1a tin hi€u chira tin va s,(t) 1a sdbng mang, ta co:

[ s(t) + cos2nfct I = sX(t) + cos” 2nfet + 2s(t) cos2nfct (4.13)

S6 hang thtr 2 chinh 1a séng AM mong mudn. Ta phai tim cach tach n ra khoi 2 thanh
phan kia. Ta da b1et su tach s€ don gién, khi chiung khong phu nhau ( trong pham vi thoi gian
hodc pham vi tan sd ). RO rang, ching phu nhau vé thoi gian. Vay, ta hdy xem pham vi tan so.

Cac xung luc tai gbc va 2fc két qua cua su khai trién luong giac

Cos?0 = 1+ cos26

2

Puong cong lién tuc & giita ( tan s thdp ) chi bién d6i F cua sX(t). Ta khong biét dang
chinh x4c cua s(t). Nhung chi biét rang anh F cta né bi gii han ¢ nhitng tan sé nho hon f,,. Bién
d6i F cua s*(t) bi gidi han ¢ nhitng tan sé dudi 2f,,. Mot cach dé thiy diéu d6 1a xem bién doi F
cta s*(t) 1a phép chong cua S(f) 1én chinh nd. Phép chdng d6 hinh cho thiy bién ddi ndy di tur
zero dén 2f;,. Cach khac, 1a xem s(t) nhu 1a tong cua cac hinh sin €O tan sb (riéng) dudi fi. Khi
binh phuong tong nay, ta c6 két qua 1a tit ca cac tich cua cac sd hang. Diéu ndy s& dua dén tong
va hiéu cua cac tan s6 khac nhau ( ding luong giac). Khong c6 tong hay hiéu nao vuot qua 2f;,
nén tan sé gbc khong vuot qué fi.

M |
1
& O
+ . +
s() 8, (th
o o
[l
L~
~ Carriar
— =0  sguare Ome————
wave
Hinh 4.18(z)
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Hinh 4.18: Bién di¢u vong
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&

t VANED . VAN t .
—af, =i, 2fp f f \ 2,
fo—f, L+,
) Hinh 4.19: Bién doi F cua (4.13) o i
Hinh 4.19 cho thay khi fc >> 3f;, thi cac s6 hang khong phu nhau ( v tan s6 ). Vay c6 thé
tégh chung péng mdt loc BPF d¢€ c6 song AM. Trong hau hét cac truong hop thuc te, fc>>f,,, nén
dicu kién nay de thoa.

S (S} Binh phuong R

sL;t;. SQR

Hinh 4.20: Mach bién diéu binh phuong.

Hinh 4.20 chi toan thé mot khdi bién diéu theo ludt binh phwong. Cac bd phan tong co thé
la tac dong, thu dong hay op.amp.

- B6 phan binh phuong thi khong don gidn. Bat ky mot linh kién phi tuyen nao ciing déu
cho mat tin hiéu ra tuong ing v&i mot tin hiéu vao bai mot hé thirc ma ta c6 thé khai trién thanh
chudi luy thira. Gia sit khong co sy tich trir ning luong, nghia 1a output tai bat ky thoi diém nao
chi phy thudc vao input tai cting thoi diém d6, chir khong ké dén nhiing tri gia trude do.

Vi y(t) 1a output va x(t) 1a input:

y(t) = ag + a;x(t) + apx’(t) + asx’(t) + .... (4.14)

S6 hang ma talvuylaa X°(t). Vi ta tim cach ta tim cach tach né khoi cac thanh phan khac.
Linh kién phi tuyén dugc chon dung phai co ban 1a mét linh kién c¢6 dac tinh binh phuong. Thi
du diode

a, trong phuong trinh (4.14) phai c6 tinh chét:
a,<<a,Voin>?2

C6 vai diéu can no6i thém vé su phi tuyén. Néu cdc so hang g véi n = 1 va n = 2 trong
chudi chiém uu thé (bién d9 lon) thi két qua la song TCAM. Hon nita, Néu a, nho qua ( voin>2
), song AM van c6 néu lam cho s(t) that nho. Vay s (t) << s(t) voi n > 1, va TCAM van con
chiém wu thé. Pay 1a mot truong hop khéng mong mudn, vi bién do ciia séng qua nho.

* Cac diode ban dan c6 dic tuyén rat gidng vé6i luat binh phuong ( trong ving hoat dong
cuano ).

So d6 khéi ctia mot mach bién diéu can bang (balance modulator) v& ¢ hinh 4.21. Hé nay
cong song mang cos2nfct voi tin hidu chua tin s(t), sau d6 dua ching vao linh kién phi tuyén (
binh phuong ). Su van hanh cling duoc 13p lai voi -s(t) . Mach tong s& 1y hiéu s6 cta 2 tin hiéu
ra, 1lam loai b6 s hang cua luy thira /é trong khai trién (4.14). Vi du, xem $6 hang lay thtra 3.
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Khi khai trién [s(t)+cos2nfct] S6 hang phui 1én bang tan cta song AMlas ’(t)cos2 nfet. S6 hang
nay khong ddi dau khi -s(t) duoc thay vao s(t). Nhu vay tai mach tong (thuc ra 1a trir ) ching sé
triét nhau. SO hang ma ta mudn 14y, s(2).cos2afct , s& d6i dau khi -s(t) dwoc thay cho s(t). Vay
mach s¢€ lam tang doi bién do tin higu.

Ta cling nh¢ rﬁng, khi 56 hang bdc mot bi triét, nén tin hi€u ra cta khéi bién diéu can béng
la SC AM. ( Bién di¢u AM so6ng mang bi nén ).

Mach dién thyc té cta bién diéu binh phuong v€ & hinh 4.22. Pay la mach transistor kiéu E
chung. Mach dung su phi tuyén cua transistor dé tao nén tich cua tin héu véi sobng mang. Mach
duogc dieu hop & chan C, loc bo nhiing hoa tan khong mong mudn.

SQR

s(t) —{%}—» Phi tuyén

cog 2rf-t SQR AxA

-s(t)_.{%:l—» FPhi tugén

SQR

sif)

Phi tuytn

E % EPF
s-::-tj 3 sy E I
- cos %r_tfjct SQR § —T_>

Phi tuytn

—e(f)

Hinh 4.21: Khéi bién diéu AM cén bang

+%oe

s(t)

+
cosdrfet

Hinh 4.22: Mach bién diéu binh phuong

Cac mach bién diéu binh phuong thuc té d& thiét ké dén do ngac nhién! Thuc vay, Chung
thuong hién hitu ngoai y mudn. Cac san phém cua su bién diéu xuét hién trong mach dién mot
khi cac linh kién dién tir bi dua vao ving hoat dong phi tuyén. Vi vay, nguoi ta thuong cd ngin
ngtra mdt mach hoat dong nhu mdt mach bién diéu khong mong mudn.

Hinh 4.23 13 mach ctia mot may phat AM bién diéu & chan C. Chi can thay doi dién thé tic
thoi dat vao chan B cua Transistor do sy bién ddi bién do cua tin hiéu trong tin s(t). Séng Xuét
hién tai dinh ctua mach diéu hop ¢ chan C 1a téng cua V¢ va tin hi€u s(t). Nhu vay, co ban ta da
lam thay d6i dién thé tirc thoi do bién d6 cua s(t) thay doi.
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Ngb ra cia mach la mot loc BPF, nham giam thiéu cac hoa tan sinh ra do su hoat dong phi

tuyén cua transistor.
+
i)

+%ee

+

St
cos 2rfot T B I ®

Hinh 4.23: Mach phat AM bién diéu & chan C

CAC KHOI HOAN PIEU ( Demodulators)

Ta di noi tir trude rang s(t) s& duge hdi phuc tir sm(t), bang cach hoan diéu cho sy(t) va sau
do6 cho tin hiéu qua mét loc LPF. ( loai sobng mang ).

Hinh 4.24 1a so d6 khéi cia mot mach hoan dién dong bo (Synchronous Demodulator) hay
hoan di¢u két hop. Goi nhu vy vi mach dao dong tao sc(t) duge dong bd hoa vé ca tan sd va pha
v6i song mang dugc thu.
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S(f)
1
f
£ fm
G(DH)
12
1/4 1/4
| | § s
2f, i fin oA,
Smft)
() | LPF [——1spy
ISc(tj

Hinh 4.24: Hoan diéu AM

Vi mach nhan cua hinh v€ nhin khong khac v6i mach nhan dung trong mach bién di€u, ta
co thé tién doan nhiing cai bién cua mach bién diéu cong va binh phuong c6 thé ap dung duoc &
day.

C6 hai loai hoan diéu dong bo
Hoan Diéu Cong: ) i i
Trudc hét, hay khao sat sy dung mach bién di€u cong dé hoan di¢u mot song DSBSCAM:

Gate
Stmit)
{3 | LPF +315(1
pit)
Hinh 4.25: Hoan diéu cong
P(t) 1a mot ham cong gdm

mot chuoi xung tuan hoan bién do don vi.

P(t)=ap + Z a, cos2nnfct

n=l
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Vay tin hi€u vao cua LPF la:

sm(t) P(t) = s(t) cos2mfct {ao + Zan cosZ;met}

n=l1
= a s(t) cos2nfct + ? > a,[cos(n —1)2zf t +cos(n +1)27f t] (4.15)
n=1

Quan tdm dén thanh phan bac 1:
= sm(t).P(t) = ao.s(t).cos2nft + ay.s(t).cos’2nf.t

a,s(t) N a,s(t)cos4nf t

= a0.s(t).cos2nf t + 5

Vay output cua LPF cho boi:

So(t) = %als(t)

Va su hoan diéu duoc hoan tat.

1 Ta da ndi vé hoat dong cta hoan diéu cong cho mot song AM SC. Bay gio,
néu ta thay A + s(t) cho s(t) trong phuong trinh (4.15) ( truong hop TCAM).
Ta s€ thay rang hoan di€u cong s€ tao ra mot tin hiéu ra.

Sol(t) = %al[A + s(t)]

Biéu thtrc trinh bay tin hiéu chia tin gbc bi doi boi mot hang. Néu hé chira linh kién lién
lac ac, hﬁng s& khong suét hién & output. Néu tit ca mach khuéch dai trong h¢ lién lac dc, ta co
thé loai bang cach ding mot tu ndi tiép twong d6i 16n, dé né nap dén tri trung binh cia tin hiéu.

Ta gia st tri trung binh cua tin s(t) 13 zero. Néu né khong dung, sy loai bé hiang ciing s&
loai vai tin hiéu khac. May mén, hau hét s(t) déu c6 tri dc 14 zero.

Hoan Di¢u Binh Phuong:

Ta khao st hiéu qua ctia viéc cong song AM vao mot song mang thuan tay, rdi sau d6 binh
phuong tong:

[sm(t) + A cos2nfct |7 (4.16)
Trude hét, hiy xem truong hop song mang bi nén SCAM. Phuong trinh (4.16) trd nén:
Sm(t) = s(t). Cos2nfct

{cos2af t[s(t)+ A]} = cos?2mfct + [s(t) + A

_ [s(®) + AT +[s(t) + AT Cosdf -t
2

(4.17)

- Sé hang thtr nhi la mét song AM xung quanh mét song mang tan sd 2fc. Vay co thé tach
no ra dé dang bang mot loc LPF.
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- S6 hang thtr nhét c6 thé khai trién:
$4(t) + A%+ 2A s(b).

Nhung tan s6 chira s*(t) phu véi s(t), va chung khong thé tach ra. Tuy nhién, gia st ring ta

2
s , ‘ + A . \ \ .
da dung mot loc LPF dé tach tat ca so hang [%} ra khoi thanh phan c6 tan so 2f; .

Nhé 1a loc ndy phai cho qua nhig tan s6 16n dén 21y, Vay ta da hoi phuc binh phiong clia
tong cua A va s(t). Ta s& lay can bdc 2 cua n6 dé co:

0,707|s(t) + A| = %|s(t) +A.

A* Su léy suét ciia mot tin hiéu s& dua dén mot dang méo. Thi dy, tin hi¢u 1a mot
hinh sin thun, sudt cia n6 c6 dang song sin chinh lru 2 ban ky véi tan sé co ban gip doi tan sb
gbc. Tin hiéu chinh luu khong chi chira mét tan s6 don, ma bao gdm nhiéu hoa tan. [ néu ta nghe
n6 ¢ loa, séng sin gbc s& cho mot tong thuan, trong lac soéng sin chinh luu 2 ban ky s& cho mot
tong sé - Thanh phan hoa tan - cao hon mot bat 46 ]. Néu tin hiéu gdc 1a mot hon hop nhiéu tan
sé, su méo s€ nghiém trong hon.

B* Nhung gia st A du 16n sao cho s(t) + A khong bao gio ¢o tri am, thi |s(t) + A| sé

bang s(t) + A. Khi dé, ta dd hoan diéu duoc. Nghia 13 séng mang dwoc thém vao & mdy thu dé
hoan diéu phai c6 bién do 16n hon hay bang tri am t6i da cua s(t).

Bay gio ta xem viéc hoan diéu song TCAM. Trong viéc hoan diéu, can thiét phai tao lai
mét ban sao hoan chinh cua séng mang. Diéu nay khé thyc hién, trir khi séng AM chira mot 5O
hang tudn hoan c6 tin sé bang tan sd song ‘mang. Diéu niy ty nhién dua ta dén viéc phai dung
TCAM. Thyc vay, phuong trinh (4.16) 1a két qua tir viéc binh phuong song TCAM thu duoc ma
khéng can cong thém mot séng mang dia phiong (ndi local) (tai may thu ).

(Einh phitong) S(t)

o |

Hinh 4.26: Khéi hoan diéu binh phwong cho TCAM.

Hinh 4.26 13 khéi hoan diéu cho TCAM. Bién d6 song mang A du 16n dé 1am cho A+
s(t) khong am.

C* D01 voi song SCAM, can phai thém mach tao (ban sao cua) song mang tai may thu.
Ban sao nay can dugce dong bd hoa véi song mang thu duge ( pht hop vé tan sé va pha). Thuong
may thu c6 mot mach dao dong ndi dé thuc hién viéc nay.

Ta hiy xem hau qua cua su khong pht hop vé tin sé va pha. Gia st mach dao dong ndi
hinh 4.24 bi 1éch tin b&i A¢ va 1éch pha boi AB. Khi dé, output ciia mach nhan la:
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Sm(t) cos [ 21 (fc+As )t + A0]

= s(t) cos2nfct cos [ 2w (fct+Af )t + AD]

—5(t) cos[ 27A;t + A6] .. cos [27(2f. + At +AO] (4.18)
2 2
Pay ciing 1a input cia LPF cta khdi tach song dong bo, output ctia n 1a:
So(t) = s(0) cos| 27zA2ft+A¢9] (4.19)

( S6 hang thir nhi cta (4.18) c6 thanh phén tan sb 2fc+ Af nén bi loai )

Biéu thirc (4.19) cho thdy mot tin higu 1a s(2) nhdn véi mét ham Sinusoide tai tan s6 Ay
Hertz. Ta gid st Afnho, vi ta ¢6 lam cho n6 — 0. Pinh 1y bién di¢u chi rang s,(t) c6 mot bién doi
F véi cac tin sb trong khoang dén f,, + Ar. Du LPF dugc thiét ké dé chi cho qua cac tan s6 16n
dét, , nhung no van cho qua toan bg fy, + Ag,vi Ap<< fyy,

Gia sir ta c6 thé lam phu hop vé tan s6 chinh xac r6i, chi con khac pha. Phuong trinh (4.19)
tré thanh:

COsAf

So(t) = s(t) 5

(4.20)

Do 1a mét phién ban khong méo cua s(t).

_ Khi Ab — 90°, output s& zero.
Su Ho6i Phuc Song Mang Trong TCAM.

Ta da théy, su hoan diéu déng bo can phai c6 sy thich hop hoan hao vé tin sb va su sai
pha khong dén 90°. Sy thich hop tan s6 chi c6 thé néu séng AM c6 chira mot thanh phan tuan

hoan tan s bang véi song mang. D6 13, anh F cua song AM nhén dugc ¢ may thu phai c6 mot
xung lyc tai tin sb ctia song mang. Pay 1a truong hop ciia TCAM.

Tin hi€u thu dugc c6 dang:
sm(t) = s(t) cos2nfct + A cos2mfct

Mot cach dé trich song mang tir song bién diéu 1a ding mét loc day théng thdt hep diéu
hop véi tan sO séng mang. O trang thai thuong truc, tat ca s6 hang ciia song mang s& di ngang

qua loc nay, trong khi chi c6 1 phan ctia song bién di¢u qua d6 ma thoi. Bién doi F cia tin hi¢u
ra cua loc la:

So(f)= % [S(f - fc) + S(f+ fc) + Ad(f + fc) + Ad(f - fo)].

Vi khoang céc tan s trong day thong cua loc,
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fC_ ﬂ < |f| < FC"'W
2
Léy F B
fC+B\%
so(t) = A cos2mfct + jS(f —f.) cos2nfct + dr (4.21)
fe-BW/

Tich phan cua phuong trinh (4.21) gidi han boi:

1
—— Siax (NBW.
— Smax (0

° M(:)t mach loc voi khé bang that hep s€ chi cho qua sb hang thtr nhét, ( thanh
phan séng mang thuan tay ).

sitjcos Infet + Acos 2rfet.

~Aos 2rfet

Hinh 4.27: Su hoi phuc séng mang dung BPF trong TCAM.

Mot cach khac dé hoi phuc song mang la dung vong khoa pha (phase - lock loop). Vong
khoa pha s& khoa thanh phan tuan hoan & input dé tao nén mot sinusoide cé tan sd song mang.

Hinh 4.28: Vong khoa pha

Hinh 4.29: Hbi phuc séng mang trong TCAM bang PLL
Tach Song Khong Két Hop ( Incoherent Detection ):

Céc khoi hoan diéu di noi ¢ trén can phai tao lai song mang & may thu. Vi tan sé song
mang phai chinh xac va pha phai dang phdi hop ( matched ) ding tai bd phan tich séng, nén
song mang tir dai phat xem nhu 12 mot thong tin chinh xac vé thoi gian (timing information) can
phai duoc truyén ( dén may thu ). Vi Iy do d0, cac khdi hoan diéu trén goi 1a tach séng két hop (

g(tjcos Nfet + Acosz 2rfet.

A Ao 2Tt
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Incoherent Detection ).

Nhung r}éu thanh phéan ( s6 hang ) song mang du 16n trong TCAM, ta c6 thé dung kiéu tach
song khong ket hop. Trong do, khong can phai tao lai song mang.

Gia sir do song mang du lon s20 cho A + s(t) > 0. Hinh 4.30. Ta da biét, hoan diéu binh
phuong thi hi€u qua cho truong hop nay.

-

BT e——
,
e

P i
'1!'
-

y ; ’
b i b, i

B - . .
~ L ~ U

Hinh 4.30: TCAM v6i A +s(t) >0

Wy

Ta nhéc lai, nhu hinh 4.26, output ctia khéi binh phuong:
[A + s(t)]* cos2nfct = % [[A + s(t)]2 + [A + s(t)]2 cos47sztJ

Output ctia LPF ( cho qua nhiing tan s6 1én dén 2f;,) la:

_[A+sf
s(t) —

Néu bay gio ta gia sir ring A du 16n sao cho A + s(t) khong bao gid 4m, thi output cta khoi
can hai la:
so(t) = 0,707[ A +s(t) ]
Va su hoan diéu duoc hoan tat

{(Finh phiuong) s(t)

= 7

Hinh 4.31: Téach so6ng binh phuong

Trang IV.23
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Téach song chinh luu:

Khdi binh phuong c6 thé duge thay bang mot dang phi tyén khac. Truong hop dic
biét, xem mach tach song chinh luu ( Rectifier Detection ) nhu hinh 4.31.

i | |Chinh lwu_%© | LPF \

A

A |H(f)|

»
»

-t fin
Hinh 4.31: B tach song chinh luu.

Xem mot song DSBTCAM:

s, ()= [A + s(t)}cos 2nift

Mach chinh luu c6 thé 14 nita song hodc toan song.
Ta xem loai mach chinh Iuu toan séng ( Full - Wave Rect ) Chinh luu toan song thi tuong
duong v6i thuat toan léy tri tuyét dbi. Vay tin hi€u ra cua khéi chinh luu 1a:
si()= | A +s(t)| | cos2mfct]|
Vi da gia sir A + s(t) khong 4m, ta c6 thé viét:
si(t) = [A + s(t)] | cos2nfct |
Tri tuyét dbi cta cosine 1a mot song tuan hoan, nhu hinh 4.32.

. .
|

Hinh 4.32

Tan s6 cin ban cta n6 1a 2fc. Ta viét lai s,(t) bang cach khai trién F .
si(t)=[ A +s(t) ][ a, + a; cosdnfct + a, cos8nfct + a3 cos12nfct +.... |
Vay output cua LPF la:

so(t) = 0 [ A +5(0) ]
Va su hoan diéu da hoan tat.
* Bay gio, ta hdy xem co ché ma khéi tach song trén da hoi phuc lai song mang. Hinh
4.33 chi rang su chinh luu toan song thi trong dwong voi phép nhan song voi mot song vuodng.
(tai tin sb fc ). PO 1a tién trinh 14y tri tuyét ddi cua phan 4m cua song mang. N6 tuong duong voi
su nhan cho -1. Vay, mach chinh luu khong cin biét tin sé séng mang chinh xac, ma chi thuc

Trang 1V.24
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hién mot thuat toan twong dwong véi nhan cho mot song vudng ( ¢o tan sd chinh xac bang fc ) va
pha cua song mang thu duogc.

C6 thé xem day nhu mdt bai tap, chimg to rang mot mach tach song dong bo co thé hoat
dong bang cach nhan séng voi mot ham cosine ( tan sd fc ) hodc voi mot song vudng co tan sb

: %

1] L.
T u\u L

5(¢) cos 2w f ¢t | s(t} cos 2mf |

I
- »

g - Ll

Chinh lvu
toan song

Hinh 4.33: Chinh luu toan séng twong duong véi phép nhan 1 song vuong.
Tach Song Bao Hinh. (Envelope Detection)

Tach song cudi ciing ma ta khao sat & day la don gian nhat. Xem dang séng TCAM & hinh
4.34.

Néu A + s(t) khong bao gio am, duong bién trén hay bao hinh ctia séng AM thi chinh xac
bang v&i A + s(t). Néu ta thiét lap mot mach dé 1y dudng bién ndy, ta di thuc hién mot mach
tach song bao hinh.

* Trude hét, xem mot mach tach song dinh ( peak detector ) nhu hinh 4.35

i (| ?l\ f'n

(Al
I A

Y

| !

i
| / \
N| L«fJ N[

x_l, ) |

Hinh 4.34: Dang song TCAM vo61 A < a
Su phan tich mach tach séng dinh dya vao 2 quan sat: (1) input khong thé 16n hon output (
v6i mot diode 1y tudng ). Va (2) output khong bao gid giam véi t. Quan sat thir nhat dung, vi néu
input vuot qua output thi diode c6 thém mot dién thé duong phan cuc thuan. Quan sat thir 2 do
su kién 1a tu khong c6 duong xa dién. Nén output luén ludén bang véi tri dinh cta input trude thoi
dieém do.
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§m (2] ot it)
= /

Smfﬂ — Euut“} \ 7
] - \ Un”ﬂunu [Lpos o

{a)

(b)
Hinh 4.35: Téch séng dinh
* Bay gio néu ta dau thém mot dién trd xa dién cho tu. Mach & hinh 4.36 13 mach
tach song bao hinh. Output s& c¢6 dang expo giira cac dinh. Néu chon lya thoi hang RC thich hop,
thi output s& xap xi v6i bao hinh. Va mach tac dong nhu mot mach tach song. Output co chira
song du (tan sd fc) nhung didu d6 khong hé gi, vi ta chi quan tAm dén nhiing tan sé dudi tan sd
fin.

AV

S, (1)

§ (1) ‘rjt eyuilt}

Fal

| U Uﬂuhuhu Lj v o —»

Hinh 4.36: Téach song bao hinh

Thoi hang RC phai ngan sao cho bao hinh c¢6 the vach nhiing thay d6i tri dinh cua song
AM . Céc dinh cach nhau tai nhitng khoang bang vdi tan s séng mang, trong lac chidu cao thi
theo bién d6i cua bién do cua s(t).

Ta xem truong hop s(t) 14 mot ham sin thuan ( tan s fc). N6 s& ¢6 kha ning thay dbi tri
2 A s A A A ’ 7 A+ N A . A . 1
dinh nhanh nhat. Tai tan s nay, cac dinh thay doi tr mot tri max dén min trong 5 fn sec. Mach
can 5 lan thoi hang dé dat 0,7% tri cudi cing ctia nd. Vay néu ta dit thoi hang RC dén 10% cuia
1 ¢ Thi mach tach séng bao hinh c6 thé hoat dong & tan s6 cao nhat. Vidy, v6i  f, = 5kHz,
NP ! <
thoi hang s€ chon 1a %m sec. ( hodc 20us).

Bién di¢u va Hoan di¢u bang IC
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Cac rr}ach bién diéu va hoan diéu co t}}é dung IC. Cac IC nﬁy c6 chura nhitng mach khuéch
dai Visai dé dua vao vung bdo hoa hoac dé mdé phéong mot giao hoan dién tir. (
Electronnic Commulator ).

- Hinh 4.37, IC MC1496 dugc sir dung nhu mot bién diéu TCAM. Mach tuong tur c6 thé
dung dé phat ra SCAM, bang céach chon lai tri s0 cac dién tr¢ trong mach hi¢u chinh song mang.

- Hinh 4.38, cling dung chip nay de hoan diéu cho TCAM. S6ng mang trong mach dugc
thuc bang cach thic tin khuech dai cao tan vao ~vung bao hoa. Nhu véy, output cua tan ndy giéng
nhu mot séng vudng tai tan sd fe. Song mang nay duoc dua vao mot trong nhitng ngé vo cia MC
1496. Ngo ra phai 1a LPF, dé hoi phuc tin hiéu chira thong tin.

+12V
o)
1K 1K
i 2 3
+Sm(t)
51 U3 6 o
7 P
0.1uF A
Carrierc || 8
[
st) o . 1 MC1496
-Sm(t
_ 4 9 o ®

S

Hinh 4.37: Bién diéu AM

Trang 1V.27



Co Sé Vién Thong Pham Vin Tén

+12V +12V +12V +12V
o o

3,9K 3,9K

1K
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|
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Amplifier/Limiter MC1496
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A |~ o [N©®

10K 50K 10K

51 51 10 5
6,8K —
3 =
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Hinh 4.38: Hoan diéu cho TCAM

TRUYEN MOT BANG CANH (single sideband) SSB:

Trong cac hé thdng AM ma ta dd n6i ¢ trén, khoang tan s6 can thiét dé truyén tin hiéu la
bang gitra fc - fi, va fc + fi, kho bang tong cong la 2f,,

Trong viéc khai thac cac dai phat AM, nguoi ta xem tang phd nhu 14 “ tai nguyén thién
nhién “. Viéc bdo quan cho nd 1a mot chi ti€u quan trong. Néu kho bang can thiét cho moi kénh
rong qud, Thi so dai phat song cung mdot lac s€ it di. Ta tim mot phuong phap co theé gdi thong
tin ma kho bang thi nhé hon 2f;,.

Truyén mot bang canh 1a ky thudt cho phép truyén phan nita khé bing can thiét cho AM
hai bang canh.

Smif)
BEd h '
C__ EE. e
Il dll-fﬂ Il »
s A

Hinh 4.39: Pinh nghia cac canh bang
Hinh 4.39 dinh nghia cac bang canh. Phén clia sp(t) nam trong bang trén song mang goi la
bang canh trén ( upper - sideband ). Va phan ¢ dudi song mang goi la bang canh duoi (lower -
sideband). Mot song AM 2 bang canh thi bao gom cé bang canh trén va bang canh dudi.

Ta c6 thé dung céc tin chat ctia bién doi F a4 chung t6 rang 2 bing canh nay phu thudc 1an
nhau. Bién déi F cua song AM duogc tao nén bé“mg cach doi ( shifting ) S(f) 1én va Xuéng, nhu da
biét. Bang canh dudi tao nén do phan f 4m cua S(f); va bang canh trén do phan f duong cua S(f).
Ta gid sir rang tin tire s(t) la mot ham thwe. Vay suat cua S(f) thi chan va pha thi 1&. Phan f am c6
thé suy tur f duong bang cach lay phuc lién hop.

Tuong tu, biang canh dudi clia spm(t) co thé suy tir bang canh trén. Vi cac bang canh khong
doc lap, ta co thé truyen tat ca cac thong tin co ban bang cach gui di chi mgt bang canh.
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Suzblf) SLseif)

/] N, N /.

-fe fc -fc fc

Hinh 4.40: Bién d6i I ciia cac bang canh

Hinh 4.40 chi bién déi F cua bing canh trén va bing canh dudi cua séng AM, lan luot ky
hiu 1a Syg(t) 12 Sigp(t). Song AM 2 bang canh la téng cua 2 bang canh.

Sm(t) = Susb(t) + SLsb(t) (4.22)

Vi soéng SSB chi chiém mét phan cua bang tan bi chiém b&i song DSB, n6 thoa 2 yéu cau
ctia mot hé bién diéu. Do 1a, bang canh chon tan s song mang riéng, ta co thé chuyen song bién
diéu thanh mot khoan tan sb, ma & d6 truyén di mot cach hiéu qua. Ta ciing c6 thé dung nhing
bang khac nhau cho nhiing tin hiéu khac nhau (tirc f, khac nhau). Nén, cing lac c6 thé truyén di
nhiéu tin hiéu (da hop).

Chi con mot van dé can chimg t6. D6 13, thong tin gdc c6 thé duge hdi phuc tir song dugc
bién diéu SSB. Va song bién diéu c6 thé duoc tao ra boi cac mach tuong ddi don gian. Vay ta xét
dén céc khéi bién diéu va hoan diéu.

Khéi Bién Di¢u Cho SSB:

Vi bang canh trén va bang canh dudi tach bi¢t vé tan sb, cac mach loc co thé dung dé chon
bang canh mong muén. Hinh 4.41, chi khdi bién diéu cho bang canh dudi (LSB). C6 céc cach dé
tao bang canh trén (USB). Ta c6 thé hodc thay d6i ddy thong cia loc BPF dé chi nhan USB, hoic
c6 thé lay hé s6 gitra DSB va LSB.

Hyif)
+1
)
st < 1y L,
g, o)
LSk f
_fli'.' ¢ fc
fo-im
cos 2Tt

Hinh 4.41: Khéi bién diéu cho LSB, SSB

Trang V.29



Co Sé Vién Thong Pham Vin Tén

Hinh 4.42: Khéi bién diéu cho USB, SSB

Hy(f)
41
t Srrlt)
st ' o  Hozify [ t
z
usk f
-fc P )
fe-fm
cos 2Tt
Hzif)
41
t Eit)
sit) : T H BT ®
+ 5 b d "
-fe fe fe+fm
cos 2Tt

Cac mach loc & 2 hinh bén phai that chinh xéc, vi khong c6 ddy tan bao vé nio giita bang
canh trén va bang canh dudi.

* Mot phuong phap khac tao ra SSB. So d6 khdi v& & hinh 43 ( dung LSB - SSB).
Gia sit s(t) 1a mot Sinusoide thuan tay. V&i truong hop don gian ny, sy phan tich chi cn dén
lugng giac.

S(t) = cos2nfct
Séng DSB A,c6 dang:
Sm(t) = cos2nfct + cos2mfct
_ cos2n(f. —f )t +cos2n(f. +f )t
2

Sy nhan dang cac bang canh trong truong hop don gian nay that ro rang: SO hang thir nhéat
la bang canh dudi, s6 hang thir nhi 1a bang canh trén.

(4.23)

cos 2Tt
+ 1
&
1 F 5 Et:'
¥l cos 2t _gp@ + Lab

- QCID —r[%)—7

Hinh 4.43: Bién diéu cho LSB, SSB
Bay gio ta khai trién bang canh dudi:
cos2n(f, — fm)t
2
cos2nf t.cos2nf t+sin2nf t.sin2nf t

— c™ m c™ m 424
5 (4.24)

SLsb(t) =
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SSB

1
LFF | 5 =0

st

S I::t:l

Vay ta co thé théy tai sao so dd kh,éi hinh 4.43 c6 thé tao ra LSB. Sb hang thu nhét cua
phuong trinh (4.24) 1a song DSB AM. S hang tht nhi ¢6 dugc 1a do su doi pha 90° cho mdi
song Cosine.

. So do trén day co thé cal bién dé tao ra bang canh trén (USB). Chi can thay bd phan tong
béng mot bd phén lay hi¢u so6 hai outputs cua 2 mach nhan.
Khoi Hoan Biéu Cho SSB:

Khéi hoan diéu dong bo hinh 4.44 c6 thé dung dé hoan diéu SSB

Hinh 4.44: Hoan diéu dong bo
* Ve phuong di¢n tan sd, ta d3 biét su nhan cho mdt Sinusoide s& 1am doi tin bién
dbi F ca chiéu 1én va chidu xuéng.
- Hinh 4.45, chi bién dbi F cia Susb(t) khi nhan nd voi mot Sinusoide tai tan sb f.

- Hinh 4.46, chi két qua twong tu d6i v&i tin hiéu Sy g (t). Trong ca 2 trudng hop, mot
loc LPF s€ hoi phuc lai ban sao cua tin hi¢u chira thong tin goc.

Suss(f)
AL N
P 1 [
;J 1__] I_J." !|\
.I,-"ll l""-.\ B [ ius bl:tj . CDSETEff_' t ]
‘ \. i y
/] AN
o

- 21, 2fn

Hinh 4.45: Bién @i ' ctia hoan diéu USB va SSB
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Scse(f)

\4

Hs, p(t).cos2nf{
X / \‘A

-2f, 21,

A\ 4

Hinh 4.46: Bién d6i F' cua hoan di¢u LSB va SSB
* V& phuong dién thoi gian ta thiy:
s(t)cos’ 2mf .t £ s(t)sin2nf .t + cos2nf, t

fSSB(t) cos27:fct = > (425)
Déu + cho LSB va dau - cho USB. Khai trién luong giac
_s(t) +s(t)cos” 2nf t + s(t)sindnft 4.26)

4
Output ctia LPF (v6i mdt input nhu vay ) s€ 1a s(2)/4
Va ta di hoan tat duoc sy hoan diéu.
* Ghi cha: S(t) 12 bién d6i Hilbert cua s(t)

8(t) = f; ts(t) dr. Va I(—T)d 0

'] Bién doi Hilbert cia mot ham thoi gian c6 duoc bang cach quay tat ca
thanh phdn tan sé di mot goc 90°.

