Chuwong 4: Ma hoa
nguon
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4.1. Co ban vé ma hoa

* Tai mOt th&i diém, ngudn tao ra mot ky hiéu tlr bang ky hiéu cua
nguon
* Thong thwdng, bang chi¥ 1a hiru han
e S={s1, s2, ..., sq} O dayqla ||S|| hodc so ky hiéu clia ngudbn S
* M3 hoa: S dung mot tap hilru han cac ky hi€u ma dé biéu dién cac
ky hi€u cua ngudn
e C6 thé biéu dién tap ky hiéu m3 bdi tap X = {x1, x2,...,xr}. Vi du v&i m3 BCD, X
=(0,1), r=2
e rla ||X|| hay sb ky hi@u m3 khac nhau
« dwocgoila co sO clia m3
* r=2:ma nhiphan
e r# 2: martri
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4.1. Co ban vé ma hoa

* Thong thwong s6 ky hi@u ngudn clia tap ngudn I&n hon s ky hiéu m3 cla

tap ma q>>r
« Can phai tao to hop,cac ky hiéu ma dé biéu dién mot ky hi€u clia ngudn hay m3
hoa mot tin cla nguon
e St dung luat tao td ho'p hay con goi luat tao tlr ma (luat tao to)
« T6 hop cé thé 1atd hop thoa man luat nay. Chi t6 hop c6 thé m&i dwoc dung dé m3 hda
* Viduv@imdBCD, luat tao to hop M0| to hop la mot chudi dai 4 ky hiéu nhi phan

« Mbitd hgp co thé dwoc dung dé biéu dién (ma héa) mot ky hieu ngudn
. M0| to hop c6 thé s& dwoc gdn cho mot tin va td hop cd thé cé chir tin nay sé dwoc goi 13

tu’ m3a (m3, tu’)
« T hop co thé khéng dwoc dung dé biéu dién mot tin nao dwoc goi 1a td hop thira hay td

ho'p cam
e Vidu, m3 BCD m3 s6 0 bang td ho'p 0000, sb 1 bang 0001.., s6 9 bang 1001 va ¢ 6 td hop

thra 1010,.., 1111
« M3 khong cé td ho'p thira dwoc goi ma day
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4.1. Co ban vé ma hoa

Luat ma hoa la luat gan 1 tin vao 1 t6 hop c6 thé dé tao ra tr ma hay luat anh xa 1 tin vao 1
tlr ma si — C(si)
~ C(si) la ttr ma cla tin si Hay C(si) la t& hop co6 thé chira tin si.
~ C(si) = xil..xil. & day, | 1a s6 ky hiéu ma c6 trong tor ma
Luat ma héa thweng dwoe biéu dién bdi bang ma 1a bang mo ta quan hé si — C(si)
Do dai tir ma 1a sd ky hiéu ma co trong tr ma va dwoc ky hiéu 1a |
~ Néu d6 dai tr ma la gibng nhau (cting mét 1) véi moi tir ma thi ma dwoc goi 1a ma déu hay ma cé
db dai ¢o dinh
~ Néu méi tr ma c6 dd dai khac nhau thi ma dwoc goi la ma cé do dai thay déi hay khdng déu
_ Viduy, BCD d6 dai cac tlr ma déu la 4 nén né la ma déu

B& ma hay ma hiéu Ia tAp cac tlr ma cla tat ca cac tin cda ngudn
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4.1. Co ban vé ma hoéa (Cont.)

* Qua trinh ma hoa:
. Lan lwot thay mbi ky hi€u ngudn cla ban tin bang mot tir m3
» Sau qua trinh md héa ban tin dwoc chuyen thanh chudi cac ky hiéu m3,
thwd'ng dwoc goi la ban ma
. Vi du, st dung m3 BCD, ban tin 23 dwoc chuyén thanh 00100011
* Qua trinh giai ma:
e Tach chuoOi ma nhan dwgc thanh cac t ma - qua trinh tach tr ma hay
phan tach ma
. Chuyen m0| tl ma thanh moét ky hiéu ngudn - qua trinh gidi m3
« Vi du: chudi ky hiéu m3 nhan dwoc 00100011
* Phan tach ma thanh 0010 -0011
* Giai ma thanh 2-3
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4.1. Co ban vé ma (Cont.)

e Cac loai ma:
e Ma duy nhat (Singular code): MGi t* ma la duy nhat cho mot tin hay moi tw
ma chi xuat hién duy nhat mot lan trong bang m3
e Vidu: 0001 d3 la t m3 cla sO “1” thi 0001 khéng dwo'c dung lam t m3 cho ky hiéu
ngudn khac
* Thong thwdng cdc m3 trong cac hé thdng truyén thdéng 13 duy nhat. (trty trong ngdn ngily
tw nhién cé tbn tai cac twr da ngia) ]
* M3 giai ma dwo'c hay giai ma duy nhat :
e La m3 duy nhat
« Két qua gidi m3 trd lai chinh ban tin dworc truyén

o T chudi ky hi€u m3 nhan dworc chi tdn tai duy nhat mot céch tich né thanh chudi
cac ttr ma - phan tach dworc

. M3 gidi m3 dwoc: khong ton tai chudi ky hi€u m3 clia chudi cac tr ma khac nhau
lai trung nhau va mOi t ma chi twwo'ng wng duy nhat v&'i mot tin
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4.1. Co ban vé ma(Cont.)

* Cacloai ma:
* Viduy vé ma giai ma dworc:

* Gia sty c6 nguodn, S = {s1,s2,s3,s4}, va tap ky hiéu m3, X={0,1}.

Sau day la 3 ma.

Source | Code A | Code B | Code C
S1 0 0 00
S9 11 11 01
53 00 00 10
S4 11 010 11

M3 A:vi pham tinh duy nhat: “11” tlr m3 “11” biéu dién ca 2 tin s2 va s4

M3 B: Vi pham tinh phan tach dwgc: Ban tin “s1s3” dwg'c ma hda boi “000”. Tuy
nhjén “000” c6 thé han tach thanh : “0-0-0”, “0-00”, “00-0”. Ban tin sau gidi m3a cd

thé la: “s1-s1-s1”, ”sl s3” and “s3- s1”

M3 C: Giai ma dwoc

CuuDuol

ngThanCong.com
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4.1. Co ban vé ma

« Cac loai ma:
- Ma giai ma twc thi:

La ma giai ma duwgc

Sau khi nhan dwoc ky hiéu cudi cung cla tr ma, tir ma sé dwoc tach ra va viéc tach
tlr m& nay la cach tach duy nhat.