Vi du: s(t)= cos(2nfct+0) —S(t)= sin(2nfct+0)

BIEN PIEU AM TRUC PHA:

Ta di chtng to rang nhimg tin hiéu khong phu nhau vé tan s6 va thoi gian thi co thé tach ra
khoi nhau. DSBAM giita sy tach biét vé tan s0 va thoi gian thi 6 thé tach biét tan sd dé cac kénh
khong bi giao thoa v&i nhau. Nhung nd phai can ding kho bang rong gip d6i SSBAM.

Tuy nhién, trong truong hop 2 tin hiéu DSBAM dugc gui di dong thoi ma c6 tan sb va thoi
gian phu nhau, ching van c6 thé tach ra tai may thu. Thyc vay, bién diéu bién do truc pha s&
thuc hién dugc viéc ay. ( Quadrature Amplitude Modulation QAM ) .
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Hinh 4.47: May thu QAM

Gia s, ¢o 2 tin hi¢u s(t) va sx(t) c6 tan so gidi han nho hon f;,. Hai tin hi€u nay bién di¢u
2 séng mang co tan s6 bang nhau.

S1m(t) = si(t).cos2mfct
Som(t) = sa(t).sin27fct
Téng cua 2 song:
AM = 511(t) + Sma(t) = s1(t). cos2mfct + sy(t).sin2mfct
Mic du hai séng phu 1én nhau, nhung ching c6 thé tach ra boi may thu nhu hinh vé trén.

- Tin hi€u ngo vao LPF;:
sa(t) = [s1(t) cos2mfct + sy(t) sin2mfct].cos2mfct
= sl(t).00522nfct + s5(t).sin2nfct.cos2mfct

= % [s1(t)* si(t) cosdnfct + sy(t) sindnfct]

Mach loc LPF, s& chi cho qua s6 hang tht nhét, 13 s,(t)/2
- Tin hi€u ¢ ngd vao LPF;:
sp(t) = s1(t) cos2nfct.sin2nfct + sy(t) sin“2nfct

= % [s1(t) sindmfct + sa(t) - so(t) cosdmifct]

Ngo ra ctia LPF, 1a s hang thir hai, s(t)/2

BIEN PIEU BANG CANH SOT ( vestigial sideband ) VSB.

Bién diéu SSB c6 lgi hon DSB vé mit sit dung tan s6. D6 1a SSB chi dung phan nira khd
bang can thiét twong tng cua DSB. Nhung SSB c¢6 bat loi 1 kho thiét ké mot may phat va mot
may thu c6 hi¢u qua. Mot van dé ndi bat cia SSB 1a viéc thiét ké mach loc dé loai bo mot bang
canh - Tinh chit pha ctia mach loc s€ tao nén song du. Viéc nﬁy s€ gay hau qua x4u. Vi du, trong
truyén hinh, khd bang rong hon trong truyén thanh (tiéng noi). Su méo pha tin hiéu video giy
nén hiéu tmg offset 1én hinh anh duoc quét, ( tao ra bong ma )- méit ngudi rat nhay v6i dang méo
nhu vay (hon 1 su méo tuong tu cua tiéng noi).

Vay ta co 1y do dé noi dén mot kiéu bién diéu ndm gitta SSB va DSB. D¢ 1a kiéu bing
canh s6t (VSB). [ Mot bang canh bi loai trir khong hoan toan bo1 mach loc dé tranh méo ].
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VSB ¢6 xap xi cung kho bang tin véi SSB va khong kho thiét ké mach hoan diéu. Nhu tén
go1, VSB c6 chtra phan sot lai cia bang canh thar nhi (khong loai bé hoan toan nhu SSB).

Hinh 4.48: Bién diéu VSB
Mach loc duoc ding cho VSB khong gidng nhu trong SSB - né khong chit ché.
A

Sm(T)

T, o, >
H (1)

T, , >
Sm(f).H(f)

T, T, >

Hinh 4.48 chi bién d6i cua DSB, dic tinh mach loc va bién ddi cua output.
Néu Sv(f) 1a bién déi F cua tin hiéu VSB, thi:

Sv(f) = Swm (DH() = [ s(f + fc) + s(f' - fo) JH(D) (4.27)
Output ctia bg hoan diéu déng bo ¢6 bién ddi:
_ S (f+f)+Sy(f 1)

So(f) . . <t (4.28)
Thay (4.27) vao (4.28), ta tim dugc:
So(f) = SHEH( —f.)+H(f +£.) (4.29)

4
Phuong trinh (4.29) dugc dung dé dat cac diéu kién cho mach loc.

Téng nam trong [ ] dugc v& ¢ hinh 4.49. Vi mot H(f) tién biéu.
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Hinh 4.49: Loc BPF cho VBS
Gia sit rang mot s6 hang séng mang duoc cong vao (TCAM). Séng mang dugc truyén
VSB c6 dang
sy(t) + A cos2mfct

S6 hang song mang ndy dugc rut ra tai may thu bang cach ding hoic mot loc bing rat hep
hodc mot vong khoa pha. Néu s hang song mang du 16n, ¢ thé ding tach song bao hinh [ ta da
thay didu d6 & SSB. O do, song mang 16n hon nhiéu so vdi tin hi¢u. Con ¢ DSB, séng mang chi
can 16n cung c& véi tin hi¢u. Do6i véi VBS, Bién d6 song mang thi nam giita 2 kiéu ay ].

Khi cong mot song mang vao, hiéu suét s& giam. Su de dang trong viéc thiét ké mot mach
tach song bao hinh khién hé nay dugc chon dung trong truyén hinh.

AM STEREO.

~ Tachi gioi thiéu nhimg diém chu yéu vé AM stereo. Su phan giai sau hon can dén nhiing
hiéu biét vé bién di€u pha, ma ta s€ noi & chuong 5.

Nguyén ly AM Stereo la guri 2 tin hiéu audio doc lap trong k}lé bang 10kHz nam trong mdi
dai phat thanh thuong mai. Nhing hi¢u chinh cén thi€t d€ c6 thé twong thich v6i cac may thu
mono dang hién htru (néu 2 tig hi€u bi€u dién cho 2 kénh trai va phai, thi mot may thu mono phai
hoi phuc tong cta 2 tin hi¢u nay).

Néu 2 tin hiéu ki hiéu 12 S (t) va Sg(t), tin hiéu tong hop c6 thé viét :

q(t) = sr(t) cos2mfct + sg(t) sin2mfct (4.30)

Néu ca 2 tin hiéu S(t) va Sr(t) 1a tin hiéu aodio véi tan sd téi da 1a 5kHz, q(t) chiém day
tan gitra fc - SkHz dén fc+5KHz. ( kho bang tong cong 1a 10kHz ).

Tin hiéu tong hop co6 thé viét lai nhur 1a mot Sinusoide duy nhét:

q(t) = A(t) cos[2nfct+0(t)] (4.31)

Trong d6: A(t) =4/s; (t) +sp (t)
sp (1)
0(t) = -tan™ s, ()

Mach tach song bao hinh trong mét mdy thu mono sé& tao A(t). D6 1a mét phién ban bi méo
cua tong cua 2 kénh va khong can cho yéu cau tuong thich.

Hinh 4.50 Chi so dd cua khdi bién diéu va hoan diéu. Khéi v& chdm chiam 13 mot vong
khoa pha, dugc dung dé hdi phuc séng mang. Output ctia vong khoa pha 1a cos(2nfct-45%)
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Cac ham thoi gian khac dugc ghi trong hinh la:
si(t) = (2nfct - 45°)
s2(t)= cos2mfct
s3(t)= sin2nfct

s4(t) = sL(t) cos?2nfct + sp(t) sin2mfct + cos2mict

-op”

st ’%}

a1 it ' +
cos 2Tt
CB git)

+ 4, LFF
o)

hModulator

!
r
r

g ()

-45"

n sélitjl

Demodulator

w LFF

——+ s7(t)

ss(t)= sL(t) sin2nfct cos2nfct + sp(t) sin“2mfct

s$7(t)= SRT(t)

Hinh 4.50: Hé thong AM STEREO

=1/2s1(t)
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Chwong V:BIEN PIEU GOC

TAN SO TUC THOL.

BIEN PIEU TAN SO (FREQUENCY MODULATION).
BIEN PIEU PHA.

FM BANG HEP (NARROW BAND FM).
PM BANG HEP.

FM BANG RONG (WIDE BAND FM).
HAM BESSEL.

KHOI BIEN DIEU.

KHOI HOAN DIEU.

FM STEREO.

SO SANH CAC HE.
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TAN SO TUC THOI.

Xem mot song mang chua bi bién diéu
sc(t) = A cos(2nfct + 0) (5.1)

Néu fc bi thay d6i tiry theo thong tin ma ta mudn truyen song mang duoc n6i l1a dugc bién
diéu tan s6. Con néu 0 bi lam thay doi, song mang bi bién diéu pha. Nhung néu khi fc hay 6 bi
thay d6i theo thoi gian, thi sc(t) khong con la Sinusoide nira. Vay dinh nghia vé tan s6 ma ta
dung trudc day can duge cai bién cho phi hop.

Xem 3 ham thoi gian:

s1(t) = A cos 6mt (5.2a)
s2(t) = A cos (67t +5) (5.2b)
s3(t) = A cos (2mte™) (5.2¢)

Tan sb coa s 1(t) va sy(t) ro rang la 3Hz. Tan sb cua ss(t) hién tai chua xac dinh. Dinh nghia
truyen thong clia ta vé tan s6 khong ap dung duoc cho loai song nay. Vay can mo rong khai niém
vé tan sb dé ap dung cho nhiing truong hop ma ¢ do tan s6 khong 1a hang. o
Ta dinh nghia tdn s tirc thoi theo cach co thé ap dung dugc cho cac song tong quat. Tan sb tirc
thoi dugce dinh nghia nhu 1a nhip thay doéi cua pha.

Dat s(t) = A cos O(t) = 2xf (t) = % (5.3)

fi : tan 6 ttrc thoi, Hz. Nhé laca2 vé cta phuong trinh (5.3) ¢6 don vi la rad/sec.

Nhu vay trong thi du trén, tan so tirc thoi clia cac tin hidu da cho lan luot 1a 3Hz; 3Hz va e
(1-t)Hz. o

Thi du 1: Tim tan s0 trc thoi clia cac song sau:

cos2nt,t <1
s(t)y=qcos4nt,1<t<2
cosobmt , 2<t
Giai:
Séng c6 dang:
s(t) = cos[2nt g(t)] (5.4)
Trong d6 g(t) duogc bicu thi nhu hinh 5.1.

Hinh 5.1
Tan so tte thoi cho boi:

d
f,(t) = [t g(t)]=g(H)+ td—f
fi (t) dugc v€ o hinh 5.2.
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Hinh 5.2
Thi dy 2. Tim tan sb tirc thoi cua ham sau day:
s(t) = 10 cos27[1000t + sin 107t ]
Giai:
Ap dung dinh nghia dé tim:

£.(t) = i% =1000 +10mcos10xt

271

f; duoc v€ ¢ hinh 5.3.

1031 4

089 T

Hinh 5.3

BIEN PIEU TAN SO (FREQUENCY MODULATION).

Bién diéu FM duoc phat minh béi Edwin Armstrong nam 1933 [ciing 1a ngudi phat minh
méy thu kiéu d6i tin (superheterodyne - siéu phach)]. Trong bién diéu FM, ta bién diéu tan sd
tte thoi f; (t) boi tin hiéu s(t). Va cling vi dé c6 thé tach biét cac dai véi nhau, ta phai doi tan s(t)
1én dén tan sb song mang fe.

Ta dinh nghia bién diéu FM nhu 1a mot song voi tan s tire thoi nhu sau:

fi (t) = fc + Kes(t) (5.5)

Trong d6: fc 1a tAn sé song mang (hang s6) va K¢ 1a hang s ty 1¢, thay doi theo bién d6 cua
s(t). Néu s(t) tinh bang volt, K¢ c6 don vi 1a Hz/v hoidc 1/v.sec .

Vi tan sb 1a dao ham cua pha, nén

t t
0(t) = 2njo fy (v)dt = 27 [fet + Ky jo s(t)dr] (5.6)

Gia sir didu kién dau bang zero, song bién diéu c6 dang:
Afm(t) = A cos 0O (1).

A (t)=Acos 27{&‘[ +K; j‘s(r)dr} (5.7)

Nhé 13, néu dit s(t) = 0, phuong (5.7) s& thanh mdt song mang thuan tay.
Td . V& song AMSC va FM cho céc tin hi€u thong tin nhu hinh 5.4.
Giai:
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Bang cach lam cho Ky nho mot cach tuy y, thi tan sd ctia Am(t) co thé duge giit mot cach
tuy y xung quanh fc. Diéu d6 1am tiét giam duogc khé bang.

Nh¢ 1a sy blen diéu thi khong tuyén tinh cho s(t). Néu thay s(t) trong phuong trinh (5.7)
bang mot tong gdm nhiéu tin hiéu thi séng FM két qua khong 13 tong cua cac song FM thanh
phan. Diéu d6 ding, vi:

Cos (A + B) # cosA + cosB.

Ta chia bién diéu FM lam 2 nhom; tuy thudc vao cé cia Ky. Véi Ky rat nhé ta c6 FM bang

hep; va K¢ 16n ta c6 FM bang rong.

BIEN PIEU PHA.

Khong c6 su khac biét co ban giita bién diéu pha va bién diéu tin sd. Hai tir y thuong
duoc dung thay ddi cho nhau. Bién diéu mot pha bang mdt song thi ciing nhu bién diéu dao ham
clia né (tan s6) voi séng Ay.

Song bién diéu pha ciing c6 dang:

Apm(t) = A cos O(t).

Trong d6 O(t) dugc bién diéu bai s(t). Vay:

0(t) =2m [fct + Kp s(t)] (5.8)

Hing s6 ty 18 Kp c6 don vi V. Séng PM c6 dang:

Apm(t) = A cos 2n [fct + Kp s(t)] (5.9)

Khi s(t) = 0, song PM tro thanh song mang thuén tay. o
Ta c6 the lién hé PM véi FM bang cach dung dinh nghia cua tan so tirc thoi:
fiit)y=1fc +Kp % (5.10)

Trong rat giéng véi (5.5), truong hop cia FM.

Thuc vy, khong c6 su khac biét giita viéc bién diéu tn s6 mot song mang bang s(t) va
viéc bién diéu pha cua cung soéng mang d6 bang tich phan cua s(t). Nguoc lai khong co gi khac
nhau gitra viéc bién diéu pha cia mot séng mang bang s(t) va bién diéu tan sd ciing séng mang
4y bang dao ham cua s(t).

Vi vay, tat ca cac két qua sau day thi chuyén dé dang giira 2 loai bién diéu.

FM BANG HEP (NARROW BAND FM).

Néu Ky rat bé, ta co thé dung phép tinh x4p xi ¢é don gian phuong trinh ctia song FM.
h; (1) =Acos 2n[fct +K, jo s(r)dr} (5.11)

bé tranh viée 1ap lai nhiéu 14n, ta dat g(t) 1a tich phan cua tin hi€u chura tin.
A t
g()=[s(r)dr (5.12)
0

Phuong trinh (5.11) tré nén:
Aem(t) = A cos 2r[fot + Keg(t)] (5.13)

Dung lugng giac, khai trién ham cosine:
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Am(t) = Acos2mfct . cos2nKeg(t) - A sin2nfct . sin2ntKeg(t) (5.14)

Cosine ctia mdt goc bé ~ 1. Trong khi sin ctia n6 gan bang chinh né.

Vay, néu K¢ da nho sao cho 21Ky g(t) biéu dién cho mét goc rat nho, ta co thé tinh xap xi
phuong trinh (5.14):

Aim(t) = Acos2nfct - 2nA g(t) Kesin2nfct  (5.15)

Phép tinh nay tuyén tinh voi g(t) va nhu vdy tuyén tinh v6i s(t). Ta c6 thé tinh bién ddi F
cua n6 (véi mat it kho khan) nhu sau:

Bién dbi F caa g(t) lién hé véi s(t) boi:

S
G =0
Lay bién d6i F cua (5.15):

A 2nAK, [S(f-f,) S(f+f)}
Am(D) ==[8(f -, )+8(f +f f o) _ c
m(f) 2[( (e £ )]+ 4mj { f—fc f+fc (5-16)
0 | )]
-fm fm t C-fe T

Hinh 5.5: Bién d6i F ctia song FM.
FM bang hep ¢6 3 van dé:
- Tan s6 c6 thé tang cao dén murc can thiét dé truyén di c6 hiéu qua, bang cach
diéu chinh fc dén tri mong mudn.
- Neu tan sb song mang cua nguon tin 1an c4n cach né it nhat 2f,, thi cac tin hiéu
chtra nhitng nguon tin khac nhau c6 thé truyén cung lac trén cung mot kénh.
- s(t) ¢ thé hoi phuc tir song bién diéu. Va phan sau ta s& thdy, cing mot khéi
hoan diéu c6 thé tach séng cho FM trong ca 2 trudng hop Kynho va K¢lén.
Khé bing cua song FM la 21y, dang nhu truong hop AM hai canh. Thi du dung tiéng huyt
540 (t6i da 5000Hz) dé bién diéu mot song mang. Gia st su doi tan toi da 1a 1Hz. Nhu vy, tan
s tirc thoi thay doi tir (fc - 1)Hz dén (fc + 1)Hz. Bién d6i F cta song FM chiém mot bang giita
(fc - 5000)Hz va (fc + 5000)Hz.
R rang, tan sd tirc thoi va cach thirc ma n6 thay d6i da gop phan (ca 2) vao khd bing cua
FM.
Goi 1a “Bdang hep” khi K nho, 1a vi khi K¢ ting, kho bang s& tang tir tri t6i thiéu 2f,,.

PM BANG HEP.

Bién diéu pha bang s(t) thi giéng nhu bién diéu tin sb bang dao ham cua s(t). Vi dao ham
cua s(t) chira cung khoang tan s6 nhu s(t), nén khé bing cia PM bang hep ciing chiém ving tan
s tur giita fc - fi, va fe + £, Tte 12 khd bang rong 2f,,.

V&i FM bang hep, tri max cia 27k; g(t) 1 mot goc rat nho (Trong do6 g(t) 1a tich phén cia
s(t)).
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Véi PM bang hep, 2nKp s(t) phai la mot goc rat nho. Piéu nay cho phép tinh xAp xi cosine
va sine (s0 hang thir nhat trong chudi khai trién).

FM BANG RONG (WIDE BAND FM).

Néu K¢ nho khong du dé cho phép tinh xap xi nhu & phan trén, ta c6 FM bang rong. Tin
hiéu duogc truyén
Am(t) = A cos 2n[fot + Ky g(t)] (5.17)

Trong d6 g(t) 1a tich phan cua tin hiéu chira tin s(t). Néu  g(t) 1a mot ham da biét, bién ddi F
ctia song FM s€ tinh dugc. Nhung trong nhiing trudng hop tong quat, khong thé tim bién doi F
cho song FM, vi su lién hé phi tuyén giita s(t) va song bién diéu. Nhitng phan giai thuc hién
trong pham vi thoi gian.
Ta gidi han trong mot trudng hop riéng, ding tin hi¢u mang tin 1a mot Sinusoide thuan tay.
Diéu nay cho phép dung luong giac trong phan giai.
S(t) = a cos 2nfit
a: hang s bién do.
Tan s tic thoi cia song FM dugc cho boi:

fi (t) = fc + aK¢ cos 2mfit (5.18)
Song FM c6 dang:
_ aKf X
Afm(t) = A cos | 2nf ot + F sin2nf, t (5.19)
Ta dinh nghia chi s6 bién diéu p:
s aK £ '
B= , P: khong don vi (5.20)
fm
=  Am(t) = A cos 2nfct + Bsin2nfyt)
Aim(t) = Re {A exp (j2nfct +jp sin 2nfnt)} (5.21)

Ham expo trong (5.21) phan thanh mgt tich, trong d6 thira s6 thir 2 c6 chira tin. Do 1a: expo
(B sin 2mfit). .
D6 1a mét ham tuan hoan, chu ky 1/f;,.
Khai trién chudi F phirc, tan s6 fi.
gipsin2aft _ +Zoocneﬂ'nznfmt (5.22)
Hé sb F cho boi:
S
C, =f, jejﬁsinZTEfmte—jnanmtdt (5.23)
T
Tich phan cua (5.23) khong tinh dugc, nd hdi tu tai mot tri gid thye. Tri gia thuc 1a mot
ham cda n va 3. N6 khong phai 1a mét ham cua f,. Tich phan dugc goi 1a ham Bessel loai mot,
ky hiéu J.(P).

HAM BESSEL.

Ham Bessel loai 1 1a giai dé([i) cua phgorng trinh vi phan:
y Y
de +(x n)y(x)—O
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Maic du ham Bessel dugc dinh nghia cho tat ca tri gia cua n, ta chi quan tdm dén céac so

nguyén thuc duong va am.
Vi nhiing tri nguyén cua n,
To(x) = D" 1y(x).
Hinh 5.6, v& J,, cho nhimg trj cia n =0, 1 va 2. Nhé 1a v6i x rat nho, Jo(x) tién dén 1 trong
lac Ji(x) va Jx(x) tién dén zero. ( Xem hinh trang sau ).
Ta hay xem ham Bessel khi n tr& nén 16n. Ta khao sat mot diém dic biét trén cac duong

cong. Hinh 5.7, vé& J, (10) 12 mdt ham cuta n.
- Khi n &m, ham tré nén dao dong khong tat (‘under damped oscillator ).
- Vi nhiing tri n duong, ta luu y dén tinh dbi xtmg cua phuong trinh (5.23).
- Mot quan sat quan trong la, véin > 9, ham Bessel tién dén tiém cén véi zero. That vay,

v6i n ¢b dinh va B 10n, ham Bessel c¢6 thé tinh xap xi boi:

[%J n (5.24)

Ja ~
® I'(n+1)
Trong d6 I' (n+1) 1a ham Gamma.
1 =
e Jo(x)
7! Jq [x)
0.5 1 Jz (x)

Hinh 5.6: Ham Bessel chon=10, 1 va 2.

Ham Gamma tién dén oo voi cac sudt 16n hon 2. Thi du, tri gia cua ham Gamma tng vdi
cac sudt2,3,4,5va61a1,2,6, 24 va 120. Vi ham Gamma nam & mau sb, c¢6 thé thay rang
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ham Bessel giam rat nhanh khi n ting. D6 1a mot tinh chét chinh tic dé tim kho bang ctia song
FM.

J,(10)

1 il

0.5

‘II4 I /}. D/r\l :‘ 1 | Il I: | I 1 §
—_ e Y = L I I i T i 1
TU Sb / 2 vﬁ 8 10 12 14 ;

._D-E -

v

—.l

Hinh 5.7: J, (10) 1a mdt ham cua n.

Tré lai phuong trinh (5.23), ta thay cac hé s6 Fourier dugc cho bsi: C, =1, (B).
Va song FM tré nén:

Joim (£) = Re {Aejznfct ZJH(B)ejnznfmt} (5.25)

n=-—oo

Vi ™ khongla mot ham cua n, ta dem vao diu tdng:

him (1) = Re {A ZJn(B)ej2nt(fC+nfm)}

n=-—oo

Va lay phan thyc:

e e}
him ) =AY T, (B)cos2m(fc + nfy,)t (5.26)
n=-—-oo
Ta da rat gon song FM thanh tong cua cac Sinusoids. Bién doi F cua téng nay 1a mot chudi
xung luc.

Agm {F)

1JolB) 4
L e e
1
1J4(6)

\ o
PRI ATAY

2 Vo fef o

Pt [ o/ R L + 6f,,
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Hinh 5.8: Bién doi F ciia FM, déi véi tin tirc 1a Sinusoids.

Ta dang gap phai mot ric rdi 1on ! Bién d6i nay mao réng theo cd 2 chiéu tir tan sé séng
mang. N6 ¢6 mot khd bing rong vo han. Du Ja(B) t1en dén zero tai vai tri gia, nhung khé bing
rong thi khong bi gi6i han. Nhu vay, ta khong thé truyén c6 hiéu qua va ciing khong thé phdi hop
nhiéu ngudn tin riéng 1& vao chung mot kénh ( Multiplexing ) ( vi trung f).

Véi p khong d6i, cac ham J,(f) tién dén zero khi n ting. Vi sy chon lwa B, s6 hang Jo(f5)
tzen dén zero va séng mang bi logi. Trong truong hop AM, su loai bo song mang lam tang hi¢u
suét. Nhung d6i v6i FM, su loai song mang khong duoc loi gi ca vi cong sudt toan phan giir
khong doi.

a * Dé tinh xdp xi kho bang cuia song FM, ta xem cac xung hinh 5.8. Trudc hét, ta chon
mot tri B nkhd. Tir hinh 5.6, ta thiy rang, néu B < 0,5 thi Jo(B) < 0,03. Cac ham Bessel bac cao
hon (n > 2) thi nho hon. Tai B=0,5, J; 1a 0,24. Vi nhitng tri nhé nay ciia . bién doi F 6 hinh 5.8
chi bao gom 5 xung liec gan séng mang. D6 13, thanh phan tai song mang va 2 thanh phan cach +
fin ké tir song mang. Diéu do6, cho mot kho bang 1a 2 f,,. Ta da biét diéu d6 vi nhitng tri rat nho
ctia P(aKy/fy) twong tng voi diéu kién bang hep.

b * Bay gio, gia st S khong nho, thi du p = 10. Nhitng tinh chit ma ta néi & trén chi rang
J2(10) s& giam nhanh chong, khi n > 10. Xem hinh 5.8, ta thay nhitng thanh phan c6 ¥ nghia 13
song mang va 10 hoa tan mdi bén cia séng mang. Mot cach tong quat: Véi S 1on,sé s6 hang
(thanh phan) ¢ méi bén cia séng mang la 8 ( dwoc lam tron sé nguyén ). Pidu d6 cho mot khod
bang la 23 f,,.

Gan déy, Jonh Carson dua ra dinh luat: Kho bing cta song FM thi xdp xi bang ham cua tan
s6 tin hiéu chua tin va chi sb bién diéu:

Bw = 2(Bfn+ fin) (5.27)

Piéu d6 thira nhan 2 truong hop gidi han. Vi B rat nho, khd bang ~ 2f,, va nguoc lai véi B
16n, khd bang ~ 2pf,.

Thay B = aK/f;,, vao (5.27):

Bw = 2(aK¢t+fy) (5.28)
* Ta nhé lai tan s6 tirc thoi duge cho bai phuong trinh (5.18):
f; (t) fc + aKe cos2nft

Ta thiy rang fi, 1a nhip thay doi cua f; () ,trong lac aKy Ia tri t6i da ma né doi tan tir séng
mang - ca 2 dai lugng iy dleu tham gia vao kho bang cua song FM.

Thi du: Tim bang x4p xi cta cac tan sd bi chiém boi séng FM véi sdng mang ¢6 tan sd
Skhz, K¢= 10HZ/V va:

a) s(t) = 10 cos10mnt.
b) s(t) =5 cos20nt.
¢) s(t) = 100 cos2000mt.
Giai:
a) By ~ 2(aK¢+fm) = 2[10(10)+5] = 210Hz.
b) Bw =~ 2(aK¢+fm) = 2[5(10)+10] = 120Hz.
¢) Bw ~ 2(aK¢+fm) = 2[100(10)+1.000] = 4khz.
Béng cta nhitng tan so bi chiém:
a) 4895 dén 5105 Hz.
b) 4940 dén 5060 Hz.
¢) 3 dén 7 Khz.
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Phuong trinh (5.28) duoc khai trién cho trudng hop dic biét cia mot tin hiéu chira tin hinh
Sinusoide. Néu su bién diéu 14 tuyén tinh, thi ta c6 thé ap dung cong thirc nay cho thanh phan tan
sO cao nhét cua s(t) dé tim kho bang. Nhung, FM thi khong tuyén tinh nén cach ay khong ding.

Ta s& tim mot cong thic trong tu cho trudng hop tong quat. Hinh 5.9, chi tan so tirc thoi
ctia trudng hop dic biét ma tin hiéu chua tin Sinusoide va trudng hop tong quat.

Hinh 5.9: Tan sd ttc thoi

Tin higu chia tin hinh sin Tin higu chifa in téng quat

Trong truong hop s(t) hinh sin, aKr 1a d6 doi tan t6i da cia tan sb so voi f.. Va trong
truong hop tong quat do doi tan t6i da tuong tu ky hiéu 1a Af. Cong thire tong quét cho (5.28) la:
BW ~ 2( Af+ ) (5.29)

. Néu Af rat 16n so vOi T, ta c6 FM bang rong, va tan s6 cia séong mang thay doi
mot khodng rong, nhung véi nhip dd cham. Tan s6 tc thoi cua song mang thay doi cham tir fe-
Af dén fc+Af. Nhu vay song FM xap xi voi mdt Sinusoide thuan trong mot thoi gian dai. Ta co

thé nghi 1a n6 1a tong ctia nhi€u Sinusoide vdi cac tan s6 nam gitra 2 gio1 han. Nén bién doi F thi

gin bang vai sy chdng ( Superposition ) cac bién dbi F cua nhimg sinusoide 4y tat ca nim trong
gidi han tan s6. Vay thuc hop 1y dé gia str rang kho bang thi xap xi véi bé réng ciia khodng tin
s6 nay, hodc 2Af.

e  Néu Af rit nho, ta c6 mot song mang thay d6i trong mot khoang rat nho ciia tan
so nhung v6i nhip d¢ nhanh. Ta ¢6 thé tinh gan dung bang 2 mach giao dong tai nhiing gi6i han
tan s6. Mdi giao dong duoc “ Coéng hoa “ trong nira thoi gian toan thé. Bing cua cac tan sb bi
chiém baoi output cua H 5.10 1a tr fc - Af - fm dén fo+ Af + fm.

Véi Af nho, = kho bang 1a 2f,, .

Ta thay kho bang cua song FM ting véi su ting tri gia cua Kr. Vé diém ndy, su dung FM
bang hep ( v6i kho bang tdi thiéu 2f;, ) 13 hop 1y. Nhung, FM bing rong lai ¢ wu diém vé triét
nhiéu hon ca FM bang hep va AM.

FE ()

|
-+
i

—_

cos2n(fe- ARt T "

IRERRN
G

* 51

cos2f (fe +ADT T T
B4lt)
t

Hinh 5.10: Xép xi ctia FM bang hep

—_
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Vi du: Mot song mang 10MHz dugc bién diéu FM bai mot tin hiéu Sinusoide c6 tan sb
5KHz, sao cho d6 doi tan tdi da cta song FM la 500KHz - Tim bing xAp xi clia cc tan s bi
chiém béi song FM.

Giai:

Kho bang xap xi
Bw = 2(Af + fi).
Bw = 2(500KHz + 5KHz) = 1.010 KHz .

Vay bing ctia tan sd bi chiém thi tip trung quanh tan sd séng mang, va trong khoang tir
9.495 dén 10.505KHz. Tin hiéu FM ¢ thi du ndy 1a bing rong. Néu no 1a bing hep, kho bang s&
chi la 10KHz.

Thi du: Mot song mang 100KHz bi bién diéu FM boi mot tin hiéu sinusoide ¢6 bién do
1V. K¢co tri 100HZ/V.

Tim kho bang xAp xi ctia song FM néu tin hiéu bién diéu c6 mot tin s6 10KHz.

Giai:
Ta lai dung phép tinh xap xi ciia Carson:
Bw = 2(Af + )
Vi tin hi¢u chtra tin s(t) ¢6 bién do don vi, do doi tan t6i da Af dugc cho béi ke, hodc
100Hz .
fin 12 10 Khz, tan sb cta tin hiéu bién diéu. Vay :
Bw =~ 2(100Hz + 10 Khz)=20.200Hz .
Vi f,, rat 16n so voi Af , ddy 1a tin hiéu FM bang hep. Kho bang can thiét dé truyén
cung tin tirc khi ding DSB AM s& 14 20KHz, x4p xi v6i kho bang cua song FM nay.
Vi du: Mot song bién diéu goc duge mo ta boi:
Mt) =10 cos[2 x 10wt + 20co0s10007t]
Tim khé bang xap xi ctia song nay.
Giai:
f 12 S00Hz. D¢ tinh Af, trude hét ta tim tan s6 e thoi:

fi(t) = li( 2 x 10wt + 20co0s10007t ).
27 dt

= 107-10.000 sin 1000t .
Do doi tan tbi da caa 10.000 sin1000xt, hoic 10KHz. Vay kho bing xap xi duoc cho boi:
Bw ~ 2(10.000 + 500 ) = 21khz .
R rang day 1a mot song FM bang rong vi Af rat 16n so v6i f,. Nho 1a ta khong biét day 1a
bién diéu tan s6 hodc pha khi tim kh bang.

KHOI BIEN PIEU.

Ta da thay séng FM c6 kho bang gi6i han chung quanh song mang fc. Nhu vay tiéu chuan
thir nhit cia mot hé thong bién diéu da duoc thoa. Ta c6 thé truyén tin mot cach hidu qua bang
canh chon f¢ trong mot khoang riéng. Va ta ciing c6 thé Multiplexing nhiéu tin hiéu déng trong
cing mot kénh bang canh 1am cac tin s6 song mang lan cén cach biét nhau sao cho bién doi F
cua cua cac song FM khong phu nhau vé tan so.

Tiéu chuan tht 2, d6 1a ching t6 duoc s(t) co thé dugc h01 phuc tir séng bién diéu goc. Va
cac khéi bién diéu, hoan diéu c6 thé thuc hién duoc trong thuc té.

e Ta bit dau xem lai FM bang hep - dang song duoc dién ta boi phwong trinh (5.15).

Am(t) = A cos2m[fet - Krg(t)]
Afn(t) = A cos2mfct - 2mA g(t) Kesin 2nfit (5.30)

Phuong trinh nay tirc khac dua dén so d6 khoi nhu hinh 5.11.
- Biéu thtrc tuong duong cho PM bang hep:
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Apm(t) = A cos2mfct - 2nAKp s(t) sin2nfct (5.31)
Hinh 5.11 Phai dugc cai bién bang cach thay 2Ky s(t) bang 21K, s(t) va b tich phan.

@

+ +
e 2Mkg s (t—s Jdt (s Mmit)

+ ¥

Hinh 5.11: Khéi bién diéu cho FM bang hep.
Tan s6 tic thoi cia output cia hé la:
fi(t) = fc+ K s(t)
Pay 1a FM bang hep vi tri 16n nhat cia Ky s(t) ( 6 doi tan ) thi nho so véi nhitng tan s6
hién dién trong s(t).
» Gia su ta dat output cua song FM bang hep ngang qua mot linh kién phi tuyén ma no
nhan tat ca tan s6 boi mot hiang s6 C. Két qua tan so tirc thoi la:
fi (t) = Cfc+ Ckes(t) (5.32)
b6 doi tan clia song moi nay bang C lan séng cii, trong liic nhip do thay doi cua
fi (t) van khong d6i. Piéu nay, v& ¢ hinh 5.12. Nhu vy, v6i tri C du 16n, s nhdn tan lam thay
d6i FM béng hep thanh FM bdng réng. N6 ciing 1am di chuyén séng mang, nhung diéu nay
khong gay hi¢u qua trén mét song FM du 1a bang hep hay bang rong.

et M)
fe 2 A" A
fo-fm  fotfm

Cf-Cfn, CfA+Cf,

Hinh 5.12: Sy nhan tan
Xem mot cach khac, neu khé bing song FM 16n dang ke s0 vO1 21y, tin hiéu 1a bang rong.
Néu séng mang méi c6 tan sé cao hon ndy khong mong mudn, ta c6 thé doi ( doi tan ) dén bat
ky tri ndo ma khong 1am anh hudng dén kho bang.
Khéi bién diéu FM két qua v& & hinh 5.13.

o7 ) _PaEn
1 90— P r |
ACos Tt E':t:'T - Eang hep I |
Bl Fre !
— [at +iEJ—> Freq (&) BPF JI—>
T 0 |
St Frabéng réng (L P !

Hinh 5.13: Khdi bién diéu cho FM bang rong
* C6 mot canh tryc tiép tao nén FM bang rong, nhu hinh 5.14.
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Hinh 5.14: Mach phat FM

Mot mach dao dong cao tan tao song mang, co tan sb quyét dinh béi mach diéu hop ( hodc
thach anh ) d4u song song voi mot doide bién dung (Varicap). Pién dung cta varicap c6 thé thay
ddi béng canh lam thay doi dong chay ngang qua nd (néu phan cyc thuan) hoac dién thé dat 1én 2
dau n6 (néu phan cuc nguoc). Su thay doi dién dung cua varicap s€ lam thay d6i tan s cua mach
giao dong. Néu dong hay thé di ngang qua varicap thay d6i ty 18 v6i tin hiéu chua tin thi tan sé
ctia mach giao dong thay doi ty 1& vé6i tin hiéu nay. Va song FM s¢€ dugc tao ra.

Trong hinh 5.14. Bén phai D 1a mach giao dong ma tan s dwoc lam thay doi. Bén trai D 1a
mach phan cyc va ghép tin hi¢u s(t) vao doide D. Tu C; ¢6 tri rat 16n so véi tri cua dién dung
Varicap, nén chi c6 tac dung cach ly DC. RFC, cudn chén cao tan, ngua tin hi¢u dao dong ghép
nguoc lai ngudn phéan cuc. C;: tu phan dong.

KHOI HOAN PIEU.

Xem dang séng bién diéu FM nhu sau:
dim(t) = A cos2m( fit + Ky jo s(t)dt ) .

Su hoan diéu dé héi phuc lai s(t) gdm 2 loai:
- Tach song phan biét ( Discriminator ), tach mot thanh phén tan s6 ra khoi cac thanh phan
khac va chuyén sw thay doi tan sé thanh thay déi bién do roi tach song gidng nhu AM.
- Vong khoéa pha ( Phase - Lockloop ) dé phdi hop mot dao dong ndi véi song mang duge
bien di¢u.

1. Tach song phan biét. (discriminator)
A. Liy dao ham mdt Sinusoide 12 tién trinh nhan Sinusoide véi tan sd tirc thoi
cua no:
dr

o 2mA [ Kes() ] sin2n(ft + Kfjt s(t)dt ) .

d?‘\. < ‘x\x ) 7
dt -
— Tansd thay d41
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Hinh 5.15: Pao ham cta song FM

Gia st tan s6 tic thoi thi 16n hon nhiéu so véi £, (hop 1y voi thuce t&). Thanh phan song
mang lap day ving giita bién do va anh qua guong cua nd. Thuc té, ving dién tich giita dudong
bién trén va dudng bién dudi bi che kin do tan sd qua cao ciia song mang. Nhu vay, ngay ca khi
tan s6 song mang khong 1a hfmg, bao hinh cua séng van duoc dinh nghia:

2n | Alfe+Kes®)]| (5.34)

Sy thay d6i chut it ctia tan s6 song mang s€ khong dang ké boi mot tach song bao hinh.

Trong cac h¢ thong tin thuc té, fo >> Ky s(t). Vay luong ndm trong ngoic cua (5.34) thi
dwong, va ta c6 thé bo dau tri tuyét dbi.

Tém lgi: Mdt mach vi phan va sau d6 1a mot tich song bao hinh s& c6 thé dung dé hoi
phuc lai s(t) tr song FM.

N o

Tach sa
J d N Tl oAl fe+ Kysit]
i fdt | bao hinh ¢ f g

Hinh 5.16: Hoan diéu FM.
Néu su bién diéu 1a PM, thi output ctia hé hinh 5.16 1a dao ham cua s(t). Khi d6 can thém
mot mach tich phan & ngo ra cua hé.
Ham hé théng cua mach vi phan:
H(f) = 2mjf (5.35)

|He)|

Hinh 5.17: Pac tuyén Suat ctia mach vi phan.
biac tuyén Suét dugc v& ¢ hinh 5.17. Suét ciia output cia mach vi phan thi ti 18 tuyén tinh
v6i tan s6 cua input. Nhu vy mach vi phan d6i FM thanh AM. Khi mot mach vi phan dung nhu
thé, ta go1 nd 1a mot discriminator.

b. C6 mét loai Discriminator khac. Bat ky hé thong nao c6 mot suat ham hé
thong gan - Tuyén tinh véi tan so trong khoing day tan cia song FM sé diéu
doi FM thanh AM.

Thi dy: Mot BPF s& lam viéc nhu mot Discriminator néu cho né hoat dong trén mdt

[FLCE)

\

Gan tuyén tinh
khodng gidi han ciia kho bang, nhu hinh 5.18.
Hinh 5.18

Trang V.15



Co Sé Vién Thong Pham Vin Tén

Ta c6 thé ching minh sy tuyén tinh ctia BPF Discriminator theo cach thirc twong tu nhur
khéi bién diéu can bang.

Xem mach dién hinh 5.19. Nira trén cia may bién thé L, va C; diéu hop tai f, . Ntra duéi
méy bién thé va C, diéu hop tai f,.

=
I

)

"I?HU

Cout

I

Téch sdng bao hinh
Hinh 5.19: Tach song d6 doc

o

Hinh 5.20: Discriminator
~ Mach dién trén day goi la tach song do doc ( Slope Detector ) vi n6 dung doan doc cua déc
tuyén mach loc dé tach song.

||

C. Bay gi® ta tré lai khoi vi phan goc. Ta sé thdy mot cach tiép can khac. Ta c6
thé tinch dao ham mot cach gan dung bang véi tin hiéu ctia hai tri miu ciia
song:
da
M) - Mt-to) = t, -
Diéu ndy dan dén khéi hoan diéu nhu hinh 5.21. o
Vi mdt sy doi thoi gian thi tuong duong véi mot sy doi pha, nén khoi nay goi 1a hoan di¢u
doi pha ( Phase Shif Demodulator ).

A, (O

+ Tachseng | s(t)
CZ bao hinh

| Delay

to

Hinh 5.21: Hoan di€u doi pha.

2. Vong khoa pha (phase - lockloop).

Vong khoa pha PLL 1a mot mach hoi tiép, c6 thé duge ding dé hoan diéu song bién diéu
goc. Mach hoi tiép thuong dugc dung dé giam thiéu error (v zero). Trong trudng hop PLL, error
la mét hi¢u pha giir tin hi¢u ¢ ngo vao song FM va mot tin hiéu chuan hinh sin. (VCO) .
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coa(Zrdet +61 )
Error

LFF — %cos(e1 -0,)

cosi 2rdet +62)

PLL dé tach song FM:
e Trudc hét, xem mach so pha; gom 1 mach nhan va mét loc LPF.
Cho hai tin hi€u vao cung tan s6 va pha lan lugt 1a 6, va 6,

cos(a+b)= %[cos(a +b) +cos(a— b)]
Thanh phan cos(a+b) co tan sb 2f, nén bi loai bo bai LPF. Ngo ra 1a %cos(e1 -0,). bay
la Error ciia mach so pha. Error s€ tién dén 0 khi 0,-0, tién dén 90°.

Mach PLL gém 1 mach so phava 1 VCO, nam trén duong hoi tiép. Mach tao nén mot
vong di€u chinh ty dong.

I V, (1)
LPF

L VvCO Errot

Hinh 5.22: Vong khoéa pha (PLL)

VCO tao ra mdt song sin. Mot phén tin hi¢u ra V,(t) duoc hoi tiép vé dé lam Error stra sai
pha cho VCO. Mach c¢6 tac dung ty diéu chinh sao cho Error tién dén 0. Nghia 13 c6 khuynh
hudng lam hiéu pha tién dén 90°. Khi d, ta n6i vong bi khoa (locked).

Bay gid, ta ap dung PLL dé tach song FM

Song FM dén

cos2mf. () +K,g(t)] (o8t o v, (1)

S (t) VCO Error

Hinh 5.23: Tach séng FM
VCO tao 1 song sin, bién ’dé B, tan so f; va 1&ch pha véi song FM dén 1 goc /2. Séng
hinh sin nay duoc Error bién di€¢u FM nén c6 dang:
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t
s,(t)=Bsm2n(f t+K, IVO (t)dt
0
s2(t) 1a ngo ra mach nhan nén:

5,(6) = ABcos2x|f.t+ K ,g(0)|sin 27 (f.t + K, jv(r)dr)

= 5,(0)= %sin 27Z'|:ng(l‘) -K, Jv(z‘)dr) +Bac cao
0
0, (t)=27K ,g(?)
0,(t) = 27K, [ vy (r)dz

ABsin|d, (1)-6,(t)]
2

bait hai hed soa pha: {

e ngoracuya LPF: v, (¢) =

4Bo, () -0,0)]

2
Tm ap ng transient, lady 40 ham hai vea:

dvy(t) _ AB [d&fm (1) do,(1)

Neau heo so pha nho: v, (1) =

— AB[K ;5(t) — Kyv,y (1))

dt 2 dt dt
Cuoai cung, phng trnh vi phadn c cho bi:
dv, (1)

— + 7Ky ABv, (t) = 7K  ABs(t)
ap ng thng trc la nghiedm cua phng trnh nay. Cho 4o ham tiean ti zero.

=> v,(1) = %sa)

FM STEREO.

. FM Stereo 1a tién trinh gui di 2 tin hiéu Audio dong thoi trong cung mot kénh FM. Nhé
rang ta chi c6 kho bang 30KHz dé gui theo kiéu FM bang hep.
Hinh 5.24: Tin hiéu Stereo Multiplex

5(F) s S(E) 38K
15KHz + : + : [
) H 2 +f
39(F) A : . : I 151923 53 kug
5olt)
. | |
1] 2 | |
15KHz [ | I
| |
| ffeq o |
: - : cos2r X19.000 t

e e = )

Hinh 5.24 1a mot hé théng Multiplex 2 kénh Audio. Si(f) va sx(f) 1a bién ddi F cuia 2 tin
hiéu am tan tong quat, c6 khd bang gidi han.
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~ Trudc hét ta bién di¢u AM mot song mang 38KHz voi Sy(t). Diu ndy lam doi tan tin higu
dén khoang gifra 23 va 53 KHz nhu vay n6é khong phu véi tin hiéu cua S;(t).

Sau d6 ta cong chiing lai va rdi cong véi song cao tan 19KHz. Bién doi Fcua output vé ¢
bén phai cua hinh 5.24.

Tin hiéu tong hop:

s1(t) + s(t) cos 2 x 38 x 10° t + cos2m. 19. 10°t .

Biéu dién bai mot ham thoi gian voi tan s trén 1a 53KHz. Ta c6 thé bién diéu FM song
mang bang ham nay. Nhu vdy, néu dung kiéu FM bing hep, ta chi st dung 106KHz
( trong khoang 200KHz dugc phép ).

Tai may thu, ta hoan diéu song FM dé hoi phuyc tin hi¢u tong hop (Hinh 5.25). LPF; hoi
phuc s;(t) .

BPF sé tach s6 hang thr 3 ra khoi tin hiéu tong hop, va rdi ta phai hoi phuc sy(t) tir song
bién diéu (AM). Néu ta chon canh cong thém mot song mang vao cho TCAM nay, ta khong phai
dung mét mach tach soéng bao hinh de nhan lai sx(t). Piéu ndy dung, vi tin sd song mang la
38KHz, vao khoang 2,5 14n 16n hon tan sd cao nhét cua s2(t). Ma su hoat dong cua tach song bao

. LFF
— Diiscrim Eﬂr :fm= lljk_"slm L+R
4.®_, LFF3 =4ty | L—R
| : Fy = ljk—r 2[ )
IEIEJFIz FM Stereo
Stz oid 7/’ Demux
k. 38KH=z
freq.
o,

hinh doi héi tan s6 séng mang phai rat cao so véi tan s 10n nhat cua tin hiéu chira tin. Vay ta
phai dung tach song d(‘)ng bo. Didu nay, ta thdy ¢ hinh 5.25, tin hiéu tong hop dwoc nhan vai
song mang 38KHz va roi LPF, s& h01 phuc lai sy(t).

Bing canh nao ta bao dam rang Sinusoide 38KHz ¢ may thu s& ddng bo hoa tdt cho séng
mang nhan dugc 2. Ta van c6 thé truyén di song mang va dung vong khoa pha dé hdi phuc né &
may thu. Nhung ¢ day, c6 mdt canh don gian hon. Xem lai hinh 5.24. Nh¢ la, song mang 38KHz
12 do nhan d6i tan s tr mach dao dong 19KHz. Tin hi¢u nfiy (19KHz) dugc cong vao tin hiéu
tong hop.

Hinh 5.25: Hoan diéu FM Stereo.
Nhu vay, Tin hiéu tong hop hién tai 1a:
s1(t) + so(t) cos2m x 3.8 x 10*t + A cos2m x 1,9 x 10*

Bién dbi F ctia n6 vé& & bén phai hinh 5.24. Ta thiy c6 mdt xung luc xuét hién tai 19KHz (
1a do sinusoide cOng vao ).

Tai méy thu, output ctia khéi tach song bao hinh (hinh 5.25) c6 chta thanh phan nay. N6
dugc tach ra nho BPF - va chinh né duge phan doi dé dung dong bo hoa cho viée tach song AM.
Nhu vy, ta thdy 2 tin hiéu Sinusoide 38KHz ( & dai phat va may thu ) déu c6 ngudn goc tir mot
ngudn chung 19KHz.

Vin con t6n tai mot van dé. D6 13 van dé tuong hop gitra may thu Mono va Stereo. Mot
méay Mono khong thuan nhan kénh trai ( hodc phai ). O hinh 5.25, out put ctia LPF1, s(t) biéu
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dién cho tin hiéu mdt may thu mono - nhung ta khong mudn s(t) va sy(t) biéu dién cho tin hiéu
riéng ctia mdi kénh. Thay vao d6, ta dat s,(2) la tong ciia tin hiéu trdi va phdi va sy(t) la hiéu.

Nhu vy, may thu mono s& nhan tong cia tin hi¢u trai va phai. May thu Stereo phai lam
mot thudt todn cong tuyén tinh. Thuéat toan néy 1a cong s;(t) + sa(t) dé dat vao mot kénh, va léy
hiéu dé dat vao kénh kia. D6 1a thuat toan Matrix.

SO SANH CAC HE.

* FM biang hep: Co thé dugc phat ra vo1 mot h¢ théng gém modt mach nhan, mot mach
tich phan va mgt mach doi pha. N6 dugc hoan di€¢u véi mot Discriminator theo sau 1a tach song
bao hinh hoac vong khoa pha.

Kho bing ciia FM bing hep 1a 2f;, (f, 1a tan s6 cao nhat ciia tin higu chira tin). Mic du sy
bién diéu nhin rat gibng nhu mot bién d6i AM, nhung n6 c6 mot su khac biét. Song bién diéu co
bién do khong ddi, cho phép ta dua thém mach han bién vao may thu. Nho do, cat duoc nhidu,
vy n6 ¢6 vu diém hon AM vé mat nay.

* PM bing hep: Rat glong vo1 FM bang hep - Mach tich phén trong khéi bién diéu va
hoan diéu duoc thém vao. Khé bang 1a 2f;,. Bién d6 cua PM thi Kkhong ddi, nén ciing tuong tu
FM bang hep, mdy thu c6 mach han bién ( limiter ) dé loai nhiéu. Mach tich phan cudi cung
trong khoi hoan diéu lam giam tan s6 cao. Piéu nay co loi, néu tin hiéu chira tin chi ¢ tin sb cao
hodc nhiéu chen vao cé tan sé cao.

* FM béng rong: Puoc phat ra hodc gian tiép tir FM bang hep ( ngang qua mach nhan tin
) hodc bang VCO. N6 duoc hoan diéu cing mét canh thirc nhu FM bang hep. Kho biang khoang
2Bf, 10n hon khé bang AM hay kho bing bién diéu goc bing hep. Uu diém 16n nhéat cia FM
bang rong 1a kha ning giam nhidu cta n6. Ty sb tin hiéu trén nhiu khoang p* .

* PM bang rong: Tuong tu voi FM bang rong. Tuy nhién c6 diém kha, d6 1a chi s6 bién
diéu khong thé ting vo han. B¢ doi pha t6i da bi han dén 180°. Do ddy, c6 mot sy khong xac
dinh vé pha, nén tin hiéu goc khong thé dugc h01 phuc duy nhét.

* DSBSCAM: C6 kho bang 2f;,.. Hiéu suat 100%, vi khong phai tén ning lugng cho song
mang thuan tay. Sy hoan diéu can cac mach két hop. B¢ 1a van dé kho trong viéc tao lai song
mang ¢ may thu.

* DSBTCAM: C6 khd bang 2f;,. Hiéu suit nho hon 50% vi phai tén ning luong trong viéc
truyén di mot séng mang thuan tay. Bo phan hoan diéu dé thuc hién nhit ( tach song bao hinh ).
N6 khong dung cho mét tin hiéu ¢ mie DC khac zero vi thong tin niy s& bi mat tai khdi hoan
diéu.

* SSBAM: C6 kh bang nho nhét f,,. Hiéu suat 100% vi khong ton ning lugng cho song
mang thuan tay. Khdi bién diéu hodc hoan diéu phtc tap, su phurc tap cao la do su loc can thiét &
dai phat va sy hoi phuc séng mang véi cac mach tach song két hop & may thu.

* VSBSCAM: C6 khé bang 16n hon f,, nhung nho hon 2f;,. Khéi bién diéu d& thuc hién
hon v&i SSB. Nhung khdi hoan diéu can hdi phuc séng mang va ciing can mot mach loc duoc
diéu chinh can than dé két hop dung véi cac bang canh.

* VSBTCAM: C6 khé bang 16n hon f,, nhung nho hon 2f,,, khdi bién di¢u dé thuc hién
hon 14 SSB va néu song mang du 16n cé thé dung tach song bao hinh. Vi vay, sy hoan di¢u rat
don gian.
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Chuong VI: BIEN PIEU XUNG

LAY MAU (SAMPLING).

ERROR TRONG SU LAY MAU.

BIEN PIEU XUNG.

BIEN DIEU BIEN DO XUNG: PAM.

MULTIPLEXING PHAN THOI GIAN - TDM (TIME - DIVISION MULTIPLEXING).
BIEN DIEU PO RONG XUNG PWM: (PLUSE WIDTH MODULATION).

BIEN DPIEU VI TRI XUNG -PPM (PULSE POSITION MODULATION).

Trang VI.1



Co Sé Vién Thong Pham Vin Tén

I. LAY MAU (Sampling).

Dé d6i mot song chira tin Analog thanh tin hiéu rdi rac, truc thoi gian, phai bang cach nay
hay cach khac, dugc roi rac hoa.

Su doi truc thoi gian lién tuc thanh mdt truc roi rac dugc thuce hién nho phuong phap lay
mau.

DPinh ly léy mau ( doi khi con goi la dinh 1y Shannon, hodc dinh ly Kotelnikov ) chung to

rang: Néu bién doi F coa mot ham thoi gian 1a zero voi £ > £, va nhiing tri gid cia ham thoi
gian dugc bict voi t = n Ts ( voi moi tri nguyén cua n ) thi ham thoi gian duge biét mot cach
chinh xac cho moi tri cta t.

Diéu kién han ché 1 Ts < —~— .
m

Noi céach khac, s(t) co thé dugc xac dinh tir nhirng tri gia cua no6 tai mot loat nhiing thoi
diém cach déu nhau.

Tan s lay mau ky hleu la fs = 1/Ts ,fs > 2fn

Nhu vay, tan s6 14y mau it nhat phai 2 lan cao hon tan s6 cla tin ‘'hiu dugce ldy mau. Nhip
d6 1ay mau tdi thiéu, 2 f,,, duoc goi la nhip ldy mau Nyquist. Thi dy, néu mot tiéng noi co tan sb
max 4KHz, n6 phai dugc lay miu it nhat 8.000 lan/sec. Ta thay rang khoang cach giita nhiing
thoi diém 1ay mau thi ty 1 nghich voi tan sé cao nhat cua tin hiéu ( f, ).

C6 it nhat 3 cach dé tiép can véi dinh 1y Shannon. Ta s& trinh bay ¢ day 2 céch.

1. Cach thir nhit, chi cin sy hiéu biét co ban vé dinh 1y AM.

@H ool

2T i3 Te=ar,

sit)

Hinh 6.1: Tich ctia chudi xung va s(t).

Ta lay tich cia mot chudi xung va s(t). Néu chubi gom nhitng xung hep, thi output cua
mach nhan la moét phién ban dugc mau hoa cua tin hiéu goc. Output khong chi tuy thudc vao
nhimg tri miu cua input ma con vao mot khoang nhitng tri chung quanh mdi diém 1y mau.
Nhimg hé thong thyc té thudong 1dy miu trong mot khoang thoi gian nhé xung quanh cac diém
lay mau. Ham nhan khéng nhat thiét phai chtra cac xung vudng hoan toan, né cé thé 1a mot tin
hiéu tuan hoan bét ky.

Phép nhén s(t) voi p(t) nhu hinh 1 1a mét dang " dong mo cong " (Time Gating ) hay
Switching. Chu dich cua ta la ching t6 rang tin hiéu gdc co thé dugce hdi phuc tir song da iy
mau, s(t).

Gia str s(t) bang zero tai nhimg tan sé cao hon f,,. Bién doi F ctané S(f) bi cit tai fi,.

2(t)
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Hinh 6.2: Bién déi F cua s(t)

Vi chudi xung nhan vao gia su la tuan hoan, n6 co6 thé dugc khai trién thanh chuoi F.vaw
p(t) dugc chon 1a ham chan, ta c6 thé dung chudi lugng giac chi chira cac s6 hang cosine. Viy :

ss(t) = s(p(1).

) [ao . ianCOSZnnfst} 6.1)

n=1

o0
=a,s(t) + > a,s(t) cos2nnfst
n=1
MGdi s6 hang trong T ciia phuong trinh (1) 1a mot song AM, trong d6 tin higu chira tin 13
s(t) va song mang la nfg.
Bién dbi F cua sy(t) vé & hinh 6.3.

a5if)
fmn
-1 |
AN A
-2, - fm f, Mg

Hinh 6.3: Bién déi F cua song mau hoa
Tap trung tai gbc, 1a bién doi ciia a,s (t). Cac phién ban bi doi tin 1a bién ddi cua cac sd
hang bién diéu chua trong déu Y . Ta thdy cac thanh phan khong phu nhau vi fs > 2f,. (D6 la
dleu kién cua dinh 1y lay mau ). Vay chung ta c6 thé tach ra bang cach dung nhitng mach loc
tuyén tinh. Mot loc LPF ¢6 tan s cat f, s& hdi phuc lai thanh phan a,s(t).

2. Ta né6i dén cach thir hai, vi n6 di vao cac nguyén ly toan hoc cia sy léy mau.

Khai trién S(f) thanh chudi F trong khoang:
<t <fy

S(f) = icneimof (6.2)

n=—w

I s(f)eIMof gf (6.3)
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Nhung F ! cho ta :

X . fm .
S(t) = j s(f)el 2ftar = J' S(f)el 2t (6.4)

_fm

So sanh (6.3) va (6.4) ta thay:

c -1 S(—nto): 1 {—nj (6.5)
2f \ 2n ) 2f T\ 2f

Phuong trinh (6.5) cho thidy C, s& duoc xac dinh mét khi s(t) dugc biét tai diém

t =2fl. Mot khi C, duge biét thi S(f) duoc biét. Va mot khi S(f) d biét thi s(t) ciing s& duoc
m
biét. Nhu vy, ta da chimg minh dugc dinh 1y 1dy mAu.
Ta c6 thé gidi dé tim s(t). Thay C, vao phuong trinh (6.2):
jnm ft

S(f) = Zf_lm Z {;—:je Vo (6.6)

f )
-1 © py jnmf ]
F = 0= Zi s(—ije /m.elz’rft df
2 f 2

_ i{_ n j{sin(anmHnn)} 6.7)
— X 2nf t+nn

Ta c6 thé dung (6.7) dé tim trj gia cua s(t) tai bat ky thoi diém nao bang cach biét nhitng tri
mau hoa cua s(t).

II. ERROR TRONG SU LAY MAU.

Dinh 1y 1y mau chi rang s(t) c6 thé dugc hdi phuc hoan toan tir nhitng tri mau ciia n6. Ta
dinh nghia error nhu 1a sy sai biét gitta ham thoi gian dugc hoi phuc va ham goc. Trong thuc té,
error 1a hau qua tr 3 ngudn chinh:

Nn=-o0

1. Liy mAu véi tin s6 khong di cao:

Vi du: Mot ham sin tan sb 3 Hz nhu hinh 4. Gia sir ta ldy mau hinh sin nay véi nhip 4
mau/sec. Pinh 1y lay mau cho biét, tan so lay mau nho nhat dé cé thé hoi phuc tin hi¢u

Hinh 6.4: Error do ldy mau cham
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la 6 mau/sec. Vay 4 mau/sec thi khong du nhanh. Nén nhitng mau nay sé& tao nén mot ham sin
1Hz (dudng chim chdm ). Tin hiéu 3 Hz d4 tu hoa thanh tin hiéu 1 Hz (Hinh 6.4).

Bay gio ta xem mot tin hiéu duoc 1dy mau bang mot chudi xung luc 1y tudng ( ding né
nhu giéi han 1y thuyét cta cac xung hep ) tai tin s6 nho hon nhip %\Iyquist.( Hinh 6.5 )

a(t) , % Ssl:j::' J PR st
[ s
5(f) Salf) st
¢ f +f
| fm “\\l\J ir / |
phanphid

Hinh 6.5: Liy mau xung lyc véi tan s6 nho hon nhip Nyquist
Néu ta dinh nghia error nhu sau:

e(t) £ s, (t) - s(t)
Bién dbi I
E() =S, (f) - S(f)
=S(f-fs) + S(f+fs) ; |f] <f.

Nho rang néu s(f) bi gidi han ¢ nhiing tan so dudi fs/2, bién doi F cua error sé 1a zero.

2. Lay miu trong mdt khoang thoi gian c¢6 giéi han:

Dinh 1y ldy mau can thiét phai ldy mau tai moi t trong mot khoang v6 han, va mdi mau
duoc dung dé tao lai tri gia cua ham goc tai bat ky thoi di€ém nao. Trong mdt hé thong thyc té, tin
hi€u dugc quan sat trong mdt thoi gian ¢6 gidi han.

3. Trong cac hé thong tin digital:
Ta chi gtri di nhitng tri gia roi rac. Do d6 sinh ra Round-Off Error.

I1I. BIEN PIEU XUNG:

Dinh ly léy mau goi ra mot k¥ thuat dé dbi mot tin hiéu Analog s(t) thanh mdt tin hiéu roi
rac. Ta chi can lay mau tin hi€u lién tyc tai nhitng thoi di€m roi rac, thi du mot danh sach céac so

. x 1
duoc lay mau s(0), s(T), s(2T)... Trong d6 T< >

m

Pé truyén tin hiéu roi rac miu hoa dé, danh sach cac sé s& duoc doc trén mot telephone
hodc dugc viét trén mQt manh giay dé goi FAX.

Mot phuong phap: rat hip dan cho vién thong 13 bién diéu vai thong s6 clia mot s6ng mang
tuy vao danh sach cac sd. Tin hiéu dugc bién diéu sau d6 duoc truyén trén diy hodc trong khong
khi ( néu bang tan né chiém cho phép ).

Vi thong tin c¢6 dang rdi rac, nén chi can dung tin hiéu mang song roi rac (thay vi ding
song sin lién tuc nhu 2 chuong trudc).

Trang VL5



Co Sé Vién Thong Pham Vin Tén

Ta chon mét chudi xung tNuﬁn hoan lam séng mang. Cac thong s6 ¢6 thé lam thay déi la
bién dg, bé rong va vi tri ciia moi xung. Sy 1am thay doi mét trong ba thong s6 ay s€ dua dén 3
kiéu bién diéu:
- PAM ( Pulse Amlitude Modulation: Bién diéu bién d6 xung ).
- PWM ( Pube Width Mod: Bién diéu d6 rong xung ).
- PPM ( Pulse Position Mod: Bién diéu vi tri xung ).

IV. BIEN PIEU BIEN PO XUNG: PAM.

- Hinh 6.7 : V& mdt song mang sc(t) mot tin hiéu chira tin s(t) va tin hiéu PAM sp(t). O d6
ta thay chi c6 bién d¢ cua xung sébng mang bi thay doi, con dang xung van gitt khong doi.

Nho 1a sy, (t) khong phai 1a tich cua s(t) voi sc(t).

Ta goi sp(t) trong trudng hop nay 1a PAM dinh phang ( flat top PAM ) hoic PAM lay mau
turc thoi ( Instantanous Sampling PAM )

ﬁﬁmﬂﬂﬂﬂﬂ 2

T e 3T

>t

S (1)
‘—h H ﬂ H (] e e 5 ﬂ sty
Fr e ar
!
Hinh 6.7: PAM dinh phang
- Néu lay tich cua sc(t) va s(t), ta co két qua 1a song PAM v& nhu hinh 6.8. O d6, chiéu cao
cac xung khong phai la hing ma thay ddi theo duong cong cua s(t). Trudng hop nay, ta goi 1a
PAM lay méu ty nhién ( Natural Sampling ).
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I/]DDhﬁﬂﬂm

Hinh 6.8: PAM ldy mau tu nhién
e Bay gio ta lay bién d6i F coa PAM dé xac dinh kénh song can thiét. Trudc hét 1a xem

truong hop ctia PAM 14y mAu tw nhién. Dya vao dinh 1y 1y mAu. Khai trién sc(t) thanh chudi F.
ROi nhan véi s(t). Két qua thu duoc 13 1 tong gdm nhidu song AM véi cac tan sb song mang 1a
tan sO cdn ban va cac hoa tan sc(t) . Xem hinh 6.9.

fm

A A *'/Ii

_21' =

fm

Hinh 6.9: Bién déi F ciia PAM 14y mAu tu nhién

. Bién déi F cua PAM dinh phang thi kho tinh hon. Dé don gian ta xem hé théng
v& ¢ hinh 6.10 Lay mau s ® bang mot chudi xung lyc 1y tuong. RHi dinh dang mdi xung luc
thanh dang xung nhu ¥ mudn, trong truong hop nay 1a mot xung vudng dinh phang.

s(t) Sm (t)
’IP\JHH ’I'T‘HT ) m0Onno .,

B /

P HIF) >

T h(t)

‘ITTT Bl

Hinh 6.10: Mach tao ra song bién diéu
Bién déi F cua tin hiéu da 14y mAu ¢ ngd vé cua loc duoc tim tr dinh 1y 14y miu. Chudi F

cua chuoi xung lyc c6 nhitng tri C, bang nhau voi moi n. Bién doi F cua song dugc lay mau
xung lyc v€ ¢ hinh 6.11
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S, (7)
kS(F) kS(f—fy)
PN O /\/ /\/ LN
t t 1 T ' 3 .'._..
2l ~o Im f N fo 21, :
: [{D_fmj

Hinh 6.11: Bién d6i F cua song duoc 1dy miu xung luc.

Bién dbi F cua output ctia mach loc 1a tich ctia bién d6i trén day v6i ham chuyén cia mach
loc. Ham chuyén nay duoc v& & hinh 6.12.

Cubi cung bién ddi ctia output v& & hinh 6.13. Nhé ring phan tan sd thap cta no khong
phai la mot phién ban bi méo cua S(f).

? T T ‘ T T

D /\v/\ /\\/ i
VAR

-3 -2 -1 a 1 2 3

Hinh 6.12: Ham chuyén cua mach loc
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S(f)

Hinh 6.13: Bién d6i F cia PAM dinh phang
sinnt

Thi du 1: Mot tin hi¢u chira tin ¢6 dang: s(t) =
Pugc truyén bang cach dung PAM. Séng mang 1a chudi xung tam gidc tudn hoan nhu hinh

6.14. Tim bién dbi F cua song bién diéu.

Sc(t)

T 2T
Hinh 14: S6ng mang.
Giai:
Ta xem hinh 6.10. Output ctia mach 1dy mau bang xung luc 1y tuong c6 bién doi F.
1 o0
S5(f)== ) _Sf-nf,)
T
Nn=-o0
. VA 2R ,oSnmt e X ~
Trong d6 S(f) 1a bién doi F cua t Bién d6i nay 1a mdt xung nhu hinh vé.
T
f
-5 Ty

Mach loc phai thay d6i mdi xung luc thanh mot xung tam gidc. Pap ung xung luc cua
chung 1a mgt xung tam giac ma bién doi cua no la:

sin?(zf 1)

H(f) =
@) %1% 2
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Cuéi cung, bién doi F cia song PAM dugc cho boi tich cia Ss(f).H(f) nhu hinh v€ 6.15.