Ma& gidi ma tlrc thi cho phép tach tir m& nhanh nhat nén ludn dwoc dung trong truyén
thong

Pé co thé gidi ma tire thi, ma phai co6 tinh prefix (tinh phan dau, tinh tién td)

— Tinh prefix thé hién & ché |4 khéng c6 tlr ma nao tring véi prefix cia tir ma khac trong bd ma.
Preffix cda tir ma 1a chudi ky hiéu ma tinh t& ky hiéu dau (ky hiéu xuat hién sém nhat) cta tr ma
Vi du: tr m& 10110 co céac preffic 1, 10, 101, 1011, 10110
Vi du: bd ma c6 tinh preffix cho ngudn {s1, s2, s3, s4} 1a {0, 10, 110, 1110}
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4.1. Co ban vé ma (Cont.)

~

e Cac loai ma:

All Codes
Uniquely Decodable x/ \/
Codes / —
Instantaneous | Prefix) —
Codes
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4.1. Co ban vé ma (Cont.)

e Xay dwrng ma co tinh prefix:
« Nguodn cé q ky hiéu : can c6 gt m3 cd do dai {11,12,...,19}.
e Thiét k& m3 : DO dai ttr m3 sé& dwo'c chon ting dan
« T m3 s& 13 chubi ky hi@u cé dd dai d3 chon va cac tir ma d3 dwoc chon
khong la prefix cia tir ma dang chon
* Thirc hién theo céch trén cho dén khi tim d0 cac tr m3 cho cac tin cla
nguon.


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

4.1. Co ban vé ma (Cont.)

e Xay dwng ma prefix:

Vi du 1. Can xay dwng bd m3 nhi phan prefix c6 cac tir m3 cé do dai 3,2,3,2,2

PO dai dwoc sap xép lai theo thir tw ting dan 2, 2, 2, 3, 3.
« Cho 3 tlr m3 dau cé do dai 2:

00

01

10
e Cho hai ttr m3 c6 d6 dai 3, phan dau clia n6 s& 1a 11, va sé 13 110 va 111.
« BO m3 day du sé la:

00

01

10

110

111
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4.1. Co ban vé ma (Cont.)

* Xay dwng ma prefix:
* Vidu 2. Can xay dwng b ma tam phan prefix cé cac d6 dai 2,3,1,1,2
« Sap xép lai do dai tang danla1,1,2,2,3
e Haittr m3 dau do dai 1 13

0
1

e Hai tlr m3 ti€p sau c6 d6 dai 2 s& c6 phan dau la 2 va sé la:
20
21 »
T ma ti€p cd dO dai 3 s€ cé phan dau la 22 va tr ma la 220. Vay bO ma la
0
1
20
21
220
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4.1. Co ban vé ma (Cont.)

* Giai ma prefix:
e Bat dau tw ky hiéu ma dau tién nhan dworc:
e Tim tW m3
. Néu 13 ky hiéu cudi clia t& m3 thi tach t& m3 ra roi ti€p tuc nhan thém ky hiéu m3 va lai quay
vé tim tlr ma

« Néu khong phai ky hiéu cudi clia ttr m3 thi nhan tiép ky hi€u m3 va quay vé tim t m3

* Thuat toan giai ma prefix dung cho ma c6 tinh prefix la ma thwong dung

trong truyén thong.
* St dung bang ma dé chuyén tlr ma tach ra dwoc vé tin cla ngudn
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4.1. Co ban vé ma (Cont.)

* Giai ma prefix:

CuuDuongThanCong.com

Source

Code

]

]

10

110

111
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4.1. Co ban vé ma (Cont.)

* S nhay v@i 16i ky hiéu clia gidi m3 prefix:

Kénh ludn cé nhiéu: ky hiéu dworc truyen s€ co thé bi sai (10i ky hiéu)

Trong trvo’pg ho'p ma c6 do dai co dinh: dé tach tr m3, chi can dwa vao d0 dai ti
ma (dém sO ky hi€u ma nhap dwoc, néu bang do dai tlr m3 thi tach tr m3 ra). Cac
tr m3 dwoc tach ra khéng [6i

Trwong ho'p ma co d0 dai thay dO| Neu ky hi@u ma thay d0| t ma co thé chuyen
thanh prefix cla tlr m3 khdac va sé say ra 10i tach t& m3 dan dén sai glal ma
M3 c¢ tinh prefix c6 d0 dai thay doi ‘khéng dwoc dung cho kénh truyén cé 16

. Dé gidi quyet tinh trang trén, mot sb ky hiéu dac biét dwoc thém vao cudi moi t& m3:
* Chui ky hiéu dac biét nay khéng dworc quyen la chuOi ky hi€u m3 bat ky trong tlr m3
* Chubi ky hiéu dac biét nay kho bj 16i chuyen thanh chudi ky hiéu m3 trong t m3
« Chubi ky hi€u ma nay sé dwoc goi la d4au phan tach

M3 cé dAu phan tach Jo cubi moi twr ma dwoc goila ma co dAu phan tach. Viéc tach tlr m3 sé thuc
hién thong qua tim dau phan tach cla ttr ma.
Chuy:

* Kénh kh6ng~nhi§u dung ma cé tinh prefix
* Kénh co nhiéu, dung ma déu hoac ma co dau phan ta
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4.1. Co ban vé ma (Cont.)

* B4t dang thirc Kraft:
* Cung cap gi®i han vé do dai ttr m3 khi thiét ké m3 cé tinh prefix cling nhuw
kiém tra bd m3 c6 thdoa man tinh prefix khéng.
* Piéu kién can va dd cho bd ma co co sOr va co gty ma daill,l2...,lq1a m3
giai m3 tlrc thi la thda man bat dang thirc Kraft:
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4.1. Co ban vé ma (Cont.)

* B4t dang thirc Kraft:

* Vidu: Gia st c6 cac bd ma nhi phan (r = 2):

Source | Code A | Code B | Code C
S1 0 0 0
$9 100 100 10
S3 110 110 110
S4 111 11 11

« M3 nao thda min bat dang thlrc Kraft?
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4.1. Co ban vé ma (Cont.)

* B4t dang thirc Kraft:

* Vi dU: Source | Code A | Code B | Code C
$1 0 0 0
S9 100 100 10
S3 110 110 110
S4 111 11 11
4 -
. Y ohi=2t 42t 2 42 = - <1
* M3 A thoa man vi: i=1 ;
e M3 B thda man nhwng khong prefix 4
s . . s oali=ol 42 42 422 =1 <1
e tW ma cua s4 la prefix cua s3

i=1
e CAthé stra ttr ma cla s4, vidu: 0, 110, 111, 10
M3 C khéng thda man vi ., 9
Yooli=2t42 242742 f=o>1
i=1
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4.1. Co ban vé ma(Cont.)

Root Node

e Cay ma:

* DO thi hinh cay biéu dién bd m3 £y
« Bat dau tir nut gbc (Cling dwoc goi nut mic 0)
« M®i nut tda ra nhiéu nhat r nhanh (r 1a co’ sd clia m3)
» M0i nhanh két thic @ mot nut 13 o e S

« MOi tlr m3 dwoc biéu dién bang 1 dwdng tir nat gdc
« Mbi nhanh bjéu dién 1 ky hiéu ma. Ky hiéu dau cla tlr m3 (rng v&i nhanh tda ra t nat gbc.