Sif)
1
Sl o
(a)
S fIHIf)
/T
A1 Dﬂﬂ H |5 D I\ﬂ ﬁ;,,,
L L
2 T T
(b)

Hinh 6.15: Bién d6i F cua vi du 1.
Su quan sat tong quat co ¥ nghia vé PAM 14 song PAM chiém tit ca nhiing tan sd #ir zero
den vo han. Nhu vay, né bi xem la khong thé truyén c6 hi¢u qua trong khong khi cling nhu
Multiplexing.

Vi phan c6 y nghia nhat cua bién doi F cua song PAM nidm xung quanh tan sd zero, ta
thuong dung AM hodc FM dé giri song PAM. D06 13, ta xem séng PAM nhu la tin hiéu chita tin
va né bién diéu mot song mang hinh sin. Nhung tai sao ta phai thyc hién mdt bién diéu kép, ma
khéng truyén tin hiéu gdc bang AM hoic FM ? Hay nh¢ 1a tin hiéu gdc khong c6 dang Analog
lién tuc ma Ia tin hiéu roi rac.

Sau khi bién diéu AM hodc FM véi séng PAM, kho bang tré nén rat rong. Vi 1y do nay
bién diéu xung duoc két hop voi AM hoic FM thuong khong duoc truyen theo cung cach thic
nhu tin hiéu bién di¢u khac. No thuong truyén trén cap ddng truc, von c6 kha néng truyén mot
khoang rong cua tan s6. Poi khi no cling dugc truyén qua khong khi tai tan s6 microwave. Tan
s6 nay du cao dé kho bang rong khong bi xem nhu 13 sy qué cong suit ( over powering ) d6i voi
song mang.

Vi Multiplexing tan sb khéng dwoc, né chi truyén mét tin hiéu tai mét thoi diém. Tuy
nhién, ta s& thiy mot dang khac ciia Multiplexing thich hop vdi tin higu bién diéu xung.

1. Khdi bién diéu.
= Nhitng mach cong d dung dé bién diéu AM déu c6 thé dung dé bién diéu PAM ldy miu

tu nhién. Chi can loai b6 loc ddy thong tir khdi bién diéu ( Hinh 6.16.a). Hinh 6.16b chi khdi bién
diéu dung cau diode.
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Hinh 6.16: Khéi bién diéu cho PAM

= Khi bién digu cho PAM phang dinh thi don gian hon cho PAM Iy mAu ty nhién. Ta chi
can dung mdt mach lay mau va giit ( Sample and Hold ). Mach nay duoc 1y tuéng hod nhu hinh
6.17.

X

+ 51 o +
Vinft) 5 >I/ Vout (L)

Hinh 6.17: Mach ldy mau va gitt.

= S, dong tudn hoan tai nhitng thoi diém léy mau. Tu C nap dién dén tri mau mdi khi s
dong va r6i S; ngét. Vi tu khong c6 dudng xi dién, nén s& giir tri gia miu va tao nén duong
phang cua dinh song PAM. Khi S, dong, tu s& xi dén zero. Ta tinh trude tu va mach dién tir sao
cho thoi gian nap that nhanh va ta ciing chon mach c6 tong trd ra that nhoé dé thoi hiang xa ngén.

2. Khoi hoan diéu.

= Sy hoan diéu PAM ldy miu ty nhién dya truc tiép vao dinh Iy 1dy mau. Su hoi phuc tin
hi€u Analog goc tir phi€én ban mau hoa cua n6 can mot LPF.

. Su hoan di¢u PAM dinh phéng can thém mot sb viée. Ta s& dung mach S/H dé phuc
hdi mot dang song hinh bac thang xap xi v6i dang song tin hiéu gbc. Pit thoi gian gi bang chu
ky ldy mau. Két qua v& ¢ hinh 6.18. Ham béc thang c6 thé dugc loc boi mot LPF dé dang song
duoc tron phang, gan gidng v6i dang song goc.
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Hinh 6.18: Hoan di¢u dung mach S/H

- Bién dbi ' cua séng PAM dinh phing nhu hinh 6.11. Ta ¢6 duge bing cach nhan bién
ddi F cua tin hiéu miu hoa cho H(f) ( ham chuyén ciia mach loc ) dé déi xung luc mau hod

thanh xung mau hoa. Phan bing gbc ( base band ) cta bién ddi F co dang S(HHH(f). Vay s(t) co
thé dugc hdi phuc tir sy(t) bang cach dung mot mach loc LPF ma ham chuyén cta né thi vé &
hinh 6.19. Mach loc v&1 ham Chuyén I/H(f) duoc xem nhu 1a mot mach can bf?mg vi no triét
nhitng hi€u qua cua sy tao dang xung.

1/Hif)

I fl'ﬂ

-f

Hinh 6.19: Ham chuyén ctia hoan di¢u PAM
Tach song kiéu ldy miu va gitt can mot thong tin vé thoi gian dé dong bo véi dai phat. Bo
la, may thu phai lay mau séng nhan dugc tai nhiing thoi diém lay mau lac dau.
Thong tin vé thoi gian c6 thé lay song thu duoc. Hodc nd ciing cd thé duoc gui theo
(Analog) dudi dang nhitng xung danh dau ( Marker Pulse ).
= Néu song thu duogc c6 thoi gian ting, cac bo ting c6 thé duge do bang mot mach vi phan.
Xung rong két qué co thé duge dung dé thuc hién thoi dieém lay mau.
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= Nguoc lai, xung danh déu tuan hoan c6 thé dugc chen vao tin hiéu truyén. Cac xung
danh dau c6 bién do 16n hon xung tin hi¢u, nén chung cé thé dugc nhan dang dé dang tai may
thu.

V. MULTIPLEXING PHAN THOI GIAN - TDM (Time -
Division Multiplexing).

T‘a da nhiéu lan nh‘én‘ mar}h rang cac tin hiu c6 thé’ tach biét nhau néu chung khong phu
nhau v€ thoi gian hodc vé tan s6. Vi kho bang cua song bién di¢u xung thi cuc rong, nén sy tach
tan s6 thudng khong kha thi. May man, séng blen diéu xung dugc dic trung boi phan séng xung

quanh zero cua tryc thoi gian ( tin hiéu bang gbc base band ). Vi vay, co thé tach tin hiéu vé mat
thoi gian. TDM 14 tién trinh cong céc tin hiéu sao cho ching khong phti nhau vé thoi gian.

1. Multiplexing nhirng kénh cé nhip iy miu giéng nhau:

Trude hét, ta ndi vé TDM cho cac tin hidu c6 nhip ldy mau gidng nhau. Sau d6 ta dua vao
nhitng k¥ thuat d¢ Multiplex cac tin hi€u c6 nhip lay mau khac nhau. Ky thuat nay bao gom bd
siéu giao hoan ( supercommutation ) va b Multiplexer c6 Memory.

TDM céc tin hi¢u c6 nhip ldy mau giéng nhau c6 thé xem nhu nhiing xung xen ké&. Hinh
6.20 chi TDM 2 tin hiéu.

Phat

B IS w2
o 16 HHHI;HHE ol
~N 1

2 (t)

& (L)

Hinh 6.20: Multiplex c6 2 kénh

Nhé 1a SW thay ddi vi tri trong khoang thoi gian khong ldu hon mot chu ky ldy mau. 6 la,
hai xung dugc guri trong moi chu ky lay mau, vay nhip xung trén moi kénh thi gap doi nhip lay
mau.

Gia st ta tang 1én 10 kénh. SW tr¢ thanh mot bd giao hoan nhu hinh 6.21.SW phai xoay
giap vong du nhanh sao cho n6 tré lai kénh 1 trong thoi gian 14y mau 1an 2. SW ctia may thu phai
xoay déng bd voi SW dai phat. Néu ta biét chinh x4c tin gi dugc giri di trén mot cua cac kénh, ta
s& ¢ thé nhan dang duoc miu cia n6 tai may thu. Mot phuong phap chung dé tao su dong bo la
hy sinh mét kénh va giri tin hiéu dong bé vao dé. Ta s& thly diéu dé trong vai hé thdng truyén
Digital.
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Hinh 6.21: Multiplexing10 kénh.

biédu duy nhat lam gi6i han van téc quay ciia SW ( va do do gioi han sO kénh co thé
Multiplex ) 1a ty so ctia d6 rong moi xung vdi khoang cach gitra cac mau gan nhau cia mot kénh.
Vay can thiét ké mdi xung hep hon va kho biang cua tin hiéu rong hon.
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—
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—

2. Multiplexing nhitng kénh cé nhip ldy miu khac nhau:

C6 2 cach dé Multiplex nhiing tin hiéu c6 nhip 1dy mau khac nhau: Multiplex khong dong
bd va Multiplex si€u giao hoan.

a - Dung mot buffer dé giir nhimng tri mau va 10i dua ching ra theo mot nhip do cb dinh.
Phuong cach nay cting ¢6 hiéu qua néu nhip 14y mau c6 nhing thay d6i. Piéu quan trong dé thiét
ké mot hé thong nhu vy 1a buffer phai ludn luén cé cac mau dé giri khi kénh cé yéu cau. Diéu
nay can dén viéc dua vao cac mau nhdi ( stuffing samples ) néu buffer bi tréng. Nguoc lai, buffer
phai du 16n sao cho n6 khong bi ngép tran ( overflow ).

Phuong phép buffer cling dugc ding néu cac ngudn tin khac nhau duge truyén khong dong
bd. Su dinh ¢& cho bufffer can dén su phan gidi xac suat, do do dua dén cac bod Multiplexer
thong ké Stat.Mux ( Statistical Multiplexer ).

b - Ky thuat tong quat thir nhi la dung siéu giao hoan. Tat ca nhip 1dy mau diwegc nhan véi
nhip co ban. Piéu nay s€ gap khi can ldy mau nhimg kénh voi nhip cao hon, lac dung khong c6
Multiplexing. Gia sir, néu ta c6 hai kénh véi nhip ldy mau can 1a 8 va 15,5 kHz, khi Multiplex
chung ta co thé chon 16 kHz dé 1dy mau nhanh hon.

Nguyén Iy cua siéu hoan thi don gian. Ta hdy xem thi du ¢ hinh 6.22, v€ mét banh xe giao
hoan ( Commutator Wheel ) 32 khe va 2 banh xe giao hoan phu. Gia st ta muon Multiplex 44
kénh sau:

1 Kénh lay mau tai 80 KHz
1 Kénh iy mau tai 40 KHz
18 Kénh 1ay mau tai 10 KHz
8 Kénh lay mau tai 1250 Hz
16 Kénh 1ay miu tai 625 Hz
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Nhé 1a tat ca nhip ldy mau 13 boi s6 cta 625 Hz. Ta chon dé dit nhip cin ban cta banh xe
giao hoan & 10.000 vong /sec. Vay mdi kénh ( ctia 18 kénh 1ay méu tai 10 kHz ) dem vé mot khe
ctia banh xe - Kénh l1dy mau 40 kHz can 4 khe cach déu nhau trén banh xe; vy n6 dugc ldy miu
4 1an trong mdi vong quay ( 0,1 ms ) cua banh xe - Tuong tu kénh lay miu 80 kHz can 8 khe
céch déu nhau trén banh xe.

Péi voi nhitng kénh ¢ nhip 14y mau nho hon 10 kHz, ta chi can 1dy miu chung tai nhimg
vong quay dugc chon lua ciia banh xe. Thi dy, 1 kénh 1250 Hz can dugc 1dy mau mot lan khi
banh xe quay 8 vong. Trong khi d6, kénh 625 Hz lay mau 1 1an/mdi 16 vong quay cta banh xe.
Ta thyc hién viéc y bang cach dung hai banh xe giao hoan phu. Tam kénh 1250 Hz duoc giao
hoén nhau nhd mdt banh xe 8 khe, v4i nhip 1250 vong/sec. Cu mdi 0,1 ms, mot trong cac kénh
duoc ndi vao mot khe ctia banh xe chinh. Tuong ty, 16 kénh 625 Hz dugc giao hoan nho banh xe
16 khe , quay 625 vong/sec.

80 kHz

To channel

Hinh 6.22: Siéu giao hoan

VL. BIEN PIEU PO RONG XUNG PWM: (Pluse Width
Modulation).

Nhu truong hop ciia PAM, ta lai bat ddu véi mot song mang 1a mot chudi xung tuan hoan.
Hinh 6.23, chi mot séng mang chua bién diéu, mét tin hiéu chua tin s(t) va song bién diéu PWM.
D6 rong clia mdi xung bién diéu thay doi tuy theo tri mau tic thoi cua s(t). Tri mau 16n hon s&
lam d6 rong xung bién diéu rong hon. Vi d6 rong xung thay doi, nén ning luong cla song ciing
thay ddi. Vay khi bién do tin hiéu ting, cong sut truyén ciing ting.
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Hinh 6.23: Bién diéu PWM

Ciing nhu trong truong hop FM, PWM la mét phep bién diéu phi tuyén. Xem mot thi du
don gian dé minh chung diéu d6. Gia sir tin hi¢u chira tin la mét hang, s(t) = 1. Song PWM sé&
gan nhimg xung c¢6 d6 rong bang nhau, vi mdi tri mau thi bang vi mdi tri mau khac. Bay gid
néu ta truyén s(t) = 2 theo PWM, thi ta lai c6 mét chudi xung c6 do rong bang nhau, nhung do
rong cta chiing 16n hon khi truyén s(t) = 1. Nguyén Iy tuyén tinh s& cho két qua 1a d6 rong xung
ctia trudng hop sau gip doi truong hop trude. Nhung & day khong phai nhu vdy, nhu hinh 6.24.
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Hinh 6.24: PWM la phép bién diéu phi tuyén.

Néu ta gia str tin hiéu s(t) bién doi cham ( 14y mAu vé6i nhip nhanh hon so véi nhip Nyquist
) thi cac xung lan cén s€ c6 dg rong hau nhur bang nhau. Véi gia thiét nay, c6 thé phan giai xap xi
cho song bién diéu, theo chudi Fourier. Mdi s6 hang cta chudi 1a mot song FM, thay vi 1a mot
song sin thuan tuy.

Ta s@ trinh bay mot dang cua khdi bién diéu va mot dang cua khdi hoan diéu cho PWM.
Trong ca hai, ta déu dung song rang cwa dé chuyén doi giita thoi gian va bién do. Diéu nay tuong
tu nhu cach thitc cho FM, ¢ d6 ta thdy rang cach dé nhat dé bién diéu mét tin hiéu 1a trude tién
d6i n6 thanh AM. Tin hiéu ring cua duoc dung vé ¢ hinh 6.25.
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Hinh 6.25
Céch xir ly dugc dién ta & hinh 6.26.
Hinh 6.26a chi khéi bién diéu va hinh 6.26b, chi nhitng dang song tiéu biéu.
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Hinh 6.26: Khéi bién diéu PWM.

]

Trude tién tin hiéu s(t) duoc lay mau va gitt dé c6 s;(t).

Tin hiéu ring cua bi doi xudng 1 don vi tao nén s(t). Tong ciia s;(t) va sy(t) tao nén s3(t) va
vao mach so sanh. Nhitng khoang thoi gian ma s3(t) duong 1a nhitng khoang ma & d6 do rong ty
1¢ voi tri gid mau gdc. Qutput ciia mach so sanh la 1 khi s3(t) dwong va la 0 khi s3(t) am. Két qua
12 s4(t), 1a mot song PWM. Do rong xung co6 thé duoc hiéu chinh bang cach ting giam s(t). Trong
hinh V&, ta gia sir rang binh thuong s(t) nam giita 0 va 1.
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Su hoan di¢u dugc thuc hi¢n bang cach tich phan séng PWM trong mdi khoang thoi gian.
Vi chiéu cao cua xung thi khong (‘101 tich phén ty 1¢ voi d6 rong xung. Néu output cia tich phan
duoc 14y miu va giit tai tri gia cudi ctia nd, két qua s& 1a mot song PAM.

VII. BIEN DPIEU VI TRI XUNG -PPM (Pulse Position
Modulation).

PPM c6 loi hon PWM vé mat triét nhidu va ciing khong c6 van dé cong suat thay doi theo
bién do tin hiéu.

Mot tin hiéu chira tin s(t) va song PPM tuong ing v€ ¢ hinh 6.27.

s(t)

> ¢
PPM
wave
H '| H ‘%H ['._| H1 |—l+ >t
T 2T 37 4T 5T
Hinh 6.27: PPM

Ta thay néu tri gia mau 16n hon s& c6 xung tuong tng doi xa hon (so voi vi tri khong bién
diéu cua no).

* Mot song PPM co thé dwoc suy tir mot séng PWM. Su lién hé giira ching 13, trong khi vi
tri ciia xung thay doi trong PPM thi suon khién cua xung thay doi trong PWM. Gia st ta do moi

suon khién cia PWM, ( lay dao ham va xem nhiing xung 4m ). Bay gid néu ta diat mot xung co
d6 rong khong di tai mdi diém nay, két qua la song PPM. Diéu nay dugc vé& ¢ hinh 6.28.
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R& rang, ca PWM va PPM déu rat phic tap so véi PAM. Chung phuc te}p hon va con cé
nhing tinh chat khac. Trong cac hé TDM, ta phai bao dam rang cac xung mau lan can khong
duoc phit nhau. Néu cac xung doi ty do hodc rong hon ( nhu trong PPM va PWM ), ta khong thé
chen vao mét cach don gian cac xung khac trong khong gian ma tin chic rang khong co sy tac

dong qua lai s€ xay ra. Khoang cach du can thiét phai dugc giit dé c6 thé truyén cac tri mau 16n
nhit. Pidu nay lam giam s6 kénh khi Multiplex.

sit)
| ] Il ] ' Tt
T 2T 3T 4T 5T
PWM
| | | ‘ t | H —
T 2T 37 aT o7
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dt

b - Y e

PPM

I :
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Hinh 6.28: D6i PWM thanh PPM

=t
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Chwong VII: VIEN THONG SO

» DAI CUONG.
= CHUYEN POI TUONG TU SO ADC (ANALOG-DIGITAL
CONVERTER).
= CHUYEN POI SO-TUONG TU DAC (DIGITAL ANALOG
CONVERTER).

= VIEN THONG MA HOA ( CODED COMMUNICATION).

= BIEN DIEU MA XUNG- PCM ( PULSE CODE MODULATION).

= LUONG TU HOA KHONG BDEU PAN ( NONUNIFORM
QUANTIZATION).

= KY THUAT BIEN DIEU LUAN PHIEN (ALTERNATE MODULATION
TECHNIQUES).

= NHIEU LUONG TU (QUANTIZATION NOISE).

= GIOI THIEU VE MA HOA ENTROPY VA NEN DU LIEU.

= GIOI THIEU VE SUA LOI TIEP CHUYEN (FORWARD ERROR
CORRECTION).
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DPAI CUONG

Trong cac chuong trudc, ta da nodi vé su truyén céac tin hiéu analog. Séng mang dugc
dung 1a mot sinusoid lién tuc ( AM, FM va PM ) hodc mot ham thoi gian roi rac (bién
di€u xung).

Chuong nay ta thém mot k¥ thuat truyén khac. Tin hi¢u dugc truyén bay gi0 tr¢ thanh
mot thanh phain ciia mot hé rdi rac. Nhu vay, thay vi truyén nhiing tri dién thé lién tuc, ta
tap trung vao mot tap hop hiru han cac tri roi rac.

Trudc nhét ta xem sy truyén cua mot danh muc céc sd. Danh myc nay co6 thé 1a két
qua tur sy lay mau mot ham thoi gian lién tuc, hodc tin tirc goc 6 thé ¢o dang mdt danh
muc. Tinh chat co ban ctia mot hé vién thong digital 1a nhimg s6 trong danh muc ¢ thé
chi 1dy nhiing tri rdi rac.

Nhiéu tin hiéu da c6 dang mdt danh muyc cac s6 lay ra tr mot tap hop hiru han. Thi dy,
thot gian cua ngay ( neu ta lam tron gidy hay phut ); sd luong ctia mot hang muc nao do
dugc san xuét trong moi gi0 ( thi du: 80 xe ); thong tin duoc phat ra boi computer...

Tin hi¢u analog c6 thé duoc truyén theo nhimg k¥ thuat digital. Khi do, nhit thiét tin
hiéu analog can phai chuyén dbi thanh tin hiéu so.

Su ddi qui cach tir analog thanh digital dugc thuc hién nhd ADC (Analog to Digital
Converter).

I. CHUYEN POI TUONG TU SO ADC (analog-digital
converter)

Budc thir nhat dé chuyén ddi mot tin hiéu analog lién tuc thanh dang digital 13 doi tin
hiéu thanh mot danh muc cac so. ( Piéu nay duoc thyc hién bang cach 1y miu ham thoi
gian). Danh muc cac s6 két qua biéu dién cho nhitng tri lién tuc. D6 1a mac du mot mau
nao dé co thé trung ra nhu 1a mot s6 lam tron, nhung thuc té né s& duogce tiép tuc nhu mot
s6 thap phan vo han. Danh muc cdc s6 analog sau do phai dwoc md hod thanh cdc Code
Words roi rac. Bién phap trudce nhat dé hoan tat viéc do l1a lam tron mdi sb trong danh
muc. Thi du, neu cac mau nam trong khoang tir 0 d&én 10V, mdi mau s€ dugc lam tron
dén s nguyén gan nhat. Vay cac tir ma ( code words ) s& rtt ra tir 11 s6 nguyén ( tir 0 dén
10).

Trong da sb cac hé vién thong digital, dang thuc té duoc chon cho cac tir ma 1a mot sd
nhi phan 0 va 1. Ly do dé chon s& trd nén rd rang khi ta ban dén k¥ thuét truyén chuyén
biét. Tro lai thi du trén, converter s& hoat dong trén nhung mau tir 0 dén 10V bang cach
lam tron nhimg tri mau dén Volt gan nhat, roi doi s6 nguyén d6 thanh sé nhi phan 4 bit (
ma BCD ).

Su chuyén d6i A/ D dugc xem nhur 1a sy lwong tir hoa ( quantizing ). Trong sur luong
tir hoa déu din, cac tri lién tuc cta ham thoi gian dugc chia thanh nhiing ving déu dan,
va mdt ma s6 nguyén duoc két hop cho mdi ving. Nhu vdy, tit ca cac tri ciia ham trong
mot ving nao d6 déu duge ma hoa thanh mot sé nhi phan gidng nhau.

Hinh 7.1 chi nguyén 1y lugng t&r hod 3 bit theo hai cach khéc nhau Hinh 7.1a, chi
khoang cic tri cia ham dugc chia lam 8 ving edu nhau. Mdi ving két hop v6i mot sé nhi
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phan 3 bit. Chon 8 ving vi 8 1a luy thira cia 2 (=2’ ). Tét ca t6 hop 3 bit déu duoc ding,
lam hi¢u qua 16n hon.

Hinh 7.1b chi su luong tir hoa bang cach dung su lién hé cua input va output. Trong
khi input thi lién tuc, output chi liy nhiing tri roi rac. Bé rong cua mdi bac khong doi. Vi
su lugng tir hoa thi déu din.

4 Qutput
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Hinh 7.1: Sy lugng tir hoa. i
Hinh 7.2 chi mot s(t) va dang digital ciia n6 cho bo do1 ADC 2 bit va 3 bit.

Z‘bit| 01 11 11 11 01 00 00 Ol Ol

3-bi'c| 011 110 111 111 011 000 001 011 011

Hinh 7.2: Thi du vé A/D
* Mach luwgng tir hoa :
C6 ba loai mach lugng tir hoa.
1. Luong tir hoa dem dem lan lugt tng v6i s thodng qua mdi mirc lugng tur.
2. Luong tir hoa ndi tiép, tao ra mot tir ma, timg bit mot. Do 14, ching bat dau
Vi bit ¢ trong soa 16n nhat ( MSB ) va lam viéc dén bit co trong soa nho nhat (LSB ).

3. Luong tir hoa song song, tao ra cung luc tit ca cac bit ctia mot tir ma hoan
chinh.

A. Luong tir héa dém:
Hinh 7.3 v& mot khéi lugng tir hod dém.
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Hinh 7.3: Luong tir hoa dém

Ramp generator ( mach tao duong doc ) bat dau tai mdi diém ldy mau. Mach edm
cling bit dau cung lic. Ngd ra ctia mach S/H 1a mot tin hiéu bac thang x4p xi véi tin hiéu
gdc. ( Nhitng bac sé& giir tri mau trudc do trong sudt mdi khoang ldy mau ). Méach eam s&
stop khi duong ddc dat dén tri mau.

Dang song tiéu biéu dugc chi & Hinh 7.3b. Va nhu vay, thoi gian dém T, ty 1¢ voi tri
mau ( vi d6 déc duoc giir khong doi ).

Tan s6 clock chon sao cho méach edm c6 du thoi gian dé dém dén sb dém cao nhat cia
né dbi voi mot thoi khoang (duration) ciia dudng doc twong tmg voi mau 16n nhat. S6
dém cubi trén bod eam twong tng véi mirc lwgng tir hoa.

Thi du : Thiét ké mot khdi luong tir hoa dém cho mot tin hiéu tiéng noi co tan sd tbi
da 3 kHz. Do ddc cua dudong doc 10° V/sec. Bién do tin hiéu nam trong khoang 0 dén 10
V.

Tim tin s6 Clock can thiét néu dung mot counter 4 bit.

Giai : Ly do duy nhét dé xét tn sd max cta tin hiéu la xem do déc co du dé dat dén tri
max ctia mau hay khong ( trong mot chu ky lay mau ). Vi tin sé max cua tin s6 tin hiéu
la
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. 4 X A <R \ A \ A X \ 1 D) \
3 kHz, nhip lay mau toi thiéu la 6 kHz. Vay chu ky lay mau max la Emsec. Vi duong

dbc c6 thé dat dén tbi g‘ia 1OV trong 0,0’1 msec, nd di nhanh dé tréqh dqqc qua tai.
Counter phai c6 thé dém tir 0000 dén 1111 trong 0,01 msec. Tan s6 Clock phai la 1,6
MHz, vi can trén 16 lan dém trong mot chu ky lay mau.

B. Lwong tir hoa ndi tiép:

Hinh 7.4 chi so d6 khéi ctia lwgng tir hoa ndi tiép 3 bit, cac input nam trong khoang tir
0 dén 1. Cac hop hinh thoi 1 cac bd so sanh. Chung ta so sanh input v&i mot tri cd dinh
va cho mot output néu input vuot qua mot tri ¢ dinh d6 va mét output khac néu nguoc
lai. So d6 khdi chi hai duong output c6 thé, duoc dit tén 13 YES va NO.

Néu khoang cuia input cua céc tri mau khong 1a 0 dén 1V, tin hiéu s& dugc chuin héa
( dugc doi r6i khuéeh dai hodc giam ) dé duoc nhiing tri nam trong khoang d6. Néu can
s6 bit nhidu hon ( hodc it hon ) cac khdi so sanh duoc thém vao ( hay bét ra ). S6 khdi so
sanh bang s bit mi hoa.

ba=1
2 by=1 bo=1
input 1 ¥es 1 1~ ¥es 1 1w, ¥es
AN " T7 "4 T &
At ? ? ?
MO MO [
by=0 by1=0 bg=0

Hinh 7.4: Luong ttr hoa ndi tiép
b, 14 bit thir nhat cta tri miu duoc ma hoa. Bit c6 trong soa 1on nhat (MSB).
by 14 bit thir ba, ciing 1a bit cudi, bit c6 trong sod nho nhit (LSB).
Thi du : Giai thich hoat dong cua hinh 7.4, ing véi 2 tri mau cua input: 0,2 va
0,8 V.
Giai:
* V61 0,2 V Sy so sanh thtr nhat voi 1/4 ¢6 dap s6 1a No. Vay b, = 0 so
sanh thr 2 véi 1/4 cling ¢6 101 dép 1a No.Vay by = 0. So sanh thur ba, Yes.Vay b= 1.
Do do, ma nhi phan cho 0,2V 1a 001.

* Véi 0,8V. So sanh thtt nhit véi 1, Yes = by=1 ta trir voi 1, duoc
2 2
. | . . .. 1 . . .
0,3. So sanh thtr hai véi e Yes = by =1 va ta trir voi e duoc 0,05. So sanh tha ba véi

%, No = by=0. Vay ma cho 0,8V 1a 110.
* Mot hé théng don gian hoa cé thé thue hién duge nhu hinh 7.5, & ngo
ra ctia khoi —%, dat mot khdi X2 rdi hoi tiép két qua vé khdi so sanh thir nhat. Tin hiéu

mau c6 thé qua so d6 nhicu lan dé dat dugc so bit cua chi€u dai cia tir ma hoa.
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ves
b=1

o K2

- 3‘%
A1l o

[/

MO
B=0

Hinh 7.5: Luong tir hoa ndi tiép don gian hoa.

C. Lugng tir hoa song song:

Hinh 7.6 trinh bay mdt mach d6i song song 3 bit, va mdi bac cua tién trinh 1a 1v.
Cau chia dién thé lap ra cac muc dién thé tham khao cho mdi mach so sanh. Ta théy
c6 7mic ma cac trigid la 1, 2, 3, 4, 5,6,7v. Dién thé tuong tu vao V, dugc dua vao mdi
ngd vao cua cac mach so sanh.
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+10V
Ma3 ho4 wu tién
3K o7
7v - 17
1K %  c6
v . 16 Trong sb 16m
K % 5V ~.C5
15 C )
£ — g Ngdraso
1K % o4 —
av 14
. —
1K ca
3v - 13
1K o
2v - 12
1K % -
~C1
v 11
1K j
= Ngo vao twong tu
a)

Ngbd vao tuong tu Ngd ra cdc mach so sanh Ngd ra s6
Va Cl C2 C3 C4 C5 Co6 (7 C B A
<lv 1 r 1 1 1 1 1 0 0 O

>1v, <2v 0 r 1 1 1 1 1 0 0 1
>2v, <3v o o 1 1 1 1 1 0 1 0
>3v, <4v o o0 o0 1 1 1 1 0 1 1
>4v, <5v o o o o0 1 1 1 1 0 O
>5v, <6v 0O 0 o0 o 0 1 1 I 0 1
>6v, <7v 0O 0 O o0 0 0 1 I 1 0
>Tv 0O 0 0 0o o0 0 o0 1 1 1
b)
Hinh 7.6 a) So d6 mach ADC song song 3bit
b) Bang su that

Néu Va<ly, tat ca ngd ra cac mach so sanh C;-C; cao.

Néu Va>1v, ¢6 it nhat mot ngd ra cac mach so sanh xudng thap. Cac ngd ra dugc
dua vao mach ma hoa uu tién tac dong thfip, tao mot sd nhi phan tuong Ung véi chan ra
mach so sanh c6 hiéu luc. Chan ra mach so sanh c6 hiéu luc 1a chan c6 chi sd cao nhit
(néu dong thoi c6 nhiéu chan ra cung xudng thap). Thi du, khi V ndm giira 3 va 4v. Cac
chan ra C;, C, va C3 déu thép. TAt ca cac chan khac cao. Mach ma hoa wu tién chi thuc
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hién voi tri gia thip ctia Cs, va cho ra ngd CBA=011 (bidu dién cho sé nhi phan tuong
duong cua V, v6i do phan giai 1v).

Khi V4 cao hon 7v, C;-C; déu thép Ngo ra mach ma hoda CBA=111.

Mach ADC song song khong can xung ddng ho, vi n6 khong co6 mach dém dong bod
hodc nhing thao tac tién trinh tudn ty. Tién trinh d6i gan nhu tuc thoi, ngay khi dat Vi
vao. Thoi gian chuyén ddi tuy thudc duy nhit sy tré ctia cac mach so sanh va mach ma
hoa.

* Mi hoa PCM thuec té :

Khéi méd hoa PCM ( Pulse Code Modulation.- Bién diéu ma xung ) trong thuc
té dugc xdy dyung theo so dd khdi ¢ cac phan trudc. Hau hét déu duogc dit trong mot IC.

* B lwong tir hoa dém dugc xem 1a bo chuyén d6i A/D hai duong déc. Mau
duoc dit ra mot mach tich phdn trong mot khoang thoi gian ¢d dinh. Output thi ty 18 véi
tri mau. Sau d6 input duoc chuyén dén mot tri dién thé tham khao ( nguoc déu voi mau ),
counter bit diu va output ctia mach tich phan duoc so sanh voi zero. Counter sé stop khi

dwong doc output ciia mach tich phan dat dén zero. )
L7126 1a mot IC CMOS, cho phép luong tir hod dém nhu hinh 7.8.

1 | 40
[ [,V QsC1 K
= D1 0SC2 32
2 c1 0SC3 37
. — B1 N.C.
E, 1
units | 81 a4 REFHI 5
;_ F1 REF LO _24
=61 C REF .
als CREF 55
'1:_ D2 COM _ﬁ,l
w1
tens { 12 | | og
12| A2 A B
14| F2 BUFF 52
‘1_,_::_ E2 INT _:5
A -
hundreds 17 F3 c3 | 24 .
18 Ea A3 23 hundreds display
12 22
\ thousand '=—] AB4 G3 =
larity 20 | 21
(pn‘iinus) POL Black Plane

) Hinh 7.8: Luong tir hoa dém IC L7 126. i ,
Cac chén tu 2 dén 25 duge dung dé‘ra hién thi. IC ¢6 cau tao dé thic truc ti€p man
hinh tinh thé léng (LCD), vi n6 bao gom cac mach giai ma 7 doan va céc mach thuc

LCD. Display la 3% digit, c6 nghia 12 n6 co thé chi nhiing s véi bién do cao nhur 7999.

Nhitng ngd ra 7 doan dé hién thi Unit duoc danh chi s A; dén G, dé hién thi chuc danh
chi s 2 va hién thi tram danh s6 3. Hién thi ngan c6 chi s6 AB4 va chi c6 mot chan dugc

5 .. PRSP B
can vi digit nay hoac 1a 0 hodc l1a 1 ( cho mot hién thi 35 digit ).
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Input analog duoc dua vao chan 30 va 31. Hoat dong ciia IC tién hanh trong 3 pha.

* Thir nhét 14 autozero, nhitng input analog dugc tach roi ra ndi tit bén
trong v&i common ( chan 32 ). Output ciia mach so sanh bi ndi tit véi ngd vo dao cua
mach tich phan.