Cac nhanh tiép theo cla du’(‘)’ng twong trng v&i cac ky hi€u ma tiép theo clia ttr m3

* Nut ket thuc cla nhanh bleu dién ky hiéu m3 cudi cung cla tlr ma I3 nut ket thuc chia tir m3
(nat cudi). C thé coi nat cudi nay dai dién cho tlr m3 (m3 hoa 1 tin cla ngudn)

« Hé qua:
e M3 cd tinh prefix: NGt cudi la nat 13
« M3 c6 dd dai cb dinh: Cac nut cudi la nit 14 va & cung mirc
« M3 day cd tinh prefix: M&i nut tda ra dU r nhanh

Internal

Internal Node

Node
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4.2. D6 dai trung binh cua t* ma va ma co
do dai trung binh ngan nhat (compact code)

. Goi{pi:i=1,..,g} 1a xac suat xuat hién cta cac ky hiéu cia ngudn co g ky hiéu.
. Goi{li:i=1,..,q} 1a dé dai cac tr ma ma hoda céac tin ciia nguén
« DO dai trung binh cua tr ma, L, dwoce tinh theo céng thirc:

q
L=>Y Pi,
1=1

. Vi tir m& dai li m& hoa tin si c6 xac suat pi clia nguon nén do dai li co xac suat xuat
hién clng la pi
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4.2. PO dai trung binh cua tir ma va ma coé

dd dai trung binh ngan nhat

M3 c6 dd dai ngan nhat la ma gidi ma dwoc va cd do dai trung binh khéng dai hon
do dai trung binh cua cac ma giai ma dwoc khac cho cung 1 ngudn

Vi du:

Source

T,

Code A

Code B

S

0.5

00

1

59

0.1

01

000

53

0.2

10

001

59

0.2

11

01

Ma A coO do dai trung binh bang 2 kh (ky hiéu ma)/ tin

Ma B c6 dé dai trung binh:

Ma B c6 dd dai trung binh ngan hon

0.5x1 + 0.1x3 + 0.2x3 + 0.2x2 = 1.8 kh/tin
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4.3. Gi&i han dudi cua dé dai trung binh tir ma

Ma& gidi ma tlrc thi r tri cta ngudn S ={s1,..,sq}, c6 dd dai trung binh cua te ma L. DO dai trung binh cua
tr ma bé nhéat bang Entropy clia nguén Hr(S) (Hr(S) |a Entropy ctia nguén v&i co sb cua ham logarithm
la r). L>= Hr(S)> Hr(s) 1a Entropy ctia nguén c6 co sb clia ham logarithm tinh theo co' sé marr.

. Khi ma héa, lwong tin cla tin si cé xac suat p(si) 1a - logr(p(si)) phai dwoc chuyén sang li ky hiéu
ma ma hoa tin si.

. Dé s0 ky hiéu ma li 1 t6i thiéu thi lwgng tin c6 thé chira trong méi ky hiéu ma phai dat cuc dai
(hgudn céac ky hiéu ma phal dang xac xuat) va bang logr(r) = 1 don vi thdng tin tinh theo co sb cla
ham logarithm bang co’ s6 ma r.

. D& ma héa khdng mat mat théng tin li >= -logr(p(si)) — lay trung binh hai vé sé c6 L>= Hr(S)

Hiéu suéat cia ma dwoc dinh nghia: H,(S)
y =

x 100%

Ma& c6 L = Hr(S) hay hiéu suat ma dat 100% dwoc goi 1a ma tdi wu
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4.3. Gi¢i han dwdi cua d6 dai trung binh
tr ma (Cont.)

s e .. Source A | F;
* Code efficiency: —0’125
) 51 N N
* Special source: S5 025
* Example: 4-symbol source ‘,: 0.5
* Symbol probabilities are of the form Piz{%)li Sy 0.125

. E1:3_. Ig=2,53=land f4=3
* A 100% efficient compact binary code can be designed because L = H(S) = 1.75
* A code can be

Source A | Code A

S1 110
59 10
53 0

54 111
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4.4. Dinh ly ma héa cho kénh khéng nhiéu cta Shannon
(dinh ly ma hoa ngudn)

Kénh khdng nhiéu co thé coi 1a kénh cé tdoc dd truyen (s6 don vi thong tin truyen
khong bi sai/ don vi thoi gian) chi phy thuc vao toc do lap tin cua nguon dat vao
dau vao cla no. Tdc do truyén lon nhat cua kénh hay thong lwgng cua kénh khong
nhiéu sé bang tdc dé I1ap tin I&n nhat cla ngudn dat vao dau vao kénh.

Khi st dung ma hoa mdi tin cla nguén ban dau chuyén thanh mot tr ma co do dai
trung binh L >= Hr(S) theo gi¢i han dwdi cua do dai trung binh cua tlr ma. Shannon
dwa ra dinh ly ma hoa cho kénh khéng nhiéu véi ndi dung: Hr(S) <= L <= Hr(S) +1.

Dinh ly nay con dwoc goi la gi¢i han vé dd dai trung binh cla ttr méa cla ma toi wu.

D0 dai trung binh cua tir ma sé la toi thiéu va ma l1a ma toi wu chi véi mot sé nguon
dac biét ddm bao L = Hr(S), vi du ngudn c6 phan bd xac suat sao cho do dai ttr ma
dung bang lwong tin chira trong tin, li = - logr(p(si)).
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4.4. Pinh ly ma hoa cho kénh khéng nhiéu
cua Shannon

. Néu nguon khéng phai ngudn dac biét néu trén, theo Shannon ¢o thé dat dwoc hiéu
suat ma 100% hay tao dwgc ma toi wu bang cach m& rébng nguon.

~ Mé réng nguon n lan:
. Nguén mé réng n lan cta ngudn S, Sn, c6 méi tin 1& mot chudi ¢6 n tin ciia nguén S.
. Entropy ctia nguén mé rdng, Hr(Sn) = nHr(S)
. D6 dai trung binh cla tir ma ma hda méi tin ctia nguén mé rong Ln = nL

~ Khi mé rdng nguodn n lan: D& cdé ma co dd dai trung binh ngan nhat, mong mudn
e Hr(S)<=Ln<=Hr(Sn) +1 => nHr(S)<=nL<=nHr(S) +1
e Hr(S)<=L<=Hr(S) + 1/n.

~ Khi n tién t&i vd cung thi ma cho nguén mé rong sé |a ma ti wu hay hiéu suat ma dat 100%
~ Hr(S) + 1 chinh la gi&i han trén ctia do dai trung binh clan)) ttr ma cla nguén S .
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4.4. Binh ly ma hoa cho kénh khong
nhiéu cua Shannon (Cont.)

‘e Example:
* binary coding scheme for a binary source

Source | F; | Compact
Code
S1 0810
S9 0211

* H(S)=-0.810g,0.8—-0.2 log,0.2 = 0.772 bits/symbol
* L=1bit/ symbol
* Efficiency=77.2%
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4.4. Dinh ly ma hoa cho kénh khong

nhiéu cdia Shannon (Cont.)

*e Example:

* binary coding scheme for a binary source
* H(S)=-0.81l0og,0.8—-0.2 log,0.2 =0.772 bits/symbol
* L=1bit/ symbol
 Efficiency=77.2%
* second extension:
* Each symbol of second extension source is sisj (si, sj € S)
 L,=(0.64)1+(0.16)2 + (0.16)3 + (0.04)3 =1.56
* L,/n=L,/2=0.78

Source | F; | Compact
Code
S1 0810
S9 0211
Source | % | Compact
Code
5151 06410
5159 0.16 10
sas; | 0.16 | 110
sxso | 0.04 | 111

* H(S)=-0.64 log,0.64 - 0.16 log,0.16 - 0.16 log,0.16 - 0.04 log,0.04 = 0.722

 Efficiency=0.722/0.78 = 92.6%
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4.5. M3 toi wu va thong lwong cla kénh

. Ma nguon sé dwoc dung cho kénh khdng nhiéu.

~ Théng lwong bang lwong tin twong hd cwe dai. Voi kénh khong nhiéu, lrong tin
twong hé cuc dai bang Entropy cwe dai ciia nguén dwoc dat vao dau vao kénh.

- Ma nguon chuyén ngudn S thanh ma X c6 dd dai trung binh cac tr ma 13 L toi
thiéu va lwong tin chira trong moi ky hieu ma dat cwe dai hay H(X) dat circ dai,
Thong lvgng cua kénh truyén méa C = H(X) = 1 don vj thong tin tinh theo co sO
ham logarthm 1a co s ma'r va kénh lwong cta kénh truyén cac tin cia nguén
ban dau bang L (coi nhip tao tin Ia don vi)

- Ma hoa nguon cho dé dai trung binh cla ttr ma 13 tdi thiéu nén sb ky hiéu ma st
dung dé& ma hoa hay biéu dién mét ban tin sé 1a téi thiéu.— Ma hoéa ngudn con

duoc goi la nen di lieu, nén sb lwong phan t& dir liéu dé biéu dién thong tin cla
mot ban tin.
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4.6. Ma hoa ngudn vé&i ma cé dd dai thay doi

M3 hoa nguén'

- St dung s0 ky hiéu m3 t6i thiéu dé biéu dién moi
trung binh t& ma héa man Hr(S) <= L <= Hr(S) +

- Ma phai la méa cé tinh prefix

- D0 dai tlr ma ty & nghich vai xac suat xuat hién cua tin dwoc ma héa (Tw
ma Ia vat chira théng tin cla tin o lwong tin -log(p(xi)))

Ba diéu kién trén chinh la 3 yéu cau dat ra cho mdi thuat toan tim bd
ma ngudn cho mét ngudn S = {si: i=1,..,q} cé phan bd xac suat P(S)

= {p(sI)}.

M6t ma ngudn rat phod bién co dd dai tir ma thay dbi 1a ma Huffman

tin ca ngudn dé do dai
1
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4.6.1 Ma Huffman

e Ma Huffman:

 Pé xuat b&i Huffman

* Gan cho mdi tin mOt t& ma cé dd dai ty 1& nghich v&i xac suat xuat hién cla
tin

M3 tao ra la m3 thda min gi®i han vé dé dai trung binh va cé tinh prefix

* Thuat todn tim bG ma: Lién tiép thwe hién rdt gon ngudn tir g ky hiéu ngudn
vé con r ky hiéu
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4.6.1. Ma Huffman

. Thuat toan rut gon nguon:
. Gia slr nguon S co q tin, (si: i=1,..,q) ¢ xac suat xuat hién mai tin
(p(si): I=1,..,9)
. Xép cac tin theo thi tw xac suat cac tin gidm dan va gia st sau sap xép
O p(s1)>=p(s2)>=..>=p(sq)

. Thay rtin cudi trong day cac tin dwoc sap xep bang 1 tin m&i s’ co xac
suaf xuat hién Ia tbng cac tin dwo'c nhdm vao

. Nguén nhan dwoc sau rat gon dwoc ky hiéu S1.

. Tiép tuc rat gon nguoén thanh S2, S3,. bang thuat toan sap xép va nhom
twong tw cho dén khi nguén méi chi con r tin
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4.6.1. Ma Huffman

« Thuat toan rut gon nguon chi co thé rut gon m&t ngudn vé nguon mo
co chinh xac r tin, néu nguon ban dau co s6 tin g =r + a(r-1) tin. O
day a 1a so nguyén khdng am.

~ V@&ir =2, manhi phan, diéu kién trén dung v&i moiq >=0

- Voir>2, néu a = (- r)/(r 1) khong nguyen (khdng théa man dleu Kién trén)

thi can phal thém mot so tin ‘40’ cé xac suat bang 0 vao nguodn trwoc khi
rat gon nguon.

~ S6 tin can thém vao phal dam bao s tin clia nguodn dwoc bd sung cac tin

naylaqg =r+a(r-1),a'la s6 nguyén. Vay a’ phai Ia s6 nguy@n bé nhat
nhd hon hodc bang a. (S6 tin dwoc thém vao 1a q’ - q).
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4.6.1 Ma Huffman

* Xac dinh ttr ma Huffman cho maéi tin clla ngudn:
* Tai mdi bwdec rut gon ngudn, moi tin trong r tin cudi (dwgc thay bang mot tin
MmO s’) s€ dwoc gan tuy y vao 1 ky hi€u ma (ma co’ sO r s€ c6 r ky hi€u ma).
* Tr md cUa m®i tin clia ngudn sé 1a chudi cac ky hiéu m3 gan cho chinh tin nay
cUa nguon va cac tin ma&i (s’) chlra nd. Thi tw cac ky hi€u ma trong tlir ma
ngwro'c vO'i thir tw thay thé tao tin moi.

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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4.6.1. Ma Huffman (Cont.)

* Vidu:
« Nguon co:

P(s;) =02 P(sy) =04 Pls3) =01 P(sg) =01 P(s5) =02

 Ap dung thuét todn tim m3a Huffman:

l.()T krl !/ ‘\\

s2104 1 04 1 04 1 =06 0 ‘e .

S1010.2 o1 =0.4| 00 04 1

S50 0.2 000 ) 2| 000 201 II/,. --'f\\.,l ) .
l 0.1 !' i 0.1 ,r:

S [0.1) 0010 0.2| 001 o o

53 S4
sS4 10.1] 0011
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4.6.1. Ma Huffman (Cont.)

‘e Example:
 Source has g=11:
P(s1) = 0.16 P(s2) = 0.14 P(s3) =0.13 P(s4) = 0.12 P(s5) = 0.10

P(sg) = 0.10 P(s:) = P(ss) = 0.06 P(sg) = 0.05 P(s19) = P(s11) = 0.04

* Apply Huffman algorithm with r=4:
o =E =2.33 (not integer value) 9[”1 =3

« Getnewq =13 accordingto . ¢ =7+ [a] (r—1)
* Add new dummy 512,513 with P(s12) = P(s13) =0

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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4.6.1. Ma Huffman (Cont.)