* Pha thtr 2 xay ra khi tri tin hi€u vao bi tich phan trong mdt thoi gian
tuong tng véi 1.000 xung clock.

* Cudi cung, trong pha thu 3, di¢n thé tham khéo tich trit trong mot tu (
dugc diu gitra chan 33 va 34 & bén ngoai ) duoc ding dé tao dwong déc thir hai. Khoang
tri gia cia input xac dinh tri can thiét cua dién thé tham khao ( dwoc dwa vao chin 36
reference Hi ). Néu input nay 1a 1V, chip c6 kha ning chuyén dbi dién thé véi cac bién do
cao nhu 1999. Xung clock c6 thé ldy tir cac chan 38, 39 va 40. Ta ciing c6 thé dung hodc
mot mach dao dong bén ngoai hodc 1a mot tinh thé thach anh gitrta cac chan 39 va 40 hoac
la mot mach RC ngang qua céc chan nay.

Mot mach A/D toan by clia mot tin hiéu mau can 4.000 sé dém. Tin hi¢u
dugc tich phan cho 1/4 ciia chu ky nay, tic 1a 1.000 s dém.

Mot tich phan thir hai 13 autozero can giit 3.000 s dém.

Xung clock bén trong dugc phat trién bang cach chia dao dong input cho 4.
Vay, thi du, néu ta mudn thuc hién 10 chuyén d6i/sec, ng6 vo phai la 160 kHz.

Linh kién nay khéng c6 kha nang chuyén d6i nhanh va s& dugc ding cho
nhirng tin hiéu bién thién cham ( nhip 1dy mau cham ) hoic input DC.

Hinh 7.9: IC ADC0804 Luong tir hoa ndi tiép.

9 | VREF/2 vee 20

5 fViN#)  MsBB7 -

13 > CLKIN o 12
> CLKR B5

3 | oR Bq |14

5 | R 53 |15

1 fond e
DGND LSB BO

- IC ADC0804 1a mot thi du vé mot IC ddi A/D kiéu néi tiép, ( d6i khi con
goi la
" chuyén d6i xap xi lién tiép " ). Hinh 7.9.

bay 1a linh kién & bit, bao gém mot sd mach F lipFlop, ghi dich, m0t mach giai ma va
mot mach so sdnh. C6 8 xung clock bén trong. Xung clock ndi dugc cho bdi su chia tin
hi€u clock tai cac chan 4 va 19 cho 8. Thi dy, v6i mot tin hi€u 64 kHz trén nhiing chan
nay, IC c6 thé thuc hién mot chuyén ddi trong Imsec. ADC 0804 c6 kha nang ddi mot
mau trong khoang /20usec, nén ta khong ding nd dé lay mau vé6i van tée nhanh.

Céc output digital tir Bo dén B; ra & cac chan dién tir 11 dén 18. IC nay tuong thich
v6i mot microprocessor, nén d6 1 1y do dé goi tén cac chan, nhu bang sau:
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| Chén | Nhin Nhiém vu
VAA BO (L SB)
+5V An%l\og supply 24 1 \
0.2mF
+5V VIN |, , |-BL
Analog %pu 1
VIN
1K 16 5 |.B2
clock
|( CLK 18 4 B3
7406 open 0.01mF >>)igital output
collector TTL 1K 5 B4
+6.4V REF
B5
— 6 ——
= +R 22
0.2mF I B6
2 -B6
) S
34R | g |B7(MSB) ]
CA3310 o LOF.
R2
15 |- VDD +5\
1/2R Digital suppl
20 , |Lce2 s g pply
R3 1
CE1
V4R |0 14
1o |_PHAQE
R4 11 |-DGD
R 115 17 ACR

1 | CS(chip select) | L ban dau, H khi bat déu chuyén doi.

2 | RD (Ready) Xuong L dé chi pp san sang nhan dit ligu.

3 | WR (Write) L bat dau. H khi bat dau chuyén doi.

4 | CLK Ngb vo dao dong bén ngoai hodc ndi dién tir giira 4 va 19

dat tan sb dao dong.

5 | INTR (Interrupt)

Xubng L dé bao cho pup rang dit lidu sin c6 dé dung.

Vin (+);Vin ()

Ngo vo phan kd vi sai.

9 | Vrern

Dién thé tham khao ( mot nira )

Hinh 7.10: IC CA3308 lugng tir hoa song song.

- IC C43308 1a mot thi du vé IC chuyén déi A/D kiéu song song, 24 chan, v& & Hinh
7.10. IC ¢6 thé chuyén doi mot mau trong 66,7 nsec. N6 chira mot ngan hang mach so
sanh. Tin hiéu analog vao cac chan /6 va 21. Cac dién thé tham khao ap vao chan 10, 15,
20, 22 va 23. Tin hiéu digital ra dugc doc tir cac chan ( pins ) 1 dén 8.
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II. CHUYEN POI SO -TUONG TU DAC (Digital
analog converter)

Mot tin hiéu digital dugc chuyén doi thanh analog nho mach DAC. Pé thuc hién viée
chuyén d6i, ta chi can két hop mgt mirc mau véi méi tir md nhi phdn. Vi tr ma biéu dién
cho mogt khoang céc tri mau, nén tri thuc sy dugc chon cho sy chuyen ddi, thuong 1a
diém gitra cua khoang. Néu A/D conv dugc thuc hién nhu d3 mé ta trén day, thi sy hoat
dong nguoc lai tuong duong véi viée phan chia mot trong sod cho modi vi tri bit.

Xem truong hop mét tir nhi phén 4 bit. Ta gia st rang mau Analog thi dugc chuaon
hoa (Normallized, nghia la n6 nam trong khoang gitra 0 va 1V ) va dung sy ma hoa lan
luot. Su chuyén ddi vé tri Analog duogc thuc hién bing cach doi sé nhi phdn thanh thdp

phan, chia cho 16 va cong 3—12 Thi du, ma 1101 biéu dién s6 thap phan 13, vay ta ddi n6

thanh E+i:£.
16 32 32

Hinh 7.11 v& co ché chuyén D/A. Néu 1 xuit hién & vi tri MSB thi mot pin 1/2V dugc
dua vao mach ( S1 hd ). Bit thir nhi kiém soat mot pin 1/4V va ctr thé. Mach giai ma 1y
tuong hinh 7.11 tuong tu véi mot mach lwong tir hod néi tiép vi mdi bit két hop véi mot
thanh phan riéng cua tri mau.

S1 S2 S3 S4

oo o><o—<»—o><o—o—o><o—

I 111 111 |
"—‘||| |||| |||| ||||__"—‘|| s1 closed if b3=0
1/2 1/4 1/8 1/16 1/32
s2 closed if b2=0

s3 closed if bl1=0

+ Vanalog - s4 closed if b0=0

Hinh 7.11: Chuyén d6i D/A
] Mach d6i D/A kiéu dém thi phirc tap hon, nhu hinh 7.12. Mét clock dua vao
mach tao bac thang ( Staircase ) va mach Counter cung luc. Tin hi€u ra cia Counter dugc
so sanh voi input digital ( nhi phan ). Khi sod edm baing vi t ma a vao, mach tdo bade
thang se stop. Tin hiéu ra cua mach tao béc thang duoc ldy mAu va gitr cho cho dén khi tri
mau ké tlep dat duogc. Két qua xap xi bac thang cudi cting dugc 1am phang nho mot loc
LPF, dé hoi phuc lai mot tri xap xi voi tin hidu gdc.
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Zlock

0. bién thé vao Vi=3v va dién thé ra, di nhién, phai tuan theo bang sy that.

W Staicase

| Sample

T Stop

| & Hold

H Counter

input

(degital) nhi phan

Hinh 7.12: DAC kiéu dém
* DAC Thye Té :

Gia st mdt mach DAC céan phai hoat dong theo bang su that & H.10.4.

Pién thé ra V, tang ting bac tur 0 dén 6v. Mdi su tang cua s6 dém nhi phan lam
tang dién thé ra 0,4v.
Hinh H.10.5 trinh bay mach logic cia DAC nay. Mach gém hai mach: mang di¢n tro
va mach khuéch dai téng. Dién thé vao dat 1én mang dién tr¢ thong qua cac ngét dién D,
B.C, A. Cac ngit dién nay dong khi bit vao twong tng =1 va mé khi bit vao tuong Gmg =

4 LPF ——

Luu ¥ Ry, dién tré twong tmg véi MSB, ¢6 tri nho nhat. Rz (dién trd twong ung voi bit
c6 trong sO 4) co tri gap doi Rs4. Ry gap doi R; va Ry gap doi R,. D€ thay rang, dé cho
DAC chinh xac, tri gid cac dién tr¢ can that chinh xac.

Vao Ra Vao Ra
nhi phan Twong tu Nhi phén Twong tu

Hang | D C B A Vo Hang | D C B A Vo

1 0 0 0O 0 9 1 0 00 32

2 0 0 0 1 0.4 10 1 0 0 1 3.6

3 0 01 0 0.8 11 1 01 0 4.0

4 0 0 I 1 1.2 12 1 0 1 1 4.4

5 01 00 1.6 13 1 1 00 4.8

6 0 1 0 1 2.0 14 1 1 0 1 5.2

7 01 10 2.4 15 1 110 5.6
8 0 1 1 1 2.8 16 1 1 1 1 6

Béng su that cia mét DAC
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Vao nhi phan

1 . Pong khi bit=1
8 44 Zmi 1 ‘i// M khi bit=0

- 18.7K » 37.5K » 75K » 150

N ] >_A——> Vo
Mang dién tré J__ )

Hinh 7.13. So dd

Khi s6 nhi phan vao 1a 0000, ca 4 ngit dién déu mé (ing v6i hang 1 cua bang su that).
Vi:() nén V():O.

Béy gio ta xem hang 2 cua bang sy that, sd nhi phan vao 1a 0001, chi c6 ngit A déng.
Do loi tuong ung la:
Ay =ﬁ =ﬂ =0.133
R 150k

Dién thé ra: Vo =V; xAv =3x0.133=0.4v. ,
Tuong tu, n€u s6 nhi phan vao 1a 0010 (hang 3 cua bang), chi c6 ngat B dong:
R,
A=t 229 966
R 75k

Dién thé ra: Vo =V; xAv=3x0.266=0.8v. , ‘
_ Xem hang 7 cua bang su that, s6 nhi phan vao 0110, hai ngat C va B déu dong. Chung
dau song song, nén trong truong hop nay R; la:
R, xR :
R, = R, _ 37.5x75 o5k
R,+R, 37.5+75

R 20k _

0.8

R 25k
) Vo =V;x Av=3x0.8=2.4v
Cudi cung, ta xem hang 16:
1
1R, +1/R,+1/R,+1/R,’
D¢ dang dé tinh két qua V=6v. ‘ 9 o
beé thay doi thang dién thé ra, ta chi can thay doi tri gid ctia dién trd hoi ti€p Ry.

i
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III. VIEN THONG MA HOA( coded communication).

Ta da thay, mot tin hiéu digital bao gdbm mot danh muc céc s6, trong d6 mdi s6 co thé
léy chi mot s6 hitu han cta cac tri gia. Danh muc céc ) khong chinh xac béng vO1 cac tri
mau gdc, ma chi 13 nhiing phién ban lam tron cua cdc tri nay. Nhu vay, khi chuyén doi tir
analog thanh digital, tin hiéu két qua khong the dung dé tai tao mot cach hoan toan tin
hi¢u analog nguyén thiy. Vay tai sao ta mudn doi mot tin hiéu analog thanh digital ?
Phan sau day s€ tra 101 van deé quan trong nay.

Tiéng trong hay khoi ctia tho dan Chau My 1a mot trong nhiéu thi du vé vién thong
digtal. Tin hiéu tréng truyén di xa hon tiéng noéi vi noi tiép nhan chi cin phan biét mot
loai 4m thanh trén nhiéu nén ( background noise ). Nhig tin hiéu audio phtc tap s& kho
phan biét hon trén mdi nén nhidu doc theo dudng truyén. Pién tin voi nhitng chudi chim
va gach dé danh van cho mét tir duoc truyén, 1a mot dang vién thong digital. May thu d&
phan biét nhing thoi khoang ( Duration ) dai ngan khac nhau cua tin hiéu. Dién tin hién
nay dung k¥ thudt ma hoa va giai ma tin hiéu, nho mot Operator. Operator doc ( hay nghe
) ban tin va ddi mdi chir thanh ma Morse. O may thu, khi nhan mdt ban tin, operator sé
thuc hién nguoc lai. Van toc truyén duoc kiém soat can than dé khong vuot qua van tdc
gi61 han cua keyer.

C6 3 1y do chinh can phai ma hoa thong tin :

1. Kénh truyén ( thuong 1a khong khi ) bi 6 nhiém bdi qua nhiéu tin hiéu dién,
khién cho su thong tin " tu do nhiéu " ( noise - free ) trd nén rat kho khin. Tin hiéu luon
bi 1am sai lac do nhiéu va cac dang giao thoa khéac. Nhitng ky thudt stra sai sy méo do
nhiéu thuong khong hiéu qua nhiéu. Vay khi thu duoc mot tin hiéu bi 1am thay do6i boi
nhiu va céc tin hiéu khac, phai co nhitng bién phéap tach nhidu ra khoi tin hiéu. Diéu nay
can dén viéc tin hiéu phai c6 nhitng dang dic trung dé phan biét. Nhung hau hét tin hiéu
Analog khong c¢6 dang nhur thé.

2. Ly do thir hai cho sy nhan manh l4n nita vé vién thong ma ho4 digital 13 sy
thay d6i qui cach ctia céc tin hiéu thong tin. Nhiéu nim trudc day, tin hiéu tin hiéu thong
tin chiém wu thé 1a tin hiéu audio (co tan sb bi gidi han trong dai tan thinh cam cua tai
nguoi ). Nhung ngdy nay, ta c6 thé thdy nhimg thiét bi truyén dir liéu tir noi ndy dén noi
khac v6i nhirng thong tin khac biét xa v6i song audio. Nén nhiing yéu cau dit ra cho 1 hé
thng vién théng hién nay thi phirc tap hon rat nhiéu so v6i hé vién thong truyén tin hiéu
tiéng noi.

3. Mac du viéc xay dung mot mach Analog thi dé hon so v4i mot mach
digital, nhung so véi tién bd ciia nganh dién tir ban dan va cong nghé IC da lam dao
nguoc lai. Ly do thr ba, khong chi vi cac mach digital thi dang tin cdy hon ma trong
nhiéu truong hop rét rd hon. Viéc ché tao dé dang cac IC digital cho cdc mach phiic tap
da mé ra nhirng kha nang bao quat hon.

Trong mdt hé thong vién thong ma hod, ta truyén mot "tr" tr mot tr vung
(dictionary ) cua cac tir ban tin c6 thé chap nhan dugc. Tur (word ) thu dugc khong chinh
xdac giong nhu tur trong tir vung, vi khi truyén no bi tac dong boi sw méo va nhiu. Néu sy
sai lac khong 16n 1am, ta thir phong dinh véi tir ma tir vung da goi. D6 1a diém cin ban
cta thong tin ma hoa.

Tiéng noi con ngudi cd nhiéu tinh chat gidng mot hé thong tin digital. Khi ta noi, moi
g061 nang lugng ( gitta nhitng lan tam dung ) trinh bay mét tin hi¢u liy ra tir mot tir vung
khoang 25.000 tir ( tuy vao sd tir trong von ngit vung cua timg ngudi ). Gia st ta truyén
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mot tir dén mot nguoi khac, cai ma kia nhan dugc khong phai 1a mot ban sao hoan hao
cua tu trong tir vung. Tin hi€u co thé bi méo, bi sai 1éch do nhidu chen vao. Nguoi nhan
s& nhanh chéng so sanh nd véi 25.000 tir trong tir vung va chon mot tir gan giéng véi nd
nhat. Bang cach do, nhiéu sai st co thé dugc stra. ( Ta dd don gian hoa kha ning cta "
méy tinh ngudi ". Thyuc ra khong chi c6 thé, ta con xem xét tin hiéu nhan duoc trong
mach van ctia nhiing thong tin nhan duoc trude do ).

Loai md hoa thong tin théng dung nhat 1a nhi phan. Ta doi tin hidu chira tin Analog
thanh mot chudi cac bit 1 va 0 ( ma ta dd biét cach thuc hién ¢ phan trudc ).

Xem kénh ma ngd vo cta nd 1a hodc 0 hodc 1 va ngd ra 1a 0 hodc 1 ( Hinh 7.14 ). Bén
trai 1a ngd vo. Bén phai, ngd ra. Nhitng duong ngang chi sy thu dang bit, con nhiing
duong chéo chi bit - error.

1 1 1 1
1-F

() ()

Hinh 7.14: Kénh nhi phan

Trén mdi duong ta chi mdt xac XUAt. P; 1a xéac xuét cta su thu nhan i khi j dugce gtri di.
Thi dy, P10 13 x4c xuat khi mot 0 duoc truyén va nhan sai & may thu 1a 1.

Néu ta gt mot 1, may thu phdi nhan hodc 0 hodc 1. Tuong tu nhu vy néu ta
guri mot 0. Vay:
Pio+Poo=Poi + P11=1.

Di nhién ta s€ thich c6 mot kénh ma P10 =P01 = 0 (VahauqualaP11=P00=1).

Phan 16n céc hé Vién thong digital déu ¢o t1nh chat 1a Py = Py, ( va hau qua,
Pn =Py ). Diéu nay chi rang X4c Xuat cla sy truyen 1 duoc nhan sai la 0 thi bang vO1 xac
xudt ciia sy truyén 0 va duoc nhén sai 1a 1. Mot kénh co tinh chat d6 dugc goi 1a kénh
doi xirng nhi phan. ( Binary Symetric Channel - BSC ). Hinh 7.14b chi dat P;o=Py; =P
I‘éi, P()(): P11 =1-P.

Gia sir ta mudn truyén mot tin hiéu dén moét khoang cach xa. Trong vién thong
Analog, ta s€ dat nhiéu mach khuéch dai doc theo duong truyén. Ty s6 S/N tai ngd ra cua
mdi mach khuéch dai thi khong 16n hon tai ngd vo (thuc té, né nho hon 1a do nhidu cong
thém vao). Vay, nhiéu ngay cang lon hon khi khoang cach gia tang.

Bay gio, ta gia sur d6i tin hiéu Analog thanh digital gdbm mot chudi bit gom 0 va l.
Hon nita, gia st rang ta c6 thé mé hinh hoa kénh nhu 1a BSC. Ta tim xdc xuat toan thé
cua error ( con goi la nhip d sai bit ):

P.=P[PR(1)]+P[PR(0)] (7.1)

PR(1) 14 khoang thoi gian khi giri 1. S6 hang thir nhat ctia phwong trinh 1 khoang thoi
gian ma ta giri 1 va nhan 0. S6 hang thtr hai 1 khoang thoi gian truyén khi ta gii 0 va
nhén 1. D6 chi 1a 2 cach xur 1y bit error. Vi PR(1) + PR(0) = 1.

Ta co:

P.=P[PRi(1)]+P[PR(0)]=P (7.2)
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Bay gid gia st P khong duge cao. Mot cach dé cai thién 1a 1am giam khoang cach giira
dai phat va may thu. Gia st ta dat mot tram gitra hai tram goc. Ta s€ c6 mot vi tri nhu
hinh 7.15.

1 1P 1P

Hinh 7.15: Néi tiép d6i 2 BSC

P' 1a x4c xuét error cho mdi BSC méi. Vi khoang cach 1a phéan nita, P' s& nhé hon P.
Lién hé gitra khoang cach va bit error thi phi tuyén, nén sy cat khoang cach 1am hai s& cat
bit error bdi mot hé s6 16n hon 2. Tram & gitra goi 1a mot Repeater.

Xac xuét toan thé cua bit error ctia hé théng " hai budc nhay " 13 tong cta xac xuét cia
mét error trén budc thir nhit va error trén budce thit nhi. Néu ta 1am hai error ( mot error
cho mdi budc ) thi bit error dugc cho béi :

, , P=2p'(1-p') N )

Xéc suat error doi voi mot budc nhdy duy nhat thi thuong bé. Nhitng so ti€u bicu tur p'
=10 d&n p'= 10". Phuong trinh (7.3) thi duoc tinh xp xi:

P. ~ 2P (7.4)

Vi P' thuong nho hon }y , ta da cai thién bit error bang cach cong thém Repeater.

Phuong trinh (7.4) c6 thé tong quat hoa cho so budc nhay (hop) bat ky, va cac budc
khong cén c6 nhip error bang nhau. Mot cach tong quat, error toan the trong 1 hé nhiéu
bude thi xap xi bang vai tong cua cac error thanh phan. Khai niém vé repeater 1a sy phan
biét 16n nhét gifta vién thong analog va vién thong digital.

IV. BIEN PIEU MA XUNG - PCM ( Pulse code
modulation )

PCM la mét ap dung truc tiép chuyén d6i A/D.

Gia sir bién d6 cua mdi xung trong mot h¢ PAM thi duoc lam tron dén mot muc co
thé. Gia st, trudc hét ham thoi gian gbe (Analog) duge lam tron cho dang séng hinh béac
thang nhu hinh 7.16. K& d6, ta lay mau ham bac thang va truyén cac mau theo cach bién
diéu bién do xung ( PAM ). Sy lam tron dugce hiéu nhu 1a sy luong tir hod, va no sé gay
ra mot error ( nhiu lwong tir hoa ). D6 13, sy xap xi bac thang thi khong gidng hét ham
gbc va su sai biét giita chung 1a mot error.

Bang tu vung cac do cao cua xung PAM dugc thu gon dé chi bao gdm cac muc luong
tu riéng bi¢t. Mot xung thu nhdn dwoc sé so sanh voi cdac xung co thé duoc truyén va nod
duoc giai ma thanh ty vung giéng nhét véi tin hiéu thu duogc. Vi cach nay, nhitng error
nho duogc stra sai.

Kha ning sta error 14 1y do 16n nhat dé lugng tir hoa tin hiéu. Thi du, gia st ta mudn
tmyén mot tin hiéu dén mot khoang cach xa trén cép déng truc. Néu tin hiéu duge truyén
theo kiéu PAM thong thudng nhidu s& chen vao theo duong truyén va nhidu cong thém
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vao mdi mach khuéch dai ( c6 nhiéu mach khuéch dai can dén trén duong truyén dé
chong lai sy suy gidm doc theo duong ).

Néu cling tin hiéu do, bay gio ta truyén bang cach dung PAM luogng tir hoa. Trong vai
diéu kién, hau hét error s& duoc stra sai. Néu nhiing repeater dugc dit sao cho nhidu chen
vao giita bat ky hai tram thi nho hon mét nita clia ¢6 bude cua bac thang. Moi repeater s&
gitt ham dén _dang béc thang gbc trude khi khuéch dai va gui di.

Do 1a, moi repeater sé lam tron méi xung nhan dwoc dén mirc gan nhdt cé thé chdp
nhan dwoc va roi truyen di.

Su lugng tir hod lam tron cac muc dung lam bac thang giéng tin hiéu mong mudn. S6
mtrc xac dinh dé phdn gidi ( Resolution ) tin hiéu. D6 13, mot su thay d6i nho c& nao
trong mirc tin hidu c6 thé dugc phan tich bang cach nhin phién ban luong tir hod ca tin
hiéu.

Néu can do phan giai cao, s mic lugng tir hoa phai ting. Luc 4y, khoang cach giita
cac mirc giam. Vi tu vung cac tir rat khit nhau, nhidu giam.

Quantized

Original

Hinh 7.16: Tién trinh luong ti hoa

Néu d6 phén giai duoc cai thién ma khong 1am ting cd tu vung ( khong di chuyén cac
tir khit nhau ), su stra error s& duoc giit nguyén PCM 14 phuong phap dé thuc hién diéu
do.

Trong mot h¢ théng PCM, tu vung cua cac tin hi¢u truyén chi chtra hai, 0 va 1. Cdc
murc lwong tir hod dwoc ma hod thanh cac $6 nhi phan. Vay, néu c6 8 mirc luong tir hod,
thi nhitng tri dugc ma hod thanh cac s6 nhi phan 3 bit. Ba xung s& dugc can dé glri mai tri
lwong tr. Moi xung biéu dién hodc 0 hodc 1. Piéu d6 giébng nhu khai niém cua ADC.
Hinh 7.17 biéu dién s(t) va dang séng ciia PCM 2 bit va 3 bit.
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2.hit

L

3-bit

7

LI T

[ [0

LN

T
2 3

Hinh 7.17: PCM

T
a 9 r

Mot xung dwong biéu dién cho bit 1 va mot xung Zero biéu dién bit 0.
* Hoan diéu BCM thi don gian 1a mot DAC. Khéi bién diéu va hoan diéu
thuong la IC LSI va dugc goi tén 1a CODEC ( coder decoder ).
* Multiplexing chia thoi gian ( TDM ):
Khai niém TDM da duoc trién khai & chuong 6. Ta chi can cai bién mot it. Vi
mdi miu, thay vi ding mot xung dé truyén, by gio' can mot s xung bang s bit cia sy
lwong tir hoa. Thi dy, véi PCM 6 bit, 6 xung phai dugc truyén trong mdi chu ky lay mau.
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V. LUQNG TU HOA KHONG PIEU PAN (
Nonuniform Quantization )

Output
I S | ' | | Qutput
[ input
i S
[
B |
|
[
|
‘ |
S() —— S0 . -
iAo Luong trthoa |—» ' . . L
1np ouput S Ss Soiput

Hinh 7.18 su lugng tor hoa

Hinh 7.18a, v&€ su lugng ti hoa déu dan. Khoang ctia cac tri mau duogc chia thanh
nhiing ving luong tir ma mdi ving cé cung cd véi cac vung khac. Thi du, v6i su lugng tir
hoa 3 bit ta chia toan thé cac tri mau thanh 8 ving bang nhau.

Trong mdt vai trudng hop, ta lai c6 thé dung sy luong tir hoa khong déu dian. Cac
khoang lugng tir hoa thi khong hoan toan cung ¢& voi nhau. (Hinh 7.18 b).

Ham luong tir hod hinh 7.18b ¢6 tinh chat 1a cac khoang cach gitra cac murc luong tur
thi khong déu. Va nhitng muic output thi khéng phai la dzem giita clia moi khoang.

Gia st trong mot doan nhac, dién thé cua tin hiéu 1 ndm trong khoang -2 dén +2. Néu

ta dung lugng tir hod déu dan 3 bit, thi tat ca dién thé gitra 0 va 5 V dugc ma hoé thanh

\ A \ < . . . L 1
cung mot code word 1a 100. Ma nay tuong tng véi output dugc tai tao cé tri la ZV.
Tuong tu, tit ca cac mau nam giita 1,5 va 2 V duoc ma hod thanh code word duy nhat 1a

. Ay e . 7 . o riA s A
111, tuong tng véi mét tri output duge tai tao la 7 V. V6i nhac " Soft " tin hiéu c6 thé

A 1 Ar oA aa o~ X1 X o,
khong vuot qua 5 V trong mgt quang dai, nén dd rd cua nhac s€ bi mat. Sy luong tir hoa

déu dan cho cung mot d6 phan giai & cac mirc cao cling nhur thap.
Hinh 7.18b:
Si: Vung lugng tir hoa.
Sqi: Tri lam tron.
Ta thay ( & phan sau ) mot khi cac ving lugng tir héa da dugc chon, cac tri 1am tron
cung dugc chon, la trong tdm ( center of gravity ) cua phan tuong tng ctia mat do xac
xuat.
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Hinh 7.19 chi mot thi du biéu dién cho ham mat do xac xuét ( giéng nhu mat do Gauss
). Ta chia n6 lam 8 vung déu nhau ( tir Sp dén Sg ). Néu cac vung lugng tu hda da cho thi
cac tri lam tron s€ xap xi gan nhu 1a trong tam ctia moi vung ( cac Sqi ).

pis)

|
Sa 5 Sy 53 sy & 5 % 5y

Hinh 7.19: Mat do xac xuét tin hiéu

Mic du tai ngudi kém nhay d6i v6i nhitng thay d6i & cac mirc cao hon. Pap tng cua
tai nguoi thi khong tuyén tinh. Vi vy, ta c6 thé ding cach lugng tir hoa khong déu: Céc
bude lwong tir hod nhé & nhitng mikc thap va cac bude lwong tir hod 1ém hon ¢ nhing
mitc cao hon.

* Nén va giai nén (Companding)

Dang pho bién nhét cia LTH khong déu din 1a " companding " thuat ngir nay lay tir
cac thuat nglr " compressing & expanding " ( nén & giai nen).

Viéc xtr Iy nhu hinh 7.20. Tin hiéu goc duge nén bang cac dung 1 linh kién phi tuyén
khong nhé. Sau do6, tin hi€u bi nén duoc luong tir hoa déu dan. Sau khi duoc truyén di, tin
hiéu duoc gidi mi va phai dugc truong bang cach dung mot ham phi tuyén nguoc lai véi
ham da dung khi nén.

Compression . Expansion
. R Uniform .
— amplifier > iger | Decoder amplifier —
F(x) quantizer Fl(x)
, Nonunl'form _____ Decoder ——»
anantizer

Hinh 7.20: Companding

- Trudc hét, ta phan giai tién trinh nén. Trudc khi LTH, tin hiéu bi lam bién dang béi
1 ham twong tw nhw thdy ¢ hinh 7.21. N6 nén nhitng tri I6n cia input trong hic né lam
tang nhitng tri nho hon. Néu mot tin hiéu analog dua vao mach nén, roi output dugc LTH
déu dan, thi két qua s& twong duong voi sy LTH véi cac budc bat dau nho va dan 16n hon
d6i voi cac mirc tin hiéu cao hon ( hinh 7.21 ). Ta chia output ciia mach nén lam 8 ving
bang nhau. Ham dugc dung dé chuyén doi cac gidi han ciia nhitng ving nay thanh hoanh
d6 ( biéu dién tin hiéu vao khong bi nén ). Nhé 1a cac ving trén truc 1 bit dau nho va 16n
hon khi nhiing tri cta s gia tdng.

Trang VII.20



Co S6 Vién Thong Pham Vin Tén

Output = Fis} |

3

Input =5

Hinh 7.21: Phuong thirc nén
Ap dung tiéu biéu nhét ciia Companding 1a truyén tiéng néi. Bic My va Nhat st dung
mot dudng cong chuan, goi 1a " Compading " theo luat p. Chau Au c6 kiéu khac hon, goi
la Alaw Compading.

Cong thirc nén p.law
Ln(1+p|d)
Ln(1+p)
Ham né}{ duoc ve€ cho vai tri da chon lya cta . )
Thong s6 p dinh nghia 1a d¢ cong ciia ham. Tri thuong dung nhat: p = 255.

F(S) = sgn(s)

1.0~

Output

0 {no compression)

0

1 1 ! ! j
c 1.0

Hinh 7.22: Nén theo luat p. ( n. Law Compeding ).

* Mot cach dé sir dung mach Companding u255 1a mo phong mot hé phi
tuyén c6 duong cong lién hé vao/ ra giong nhu duong cong u255. Rdi cho nhiing tri mau
vao hé théng va lugng tir hoa déu dan tin hiéu ra béng cach dung mdt mach A/D 8 bit.

* Mot cach khac 1a tinh xdp xi duong cong p255 bang cach tuyén tinh hoa
timg phan, nhu hinh 7.23. Ta chi v& phan dwong cua input. Pudng cong 1a mot ham 18.
Ta tinh xdp xi phan duong cua dudng cong bing 8 doan thang. Ta chia phan output
dirong thanh 8 doan bang nhau ( Hau qua 13 chia input thanh 8 ving khong bang nhau ).
Trong mdi doan nay, ta luong tir hoa 4 bit. Vay mdi vung ( cua 8 vung input ) da dugc
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chia 1am /6 ving phu, tong cong 1a 128 ving cho mdi phia cua truc. Vay ta c6 256 (=2°)
vung, tuong ung voi su LTH 8 bit.

o=
8 positive segments — 2048 input values (6-bit)
2l
11024 input values {7-bit}
96 -
512 input values (8-bit}
80 —

256 input values {2-bit}
64 —|—V- |

. !
128 input values (10-hit)
| 1

am — — Continuous p = 265

Qutput

Approximation

48 | |

64 input values {11-bit)

32— I| !
32 input values {12-bit}

I I

16 input values {equiv. to 13-bit tinear PCM)
Y ] | 1 | |

Input
-

Hinh 7.23: Su tinh xp xi tuyén tinh héa ting phan p255.
* K§ thuat giri 1 tri mau 1a giri 8 bit ma hod nhu sau :
- 1 bit dugc dung dé chi cuc tinh cua mau: 1 cho duong va 0 cho am.
- 3 bit dung dé nhan dang tri mau nam trong doan tuyen tinh hod nao.
- 4 bit dung dé nhan dang mirc LTH trong mdi ving 1dy miu sy quan hé
logarithm cua luat p255 dua dén su phy thudc thua vi gitra 8 doan:
* Mbi doan trén truc input thi rong gap doi doan bén trai cua néd. Bo
phan giai cua doan thir nhat, nhur vay, s€ gap doi doan ké tiép. Va cur thé.
Viing thir 6 ( ké tir gbc ) trén truc input gdbm mot khoang c6 do phan giai cho
cac tri mau bang véi d6 phan giai cia LTH déu dan dung A/D 8 bit.
Do phan giai cta ving bén trai ciia nd gidng nhu cuia LTH déu din 9 bit.
Tuong tu, cu dich vé bén trai, mdi vung c¢6 do phan gidi ctia 1 mach LTH déu
dan nhiéu hon 1 bit so v6i ving ké can.

-16

1
|
|
T
|
I
|
|
|
!
|
I
|
i
|
I
|
I
|
1
|
I
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VI. KY THUAT BIEN PIEU LUAN PHIEN (alternate
modulation techniques).

Trong k¥ thuét b1en diéu ma hoa ngudn tin bang phuong phap PCM, mdi tri miu dugc
mé hoa bang mot s6 nhi phan. Ma nhi phan nay c6 kha nang biéu dién cac tri mau do
duogc trong toan thé pham vi dong nay. Vi du nhu néu ta bit ddu véi mot tin hiéu nam
trong khoang tir —5 dén +5 V, ma phai c6 kha ning chi dinh duoc cic tri miu trong
khoang 10 V. Két qua nhiéu luong tir phu thudc vao khoang dong nay.