* Example:
* Original Source :

P(s1) = 0.16 P(s2) = 0.14 P(s3) = 0.13 P(s4) = 0.12 P(s5) = 0.10

P(sg) = 0.10 P(s7) = P(sz) = 0.06 P(sg) = 0.05 P(s10) = P(s11) = 0.04

LST LST | ‘5\’2 LSTI‘;
0.16 2 0.16 2 =025 1 =045 0
0.14 3 0143 | 0162 | 0251
01300 013 00| 0143 | 0162
0.12 01 012 01| 0.13]oo| 0.14 3 AN NI N A
Y0131 0 0121 | 0101 | 0.10 I 0.08) ! 0061 ! 0061 005
0.10 02 010 02| 0.12]01 NN TN NN
0.10 03 0.10 03| 0.10|02 /A
0.06 11 =008|10| 0.10|03
0.06 12 | 0.06]11 N R
| {0041 | 0041 ‘000 000:
0.05 13 | 00612 N e T T
0.04]100| 0.05 13
0.04 | 101
0.00 | 102
0.00 | 103
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4.6.2. Ma so hoc - Thuat toan ma hoa

. Ban tin rong sé duoc coi twong ng Vo' mot diém bat ky trong doan
[0,1). Biém dau 1(0) = 0, diém cudi U(0) =

. V@i ban tin dai n, thuat toan ma hoa ban tin sé lan lwot tim diém dau,
diém cudi cho ban tin dai n = 1, 2,..1& 1(n), U(n). Cong thtrc tinh 1an
lwot cdc diém nay nhuw sau:

o I(n)=1I(n-1) + {U(n-1) — I(n-1)} F(sn-1)
o U(n)=1(n-1) + {U(n-1) — I(n-1)} F(sn)

. Vé&ianhxa S ={si:i=1,..,q} ={1,..,g}. Tin sn la tin nam & cudi ban tin. F(sn-1) la ham
phan bd xac suat cua tin & trwac tin sn trong tap tin cua nguon.

o Chtng minh dwgc I(n) >= I(n-1) va U(n) <= U(n-1). Doan cua ban tin dai hon nam
trong doan cla ban tin ngan hon
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4.6.2. Ma so hoc - Thuat toan ma hoa

. Sau khi xac dinh diém dau diém cudi ctia doan chira ban tin, diém biéu
dién ban tin dwoc chon la diém co gia tri la phan sO nhi phan bé nhat trong
doan d6. Phan phan s6 nhi phan cda diém nay sé dwoc lay lam ma ma
hoa ban tin.

. Diém biéu dién ban tin nam trong cac doan biéu dién cac ban tin rut
goncon 1,2, 3, .., ntinh tr dau ban tin.

. V@i ma sb hoc r tri thi chon diém biéu dién tr ma |1a diém co gia tri bang
phansor phan ngan nhat trong doan va phan phan sb nay 1a ma cda ban
tin.

. Ma sb hoc cho dd dai trung binh cda t* ma Hr(S) <= L <= Hr(S) + 2/n. N
dé dai ban tin.
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4.6.2.M3a sb hoc - thuat toan ma hoa

. Vidu: Nguon S = {a,b,c} c6 P(S) ={0.7, 0.1, 0.2} va ban
tin m = acb L
. Ham phan bd xac suat F(si): 83 i:::::;;m:::::
e SI=zTa->x=1 |

e SI=h->x=2

e SI=C >X=3 | ‘ ‘ ‘
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4.6.2.M3a sb hoc - thuat toan ma hoa

Khi chwa ma hoéa (ban tin rdng) ban tin sé la diém bat ky trong doan [0,1) hay 1(0) =0 va U(0) =1
V&i ky hiéu dau, ban tin 1a a:
(1) = 1(0) + [U(0) - I(0)]F(si = rbng) = 0 + (1 -0)0 = 0
U(1)= 1(0) + [u(0) — I(0)]F(si=a) = 0 + (1 = 0) 0.7 = 0.7
Vé&i ky hiéu th hai, ban tin la ac:
1(2) = 1(1) + [U(1) — I(1)] F(b) = 0 + (0.7 — 0) 0.8 = 0.56
U(2) = I(1) + [U(1) - I(1)]F(c) = 0 + (0.7 -0) 1= 0.7
V&i ky hiéu thk ba, ban tin la acb:
I3) = 1(2) + [U(2) - I(2)] F(a) = 0.56 + (0.7 — 0.56)0.7 = 0.658
U(3) = I(2) + {U(2) — I(2)} F(b) = 0.56 + (0.7 -0.56) 0.8 = 0.672

Chon diém biéu dién ban tin 1a 0, 6640625 c0 gia tri nhi phan 0.1010101 c6 sb chir s6 nhj phan ngan
nhat trong doan [0.658, 0.672]. M4 cla ban tin sé |a 1010101.
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4.6.2. Ma s hoc - Thuat toan gidi ma

Ma culia ban tin 1a chudi nhi phan nam trong doan biéu dién
ban tin con dai 1,2,.., n tin cha ban tin (tinh t dau ban tin)

Bat dau tir dau chudi ma nhan dwoc chung ta sé xac dinh
doan chlra diém cé gia tri bang phan s6 &ng v&i chudi ma nhi
phan dai 1, 2,.. chir s nhi phan. Khi doan chua chu6i ma nhi
phan nam trong doan chwa ban tin con dain = 1,2,.. ta tach ra
dwoc ban tin daicon n cda ban tin.

Lién tiép tim cac tin cho dén khi hét tin ciia ban tin.
Ma s6 hoc khéng can truyén bang ma dén noi nhan.
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4.6.2. Ma s hoc - Thuat toan gidi ma

. Vidu: V&inguén S = (a,b,c) véi P(S) = (0.7, 0.1, 0.2) va ban tin m = acb
dwoc ma hdéa 1010101.

. V@i cach ma hda sb hoc ban tin a nam trong doan [ 0, 0.7], ac nam trong
doan [0.56, 0.7], acb nam trong doan [0.658, 0.672].

. Chudi ma nhan dwoc la 101010

. Ky hiéu ma dau 1 (rng vdi gia tri 0.1 nhj phan, nam trong doan [0.100..,
0.111..] nhi phan hay [0,5,1] chwa cho phép xac dinh tin dau tién vi day la
khoang chua ky hiéu dau co thé l1a a hodc b hoac c.