Néu ta c6 thé bé’mg cach nao do thu nho khoang dong da dé cap ¢ trén, tin hi¢u nhiéu
c6 thé duoc cai thién (vi du nhu sai s6 1am tron dugc giam xudng). Cac dang ngudn tin
hiéu m3 hoa thay ddi luan phién hoat dong dua trén nguyén 1y nay.

1. BIEN DIEU DELTA (delta modulation)

Bién diéu delta 1a mot ky thuat don gian thu nho khoang dong cac s6 dugc ma hoa.
Thay vi truyen m01 tri mau doc lap, ta sé truyen hiéu so giita mot mau va mau trude do.
Neu viéc 1y mau vé6i nhip Nyquist, hiéu sd nay c6 mot khoang dong rong gap doi cac
mau nguyén thuy. Boi vi voi nhip Nyquist, moi mau sé& doc lap voi mau trude do. Hai
mau ké nhau c6 thé nim & bién do nho nhat va 16n nhat. Tuy nhién, néu ta ldy mau & toc
d6 cao hon nhip Nyquyst, cac mau nay co lién quan véi nhau va khoang dong cua su
khac nhau gitra hai mau, nho6 hon so véichinh ban than cua mau do. Neu két qua 1dy mau
& mot tc d6 nhanh hon (nhung thu nhé khoang dong), ta cé thé truyén thong tin bang
cach dung mot vai bit nhi phan (giéng nhu lugng tir hoa nhiéu).

Bién diéu Delta lugng tir hod hiéu sO nay bang cach chi sir dung mot bit. Vi du nhu bit
1 s€ duogc gui néu hiéu sb 1a duong va bit 0 dugc gui néu hiéu sb 12 4am. Su khéac nhau
giita hai mau dugc md hoachi bang mot trong hai mirc. Ta goi hai kha ning d6 1a + A
hodc - A. Tai mdi thoi diém 1ay mau, dang séng dugc luong tir hod chi c6 thé hodc 14 ting
hoic 1a giam bang s A.

Hinh 7.24 trinh bay mot dang song analog dién hinh va két qua lugng tir hod cia n(')
Vi dang séng duoc luong tir hoa, chi c6 thé hoic 1a ting hodc 1a giam bdi A ¢ tai mdi
diém 1y mau nén ta lay gan dung cac tri bac thang cho dang song analog. Ta s€ kiém tra
viée lua chon téc d6 lay mau va kich thude c& budc trong phansau. Néu bac thang & dudi
tri mau analog, ta s€ tang chiéu dwong (va dugc goi 1a mot budce 1én). Néu néc thang ¢
trén tri mau, ta s& ting theo chidu am (dwoc goi 1a mot budc xudng). Cac bit dugc truyén
trong vi du trén hinh 7.24 la:

111110000111111100000

N
—per] TJ—-—I ¥ *
Hinh 7.24 Bién diéu delta

'
=
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Heé thong thu s& tai tao lai bac thang gan dung truc tiép tir thong tin nhi phan nhan
duoc. Néu nhan duoc gia tril, khdi hoan diéu s& tang 1én mdt bac theo chiéu duong. Con
néu nhan dugc gia tri 0, s€ gidm mot bac twong ing (tang theo chiéu am).

Sy dién giai ¢ trén din dén mot bod luong tir hoa don gian sir dung bd so sanh
(comparator) va khdi phat ham bac thang (staircase generator). Bo bién d6i A/D duoc
trinh bay nhu hinh 7.25.

Hinh 7.25 Khbi bién di¢u DM

S ( t) / m?lu J 4 a=>b

so sanh
a<b

Mach phat tin o b

hiéu bac thang + step

A

- step

Chia khoa dé dung bién diéu delta c6 hiéu qua 1a sy chon lya thong minh hai thong $6:
cd budc (size step) va téc d6 1y mau. Nhimg thong s6 nay phai dugc chon sao cho tin
hi¢u béc thang gan voi dang song analog thyuc té. Boi vi tin hiéu c6 mot tan sb trén xac
dinh, nén ta biét duoc toc do nhanh nhat khi n6 thay d6i. Tuy nhién, dé tinh toan tbc do
nhanh nhat c6 thé cta tin hiéu, tan s 1y mau va/hodc ¢ budc phai ting. Viéc ting tan
s6 ldy mau dan dén két qua trong dang song bién diéu delta phai khd bang rong hon.
Tang c& bude sé lam ting sai s6 lwong tir hoa.

Hinh 7.26 trinh bay hau qua cta c& budc sai. Néu cac bic qua nho, ta s& gap mot diéu
kién qua tai doc (slope overload) ma & d6 cac bac thang khong thé 1an ra dau vét cua
nhung su thay doi qua nhanh trong tin hiéu analog. Vi thé, d6 doc 1on nhit ma béc thang
c6 thé nhan ra 1a A/T,. Nguoc lai, néu cic bac nay qua 16n, xay ra su qua da déang ké trong
sudt chu ky khi tin hiéu khong thay d6i nhanh. Trong truong hop d6, ta c6 nhiéu lugng tir
hoéa va dugc goi la nhiéu hat (Granular Noise).

Hinh 7.26 Su lya chon khéng ding cua kich thuoc trong DM
Bién diéu delta sir dung tién trinh m3 hoa ngué)n tin, va no st dung by nhé dé giam

s(t) Luong tir hoa

Luong tir hoa

s(t)

I I I I I I I I g
Budc qué nho

khoang dong. Trong métvai bbi canh, ching c6 thé luu trit cac mirc gidng nhau nhu PCM
v61 mot vai bit dugc truyén trong mdi gidy. Tuy nhién, vi h¢ thong c6 bd nhé nén cac 101
truyén bit s& duoc cai thién. Trong PCM, mét 15i bit truyén gy ra mot 16i trong viée sap
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xép lai cdu tric gia tri mau co lién quan. Li chi anh hudng Ién méu dugc sap xép lai.
Néu mot 15i bit xay ra trong bién diéu delta, bo bién doi A/D trong hé théng thu s& budc
Ién thay vi bude xuong (hoac nguoc lai) va tat ca cac gia tri sau d6 chira mét [6i offset
gap ddi cé bude. Néu mot 13i bit xdy ra theo huéng nguoc lai, 15i offset bi triét. Va néu
16i offset c6 van dé, hé théng can thiét khoi dong lai tr mac tham chiéu (thuong la zero).

2. BIEN PIEU DELTA THICH NGHI (adaptive delta modulation).

Ta d3 trinh bay ¢ budc thich hop dé sir dung trong blen di¢u delta phu thugc vao yeu
t: 1am sao dé tin hiéu thay d6i nhanh tir mau nay sang mau ké tiép. Khi tin hiéu thay doi
nhanh, c& budc 16n hon s€ tranh dugc qua tai. Con khi tin hi¢u thay ddi cham, ¢& bude
nho hon s& thu nhé budc qua da (overshoot) va nhu thé giam nhiéu hat.

Bién diéu delta thich nghi 1a mot phuwong phap cho phép diéu chinh ¢& budc phu tuy
vao cac dic diém cua tin hiéu twong tu. Tiéu chi cta no 13, hé théng thu c6 kha ning thich
nghi v6i céc c& bude mot cach chinh xac gidng nhur & h¢ thong phat. Néu khong, thiét bi
thu khong hdi phuc tin hiéu dugc phat gbc da luong tir hoa(hambéc thang). Vi su truyén
mdtchudi bit nhi phan lién tiép, cd budc phai dugc tat tir chudi bit ndy (ngoai trir truong
hop ta giri mot tin hiéu diéu khién riéng biét).

Néu trong chiéu dai chudi bit da chira s6 lugng can bang giita cac bit 1 va cac bit 0, ta
c6 thé gia sir rang bac thang giao dong xung quanh mot tin hiéu analog thay ddi cham.
Trong nhiing truong hop nhu thé, ta nén giam co bude. Nguogce lai, néu cac bit 1 hoac 0
vuot qué trong chudi bit, c6 nghia 1a bac thang dang c¢b ging dudi bit ham. Trong nhimg
truong hop nhu vy, ta nén tang cd bude 1én.

Trong thuc té, kiém soat c& budc duge thuc hién boi bo tich hop s (digital
intergrator). B tich hop nay sé tinh tong sd bit qua mot s6 chu ky nhat dinh. Néu tong bi
1éch khoi su can bang céac bit 0 va 1, ¢ budc s& duoc tang 1én. Thyc chat tong cac bit s&
dugc doi sang mot gia tri dién thé twong ung rdi chuyén sang bo khuéch dai co do loi
thay doi. Do loi co gia tri nho nhat khi dién thé vao tuong Umg voi sy can bang cua bit 1
va 0 trong chu ky. Va ta néi rang day 1a bo khuéch dai diéu khién c& budc.

Hinh 7.27 Thuat toan Song.

Lee 4

1 e
e

!

A = ¢& budc nhd nhat

C6 vai thuat toan bién diéu delta thich nghi, don gian hon nhitng gi ma ta vira dé cap.
Do 1a thuat toan Song va thuat toan Space Shuttle.
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Thuit toan Song so sanh bit truyén véi bit trudc d6. Néu hai bit nay giéng nhau, ¢&
budc tang 1én mot lugng ¢ dinh A. Con néu hai bit nay khéc nhau, cd budc giam di mot
luong twong tng A. Vi thé ¢& budc ludn thay d6i va nod c6 thé rat 16n khong gisi han néu
can thiét. Ta s& minh hoa diéu nay cho mot ham budc ngd vao ¢ hinh hinh 7. 27. M6t ham
budc ngd vao trinh bay truong hop dac biét va sé khong xay ra trong thuc té boi vi mot
ham budc ¢6 tan sb hitu han. Cha y ring mot giao dong tat dan xay ra, s& kéo theo su
thay d6i nhanh chong trong tin hiéu.

Néu mot tin hiéu twong ty chd dé c6 nhiéu sy chuyén dot ngdt giéng nhu ham budc,
cac giao dong tat dan sau thuat todn Song c6 thé co van dé. Nhimg btic anh va cac vat
thé chi tiét c6 thé co nhiéu cach chuyén nhu vay vi chung da dugc quét (scan) cho viéc
truyén d6 (d6 1a su thay d6i nhanh tir trang sang den).

Thuét toan Space Shuttle 1a su cai bién cua thuat toan Song dé han che giao dong tat
dan. Khi mét bit hién tai glong vo1 bit trudc do, cd budc s€ tang mot tri ¢ dinh A. Piéu
nay giébng nhu thuat toan Song. Tuy nhién, khi cic bit ndy khac nhau, c¢& budc dao lai
tire, dén mot gia tri nho nhat ciia nd 1a A. Diéu nay, trong phan v6i thuat todn Song ma &
d6 kich thuéc bude giam hudng vé zero ¢ tai mdi chu ky 1dy méu ti 1& voi A. Thuét toan
Space Shuttle dugc minh hoa & hinh 7.28 cho ham ddc ngd vao gidng nhu ¢ hinh 7.27.

A r Moo
| NN I [y N NN [ NN

Hinh 7.28 Thuét toan Space shuttle

Ngoai PCM, DM, ADM con ¢6 nhirng phuong phap khac dé ma hoa thong tin tuong
tir sang dang s6. Muc dich ctia mdi hé thong 1a gui thong tin vdi do tin cdy 16n nhit va
bang thong nho nhat. Bay gio ta gidi thiéu ba trong nhiéu phuong phap: bién diéu ma hoa
xung delta DPCD (delta pulse code modulatuion), PCM vi phan, bién diéu ma hoa xung
vi phan thich nghi ADPCM (adaptive differential pulse code modulation).

Trong bién diéu delta, ta phong dinh mét dang song lién tuc thanh mot séng béc thang.
O tai mdi thoi diém lay mAu, ta phat trién s6 hang 15i (error term). D6 1a hiéu s6 giita tin
hiu va ham béc thang. Ta luong tir hod 16i nay dé phat trién thanh mot sé hang dung
(correct term) roi duoc cong thém vao hambéc thang. Truong hop bién diéu delta co ban,
viéc luong tir hoa dugc thyc hién trong don vi 1 bit. Trong bién diéu PCM delta (DPCM)
ta ma hoa 13i thanh nhiéu hon mot bit va cong sd hang nay vao gia tri bac thang trudc do
nhu trinh bay & hinh 7.29. Vi thé, thay vi cac bac thang chi c6 mot bién do thi bay gid
chung co thé co cac ¢ 1a mot trong 2, 4, 8 hoac bat ctr gia tri nao 1a luy thura 2. ¢ tai mdi
thoi diém iy mau, by gio ta phai giri nhiéu hon mét bit thong tin, cac bit thay doi thé
hién md PCM cho biéu thac 16i. Thuén lgi cia DPCM so voi PCM thong thuong 1a sy
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chon lya thich hop ctia chu ky 14y mu va 18i dugc lugng tir ¢6 mot khoang dong nhé hon
tin hiéu gdc. Nhu vy voi cung so bit luong tir hoa ta c6 d6 phén giai t6t hon, cai gia phai
tra 1a sy phuce tap cua bd bién diéu. Cai kho cua ta la sy bién diéu. Néu tin hi¢u luén &
tan s6 16n nhat (mot cach xac dinh téc do 1dy miu trong PCM), DCPM ciing gidng nhu
PCM. Tuy nhién, bdi vi cac tan sd tin hiéu thuong dugc phan bd tron mot khoang, nén
cac mau gan nhau thudng c6 méi twong quan véi nhau va cé thé thuc hién tt tir hé thong
nay hon 1a tir hé thdng PCM véi cing mot toc do truyén bit.

clock

l

Mach tao | CO budc
bac thang

S(t) _r_@ »  Mach LT hoa

Hinh 7.29 Delta PCM.

PCM vi phdn 1a mot ky thuét truyen thong tin khac vé sy thay ddi trong cdc mau hon
lachinh gia tri mau cua nd. Cach tlep can nay bao gdm cac budc thém vao ma nd khong
12 mot phan cia PCM delta. B bién diéu nay khong guri sy khac nhau gitra cac mau gan
nhau. Nhung né lai gri su khac nhau giita mot mau va gia tri doan trudc ciia mau do. Sy
tién dodn nay dua trén co s cua cac mau trude do. Didu nay dugc minh hoa & hinh 7.30.

>

output

Ky hiéu s (nTs) dugc dung dé biéu thi gia tri tién doan s(nTs).
Hinh thirc don gian nhat cua sy tién dodn khi udc lugng 1a mot ham tuyén tinh cua céac
gia tri mau trudc do. Vi thé, néu chi sit dung mot mau ta co.
s (nTs) = As[(n—1)T;]
Trong d6 A 1a hang so. Khai tién doan trong hinh 7.30 1a mach nhan cua gia tri A.

+

Tién doan [«—

s(nT,) = s(nT)
Luong tir hoa >
output

Hinh 7.30 PCM khac biét (differential PCM).
Vi¢c kho khan 1a chon gid tri A d€ tao dugc su tién doan tot dén muc co6 thé. Ta dinh
nghia mot sai sO tién doan nhu sy khac nhau gifra cdc mau va gia tri udc lugng cua no.
Do d¢,
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A

E(nT;) =s(nTs) — s (nTy)
= S(nTs) - AS[(I’I - 1)Ts]
Gia tri trung binh binh phuong cua 16i 1a:
mse = E[e*(nTy)]
= E[s*(nTs) + A’E[s’((n —1)Ts] — 2AE[s(nTs)s((n —1)Ts]
=R(0)[(1+A%) — 2AR(T)]
Trong d6 R(t) 12 ham ty twong quan cta s(t). C6 thé 1am 18i nho lai bang cach iy dao
ham cua mse theo A va cho gi tri ndy bang zero.
d(mse)/dA = 2AR(0) — 2R(Ts) =0 (7.7)
Hoac E[s(n - 1)Ty(s(nTs) — As((n-1)Ts)] =0
L _R@)

R((0)

Biéu thtc (7.7) cho ta mdt cach nhin tryc giac. N6 chimg té rang tri mong mudn tich
ctia 161 voi mau dugc do 1a zero. Thé thi, 18i khong c¢6 thanh phan nao trong cach nhin hai
dai lugng d6 1a truc giao (orthogonal). Néu 16i dd c6 mot thanh phan trong cach nhin do,
ta co thé giam duoc thanh phan nay tién t6i zero bang cach diéu chinh lai hing sb A.

B tién doan trong hinh 7.30 mang gia tri miu gan nhit (n6 hinh thanh bang cach
cong gia tri tién doan voi s6 hang hiéu s6 va co d6 16n R(T,)/R(0). Ta gia sir ring viéc xir
1y ngd vao dugc xem nhu dii 1au dé co thé udc luong tinh ty twong quang clia no.

Va cudi cung ta co:

’Vi du 7.4: Tim d¢ 16n lién hé vdi mot b tién dodn hoat ddng trén hai mau gﬁn day
nhat. Hay udc luong cach thyce hién.
Giai: sy tién doan dugc cho bdi cong thire sau
s (nTs) = As[(n-1)T] + Bs[(n-2)T]
Trong do, muyc tiéu cua ta la chon gia tri thich hop nhat cho A va B. Cach tot nhat cho
su chon lua nay 1a 161 khong c6 thanh phéan nao trong luong do tryc tiép. Vi thé ta co:
E([s(nTy) — As[(n-1)T] — Bs[(n-2)T(]]s[(n-1)Ts]) = 0
E([s(nTy) — As[(n-1)Ts] — Bs[(n-2)T]]s[(n-2)T]) = 0
Khai trién biéu thire nay ta dugc:
R(Ts) — AR(0) — BR(T5) =0
R(2T;) — AR(Ts) —BR(0) =0 )
Gidi hé phuong trinh trén ta tim duogc két qua ciia A va B nhu sau:
| RI)IRO)=RCT,)]
R*(0)-R*(T,)
o _ RORQL)-R*(T,)
R*(0)~R*(T,)
Vay 16i binh phuong 1a:

mse = E([s(nTs)— s (nTy)]?)

= E(s*(nTy)) —E( s (nTy)s(nTy))
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R(O)R*(T,)+ R*(2T,) - 2RQT,)R*(T,)
R*(0)~R*(T,)
_Gia su rang ham tu twong quan cia s(t) duoc trinh bay nhu hinh 7.31 va chu ky lay
mau la 1 giay., két qua ciia mse = 1.895.

R(0)-

R(t)

10

v
—

10 10

Hinh 7.31 Ty tuong quan (Autocorrelation) cho vi du 7.4.

Pé so sanh, néu ta khong xac dinh s[(n-1)T,] va s[(n-2)Ts] ma chi tién doan mot cach
don gian nhat ¢ tai gid tri trung binh hodc zero, trung binh binh phuong cta 15i s& 1a R(0)
hodc 10.

Dbi véi tin hiéu tiéng nodi, mot hé thong PCM vi phéan sir dung sy tién doan trén mau
gan nhat c6 thé tiét kiém mot bit/mau, nén hé théng PCM vi phan c6 thé co 1i tuong
duong nhu hé PCM nhung it hon mot bit/ mau. Vi thé, néu ta nghi mot kénh tiéng noi doi
hoi lugng tir hoa 8 bit PCM, nhip truyén s& 1a 64kbps. PCMvi phan chi can 7 bit/ mau. Vi
thé n6 s& giam nhip truyén xudng con 56kbps va giai phong kénh d6 cho viéc khac.

_Trong DPCM thich nghi, h¢ s tién doan khong la hang s trong toan bo sy truyén. Vi
mdi nhom (group) ¢ chiéu dai cua cac mau 13 n, nén ta co thé tinh toan mot ma trdn [Ru]
Ta str dung ma trén nay dé tim ra cac hé so tién doan. Khi cac hé s tién doan khong con
la hang sb nita, phai co cach dé dam bao rang bén hé thong thu ciing str dung cung cac hé
s6 nhu vay. Phuong phap téng quat nhét cho viéc thiét 1ap nay 1a gui cac hé sb cap nhat
nhu mot overhead( thong thuong dugc nhan véi mot thong tin mau).

VII. NHIEU LUQNG TU (quantization noise).
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A output

1117
110 t
101 ¢
100 t
011+
010+
001}
000 |- -

IEREEE

Hinh 7.32 Méi quan hé vao ra cta luong tu hod.

Ta bat dau nghién ctru nhiéu lugng tir trong k¥ thuat PCM bang cach kiém tra lai mdi
quan hé vao ra luong tir caa hinh 7.32. Nhiéu lugng tir hay 16i, duoc dinh nghia nhu mot
ham thoi gian ma thyc chét 1 hiéu giira sq(t) (dang séng lugng tir) va s(t). Loi nay dugc
cho boi: e(nTs) = s(nTs) — sq(nTS)

Hinh 7.33 minh hoa mot ham thoi gian tiéu biéu 1a s(t) va két qua luong tir cua ham
thoi gian la sq(t) Trong khi ta minh hoa ham thoi gian, diéu quan trong nhat can chu y 1a
cac gia tri mau dugc lam tron khong gidng nhu ham thoi gian tuong ty. Vi thé, nhitng gia
tri 6 nghia cua s¢(t) 14 nhing gia tri ¢ tai nhimg thoi diém gian ldy mau nT. Hinh hinh
7.33 b trinh bay 16i lugng tir hoa e(t) nhu 14 hiéu cta s(t) va sq(t) Chu ¥ rang ta chi quan
tdm nhiing gia tri ciia ham 16i ndy & tai nhitng thoi diém 1y mau. Bién d6 biéu thirc clia
tin hiéu 16i, khong vuot qua mot nita khoang cua cac murc lugng tir.

Hinh 7.33 Lai luong tu.
Ta mong mudn s& tim ra dugc cac thong ké trung binh cua 16i. Bé 1am dugc didu do,

sq(t) s(t)

4As / /_J\
3As / /]
2As _/

As

(a)
e(t) T T T T T T T T T T T T T T T
As

2 [l \ \#t (b)
A ( Z BN N

dau tién ta phai tim ham mat do 16i c6 thé xdy ra. Hinh 7.34 minh hoa 16i nhe mét ham
gia tri mau ngd vao. Puong cong 16i bat dau tai -AS/2 tirc ¢ tai dudng bién dudi ctia mdi
khoang lugng tir va tang tuyén tinh dén gia tri +AS/2 & tai duong bién trén. Néu bay gio
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ta biét dugc ham mat do xéac suat cua nhirng tri mau, van dé s€ tr¢ nén don gian cho viéc
tim ham mat d§ xac suat cua e. Pay la mdt ing dung ctia ham c6 bién ngau nhién. Két
qua la:

p(s;)
= Z|oz / ds,|

Si 1a cac gia tri thay ddi cta s twong tmg v6i e. Néu ta dit e bang mot gia tri xac dinh

nhu trong hinh 7.34,, ¢ mot sb gia tri ctia s (bang véi s6 cac ving lugng tir) chinh 1a gia
tri cua e. Bién d0 ham doc, ludon 1a 1. Vi thé bi€u thirc 7.9 c6 thé viét lai la

pe)=>"p(s;) (7.10)
Gia trj thir nhat cta s; & bén phai so véi gia tri goc 1a:
e+AS
S, = .
2

I AANN/
TV

2

Hinh 7.34 Gia tri mau khang 16i.

Tat ca cac gia tri khac cta s; co thé tim bfing cach cong hoac trir thém mot lugng AS tir
gia tri nay.

Néu cac mau duge phan bd déu nhau trén day gia tri, cac s6 hang trong biéu thirc téng
7.10 s& trd thanh hang s tirc 13 chiéu cao ciia ham mat do goc. Két qua la mat do 16i
ddng déu nhu duoc trinh by ¢ hinh 7.35. Bay gio ta gia su rang cac mau c6 mat do hinh
tam giac nhu dugc trinh bay o hinh 7.36. Két qua van 1a mat do 16i dong déu cta hinh
7.35. That vay, khi e ting, tong s; cua biéu thirc 7.10 ciing ting mdt lugng twong Ung.
Trong mat do hinh tam giac, mdi gia tri tong giam xudng, gia tri khac s& ting 1én mot
luong gidng nhu vay. Mot ddi sb twong tu nhu vy c6 thé dung cho bat cir
mat d6 nao ma nd twong Ung gi trj tuyén tinh qua pham vi ving luong tr don. Vi thé,
mat 46 dong déu cua hinh 7.35 duoc coi nhu gan ding trén pham vi rong cia céac tin hiéu
ngod vao.
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Hinh 7.35 Mat do xac suat 15i. Hinh 7.36 Mat do xac suat tam giac.
p(en) p(s)

1

As 1
Smax

» Cn
_As As
2 2 >
=Smax Smax

Bay gio néu ta biét mat do 13i, ta co thé tim dugc trung binh binh phuong cia no:
o 1 rasi2 AS?
_ 2 _ 2 _
mse = Ip(en e, de, = A das o e, de, B
Két qua nay cho tri trung binh binh phuong cua 16i trong mot mau ctia ham thoi gian.
Pé tim nguyén nhan gay ra 16i 12 van dé can thiét dé so sanh gia tri nay voi trung binh
binh phuong ctia mau cé thoi gian khong d6i. Didu nay rat quan trong cho ti sd tin hiéu
trén nhi€u luong tu. Ta co6:
: > 12P
SNR=S =125 _ 2
e AS As
Trong d6, ps 1a cong sudt tin hiéu trung binh, biéu thirc 7.12 1a mot két qua cuc ky
quan trong ma ta s& dung nhiéu trong cic phan sau.

Vi du 7.5: xem mot tin hi€u am thanh c6 dang sin s(t) = 3 cos500xt.

a. Tim ti s6 nhidu luong ttr khi dung luong tir hoa PCM 10 bit.

b. Cén bao nhiéu bit lwong tir dé c6 ti sb tin hidu trén nhidu luong tir nhé nhat 1a 40
dB?

Giai:

a. Biéu thuc 7.12 duoc dung dé tim ti sé nhidu luong tir. Chi cac tham sb can thiét
duoc ude luong 1a cong suét tin hiéu trung binh va kich thuge ving lu’orng tur. Bién do
dinh 1 6V. vi thé kich thudc caa m01 khoang thoi gian 1a 6/2'° = 5.86x10. Cong suét tin
hiu trung binh la 3%/2=4.5w. Ti s6 tin hiéu trén nhiéu lugng tir 1a:

12x4.5 ]
= W =1.57x10
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Néu ta mubn bicu dién ching dudi dang decibels, ta lay logarithm thap
phén cua gia tri nay va nhan vai 10. Ta co:
, SNR=10log(1.58x10°)=62dB.
b. Gié tri nho nhat cua ti sO tin hi¢u trén nhicu la 40dB. Gi4 tri nay twong duong véi
10*. Ta str dung biéu thirc 7.12 véi AS 1a gié tri chua biét.
w >10* = AS <7.35x107
AS
Bay gid ta chu y dén khich thude do déc 1a AS=6/2N. Trong d6 N 1a sb bit luong tir.
Ta cin phai chon gia tri cia N ma AS khéng vuot qua 7.35x10°. Vi thé, ta co:

i< 7.35x1072
2N

Va2~>81.6

Ta c6 thé 1iy logarithm dé tim ra N nhung diéu d6, khong can thiét. Néu N=6, vé trai
bang 64. Néu N=7, vé trai 1a 128. Do d0, ta chi can 7 bit lugng tir dé c6 duogc ti sb tin
hiéu trén nhiéu nho nhat la 40dB.

Ta thay rat 15 13 mdi bit lugng tir thém vao s& lam giam AS di mot gia tri 1a 2. Piéu
nay s& lam tang ti sd tin hiéu trén nhidu 1én mot gia tri 1a4. Gid tri 4 nay twong ung véi
6dB vi 10 log 4 = 6.

Vi thé, moi bit lugng tir hoa thém vao s€ 1am tang ti s6 SNR 1én 6dB.

Biéu thuc 7.12 trinh bay rat cu thé cach tim ti s6 tin hiéu trén nhiéu luong tor nhu mot
ham tin hiéu va kich thudc bac luong tir. That 1a hiru dung dé co duge két qua tong quat
ding cho viéc bat dau thiét ké hé théng. Gia st ta c6 tin hidu s(t) duge phan bd dong déu
gilra -Smax V@ +Smax nhur trinh bay trong hinh 7.37. Trong truong hop dac biét nay, b1eu
thirc 7.12 s& dua dén mot cong thir rat don gian. Ta chi can 2 dai lugng dé gial quyét
biéu thirc nay. B¢ 1a xac suét tin hiéu trung binh va kich thudc cua bac. Xéc suat duoc
tim tir Iy thuyét co ban la:

o Smax 2

1 S
= | s?p(s)ds =——— sids = —mx
P, L p(s) 25 Sf 3

Kich thudc bac duoc cho boi:
2Smax Smax
AS = 2N = 2N71

Biéu thirc 7.12 s& tr& thanh:

4Sr%1ax 2N

Chu y rang gia tri dac biét cua Smax khong anh huong dén ti s6 tin hiéu trén nhiéu
SNR. Khi Spax thay dbi, ca cong suat tin hiéu va cong suit nhidu luong tr s& thay doi
mot lugng gidng nhau.
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p(s)

_Smax s

Hinh 7.37 Tin hiéu phin bb dong déu.

Ta c6 thé dbi ti s tin hiéu trén nhidu cta biéu thirc 7.13 sang decibels voi két qua nhu
sau:

SNRgs = 10 log (2°") = 20N log (2) = 6N dB (7.14)

Két qua nay thé hién diém bat dau that t6t ngay ca khi tin hiéu phan b6 khong dong
déu. Trong cau b cua vi du 7.5 ta yéu cau chi ra sd bit luong tir de co duoc ti soO tin hi¢u
trén nhidu SNR nhé nhat 1a 40dB. Nhung dé 6N 16n hon 40, N tbi thiéu phai 1a 7. Nhu
vy két qua nay ciing gidng nhu ta da tim trong vi du 7.5. Nhung ta hdy can than khi st
dung biéu thire (7.13) va (7.14). Hau hét cac tin hiéu trong doi séng thuce té, khong duoc
phan b ddng déu va nhitng biéu thirc nay chi 4p dung cho cac truong hop phan bd dong
déu. Néu ta ap dung khong ding biéu thire 7.14 cho mét tin hiéu khong dong déu, ta s&
gap rac r01 trong khi thiét ké hé théng voi gia tri N sai. Néu sir dung mot gia tri nho hon
gia tri can thiét, ta & khong thdy duogc truong hop dic biét cia ti s6 tin hidu trén nhiéu
SNR. Nguoc lai, neu st dung mot gia tri qua lon, ta phai chi cho mot khoang tién 16n vi
yéu cau viéc truyén nhiéu bit trén gidy hon layéu cau dé thay nhiing truong hop dic biét.

1. NHIEU LUQNG TU: LUQNG TU HOA KHONG PEU PAN.

Trong nhtng truong hop ma cac mau vao khong dugc phan bd ddng déu, c6 thé co
dugc cac ti soO tin hi¢u trén nhleu 16n hon bang cach str dung luong tir hoa khong deu dan.
Ta bat dau bang cach gia sir rang cac miu duoc phan b tuy theo mat dd xac suat p(s)
nhu duoc trinh bay trong hinh 7.38. Mic du diéu nay twong duong véi dinh 1y Gausse
nhung c6 nghia 13 ham mat d6 xac suét tai hién lai va két qua ma ta s& thay khong phu
thudc vao bat cir dang ddc biét nao cua tin hi¢u. Ta da minh hoa lugng tir hoa 3 bits tao ra
8 vung dugc danh ddu boi cac dudng bién s; va boi cac gia tri duoc 1am tron Sqi- LOi
luong tir trung binh binh phuong dugc cho boi biéu thirc:

mse = E([s(nTs) — sq(nTs)] )

=[" (s=5,)" p(s)ds = ) [ (s=5,07 pls)ds

Trong biéu thirc (7.15), cac gia tri Sqi 1a cac mure lugng tir duge lam tron khac nhau va
p(s) la ham mat d6 xac suit ciia cic mau tin hiéu. Ta s& tré lai biéu thirc nay trong phan
tiép theo khi ta kiém tra cac hé thong da dugc nen. Con béy gio, ta s¢ su dung biéu thirc
nay dé ching minh cau phat biéu dd dé cap trude d6 vé vi tri tét nhat cho cac gia tri lam
tron. Ta gia su rang cac ving dugc xac dinh (s; la gla tri cho trudc) va ta mudn tim vj tri
t6i uu cua cac gia tri lam tron Sqi- Ta dung tu ¢ “t6i uu” theo nghia la nhiing gia trinay lam
cho trung binh binh phwong cia 16i giam dén mirc nhé nhit. Bé lam duge diéu do, tim sy
khac nhau gitra biéu thuc 7.15 voi Sqi Va gia tri tr zero.

Ta co:
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[ (s =s.)p(s)ds =0

p(s)

f/ T
S2

S3 S4 S5 S6 S7 S8

SO S1

Hinh 7.38 Mt do x4c suit ciia cic mau.

Biéu thuc (7.16) chi ra rang mot khi cac ving luong tir hoa da dugc 1am tron, duogc
chon ¢ gitta trong tdm cua phan twong tmg trong mat do xac suét. Vi thé, mirc luong tir
thay vi & giita cia mdi khoang, bi léch vé phia xac suat 16n hon ciia mdi khoang thoi
gian. Pay la cach nhin truc giac.

Vi du 7.6: gia sirt ham mat do cua s(t) 1a mot mat do theo dinh 1y Gausse tai gia tri zero
véi su khac biét 1a 1/9. Boi vi kha ndng cua ciia mot mau vuot qué bién d¢ 1, nho hon 1%
(d6 1a diém 33), gia sir rang ta lugng tir hod ving gitra —1 va +1 (d6 1a cac gia tri ¢ trén
bién do 1 s& bdo hoa tai gia tri hodc 000 hodc 111). O day ta sir dung lugng tir hoa 3 bit.

a. Tim 13i lugng tir binh phuong, gia st rang ta st dung luong tir hoa déu din.

b. Pé nghi mot so dd ma & d6 cac vung lugng tir hod dugc chon c6 dién tich bfmg
nhau dudi ham mat do xac suat qua mdi ving. Do 13 xac suat cua ham trong bat ky
khoang thoi gian rién nao déu gidng nhue trong nhitng khoang thoi gian khac. Hay chon
vi tri thich hop nhat cho céc gia tri 1am tron va tim 18i binh phuong.

Giai:

a. Ta dung cong thirc twong duwong cta (7.11) dé tim 15i binh phuong trong trudng
hop lugng tir hoa déu din. Kich thude ciia mdi khoang 1a 2/8 = V4. Ldi duoc cho bai:

2
mse = AS = 1 =52x10""
12 192

b. Pau tién ta phai tim cac duong bién cua cac ving lugng tir. Ta chia phan nay ra
tam doan bang nhau. Vi thé mat d6 cia mdi vung 1 1/8. Tham chiéu dén bang cic ham
16i ta thay tri cua s; la:

7 -1,-0.38,-0.22,-0.1, 0, 0.1, 0.22, 0.38, 1 ,
Biéu thirc (7.16) bay gio dugc dung dé tim céc tri 1am tron 13 sq;. Biéu thirc nay dugc
rat gon lai la:
Sy = 8J‘:+l sp(s)ds

Diéu nay dugc udc luong bang cong thirc gan dang hoic twong duong. Két qua cua
cac sqi duge cho boi:
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-0.54, -0.3, -0.16, -0.05, 0.05, 0.16, 0.3, 0.54
cudi cung, 16i binh phuong duoc tim bang biéu thirc 7.15 1a:
mse = 5.3 x 107

Diéu nay noi 1én luong tir hoa déu dan, tét hon luong tir hoa khong déu din. Tuy
nhién, v6i mat do Gausse va chi lugng tir hod 3 bit, biéu thue 7.11 khong tuong duong
v6i 161 binh phuong. Biéu thirc nay doi hoi mat do phai tuyén tinh qua cac vung khac
nhau. Cau tra 16i chinh xac cho ciu a c6 thé :ap dung biéu thirc 7. 15. Két qua s€ 14 6.2 x
107, va vi thé luong tir hoa khong khong déu dan khong cung cdp mét tién trién trong
qua trlnh thuc hién.

Vi du nay dé nghi mot thuat todn kha thi cho vi¢c chon lya trong cac vung lugng tir
hoa. That sy, ddy khong phai 13 thuat toan tot nhat khi so sanh vé6i lugng tir hoa déu din
trong mot sb trudng hop.

Biéu thirc 161 binh phwong nhdn manh xac suét binh phuong cua sy sai 1éch tir gia tri
duoc lugng tir trude khi tich phan. Mot cach tong quét, van dé 1a lam giam thiéu 16i cua
biéu thtec 7.15 nhu mot ham ha1 bién i va sqi. Cac gid tri sqi bt buoc thoa man biéu thirc
7.16. Ngoai trir mat do xac sudt c6 thé duogc tinh toan bang cong thirc gin dung. Van dé
nay, tinh toan khong don gian.

Ta co thé sir dung biéu thirc 7.15 dé c6 duoc su tuong dwong nhim cai tién s bit
luong tr tang. Qui luat sau day cho phép chon lya vung lugng tir hod: chon lya vung
lwong tir hoa dé phu hop tinh déu dan.

(sir1 -Si)° p(dlem gitta) = hang s. (7.17)
phan nay ta s& nghién ctru sdu ¢ cudi chuong.

2. HE THONG NEN VA GIAI NEN (companded systems)

Biéu thirc trong duong bang mot ham nén dic biét duoc so sanh voi lugng tur déu dan.
Két qua, tuong duong, va su twong duong nay s€ lam cai tién sb bit luong tir tang. Vi thé
cac vung lugng tir tr6 nén nho hon. Ta gia su rang cac tri 1am tron, & gitra moi khoang
thoi gian. Pay 1a cach chon tot nhat néu mat do c6 thé dugc gia sir 13 hiang sé qua do rong
ctia mdi khoang. Gia sir ring ham mat do tuong dwong qua timg khoang gié tri ctia né &
tai céc tri 1am tron. Bicu thir 7.15 duoc viét lai 1a:

3 livi
S—S .
% (7.18)

mse=3" " (s=5,)" p(s)ds = Y p(s,,)
Va bay gio ta lay sqi 1a khoang gifta ciia mdi khoang
Si +8in
Sy = 5
Biéu thiic 7.18 s& tro thanh:

mse = ZP(SW-)

That su néu kich thuéc cac bac déu dan cia AS duge thay vao trong biéu thuc 7.19 két
qua chi con 12 AS*/12. Néu khong roi vao trudng hop nay, ta phai kiém tra lai sy thay doi
d¢ tim ra Ioi.

(S'+1 _S')3
——(7.19
5 (7.19)
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Ta c6 thé lién két kich thudc mdi khoang sii; - s; dén d6 doc cua dudng cong duoc
nén.Néu ngo ra nén dugc lugng tir hod déu dan véi cd bac 1a AS, ¢ bac tuong ung cua
dang séng chua nén tuong duong véi hinh 7.38.

AS
(80 —8)—
F(s;)

Ta can gidi han tong nay khi cac khoang thoi gian cang ngdy cang nho. Bé lam duoc
dicu do, ta tach binh phuong ciia moi khodng tir toan hang luy thira 3 trong bicu thirc 7.19
va viét lai s0 hang binh phuong nay bang cach st dung dao ham ham.

1
ms€=Ezp(5qi)(Si+1 =5,)7 (8, = 5,)

= L M( Si =S, )(7 20)

[F (s
tinh gidi han tr¢ thanh:
2
_ AS g(s) s
L [F ()]

Ldi binh phuwong cho mét lugng tir hoa déu dan xuat hién trong biéu thic 7.21. Néu
tich phan trong biéu thirc ndy nho hon 1, bd nén va giai nén s& 1a lugn tir hoa déu dan.

Ta mudn so sanh h¢ théng nén va giai nén déu dan. Trong su so sanh nay, ta s€ chon
lu:ong tar hoa 8 bit boi vi day la cach thong dung nhit trong viée truyén am thanh. Néu ta
gia str rang cac miu tin hiéu dugc phan bd khong déu dan, ti s tin hiéu trén nhidu luong
tu 1a 48dB khi dung luong tir hoa 8 bit.

Gia sir rang cong sut tin hiéu giam nhung cac muc luong tir, khong thay doi (ta
khong thiét ké lai bo bién doi A/D). Mién sao tin hiéu lap day it nhat mot vang duoc
luong tur (-AS/2 dén +AS/2), va cong suat nhiéu trung binh con lai khong thay doi. Vi thé,
khi cong sudt tin hiéu giam, ti s tin hi¢u trén nhiéu SNR ciing giam cung mot ty 1¢. Ta

c¢6 thé v& SNR nhu mot ham cong suit ngd vao nhu duge trinh bay biang duong tuyén
tinh cua hinh 7.39. Khi tin hi¢u tang vuot qua pham vi cia cac mic lugng tur (trong
truong hop qua tai), cong suét nhiéu ting 1én kha nhanh. Didu nay la ding boi vi cac mau
16n hon s& 1am bao hoa hé théng va nhidu s& khong giéi han vé bién d6 dén AS/2 nita.
V6i bat ky SNR nao, phan dudng cong & trén mirc nay thé hién ving lugng tir hoa dong.
Vi du néu ta can SNR it nhat 1a 28dB, khoang dong nay s& di tir —20 dén khoang +3dB
trong truong hop ddy tai nhu thé hién trén so do.
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SNR (dB)

48
40
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20
10

-50
|

overload

d

40 -30 -20 -10 O
Input signal power (dB)

Hinh 7.39 Ngudn tin hiéu khdng SNR.
H¢ thong nén-giai nén thyc hién tot hon hé thong luong tir hod déu dan doi véi cac tin

hiéu nho. Piéu nay dling boi vi, cac khoang nho hon, kich thuée mau giam.

-60

-50 -40

-30 -20 -10

Input power (dB relative to full load)

Hinh 7.40 Hoat dong ctia hé thdng nén.

Ta ¢6 thé uée lugng su thu hién hé théng nén-giai nén va so sanh nd véi hé lugng tir
hoa déu dan. Trong hinh 7.40 thuc hién diéu d6 cho mat do tin hiéu déu dan va nén-giai
nén theo ludt p (cac gia tri thay d6i ctia m bao gom p-255). Cac du’ong cong cua hinh
7.39 dugc lap lai trong hinh nay khi so sanh. Chi y rang h¢ thdng nén- -giai nen thue hién
tdt hon luong tir hoa déu dan cho cac mirc tin hiéu thap nhu mong muon. Vi du nhu, néu
ta mong muodn ti s6 tin hiéu trén nhidu it nhat 1a 28dB, khoang dong s& di tir —50dB dén
khoang +3dB khi du tai nhu d chi ra trong so do.
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NHIEU LUQONG TU TRONG BIEN PIEU DELTA (quantization
noise in delta modulation)

Mot 1an nita ta dinh nghia 16i lwong tir 1a hiéu sb giira tin hiéu gbc va su luong tur

tuong duong (hamba thang):
e(t)=s(t)=s,(1)

Gia st r@ing tdc do léy mau va kich thudc timg bac, duoc chon trudce dé tranh qua tai.
V6i nhitng diéu kién nay, bién d6 cta nhiéu lugng tir khong bao gid vuot qua kich thudce
bac. Bé don gian, ta gia su tat ca bién do tin hiéu thi béng nhau, ta két luan r@ing 16i duoc
phan b déu dan qua pham vi giita -A va +A nhu dugc trinh bay & hinh 7.41. Gia tri trung
binh binh phwong cia nhiéu lwong tir dwgc cho béi:

2
mse =LJ-Aezde _A
2A 9-A 3

Trong cac hé théng vién thong sé dang xay dung, mot cau hoi hop 1y dit ra 1a sir dung
PCM hay DM trong k¥ thuat ma hoa ngudn. Ta s& lo lang vé nhiéu yéu to: toc do bit
truyén doi hoi vé bang thong hé thdng, do tin cay, nhiéu luong tir va sy anh huong cia 15i
truyén Ta nhan thiy cong thirc don gian ctia SNR lién hé véi PCM va v6i DM. Duong
thang & duoi day la nhimg truong hop chic chan ma DM sé& cung cap SNR glong nhu
PCM véi toc d6 truyén bit thap. Trong nhimg truong hop khac, diéu nguoc lai van dang.
Bién diéu delta thich nghi cong thém thong sé khac vao phan tich.

Hinh 7.41 Mat d¢ 15i lugng tr cho DM

p(e)
1

2A

-A A

Ta bét dau phan tich bang cach giai quyét 15i lugng tir binh phuong & tai ngd ra ciia bo
thu bién diéu delta. Sy hoan diéu bao gom bd loc ha thong LPF 1am phang cac ham bac
thang dé tré thanh mot duong cong lién tuc. Do d6 ta phai tim cac dic tinh tan sé cua
nhiéu lugng tir. Py khong phai 1a bai toan phan tich don gian ma n6 doi héi mot dang
dic thi ma ta phai chap nhan cho s(t).

Ta gia sir rang tin hiéu gdc s(t) 1a mot song hinh rang cua. Pay 13 vi du don gian nhat
vé dang séng dugc phan bd déu dan. Tic 13 dang séng véi phién ban luong tir ctia nd va
cho ra két qua nhiéu luong tr nhur dugc trinh bay trong hinh 7.42. Chd y rdng ham nhiéu,
hau nhu tuan hoan véi chu ky Ts (chu ky J4y mau). Nhiu tuan hoan chinh xac c6 chu  ky
bang v6i dang song phang néu chu ky d6 la mét tich phan nhén véi T. Ta gia su rang
kich thudc bac va chu ky 1dy mau duoc chon de tranh qua tai cho trudng hop nay dé cé
tinh di xtng hoan chinh. Mat d6 phd cong suit clia s,(t) o thé tinh mot cach chinh xéc.
Céng thirc ctia n6 1a: sin* f/f* vi bién d6i Fourier cta ham ring cua cho ra dang sin® f/f.
Zero dau tién cia mat do pho cong suat cua dang song tam giac 1a f=1/T,. Cac phan nho
1én bén kia ciia diém nay, bi giam cong suat di 1/f. Vi thé, c6 mét it cong suét vuot ngoai
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d6 dbc chinh. Ta gia su rang tat ca cong suat duoc tap trung ¢ day tan thap v6i tan sd
=1/T. Vi ta gia st rang ldy mau bién diéu delta xay ra O tai tbc do trén toc do Nyquist
(cu thé 12 16n hon 7 1an téc 46 Nyquist). S6 zero ddu tién ciia phd xay ra tai tan sé f=1/Tk.
Tan s nay 16n hon nhiéu so véi tan s f,. Bo loc thong thap LPF véi tan sb cit la i, chi
cho qua mot lwong nho c6 lién quan dén phan nho 1én chinh cta phd cong suat nhleu
Diéu nay dugc minh hoa & hinh 7.43. Pé co duoc két qua tuong duong, ta gia sur rang
phd, that phang qua pham vi tan s6 tir 0 d&én f,. Tong cong suit nhiéu 13 161 binh phwong
dad dugc tim ra trong cac phan trude 1a A%/3. Vi ta gia sit 1a phd phing nén phin cong
sudt qua bg loc ha thong LPF 1a Tf, hay f,/f;. Cong suat nhiéu ngé ra, dugc cho boi:

2

A
3 7
Trong d6 f, 14 s6 cac mau trén gidy.
Hinh 7.42 Bién diéu delta ctia dang song hinh ring cua.

Vi du 7.7: Mot tin hiéu am thanh c6 dang s(t) = 3 cos 10007t dugc lugng tu bfmg DM.
Hay tim ti s6 tin hiéu trén nhiéu luong tir.

Giai:

Dau tién ta chon ¢& bac va tan s 1dy mau cho dang song nay. Nhip Nyquist 1a fi=
1000mAau/s. Gia st vi Iy do nao dé, ta chon 16n hon 8 lan so véi nhip Nyquist tira fi=
8000mau/s. S lugng 16n nhat ctia ham c6 thé thay ddi trong 1/8ms tuong duong véi 1V.
Néu kich thude bac ctia 1V duge chon, ham dbc s& khong qua tai. Cong suét luong tir hoa
nhiéu duoc cho béi:

A2
N, = —f— =41.7TmW
3 f,
Cong suét tin hiéu 1a 3%/2 hay 4.5 W. Cubi cung ti s6 tin hiéu trén nhiéu dwgc cho bai:
4.5

SNR = —>— =107 hay 20.3 dB
0.042

Gia tri nay nho hon nhitng gi ¢6 duoc néu str dung PCM cho vi du nay.
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VIIIL. GIOI THIEU VE MA HOA ENTROPY VA NEN
DU LIEU.

Chu dé chinh cua cac phan trudce thude chuong nay 1a ma hoa tin hiéu ngudn. D6 1a ky
thuat chuyen d6i mot tin hiéu tuong tu sang tin hiéu sb.

Phan chinh trong phan nay 1a ma hoa entropy. Day la phuong phap két hop mot tir
dang s6 v6i mdi thong tin dugc truyen di. Ta sé thay su lién két nay duogc thuc hién trong
phuong cach 1am giam thiéu chiéu dai thong tin dugc truyen

Trong phan 7.8, ta s& nghién ctru vé ma hoa kiém soat 16i. Phuong phap nay thi khac
so v&i ma hod entropy.

Ngay ca trong truong hop khong co nhiéu thém vao, cic ma hoa entropy cling phai
duoc thiét ké can than dé tranh nhiéu 15i trong khi giai ma. Van dé sé mdt lién quan dén
khai niém nay 1a su giai doan duy nhat. Gia st rang c6 4 ban tin can dugc truyén va
nhitng ban tin nay dugc mi hoa sang s6 nhi phan nhu sau:

M, =1 M, =10 M;=01 M,;=101

Gia st bay gid ta dang & hé thong thu va nhin duoc két qua 13 101. Ta s& khong biét
két qua nay la cia My hoac thong tin ghép cia M, va M; hoac M; va Mj. Do d6 su lua
chon ciia cc tir md nay cho ra mot ma ma khong co sy giai doan ma duy nhat.

M6t ma c6 thé gidi doan mot cach duy nhét duogc néu khong c6 tir ma tao nén bt dau
(dwoc xem nhu tién t6) ctia bat ky tir ma nao khac. Vi thé, 4 ma thong tin sau day 1a mot
vi du giai doan duy nhat.

M1:1 MZZOI M32001 M420001

Dic tinh gi6i han tién té 1a ddy du nhung khong can thiét cho kha ning giai ma duy
nhat. Vi du kha, ma:

M=1 M,=10 M3=100 M4=1000

La c6 thé giai doan duy nhét duoc, mic du mdi tir ma 1a tién t6 cia mdi tir ma khac &
bén phai ctia nd. Sy khac nhau chinh yéu giita vi du nay va vi du trudc 1a & chd khong tir
ma nao co6 thé hinh thanh nhu 1a su t6 hop cua nhimng tir ma khac. Tuy nhién day 1a diéu
bét loi. M4 thi c6 thé giai doan duy nhat dugc nhung khong xay ra 1ap tic. Gia st rang ta
dang & may thu va nhan dugc ma 10. Dén khi ta thay hai bit dugc nhan ké tiép, ta khong
biét khi ndo nhan duoc thong tin My, Ms, My,

Vi du 7.8: Nhiing ma ndo sau ddy 14 giai doan duy nhat? Hay xac dinh chiing khi nao
Xay ra.

a. 0,01,001,0011, 101

b. 110,111,101, 01

c. 0,01,011,0110111

Giai:

a. Day khong 1a giai doan duy nhét vi tir dau tién va tir sau cung khi géi di thanh
chudi 0101 va co thé dién giai 1a 01 va 01. D6 1 hai 1an truyén ciia tir thi hai.

b. Day la giai dodn duy nhat vi tat ca nhimg tir bit ddu voi mot s6 1 va déu co chidu
dai 1a 3. Néu mot chudi 3 bit khong bat dau véi s6 1, ta biét rang no chi 1a mot tir c6 hai
bit. Mi nay, ciing xdy ra tirc thi vi khong tir ma nao 1 tién t6 cua tir khac.
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c. Day la giai doan duy nhit vi tit ca nhiing tir bat dau v6i mot sb zero, sé zero nay
khong lap lai trong bat cur tir nao 1a t6 hop cia nhiing tir khac. N6 khong xay ra 1ap tc vi
moi tir trong ba tir dau tién 1a mat tién to6 ctia mot tir sau cung khac.

1. MA HOA ENTROPY (entropy coding)

Van dé ta quan tim ¢ day 1a tim ra cdc mi co thé giai doan duy nhat dugc voi chidu
dai nho nhat. Diéu nay s& cho phép truyén voi téc d6 16n nhat trén kénh. Viéc kiém tra
cac mi duoc trinh bay rd rang hon trong phan nay. Nhiing ban tin khac nhau dugc ma
hoa thanh nhitng tir ¢ chiéu dai khac nhau. Khi néi vé chiéu dai cia mot mé, ta phai chi
ra chiéu dai trung binh ctia nhitng tir ma. Tri trung binh nay dwoc tinh toan bang cach lay
xéc suat cia mdi ban tin. RS rang rat thudn loi khi gan nhimg tir ma ngén hon cho hau hét
nhitng ban tin c¢6 thé c6. Ma Morse theo quy luat nay bang cach gan tir ma ngin nhat
bang ky tu E.

Mot dinh 1y cin ban da ton tai trong thuyét ma hoa khong c6 nhiéu. Dinh 1y nay dugc
phat biéu rang: dbi véi cac chir cai ma hoabang sé nhi phan, chiéu dai tir ma trung binh,
16n hon hodc bang véi entropy. Nguoi ta dinh nghia entropy 1a

1
H = Zpi logz(_J

Trong d6 p; 1a xac suat ctia ban tin thir i. Gia tri logy(1/p;) dwoc hiéu nhur 13 ndi dung
cua thong tin va don vi cua no 1 bit. Entropy 1a lugng tin trung binh trén ban tin.
Goi chiéu dai tir trung binh 1a n, dinh 1y nay duoc xac dinh bang cong thurc sau:
n=H

Vi du 7.9: Tim chiéu dai trung binh nho nhit ciia mot ma voi 4 ban tin véi xac suét lan
lugc 1a 1/8, 1/8, Ya va Y.

Giai: Theo ma hoa entropy ta co:

1/8x3+1/8x3+1/4x2+ "% x1=1.75 bits

Pay ciing 14 chiéu dai trung binh nho nhét ciia ma nay. Ta chd ¥ rang ma co thé la:

M; =000, M, =001, M3=01, M4 =1

Mai nay c6 thé giai doan duoc va c6 chiéu dai trung binh 1a 1.75 bits.

2. CAC MA CO CHIEU DAI THAY DOI (variable length codes)

Néu cac ban tin truyén di voi xac suat khong bang nhau tirc cac tir ma dugc chon ¢o
chiéu dai khong bang nhau, chiéu dai ma trung binh ngan hon. Vi du gia st rang ta c6 4
ban tin v6i xac suat 1an lugc 1a 1/8, 1/8, V4, va % (giéng nhu vi du 7.9). Mot phuong phap
dé ma hoa nhitng ban tin ndy sang cac tir nhi phan 1a sir dung 00, 01, 10 va 11 dé gui 4
ban tin c¢6 thé véi chiéu dai trung binh 1a 2 bit. Chiéu dai trung binh dugc cho boi:

1/8x3+1/8x3+1/4x2+ "% x1=1.75bits
Ta c6 thé ma hoa nhiéu ban tin sang nhitng tir ma ngin hon. Trong truong hop dic
biét nay chiéu dai tir trung binh hop véi entropy. Vi thé ta khong thé tim ra mot
maé voi chiéu dai trung binh nhé hon.

Trang VII1.42



Co S& Vién Thong Pham Vin Tén

Mot phuong phap bét nguon tir cac ma c6 chiéu dai thay d6i 1a bat dau véi nhimng ma
c6 chiéu dai thay doi va nhiéu nhom con mé rong. Vi du bat dau véi ma 1 bit ta c6 hai tir
ma 1a 0 va 1 va mo rong cho no 1a: 100, 101, 110 va 111. Nam tir ma nay la:

0
100
101
110
111

Mot phuong phap khac bit dau véi tir ma 2 bit 00, 01, 10, 11 va md rong cho mot
trong 4 tir ma nay sang hai tur. Néu 01 duge chon cho viéc m& rong, ta s€ cO ma 5 tur.

00
010
011

10

11

Cau hoi bay gio 1a 1am sao c¢6 nhiéu cach dé thuc hién mod rong ma no s& cho két qua
v6i chidu dai trung binh nho nhét. Ta di trinh bay hai cach dé tim mot cach c6 hiéu qua
nhirng tir mi c6 chiéu dai thay dbi. D6 1 dung ma Hufman va ma Shannon-Fano.

M3i Huffman cung cap mot k¥ thuat to chirc cho viée tim tir md c¢6 chiéu dai thay doi
cho mot tap céac ban tin. Ta trinh bay cac budc thyc hién nhu vi du sau day:

Gia su rﬁng ta mudén ma hod 5 tlr sy, s, S3, S4, VA S5 VO Xac sudt 1an luoc 1a 1/16, 1/8,
Y4, 1/16, va Y. Trinh ty ma Huffman duoc thiét 1ap qua 4 budc sau day:

Budc 1: Sip xép cac ban tin theo xac suit giam dan. Néu c6 nhiing xac suit bang
nhau, chon bat ctr tir ndo trudc cling duoc.

T Xdc suat
Ss Y

S3 Va

S, 1/8
Sy 1/16
Sy 1/16

Budc 2: Ké tir day lén, t6 hop hai Xac suét cudi thanh mot xac suét moi voi xac sut la
tong cta hai xéac suat can ghép. Ta s& sap xép lai khi c6 dugc xac sudt méi néu thdy can
thiét. Va ta ciing sap xép theo su giam dan.

Tu Xdc suat Xdac suat méi
Ss Ya Yo

Ss3 Vi YVa

S, 1/8 1/8

Sy 1/16 1/8

Sy 1/16

Chu y rang xac suat ¢ cuoi cua cdt bén phai la su t6 hop cua s; va sa.

Bude 3: Tiép tuc két ndi nhu budc 2 cho dén khi cot bén phai cing chi con hai xac
suat.
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T Xic suat Xdc suat Xdc suat Xiéc suat méi
Ss Vs Y Yo Vs

Ss Va Va Va iz

S, 1/8 1/8 Vi

S 1/16 1/8

S4 1/16

Budc 4:Gan nhimng tir ma bang cach bat dau ¢ bén phai voi MSB (the most significant
bit). Di chuyén sang bén trai va gan cho nhitng bit khac néu cd sy phan chia xay ra.

Nhirng bit dugc gan , dugc gach dudi nhu bang sau:

Tw X4c suit X4c suit X4c suit X4c suit méi
Ss Va Vo Ya Y20
Ss Ya a V410 1
S, 1/8 1/8 110 Vall
S, 1/16 1110 1/8 111
Sy 1/16 1111
Cudi cung cac tu ma dugc xac dinh nhu sau:

S;->1110

S, > 110

S;-> 10

Sy->1111

S5 > 0

Chu ¥ rang tai mdi diém c6 thé c6 hai cach gan. Néu c6 ba hodc nhiéu xac suit thap
nhit bang nhau, viéc chon lya t6 hop 1a tuy y.

Chiéu dai trung binh la:

L=4x1/16+3x1/8 2x a+4x 1/16 + 1 x Ya=15/8

Néu ma hoa khéi duoc st dung, ta can 3 bit cho mdt ban tin va chiéu dai trung binh s&
la 3. Entropy cua ma dugc xac dinh:

H=2/16 log(16) + 1/8 log(8) + V4 log(4) + Y2 log(2) = 15/8 bits

Két qua nay ciing giéng nhu chiéu dai trung binh cua méd Huffman. Vi thé, thu tuc
Huffman sinh ra mot ma ¢ hiéu qua cao. Piéu nay tao ra két qua boi vi tit ca cac xac
suit ban tin 12 boi cua Y.

Diéu bit lgi cia ma Huffman 13 ta khong thé bit dau gan tir ma cho dén khi toan bd
tién trinh t6 hop dugc hoan tt. D6 1a mot trong nhitng cot phai dugc khai trién trude khi
tir ma dau tién duoc gan. Tién trinh ma hoa thudng duge thyc hién bang mot may vi tinh
chuyén dung.

Ma Shannon-Fanno ciing glong nhu md Huffman. Sy khac nhau chu yéu 1a cac thao
tac thuong tién hon 1a 1ui. Vi thé cac yéu cau luu trir, dugc xem nhu 1a thu gian va ma
thuc hién dé hon. N6 thudng dan dén chiéu dai trung binh giéng nhu ma Huffman. Cac
két qua ma hoa Shannon-Fano thi khong ludn luén tot nhu ma Huffman.
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Ta s€ minh hoa lai ky thuat nay bﬁng mot vi du. Ta dung mot vi du giéng nhu ma
Huffman d4 trinh by & phan trudc trong chuong nay.

Budc 1: Sip xép nhitng ban tin theo x4c sut giam dan. Néu c6 nhiéu xac suit bing
nhau, chon bat ctr tir ndo trudc cling duoc.

T Xdc suat
Ss Vs

Ss Va

S, 1/8

Sy 1/16
Sy 1/16

Budc 2: Chia nhitng ban tin thanh nhitng tip con c6 xac sut ngang nhau nhat. Ta bit
dau tai dinh hodc day va chia nhom nay ra hai tap hop. Ta tim xac suat tong cong cua tap
hop trén va tdp hop dudi. Ta chon duong chia sao cho két qua nam trong xac sudt gan
nhau nhat Trong truong hop nay duong phan cach sé nam dudi mau tin dau tién. Két qua
x4c suat cho cac mau tin ¢ trén va & dudi 1a % nhu duoc minh hoa duéi day.

T Xdc suat

Ss Y 0
Ss Vi

S, 1/8 1
Sy 1/16

S4 1/16

Bay gio ta gan gia tri zero cho tat ca cac phan tir ciia mot trong hai tp hop va gia tri 1
cho tat ca cac thanh phan khéc (day la su tuy chon). Gia st rang ta chon 0 cho tap hop ¢
trén va 1 cho tap hop & dudi. Néu mét tip hop chi chira mot mau tin, tién trinh xtr Iy cho
tap hop d6 két thuc. Vi thé tir ma hoa dugc dung dé gui ss di 14 0 va ta khong can xem lai
tién trinh d6 nita. Ta tap trung vao tap hop khac va ;apklai tién trinh chia nho. Sau mot
lan chia nho hon ta cé:

T Xdc suat Tir ma
S; Vs 10
S, 1/8

S 1/16 11
S, 1/16

Chu ¥ rang xac suat ca phan trén duong phan cach va phan dudi duong ay déu 1a .
Ta da cong bit thir hai cho céc tir ma (cong 0 cho tr ma & trén dudng phan cach va gia tri
1 cho ¢ dudi dudng dy). Boi vi chi c6 mot mAu tin & trén dudng phan cach nén ta két thuc
va ma cua sz 1a 10. Tiép tuc chia nho véi tap hop & dudi duong phan céch ta cé:
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Tir Xdc suht Tir ma
Sy 1/8 110
S 1/16
S4 1/16 ti
Cudi cung ta chia nho tap hop ¢ phan dudi dudng phéan cach ra:
Tu Xéc suat Tur ma
S 1/16 1110
S4 1/16 1111
Két qua cua tir ma la:
S;->1110
S, > 110
S;-> 10
S4->1111
S5 > 0

Quan sat két qua trén ta thdy hoan toan giéng véi két qua khi ding v6i ma Huffman.

Ta d3 minh hoa hai k¥ thuat dé rat ngan tip hop cac ban tin thanh méa nhi phan hiéu
qua nhit. Ta gia sur rang cac ban tin di dugc cho va ching khong t6 hop thanh ma dugc.
Néu céc ban tin to hop dugce, s€ hiéu qua hon nhleu Ta minh hoa diéu nay bang mét vi
du v6i hai ban tin. Gia sir rang ban tin nay c6 xac suat lan lugc 1a:

S;->0.9
S, >0.1
Thi Entropy dugc tinh la:
H=-0.9 log 0.9-0.1 log 0.1 = 0.47 bit
Vi thé ta hy vong s& dat dugc mot ma co chiéu dai gan véi gia tri ndy. Tuy nhién ta st
dung hoic 13 ky thuat Huffman hodc 1a ma Shannon-Fano s& cho két quala gan gia tri 0
vao mdt trong cac tir ma va gia tri 1 cho tir ma khac. Chiéu dai trung binh thuong 1a mot
bit trén mot ban tin. Pidu nay, nhiéu hon hai lan Entropy.
Gia str rang ta t6 hop cac ban tin thanh nhitng cap. Sau d6 ta c6 4 tap hop cua hai ban
tin. Piéu nay khong phu thudc vio cac ban tin. Cac tap hop co thé va xac suat két qua la:

SiS; 0.81
Si1S,  0.09
S2S; 0.09
S2S,  0.01
Néu str dung phuong phap Shannon-Fano ta gan nhitng tir mi nhu sau:
SiS; 081 0

SiS;  0.09 10
S,S; 0.09 110
S2S, 0.01 111
Chiéu dai tur trung binh thuong dugc xac dinh nhu sau:
L =1x0.81+2x0.09+3x0.10=1.29 bits
Vi mdi ban tin duoc t6 hop s& thé hién hai trong s6 nhimg ban tin gbc, ta chia sO nay
cho hai, tim ra duoc 0.645 bit duoc dung dé giri mot trong sb nhimg ban tin gbc.

Trang VII.46



Co S& Vién Thong Pham Vin Tén

Bay gid gid su rang ta két hgp 3 ban tin ¢ cung mot thoi diém dé c6 dugce nhiing xéac
suat ban tin va tr ma nhu sau:

S1S:S; 0.729 0
S1S1S, 0.081 100
S1S5S; 0.081 101
S1S,S, 0.009 11100
NI 0.081 110
S»SiS, 0.009 11101
S>S,Si 0.009 11110
S,S,S, 0.001 11111

’ Chiéu dai trung binh ctia cic ma 1a 1.598 bits. Vi thé chiéu dai trung binh cho ban tin
goc la:

L= L 5398 = 0.533bit

Chu y rang ta cang két hop nhiéu ban tin, chidu dai trung binh s& tién gan dén
Entropy. Chi€u dai trung binh nay s€ bang vdi Entropy néu cac xéac suat 1a nghich dao boi
ctua 2. Khi cang nhiéu cac ban tin dugc két hgp, cac xac suat cang tién dén gan nhau.

3. NEN DU LIEU (data compression)

Nén dir lidu 12 mot thuat ngir dugc dung rong rii trong cac ky thuat lam giam sd bit
truyén cho mot ban tin. Ma hod Entropy & mot dang cua nén dir lidu.

Su thanh cong cua cac k¥ thuat nén dir liéu, phu thudc vao cac thudc tinh ctia thong
tin. Vi du ma hoa Entropy tré nén hiéu qua nhat khi cic xac suit ctia ban tin khong bang
nhau. Nhitng k¥ thuat khac ma ta s& mo ta phu thudc vao cac thudc tinh tuan tu cta ban
tin. Ttrc chiing phu thudc vao cac biéu twong xay ra trong mot trat tu c6 thé tién doan.

Bay gi¢ ta xem sy md hoa cua mot birc anh ti vi. Gia sir, mot buc anh ti vi chira 426
diém anh <o thé nhin thay (pixel) trong mot duong quét ngang. Néu ta noi vé ti vi trang
den chi can gui do sang (do choi) cua moi dlem anh. Gia st ta quyét dinh truyen 7 bits
thong tin. Thé thi, ta luong tir 4o sang bang 27 hodc 128 muc khac nhau. Diéu nay thé
hién chit lugng ctia do phan giai cao. Ta can 7 x 426 hodc 2982 bits dé truyén thong tin
cho mdi dong bang cach sir dung PCM. Mot anh ti vi chuan thuong chira mo chudi cac
diém anh gan nhau véi cing d6 sang. Khi ta theo ddu ciia mot dudng quét ngang ta c6 thé
thy hang tram diém anh c6 d6 sang gidng nhau (gia sir c6 mot hinh & gilta man hinh va
phéng nén, gidng nhau hoic gia sur ta giri mot doan van ban trén mot nén giéng nhau).
Trong nhiing trudng hop nhu thé ta cd thé st dung k¥ thuat nén dir liéu (duge hiéu nhur
ma run-length) dé 1am giam s bit truyén tin hiéu. Thay vi giri d6 sang cho mdi diém anh,
ta giri vi tri bat dau va do sang cia diém anh dau tién trong sb cac diém anh c6 cung do
sang voi cing mot do sang. DE guri vi tri ta cAn 9 bits thong tin boi vi 2° = 512 va c6 426
vi tri khac nhau. Vi thé ta can 9 bits cho vi tri va 7 bits cho do sang (tong cong 14 16 bits).
Thi du néu 10 diém anh lan can c6 cing do sang, ta can 10 x 7 = 70 bits dé gui nhiing
thong tin nay mét cach doc lap. Nhung chi véi 16 bit dé gui ching néu dung mé run-
length. Khéi niém nay c6 thé din dén tiét kiém hon néu duoc mo rong sang hai huong.