. Thém ky hiéu 10 &ng v@i gia tri 0.10 nhj phan, nam trong doan [0.1000..,
0.10111..] nhi phan hay [0.5, 0.75], ky hiéu dau c6 thé 1a a hoac b
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4.6.2. Ma s hoc - Thuat toan gidi ma

. Thém ky hiéu tiép 101 (ng v&i gia tri 0.101 nhi phan, nam trong khoang [0.10100..,
0.10111..] hay [0.625, 0.75], ky hiéu dau van c6 thé a hoadc b

. Thém ky hiéu tiép 1010 &ng v@&i gia tri 0.1010, nam trong khoang [0.101000..,
0.101011..] hay [0.625, 0.6875]. Doan nay nam trong doan cua tin dau la a, [0, 0.7]
va trong doan cua tin th hai la c, [0.56, 0.7]. Vay tin dau cua ban tin la a va tin thi
hai la c.

. Tiép tuc 10101 trng voi doan [0.65625, 0.6875], 101010 wng voi doan [0.65625,
0.67185] khédng nam trong doan [O. 658 0.672] nén khdng giai ma dwoc.

. Ma 1010101 rng v&i doan [0.6640625, 0.671875] nam trong doan [0.658, 0.672]
trng voi ban tin acb. Vay ban tin la acb.

« S0 vgi ma Huffman, ban tin acb ¢6 6 ky tw. Tuy nhién néu phai mé réng nguodn thi
ma s6 hoc co hiéu suat ma kha tét so voi Huffman
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4.7. Ma hoa nguon véi ma co dd dai co
dinh

* Source S ={s1,s2,...,sq} with probability P(S) = {P(s1), P(s2),..., P(sq)}

* Codeword has fixed length | > L =l

* Each available combination must have length of |
» Number of available combination (M) is ! where r is base of code or number of

different code symbols.
* To satisfy uniquely decodable: minimum number of available combinations equals q

where g is number of source symbols.
« r' =g I1=log,q = H,(S)max > efficient code
* So, the fixed length code will be efficient code when q=r
o Ifrl £ q, we need to choose number of available combination rt> q
* Accordingto Shannon, H.(S) <l < H,(5) +1

* Thus, I1=12+1 where |12 equals smallest integer greater than to H,-(S)

* Efficiency of code = B9 _H) 4
1 12+1

[

https://fb.com/tailieudientucntt
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4.7. Ma hda nguon véi tr ma cé do dai
cO dinh (Cont.)

*e To make the efficiency of code can progress to 1, the source needs to
be extended
* S— S™ H.(S™) =n H-(S)
* Length of fixed length code for extension source = [3 +1
* [; smallest integer greater than to H,.(S™)
Hy(S") _ _Hr(S") _ _nH(S)
Is+1  Hp(S™)+1 nH-(S)+1

* Efficiency of code of extension source

* When n— oco: efficiency of code —» 1
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4.8. Ma hoa theo loat dai (Run-length
coding)

* M3 hda theo loat dai (RLC) la cach dorn gian va hiéu qua dé nén dir
liéu khi mOt tin xuat hién lién ti€p nhau trong ban tin.
« M3 nay la thich hop cho mdt sb loai di¥ liéu anh, nhwng khong ludn tich hop
cho van ban vi rat hiém khi mot ky tw van ban xuat hién 2 1an lién ti€p nhau.

* D& nén mot chudi tin glong nhau, ma hoa theo loat dai don gian thay
chudi nay bang 1 tin cla chudi va tiép theo 13 sO l1an I3p tin nay cla
chuOi

* Bén giai m3, can phan biét m3 clia sO lan 13p va tién hanh phuc hoi
lai chudi tin
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4.9. Ma Lempel Ziv

* M3 héa theo ttr dién:

« Tao mOt danh sach cac tlr va sO th tw xuat hién cUa t nay trong dang van
ban cua ban tin. Danh sach nay dwo'c goi la ttr dién

e Chuyén van ban cua ban tin thanh chudi cac chi thi chi ra diém vao cla tir
trong tw dién. Ban tin chuyen thanh chudi cac chi sb.

e Khi gidi m3 ttr chudi chi sO 1a céc diém vao cla tr trong tw dién phuc hoi lai
cac ttr cla ban tin.

M3 nay phu hop cho ban tin chuyén vé dwoc dang vin ban.

* M3 Lempel-Ziv |]a ma theo tw dién va c6 nhiéu bién dang. Chung ta chi quan
tam dén hai bién dang LZ77 va LZ78.
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4.9.1. LZ77

e Xay dwng tw theo luat:
¢ MOi “tir m&i” 13 mot “tlr cli” thém mot ky tw ti€p theo trong vin ban
« MOi tr dwoc biéu dién bdi mot bd ba (m,n,c)
 n(n>1)I1asb ky hiéu cla chudi tim dwoc trung v&i mot chudi d3 xuat hién tredc
no (“tw cl”.
e claky hiéu tiép theo chudi tim dworc.
« mla sb vij tri cn phai quay ngwoc lai dé tim thay diém dau cla chudi d3 tim duorc.

« BO ba dautiénla (0,0,c). C 13 ky tw ngudn dau tién. T dau tién 1 tor réng nan & vi
tri O trong van ban.

. Vin ban dwoc chuyén thanh chudi cac bd ba (rng v&i cac tir tim dworc.
. Qua trinh gidai ma:
« Bat dau tlr bd ba dau tién, dan dan phuc hoi lai cac tir theo chudi cac bd ba nhan
duworc.
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4.9.1. LZ77

* Van b: the fat cot sat on_ mat.

e Chubi cac b6 ba:

« Bat dau ttr dau ban tin : (0,0,t), (0,0,h), (0,0,e),(0,0, ), (0,0,f), (0,0,a), (0,0,t),
(0,0,_),(0,0,c), (#4,2,5),(4,3,0), (0,0,n), (0,0,_), ), (11,2,.)

e Giai ma:
* (0,0,t)->t, (0,0,h)->h (th), .....=> (0,0,c)->c(the_fat_c),
(4,3,s)2>(the _fat_cat_s)....
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49.1. LZ/8

» TUr rOng coi |3 tir ndm & vi tri O trong tir dién. ‘

* Twr cd vitri 1 tim dyoc la ttr cd 1 ky hiéy la ky hi€u d&u cua van ban. Tl
nay la tw ci (rong lay thém mot ky tir dau cua van ban). Tw nay dwo'c tach
ra khoi van ban.

* Tiép tuc timcac tw co thwr tw tim dwoc tiép theo dwa vao,nguyén tac “tw
m®&i” la chuli ky hiéu cla “tw cli” va lay thém 1 ky hiéu tiép theo trong
vgh ban. Tw nay dwg'c tach khoi van ban. Tiep tuc nhw vay cho den khi
hét van ban.

* MOi tir dwgrc bieu dién boi mot cap (i,c)

* ila sO thw tw tim thay tw
e cla ky tw 14y thém

e Vin ban 1a chudi cac cap (i c)
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49.2.LZ/78

* Text: the fat cat sat on the_ mat.