Mot trong nhiing bat loi cia mé run-length 1a tin hiéu dix liéu xay ra voi téc do khong
ddng déu. Po 1a nhimg bit khong ma hoa duoc giri di voi toe d6 khong ddi. Tuy nhién,
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bang cach ma hoa cac ving sang déu 16n s& cho két qua dir lidu truyén véi nhip thap hon.
Vi thé hé théng doi hoi mot ving dém. Mot sy thiéu sot nita 13 cac 16 truyén di vi hé
thong c6 bd nhé. Mot bit 16i trong mot hé thong dung PCM dé giri riéng thong tin timg
diém anh s& gdy ra mot 16i do sang cho riéng diém anh d6. Nhung néu mi run-length
duogc ding, mot bit 18i ¢6 thé anh huong dén toan bo do sang ciia duong quét.

Ta c6 thé dung su tién doan trong cac dang nén dir licu. Néu cac gia tri cua dir liéu
tiép theo c6 thé dugc tién doan tir cac gia tri hién tai va céc gia tri trudc do thi khong can
gui tat ca dit liéu. Chi can cac gia tri dir li¢u hién tai cong thém mat ) thong s6 chinh du
dé gitp cho viéc tién doan.

IX. GIOI THIEU VE SUA LOI TIEP CHUYEN
(forward error correction).

Ta s& cb ging thiét ké mot hé thdng dé lam giam thiéu x4c sudt cua céac bit 16i. Tuy
nhién, trong mdt mdi trudng nhidu thuong, khong thé lam giam 18i dén mirc ¢ thé chap
nhan duoc. Piéu ta can lam la tang cong suét tin hiéu dén gi61 han thuc té. Lam giam ti 1€
16i 12 yéu ciu truyén thong & mot tdc do thip kho c6 thé chap nhan.

C6 mdt sy Iwa chon khac dé cai tién viéc thuc hién mot hé thong truyen thong s6. Ma
kiém soat 16i (error control coding) c6 thé duoc dung dé cai tién cAu trac tin hiéu. Cau
triic ndy c6 thé nhan ra cac 16i & tai hé thong thu. Su phat hién 15i (error detection) 14 tién
trinh cung cip céu tric dii. Do d6 hé thong thu s& biét duoc khi nao 16i xay ra. Néu cau
trac thém vao ddy du dé dinh vi chinh xac vi tri cta cac 16i ndy, ma d6 1a mot ma sua 16i
(error correcting) va no co thé stra dung cac 16i tai hé thong thu ma khong yéu cau phai
tmyen lai. Su sira 16i d6 goi la sua 16i tlep chuyén (forward error correction). Stra 16i tiép
chuyén thuong yéu cau thém vao mot sb bit khi truyén tin hiéu di. Do d6 ta giri nhiéu bit
hon yéu cau.

Ta xem hai loai mé rong ctia ma diéu khién 15i 12 ma hoa khéi (block coding) va ma
hoa chdng (convolutional coding).

1. MA HOA KHOI TUYEN TINH (linear block coding):

Trong mi hod khéi tuyén tinh cac nhom cua ban tin c6 chiéu dai khong doi duoc
méhoa sang cac nhom bit ma hoa ¢ chiéu dai ¢ dinh. Nhom cac bit dé hinh thanh s6
ban tin mong mudén. Chang han nhu bang cach két hop cac nhom 3 bits, ta co thé hinh
thanh nén 8 ban tin c6 tir manhu sau: 000, 001, 010, 011, 100, 101, 110, 111. Mdi mot
trong 8 tir ban tin nay c6 thé dugc ma hoa sang mot trong 8 tir ma khac. Céc tir ma khong
can thiét phai co chiéu dai ban tin giéng nhu tr ban tin géc. That vay, dé diéu khién duoc
161, cac tir ma phai dai hon tir ban tin goi 13 phan du (redundancy).

Ta c6 thé kiém tra kha nang stra 16i cho céc 16i dugc phan bd ngiu nhién. Ta gia sir
rang céc bit thuc té dao nguoc trong khi truyén di, duoc phan bd mot cach ngiu nhién
trong subt ban tin. Day khong phai la truong hop cac 16i ngau nhién (burst error) ma &
day xéac sudt 13i bit cao xay ra trong s cac bit 1an can.
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2. KHOANG CACH GIUA CAC TU MA

Khoang cach giita hai tir nhi phan c¢6 chiéu dai bang nhau dugc dinh nghia nhu sb vi
tri bit khac nhau gitra hai tir nay. Vi du nhu khoang cach gitta 000 va 111 1a 3 trong khi
khoang cach giira 010 va 011 1a 1. Khoang cach giita bat ctr tir nao véi tir dugc hinh
thanh bang su thay d6i mot bit 1a 1.

Gia sir bay gio ta truyén mot trong 8 tir mi 3 bit. Va ta truyén trén mot kénh bi nhiéu
va c6 mot bit vi tri nhan sai vi mdi td hop 3 bit dugc dung cho mdt ban tin, nén thu dugc
chinh 1a mét trong cac tir md va mot 16i dugc tao ra. Chéng han nhu néu gia tri 101 duoc
truyén va c6 mot 101 x4y ra trong bit thir ba nén & hé théng thu dwoc s& 1a 100.

Bay gio gia st rang tir vung ciia cac tir mé 1a khoang cach giira bt cir hai tir ma nao it
nhat 13 hai. TAm tir mé sau ddy c6 tinh chit trén:

0000, 0011, 0101, 0110, 1001, 1010, 1100, 1111

Bay gid ta truyén mot trong 8 tir ma va mot bit 131 xay ra trong khi truyén. Vi khoang
cach gilta tor nhan dugc va tu truyén la 1, tor nhan dugc khong thé ghép bét ctr tir nao
trong tir vung. Vi du nhu gia tri 0101 duogc truyén va bit 16i xay ra ¢ bit thir 3, hé thong
thu nhan dwoc 0111. Pay khong phai 1a mot trong 8 tir trén. Khong thé stra 161 dugc néu
tr ma truyén la mét trong céc tri sau: 0011, 0101, 0110, 1111.

Béy gio ta s& v& cac tir ma trong mot khong gian n chiéu, 8 tir ma tré thanh cac goc
ctia hinh khdi don vi nhu trinh bay trong hinh 7.44.Bit dau tai mdi goc ctia hinh khéi, néu
mdt 16i bit duge tao ra, ta sé di chuyén mdt trong nhitng canh dén mot gbc ké bén voi
khoang cach 1a mot don vi. Vi thé khoang cach giira hai tir 1a sb canh nho nhét phai duoc
xoay quanh tryc dé di chuyén tir mot tir &én nhig tir khac.

010 110

011 111

000

00
001

101

Hinh 7.44 M3 ho4 3 bit trong khong gian 3 chiéu.

Trong vi du trén voi céc tir ma 4 bit ta can mot hinh v& vé6i 8 diém thé hién cac tir ma
4 chiéu. Pay 1a mot hinh khdi trong mot khong gian 4 chiéu. Ta tim it nhit hai canh
dugc xoay quanh mot truc tir mot tur dén nhitng tir khéc.

Trong truong hop tong quat néu khoang cach nho nhét giita hai tir ma 1a 2, cac tir ma
duogc chia it nhat 13 hai canh trong mot khong gian n chiéu. Ta s& minh hoa diéu nay
trong hinh 7.45. Trong hinh nay ta chi ra3 trong sb cac tir ma tir vi du trén. Khdi ciu n
chidu v6i ban kinh don vi bao gdm tat ca cac tir véi khoang cach bang 1 duoc tinh tir tam.
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Hinh 7.45 Khong gian 4 chiéu.

Gia sir bay gio khoang cach nho nhit gitta cac tir md duoc ting 1én bang 3. Ta thiy
réng néu mot 18i dugce tao ra, tir nhan duoc co khoang cach béng I tr mgt tr ma ding va
it nhat 2 don vi so v&i khoang cach tir mdi tir ma khéac. Ta s& giai ma vé6i tir gan nhét c6
thé chip nhan duoc. Vi thé mi niy c6 kha ning sira 161 mot bit 16i. Nhung khi truyén
chéc gi khong xay ra hai bit 16i. Di voi trudng hop ndy, tién trinh ma hoa cua ta s& dan
dén cau tra 101 khong dung. Tuy nhién x4c suit cua 2 bit 131, nhd hon xéac suét ciia mot bit
16i. Vi du néu ta truyén cac tir 5 bits va x4c sudt cua bit 16i 1a 10™, xac suit cua mot bit 13
duoc xac dinh nhu sau:

5x10%x (1-10H*=5x 10"

Va xé4c sut cua 2 bit 15i s& la:

10x (10%? x (1-10%*=10x 10®

Vi thé mét bit 15, nhiéu hon khoang 500 1an so véi 2 bit 18i. Vi thé chién thuat cua ta
c6 mot két qua trung binh giita viéc udc luong 500 1an 16i dugc sira ding va mot 1an udc
luong sira 16i khong dung.

Tong quat néu khoang céach nho nhat gitra cac tir ma 1a Dyin, ta co s6 cac 161 12 Dy —
1. Dé chuyen tUr tr ma duoc truyen sang tor ma co thé chap nhan khac it nhét 1a Dy, 161
duoc tao ra, ta c6 thé nhan ra néu c6 nhiéu hon sb 13i duoc tao ra.

Néu ta stra 13i bﬁng cach di chuyén dén tir gén nhét c6 thé chép nhan, ta sta (Dpin -
2)/2 18i cho Dy chin va (Dpin - 1)/2 16i cho Dy 1€.

3. CAC MA SO HOQC (algebraic codes)

Gia st rang tir ban tin cua ta bao gém k bits va ta thém phan du v6i m bits thém vao.
Luc d6 chiéu dai ciia mdi tir ma vao 1a n = k + mbits. Vi thé mdi tir thong tin k bits co
lién quan dén mot tir ma n bit. Néu tir théng tin xudt hién rd nhu mot phan cua tir ma, ta
qui wéc cho didu ndy nhu mot ma hé thong. Néu ta biéu thi cac bit thong tin nay 1a u; va
cac bit thém vao 1a ¢, tir ma c6 thé duoc viét nhu sau:

CiC2...ChuUp ... Uk

Ta da dit cac bit théng tin & phan két thuc cua tir mi. Piéu nay, khong can thiét va
ching c6 thé xudt hién bt cir & dau trong tir.

Mot ma toan hoc 1a mot ma ma céc tor ma va tur thong tin c6 lién hé¢ br:ing mot biéu
thirc ma tran.

V= u[G]
Trong d6 u =[1 x k] 1a vector thong tin.
v =[1 x n] 1a vector tir ma.
[G] = [k x n] 1& ma trdn phat.
Day 1a mdt ma tuyén tinh (n, k) trong d6 n 13 chiéu dai cua cac tir ma.

Vi du 7.10: Tir ma tuyén tinh A(4, 3) duoc phat boi ma tran:

1
[G]=|1
1

oS O =
S = O
- o O
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Hay tim céc tir ma lién quan véi mdi tir thong tin.

Giai:

M3 A(4, 3) co cac tir thong tin v6i chiu dai 3 bits va cac tir ma ¢ chiéu dai 4 bits.
Nhu vy ta c6 8 tir ma thong tin 3 bits. Ta nhan mdi tir ma cho ma tran phat dé tim cac tir
ma nhu sau:

Thong tin T ma
000 0000
001 1001
010 1010
011 0011
100 1100
101 0101
110 0110
111 1111

Trude khi qua vi du ndy ta c6 mot s6 cha y. Chi y dau tién 14 3 bit ma cudi cung ghép
v6i tir thong tin. Vi thé mi nay 1a ma hé théng. Piéu nay xay ra khi vé phai ctia ma tran
[G] 12 mot ma tran 3 chiéu. Ta ciing cha ¥ rdng cac bit du thém vao 1a mot parity bit dugc
chon dé cung cap cho parity chan. Cac bits thém vao trong ma sd hoc, luon luén 14 cac bit
kiém tra parity. Ma & day ta chon ky hiéu c¢; cho cac bits du nay.

Vidu 7.11: M3 tuyén tinh A(7, 4) duoc phat bai ma tran [G]:

i
1 101000
01 1 0100
[G]=

1 110010

1 01 0 0 01
Hay tim cac tir mi lién hé voi mdi tir thong tin va tim khoang cach nho nhat cho ma

nay.

Giai:

Véi ma A(7, 4) c6 4 bits thong tin 3 bits parity. Cac tir thong tin va tir ma li€n quan,
duoc cho nhu sau:

Thong tin Ma
0000 0000000
0001 1010001
0010 1110010
0011 0100011
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Thong tin Ma
0100 0110100
0101 1100101
0110 1000110
0111 0010111
1000 1101000
1001 0111001
1010 0011010
1011 1001011
1100 1011100
1101 0001101
1110 0101110
1111 1111111

Viéc kiém tra ctia ma tran [G] cho thdy rang:

Bit parity du tién cung cap parity chin khi két hop véi cac bit thong tin thir nhat thr 3
va thu tu.

Bit parity thit hai cung cap parity chin khi két hop voi cac bit thong tin thtr nhat th
hai va thur ba.

Bit parity thtr tr cung cip parity chin khi két hop véi cac bit thong tin thir hai thir ba
va thu tu.

Ta c6 thé kiém tra khoang cach gitta mdi cdp tir md (c6 120 cip dé kiém tra). Néu ta
lam nhu thé, ta tim khoang cach nho nhat ctia 3 bit parity. Ma nay c6 thé stra 16i mot bit
hodc 2 bits. Viéc kiém tra 3 bits parity cta tir nhan dugc cho phép ta xac dinh cac 16i
bang phép do dac tam giac (triangulation).

Kiém tra céac khoang cach trong vi du 7.11 la mot tién trinh xur 1y toan dién. Mot sb
phép toan tao ra tién trinh hau nhu don gian. Ta bat dau dinh nghia do 16n cua tir ma nhu
s0 s0 1 chira trong tur do. Néu ta thém hai tir (phép toan modulo -2), tong chira mot s 1
trong mdi vi tri bit véi hai tir khac nhau. Vi thé khoang cach giira hai tir 1a d6 16n cta
tong.

Ta c6 thé nhin thdy tir biéu thirc 7.23 ma tong cia cac tir md 1a mot tir ma c6 thé chap
nhan dugce. Néu ta cong hai tir théng tin voi nhau, két qua tir ma 13 téng cta hai tir ma
gdc. bay la mot thudc tinh co ban cua mé toan hoc. Xem lai vi du 7.11 téng ctia bat ky 2
trong s6 16 vector ma phai bang v61 mot trong cac vector ma khac. Vi thé mot trong cac
vector ma nonzero thé hién tong cua hai vector khac (vector zero 1a tong cua vector ma
v6i chinh né). Khoang cach nho nhét gitta cic tir ma chinh 14 d6 16n nho nhét cta céac tir
ma nonzero. Day 1a gia tri 3 cho vi du trudc ma ta chi can kiém tra d¢ 1n 14 15 thay vi
120 khoang cach.

M&i ma tran phat [k x n] c6 mot ma tran kiém tra parity [(n - k) x n]duoc dinh nghia l1a
[H]. Ta thiét 1ap ma tran nay bang lay hoan vi ctia phan khong xac dinh cta [G] va bién
ching thanh ma tran xéac dinh. Vi thé ma tran [H] tuong tmg véi ma tran [G] trong vi du
7.11 la:

1
[H]=]0
0

S = O

0
0
1

O = =
—_— == O

I 1
1 0
11
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Ma tran kiém tra parity c6 thudc tinh la:
WH] =0
Bét ¢l tir mi ndo dugc nhan v6i chuyén vi cua [H] trd thanh mot vector zero. Vi du
hay chon tr ma thar 3 trong vi du 7.11 1a 1001011. Ta tim duogc:

1 0 0]
010
00 1
lboo1 01111 0|=0 0 0
01 1
111
10 1

Béy gid gid sir rang ta truyén mé vecotor v va ¢6 mot 13 xdy ra trong vi tri bit th tu.
bay 1a bi¢u thirc duoc thém vao vector 101.
e=[0 001 0 0 0
Véi vector truyén v. Ta thu duoc vector » =v+e va nhan véi [H]". Két qua s& 1a:
(v+e)H] =v[H]" +eH]" =¢[H]"

Néu e chira gia tri 1, e [H]" két hop vé6i dong ctia [H]" twong tmg v6i vi tri 18i. Ching
han nhu néu ta thay doi bit thir tu trong vi du trén, ta s€ nhan du:orc 1000011. N6 duogc
nhan voi [H]" tao thanh [1 1 0]. Day chinh la dong thir tu cua [H]". Ta s& nhén ra su ghép
ndi ctia dong thir tu. Do do ta biét duoc noi 18i xdy ra va c6 thé stra chung. Két qua la
vector nhan dugc voi [H] 1a mot ddu hiéu.

Néu c6 nhiéu hon mét 101 xay ra, dau hiéu 1a tong cua cac dong c6 lién quan dén ma
tran. Néu tong nay la duy nhat (tirc 1a nd chi c6 thé c6 dugc bang cach cong mot tap hop
cac dong dac biét lai véi nhau), ma c¢6 kha nang dung nhiéu hon 1a 16i.

Cac ma Hamming la mot trong nhitng vi du quan trong cua cac ma toan hoc c6 kha
nang sua mot 16i. Cac ma Bose, Chaudhuri, Hocquenghem (BCH) 1a mdt trong nhiing vi
du quan trong ctia ma so hoc c6 thé stra dugc nhiéu hon mot 16i.

4. CAC MA CHU KY (cyclic codes)

Cong cu cua cac ma sb hoc doi hoi kha nang vé thuc hién nhan ma tran va so sanh két
qua véi nhiing s6 nhj phan bién ddi. Cac ma phé bién nhét, dugc hé théng lai nhu cac
mach tich hop.

Céac ma chu ky 1a mot trudng hop dic biét cua cac mi khéi ma né c6 thé hinh thanh
rit don gian. Chung c6 thé trinh bay nhu mdt bd ghi lai cac tir md ctia mi s hoc. Ta ¢o
cac ma chu ky nhu cac da thire. Vi du nhu mét tr 1101 tuong duong voi dda thirc 1 + X
+ X3. Mdi vi tri trong tir nhi phan co lién h¢ voi mot bién X. Va mi ndy tuong trung cho
da thirc phat va cac tir md bit ngudn tir viéc nhan da thirc v6i vector thong tin dé tao
thanh da thuc phat.
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5. MA PN (pseudonoise)

Mot 16p dac biét cua da thure phat hinh thanh mdt tap hop cac ma chu ky voi cac thude
tinh khoang cach mong muén. Nhimng diéu nay duoc hiéu nhu cac da thirc ti gian cuc
dai.

Két qua md hoa tir cac da thuc t6i gian dugc hiéu nhu ma PN hay pseudonoise.
Pseudonoise 14 mot diy sé nhi phan véi cac thudc tinh giéng nhu nhiu bach (white
noise). Ma duoc phat véi cac thanh ghi dich hdi tiép. Ta minh hoa diéu nay bang mot vi
du véi so dd khdi hinh 7.46. Ta cho gia tri ban dau vao bd phat bang hoi tiép trong diy
sO 3 bits. B phat bat dau hoat dong va phat mdi bit thanh cong bang cach cong vao hai
bit trudc d6 lai v6i nhau. Gia st rang ta thém vao bd phat 3 bit 010., ngd ra s& la:
010111001011100101110. ..

Initiating

out Ry e Ri e Ro sequence

Hinh 7.46 B phat ma PN.

Chu y rang diéu nay lap lai véi chu ky 7 bits. Néu ta 13y bt clr 7 bits lién tlep nao
trong diy sb nay, ta c6 mot tir ma mai. Vi thé neu ta thém vao diy sb gia tri 101, két qua
tir ma sir 1a 1011100. Va két qua nay trong giéng nhu tir 2 dén 8 bit trong diy sé nay. Ta
c6 thé nhén ra 7 tir ma nonzero nhu sau:

0111001

1110010

1100101

1001011

0010111

0101110

1011100

Nhitng tir ndy c6 thudc tinh khoang cach bang nhau. Khoang cach giita bat cir hai tir
luén luon 1a 4.

Céc day sd PN dai hon c6 cac thudc tinh giéng nhau. Néu ta xay dung mot bd phét véi
mdt té bao Iuu trir nhiéu hon trong thanh ghi dich va céc tiép diém hoi tiép phu hop, cac
day sd thém vao s€ co chiéu dai 4 bits va cac tir ma s& tang chiéu dai 1én 15 bits. Bat cr
hai trong s6 15 tir ma khac nhau s& c6 mdt khoang cach cach gitra ching 1a 8.

Tong quat cac ma PN véi cac diy s6 thém vao co chiéu dai n, s& c6 cac tir md voi
chidu dai 2" — 1 va khoang cach giita hai tir ma 1a 2™, Diéu nay cho ta mot k¥ thuat don
gian vé viéc phat cac diy sb dai v6i thudce tinh khoang cach phu hop. Khi dich bat cir tir
ma nao sé& cho két qua bang mot tir ma khac, khoang cach giita bat cir tir ndo va ban sao
ctia chinh n6 12 2™'. Biéu nay tao cho cic ma PN hitu dung trong cic tmg dung didu hoa
thoi gian. Vi du nhu khi mot tir ma 127 bit PN, duoc so sanh v6i chinh no, ¢6 127 d6i s6
bﬁng nhau. V&i mot su dich chi mét vi tri, s6 dbi sb giam xuéng con 63.
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6. MA HOA CHONG (Convolutional Coding)

Su cai tién trong thuc hién 16i cho ma hoa khdi 13 khi phan du dugc thém vao. D6 1a
cac bit parity dugc thém vao ban tin dé ting khoang cach giita cac tir ma. Bang cach d6
s& cung cip cho su phat hién 16i va hoc sira 16i. Dé gia ting kha nimg sira 151, phai gia
ting s6 phan du thém vao.

Su Iya chon cho mi hoa khéi 1a ma hoa chong. Trong loai ma nay ta khong xem céc
khéi bit doc 14p nhu céc tir mi nira. Thay vi mot dong thong tin cac bits lién tuc dugce
hoat dong trén hinh dang cta ban tin ma hoa. Ngudn nay phat mot chudi cua ban tin lién
tuc cac bit 1 va 0 va day sd truyen duoc phat tir day sd ngudn ndy. Diy sé dugc phat co
thé hodc khong thé dai hon day s6 cua ban tin. Ky thuat nay khong thém cac bit du. No6 s&
gilr lai kha nang stra 101 bang cau trac bo nh¢ trong hé thong

Ky thuét phat day sO truyén 1a lay chong day s6 nguon voi day s6 nhi phan ¢ dinh. Vi
thé mot bit truyen dac biét t, duoc phat tir su két hop cua céc bits, Sy, Sp-1, Sn-2.- - -» Sn-k tUY
theo biéu thirc chong.

= s.h,, (124)
k

Gia tri h trong biéu thuc 7.24, hodc 1a 1 hodc 1a 0 va thém vao mot mach cong
modulo-2. Biéu thirc ndy c6 thé dugc thiét 1ap lai voi mot thanh ghi dich va mot mach
cong modulo-2. Hinh 7.47 trinh bay cach thiét 1ap tong quat cta biéu thirc 7.24. Cac cong
tic trong hinh dong néu gia tri h trong biéu thirc 7.24 13 1 va mé néu gia tri h 14 0.

Trong tng dung ctia ma hoa chdng ta thudng truyén nhidu hon mét bit cho mdi ngd
vao 1 bit. Trong hinh 7.47 ta c¢6 thé dich & mét bit ngd vao dat cic cong tic tuong ting
Vi tap gia tri cia h va phat bit ngd ra dau tién. Trude khi cho vao mot

Shift register

output 3

Hinh 7.47 Phat ma PN.

bit ngd vao khac ta reset cac cong tic tuong g véi tap gia tri thir hai cta h va truyén
mat bit thir hai. Néu hai bit ngd vao dugc truyén cho mét bit ngd vao, ma dé duoc goi 1a
ma chong véi ti 1& % (rate ' convolutional code). Trong khi truyén ma chdng véi ti 18 ti
1¢ ¥, ta thuong chon mat bit trong mdi cip truyén duoc xac dinh dé chi ra day $6 thong
tin. Pay 1a mot ma hé thong.
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Vi du 7.12: Hinh 7.48 trinh bay mot by phat cho ma chong ti 1¢ %. Ta dua ra hai qui
udc cua viée v€ thanh ghi dich. Hinh 7.48 a va 7.48 b trinh bay hé théng gbng nhau. Diy
s6 ngd vao cing dugc chi ra, bit ngd vao dau tién cling dugc chi ra ¢ bén trai va bit ngd
vao cudi cing (gan nhat ) & bén phai. Hay tim diy sé ngd ra.

Giai:

Ta cho hé théng duoc thém vao véi mot chudi cac sd zero phu hop dén viéc nhan bit
dau tién ctia dy sd ngd vao va bit cudi ciing 1a mot chudi sé zero., ngd ra s& la:

111011010110110110000...

Ngb ra cta giai ma chong phu thudc vao bit ngd vao hién tai va cac bit ngd vao trudc
d6. Trong vi du 7.12 ta cn biét ngd vao hién tai va hai ngd vao trude d6 dé tim ngd ra.

Mot cach hiru dung dic biét cua viéc trinh bay ma chdng 1a mot so dd trang thai.
Trang thai ciia hé théng duoc dinh nghia bang hai ngd vao gan nhat.

Vi thé hé théng c6 thé 13 mot trong 4 trang thai tuy thudc vao hai ngd vao 1a 00, 01,
10, 11. Khi hé théng ¢ trong mot trang thai dic biét va nhan mdt bit ngd vao hai viéc nay
c6 thé xay ra tuy thudc vao bit ngd vao 1a 1 hodc 0. Khi ngd vao tiép theo dugc nhap vao
h¢ thong,, hé thong s& tao ra mot san pham & ngd ra va ciing di chuyén dén mot trang
thai moi.

Ta c6 thé xem lai hé théng phat ctia hinh 7.48 va phat trién tanh so d0 trang thai. Hai
ngd vao trude do tap trung vao cac bude 1 va 2 cua thanh ghi dich. Ngd vao tiép theo
dich moi thir sang bén trdi mét 6 va tao ra san phém 0 ngod ra. Trang thai méi dugce chi ra
bo1 cac ndi dung méi cua trang thai 1 va 2.

T + <
< ) (
Data in
o < he
o N\ -
t
5 Stage + Stage Stage ata i
) - : +\‘2 1 1101001
111011010110110 [ \ L

r'y
+

Hinh 7.48 Bo phat mi hoa chdong cho vi du 7.12.

Trong tinh trang nay ta phat trién so do trang thai ctia hinh 7.49. Trong trang thai a ca
bude 1 va 2 déu chia chira gid trj 0 trong khi ¢ trang thai d déu chira gia tri 1. Trang thai
b xdy ra khi budc 1 chira mot gia tri 1 va bude 2 chira gia tri 0 con budc ¢ ¢ vi tri cla
budc b. C6 hai dudng roi khoi mdi trang thai nd thé hién cac dudng xay ra boi hé thong
khi ngd vao hién tai hodc 1a 0 hoac la 1. Két qua ¢ ngd ra (la hai bit khi ti 1¢ 1a ') dugc
chi ra trong ngodc don trén mdi dudng truc tiép.
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Vi du 7.12 C6 thé giai bang bang cach kiém tra sir dung so d0 trang thai. Cho mdi ngd
vao duoc chi ra cac trang thai két qua 1101001 (gia st ta bat dau ¢ trang théi a) 1a:
bdcbcabcaaaaa...
Ngb ra duoc doc bang cach kiém tra tir so @ va hoan toan phu hop véi 1oi giai cua vi
du7.12.
Hinh 7.49 Luoc dd trang thai cua bo phat cho hinh 7.48.

1 (11) b L 10y

0 (00) 1 (00

Thach thire that sy cua méd hoa chdng 1a viéc giai ma o h¢ thong thu. Ta c6 thé thiét
lap trang thai yéu cau giai ma trong cac s6 hang cua so d6 trang thai ma két qua trong
mot tur ma gan nhat nhan dugc. S6 dudng din co thé gia ting véi sb bit nhan duge. Chang
han nhu véi hai bit nhin duoc s& c6 hai dudng din qua luoc dd (gia sir ta bit diu & trang
thai cudi cung). Vai 4 bit nhan dugce s€ co 22 hodc 4 duong. Vai 6 bit nhan dugce s€ co 23
hodc 8 duong. Diéu nay s& xuat hién & mot tién trinh két thuc cho chidu dai cac dong bit
va thuc sy né khong phai 1a thuat toan Vertibi. Thudt toan ndy rat ngan s6 dudng can
thiét duge dung cho sy giai ma. N¢ tao ra vi tri dé xay dung cac bd giai ma don gian.
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NHUNG CAP BIEN POI FOURIER

1. NHUNG TINH CHAT TONG QUAT:

s(f)= f:s(t)e‘””“dt

s(t)=[ S(f)e* " df

Function Fourier transform
s(t-to) e 1M g(f)
eeﬂZ;ﬁUts(t) S(f—fo)
ds 1
o S[s(i =)+ + 1))
J:_; s(r)dr 1245 (1)
s(h)
r(t)*s(t) i
r(t)s(t)
R(£)*S(f)
s(at) f
—3(—)
l S(L) a
a a
S(af)
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2.NHUNG CAP BIEN POI CHUYEN BIET:

Funtion

Fourier Tranform

e U (1)

te U (t)

[t <T

1
2 -
0 otherwise

t
1—U t|<T
T
0 otherwise

e_am

sgn(t)

5(t)
1

g 127t
cos2mfyt
sin27tfyt

U()

1

- ,a>0
a+ j2af
L aso0
(a+ j2f)?

2¢2
Zexp[” f J,a>0
a a
_
27 f 2
1o khiff|<@s
0 ,khilf|>8/
sin 24T
24T
sin® AT
Trf?

2a
a’+4r°f?
b
jf
1
s(f)
s(f-1,)

%[5(1‘ —f)+8(f +1,)]

[6(F +f)—o(f - f,)]

N |—

1
j2rf

%5(f)+
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MUC LUC

CHUONG L. TIN TUC VA HE THONG THONG TIN. L1
L LICH SU PHAT TRIEN CONG NGHE VIEN THONG DIEN TU. 1.2
IL. PHAN LOAI CAC NGUON TIN TUC VA CAC HE THONG THONG TIN. L3
1. SO NG XAC PINH VA SONG NGAU NHIEN. L4
IV. SO PO KHOI MOT HE VIEN THONG. L5
1. KHOI XU LY TIN HIEU: L5
2. KHOI SONG MANG: L5
3. CAC KENH TRUYEN: o 16
V. SU PHAN CHIA CAC VUNG TAN SO (FREQUENCY ALLOCATIONS). L6
VL SU TRUYEN SONG PIEN TU. 1.8
VII.  SU DO TIN TUC. L11
VIII. CAC HE THONG TIN LY TUONG. L13
IX. MA HOA (CODING). .13
CHUONG II. PHAN TiCH TIN HIEU. IL.1

L.

XEM LAI CHUOI FOURRIER.

1. MOT HAM BAT KY S(T) CO THE BPUGC VIET: ( DANG LUGNG GIAC). ‘
2. DUNG CONG THUC EULER, CO THE DUA DANG S(T) O TREN VE DANG GON HON ( DANG HAM

MU PHUC).

II. PHO VACH.

11 BIEN BOI FOURRIER:

IV. CAC HAM KY DI: ( SINGNLARITY FUNCTIONS ).

1. Vi DU 4. BIEN DOI FOURRIER CUA HAM CONG ( GATING FUNCTION ):
2. HAM XUNG LUC (IMPULSE ).
3. HAM NAC DON VI ( UNIT STEP FUNCTION ).

V.
VL
VIL
VIIL

PHEP CHONG (CONVOLUTION)

PHEP CHONG PO HINH ( GRAPHICAL CONVOLUTION ).
PINH LY PASEVAL

NHOUNG TINH CHAT CUA BIEN DOI FOURRIER

1. THUC / AO - CHAN / LE.

2. DOI THOI GIAN ( TIME SHIFT).

3. DOI TAN SO ( FREQUENCY SHIFT).
4. SU TUYEN TINH.

IX.
X.

DINH LY VE SU BIEN DIEU.
CAC HAM TUAN HOAN.

CHUONG IIL. CAC HE TUYEN TiNH.

L
II.
II1.
IVv.

VIIL
IX.

DAI CUONG:

HAM HE THONG:

HAM CHUYEN PHUC: (COMPLEX TRANSFER FUNTION)
CAC MACH LOC:

LOC HA THONG LY TUONG.

LOC DAY THONG LY TUONG:

SU MEO DANG:

CAC LOC THUC TE:

LOC HA THONG:

LOC DAY THONG.

CAC LOC TAC BONG.

TICH CUA THOI GIAN VA KHO BANG .
CONG SUAT VA NANG LUONG.

PHAN TiCH PHO:

CHUONG 1V BIEN PIEU BIEN PO.

L
II.

DAICUONG .
SU BIEN PIEU ( MODULATION).

1.2
1.2

1.2
1.4
IL5
1.7
1.7
1.9
II.13
I1.14
I1.18
I1.23
11.24
I1.24
11.24
I1.25
11.26
11.27
11.29

1.1
1.2
1.3
I11.4
111.4
II1.5
1.6
1.8
MI.11
MI.11
I1.16
II.18
11.20
11.23
I11.23

V.1
v2
Iv.3
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1. BIEN DPIEU BIEN PO SONG MANG BI NEN 2 BANG CANH: (DSB SCAM) ( DOUBLE - SIDE

BAND SUPPRESSED CARRIED AMPLITUDE MODULATION ). V.3
Iv. BIEN PIEU BIEN PO SONG MANG DUQC TRUYEN 2 BANG CANH V.7
V. HIEU SUAT V.10
VL CAC KHOI BIEN DPIEU: V.11
1. BIEN PIEU CONG: V.12
2. BIEN PIEU THEO LUAT BINH PHUONG. V.14
VII.  CAC KHOI HOAN BIEU ( DEMODULATORS) IV.19
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