Item sequence | Code | Item number | Current sequence

t (0.0) |1 t

h (0.h) | 2 th

e (Oe) | 3 the

- (00 | 4 the_

f (0,f) | 5 the_f

a (0,a) | 6 the_fa

t_ (1.0 |7 the_fat_

C (Oc) | 8 the_fat_c

at (6.t) | 9 the_fat_cat

_S (4.s) | 10 the_fat_cat_s

at_ (9.0) | 11 the_fat_cat_sat_

o) (0.0) | 12 the_fat_cat_sat_o

n (On) | 13 the_fat_cat_sat_on

_t (4.t) | 14 the_fat_cat_sat_on_t

he (2.e) | 15 the_fat_cat_sat_on_the
_m (4.m) | 16 the_fat_cat_sat_on_the_m
at. (9..) 17 the_fat_cat_sat_on_the_mat.
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4.10. Ma nguon lién tuc

* Along with coding, we need to convert the source from analog to digital
* Sampling
» After each period of time T < %, one sample is extracted

* Quantization

* Each extracted sample value is approximated into one level. The level is integer times of the
standard unit

* Obtained results are discrete source. Its output is sequence of levels at
time nT

* For continuous source coding, 2 tasks need to be done:
* Analog to Digital conversion (ADC)
* Make the number of code symbol used as small as possible (compressing)
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4.10. Ma nguon lién tuc

M& héa ngudn cho nguon lién tuc la ma hoa ban tin dwoc
nguon tao ra vai s6 Ky hiéu ma phai sir dung 1a tdi thiéu

Ma nguon toi wu co do dai trung binh tv ma L = Hr(S) cho sO
ky hiéu ma phai str dung d& ma hoa ban tin 1a ti thiéu

Nguon lien tuc dwoc col la co sO tin tao ra trong 1 don vi tho

gian bang s6 mau cda nguon rdi rac twong dwong (Ts =

1/(2Fmax))

Lwong tin trung binh cua moi mau sé la Hr(S) nén so ky hiéu
ma dé ma hoa moéi mau sé la L >= Hr(S). Lmin = Hr(s)
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4.10. Ma nguon lién tuc

. M& hoa ngudn cho nguodn lién tuc c6 thé cé cac phwong phéap:
. Ma hoa theo théi gian 1a ma hoa ban tin dwoc biéu dién
theo thoi gian
. M3 héa theo tan sb6 1a ma hda ban tin dwoc biéu dién theo
tan sb

. M& héa m6 hinh nguén la tim mo hinh toan hoc cho nguon
va ma hoa cac tham s6 cua mo hinh
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4.10.1. M& nguon lién tuc theo thdi gian

. M& héa ban tin Ia chuyén ban tin thanh chuOi cac tir ma hay thanh
chudi ky hiéu ma = Ma hdéa ngudn can thwe hién hai nhiém vu:

. Chuyén ddi ban tin tao ra tir twong tw sang s6 (ADC)
. Giam s0 ky hiéu ma dén toi thiéu (hay nén dir liéu).
. ADC bao gom 3 thao tac ké tiép
~ Lay mau
- Lwong t hoa
- ma hoa (thwdng la ma nhi phan)
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4.10. Ma nguon lién tuc theo thdi gian

e Hai nhiém vu cua ma héa ngudn cho nguln lién tuc co thé thire hién song
song hoac theo thw tuw:
* Nén trwdc khi ADC (nén twong tw):
* Nén bién do.
o Ludt nén A: gia st bién dd x c6 0<= |x| <=1. X’ = sign(x){A|x|/(1+InA)}, khi |x| <=1/A va
x" = sign(x){(1 + In(A|x])/(1+InA)}, khi 1/A < | x| <=1.
« Nén tan sb
. Tan sb6 Mel: m = 2595Ig(1 + f/700). V&i f 1a tan sb do bang Hz. ]
* Song song (nén va cac thao tac cua ADC xen nhau): Vi du PCM két ho'p nén va m3
hoa Delta.
. Léy mau

* Tiph gia tr| Delta (dao ham roi rac) dé nén chénh léch bién do trung binh gitra hai mau lién
tiep.

e Lwong tlr hda Delta (cUng sai sO nhwng delta s& gidm s gia tri lwong to)
* ADC trwOc khi nén:
* DPay la thuat toan nén ngudn rQi rac.
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4.10. Ma nguon lién tuc theo thdi gian

e VOI nguon anh thi mo&i anh dworc chia ‘thanh cac dlem anh (Pixel) theo lwdi chia
tao thanh b&i cac duw@ng song son%vm hai canh cUa anh va cach nhau dwdi goéc
nhin nhd hon hodc bang gdc phan biét

* Thong tin cUa anh la thong tin t trng dlem cUa anh, Viéc,doc thong tin tlr cac
diém anh la thyc hién doc tirng dong tr trai qua phai va lan lugt tu’ dong trén
xubng dwoi.

* V@i anh dong thi sau khi doc hét thong tin cla 1 &nh s& quay lai doc tir phan tlr
gdc trén bén trdi cla anh moi

°c > Thonﬁ tin cfla anh la r&i rac theo thQi gign nhwng lién tuc theo murc. Trong
trrO'ng ho'p sO hda thi théng tin clla moi dieém anh sé dwoc lvgng tlr hda
thu’0’ng E 256 murc (1 byte)

* Thong tin cla 1 dlem anh thuwong bao gom 1 thong tin ve do chdi (Britgh) vOi
Vo] chla theo géc phan biét 2 phut va 3 thdng tin mau vOi lw&i chia theo gdc
phan biét 5 phut.
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4.10. Ma nguon lién tuc theo thdi gian

* Viéc nén thong tin cla 1 anh con goi la néen anh tinh thUO’ng la tim
cach ma hoa dé tao ra chudi diém anh cé théng tin gibng nhau lién
tiép va ap dung m3 RLC

* Viéc nén anh dong thwong la truyén théng tin 1 d4nh dau va sau do
tim cac théng tin thay dOi cla anh sau so v&i anh trwdc va chi truyén
cac thong tin sai khac cla anh sau.


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

41.10.1 PCM
PCM encoding example

Level ICode word

| 50
001

E:? : Levels are encoded
100 using this table

101
110
111

el [T o | Nt |

Table: Quantization levels with belonging code words — =

— Input signal — Restored sigral
~ _Dighized samples

7d

7 A ""'Fhl i E /h‘\‘;.
g 6 / - s

5 5 4 4

4 - 3d

3 o J

2 1 4

1 T n L L] T L) L] L

u =i — o4 ] - (¥ ] [1a] P o far] E

= Tinne
Chart 2. Process of restoring a signal.

Chart 1. Quantization and digitalization of a signal. PCM encoded signal in binary form:

: . : : : : L 101 111 110 001 010 100 111 100 011 010 101
Sipnal uantized in 11 t points & 8 quantizat zerments.
Fmi"h.. =4 eecm e : E ter s Total of 33 bits were uzed toencode a zignal
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4.10.1. PCM

. Dé gidm so bit dung ma hoa PCM &p dung thém mét luat
nen:
» Nén bién do trwéc PCM lam cho dai dong Xmax — Xmin
gidm dan dén so murc Iwo’ng tr M= (Xmax Xmin)/

Vref +1 gidm > s6 bit ma héa mdi mau n = log2(M)
giam

. Tinh gia tri Delta = mau(i) — mau(i-1). Delta la dao ham
r&i rac cua ban tin nén dai dong cua Delta sé bé hon
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4.10.1. Ma hoa delta

Signal

Amplitude Analog Staircase
input function
oy -
\\ //_
1‘ 1
4
/'/ vd
X 4

V Y LEEPR

Slope
I T~
overload
nolse
step —— Quantizing
size ? noise
—_— T lf—
5 3 Jr— .
sampling l'me
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4.10.2. Ma hoa theo tan s6

. M& hoda ngudn lién tuc theo tan s6 sé& ma hoa phd ban tin dwoc tao
ra.

. Thong thwdng cac g|a| phap ma hoa tan so 1a ma héa tham s6 >
wde lwong tham so cha phod réi ma hoa no

. Do nguon noi chung c6 mo hinh la qua trinh ngau nhién ergodic nén
tham s6 bién thién cham = 1ay mau thwa hon va dai ddng nhd

« Hai ky thuat hay dwoc st dung la méa hoa theo dai bang tan con va
mé& hda theo cac thanh phan co ban (vi du ma hoa formant)
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4.10.2. M4 héa theo dai bang tan con

« Ma hoa theo bang tan con dwa vao khai niem bang tan t&i han (Critical
Band) clia cac co quan cam nhan: co’ quan cam nhan khong phan biét

dwoc do cao cla trng tan so riéng ma theo tirng dai tan s6 == Bang toi

han

« Vi du tai nguoi phan biét cac bang tan sb (gibng nhu st dung bd loc théng
dai) c6 tan so trung tam va do rong clia bang tang dan theo tan sé

°
decibels

Critical Band

Lowe Fregquency versus High Freguency Bandwidth

A\

center frequency

bandwidth
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4.10.2. M4 héa theo dai bang tan con

. Dai tan sé tai nguwodi nghe tét sé c6 24 bang téi han,

. o o , n Critical Band [Bark) Center Frequency {Hz) Bandwidth (Hz)
mOi bang goi la 1 Bark (hay tinh theo d6 do Bark) 1 50 100
2 150 100
« Ma hoda theo dai bang tan con sé str dung mét hé ; = o
z ; n o Z i 5 450 110
thong cac mach loc thong dai c6 tham so twong rng 6 570 120
7 700 140
v@i tham soO clia cac bang t&i han. Cac dau ra cia cac 5 . -
. 10 1170 150
mach loc la bién dé trung binh cua tin hiéu cua moi 11 1370 210
12 1600 240
4 13 1850 280
Bang con. 14 2150 320
A ' 3. ~ o~ > ~ £ 4 A 15 2500 380
Bén giai ma sé s dung hé thdng mach loc giong bén 16 = I
~ 7 ;o PN N \ ' X M N J4 A 18 4000 700
ma hoa v&i dau vao la nhiéu trang. Hé so6 truyén dat 0 4200 500
A . , R N 20 5800 1100
cua cac mach loc nay la dau ra cua cac bd loc ma 2 7000 1300
7 N . ~ N A 23 10300 2500
hda. MP3 la loai m& nay cho am thanh. o 2200 =

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

4.10.2. Ma hoa theo formant

N (dB) Formants

i

|rH|I||H]] -
. Hinh dwai la phd dd (spectograme) clia doan &m thanh

. Hinh bén Ia khai niém formant trong phd

f(Hz)

S ur | e
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4.10.2. M& hoa theo md hinh ngudn

Phwong phap ma héa theo mo hinh nguodn |a phwong phap tim mé hinh toan hoc
cho nguodn tr ban tin dwgc tao ra

Phuo’ng phap ma hdéa theo mo hinh ngudn dwoc (rng dung nhiéu trong thwc té xi ly
am thanh 1a ma hoa dy doan tuyén tinh (Linear Predictive Coding).

Phuwong phap ma hoa dy doan tuyén tinh coi méi mau tin dwoc tao ra s[n] 1a td hop
tuyén tinh ctia cac mau tao ra trwdc no s[n — K]

Zaksn—k + e[n]

O day ak 1a cac hé sb can tlm cua bo dw doan cap p, e|n] la sai s6 dw doan mau
s[n], p Néu dw doan dung thi sai so e[n] =0. Hay phwo’ng trinh trén khi e[n] = 0 la
phwong trinh sai phan clia 1 ngudn tao ra cac mau tin s[n]
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4.10.2. M& hoa theo md hinh ngudn

. Phuwong trinh trén co thé coi la phwong trinh sai phan clia 1 hé tuyén tinh bat
bién v&i dau vao la e[n] va dau ra s[n]. Ham truyén cua hé trong khéng gian z:

S(z) 1 1

E(z) 1 P_apz ™k A(2)

. Day Ia md hinh cla hé chi cé cac diém cwc hay hé tw hoi quy
(AutoRegressive)

. D& hé trén tr& thanh md hinh ngudn ta can tim cac hé s6 ak sao cho e[n] -> 0
(dat gia tri cwc tieu)
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4.10.2. M& hoa theo md hinh ngudn

Chon céc ak dé cuc tiéu hda e[n] co thé dat dwoc bang cach cuc tiéu hda nang
lwong sai s6 khi chon cac ak theo phuwong trinh

Zez[n] — Z (9[?’1] — Zaks[n — k:])

TL n

Pao ham phwong trinh trén theo tirng hé s6 ak va tim gia tri ak cho phwong trinh
dao ham bang 0 sé la hé p phwong trinh v&i cac hé s6 ak cho nang lwong t6i thiéu
cho phép giai ra cac hé sb ak va sai s6 dy doan e[n]

Két qua la tap hé sb ak cia mé hinh ngudn va sai s6 dw doan e[n] t6i thiéu tim dwoc
la dau vao cua mo hinh. Pay la cac tham sb trong ma héa mé hinh nguon.

Bén gidi ma sé la hé tw hoi quy voi tap hé sb ak va dau vao la e[n].
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Bai tap

. Bai 4: Gia sw nguon tin chi tao mét ban tin c6 ndi dung la ‘cong nghé
thong tin’ viét & dang tiéng Viét khong dau, khong phan biét chiy
thwdng chir hoa va khdng co6 dau cach gitra cac tw. Moi ky tur trong
ban tin la 1 tin dwoc tao ra tw nguon. XAac suat xuat hién ctia méi tin
|a tan suat xuat hién cta né trong ban tin.

~ a. Hay ma héa ban tin trén theo ma Huffman v&i co sO mar = 4.
_ b. Tinh hiéu suat ctia ma
~ ¢. Can mé& réng ngudn bao nhiéu 1an & hiéu suat ma dat it nhat 98%

. Bai 5: Hay ma hoa ban tin & cau 4 bang ma LZ77 va bang ma LZ78
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