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(57) Sang ché dé cip dén bo mi hoa 4m thanh va phuong phap ma hoa tin hi¢u am thanh.
B0 méd hoéa am thanh dé ma hoa tin hiéu 4m thanh c6 bang tan dudi va bang tan trén, b ma
hoa 4m thanh bao gdm: bo phat hién (802) dé phat hién ving phé dinh trong bang tan trén
cua tin hi€u am thanh; b tao hinh (804) dé tao hinh bang tan dudi st dung thong tin tao
hinh cho biang dudi va dé tao hinh bang tn trén sir dung it nhét phém cua thong tin tao hinh
cho bang dudi, trong d6 bo tao hinh (804) dugc tao cau hinh dé suy giam thém cac gia tri
pho trong viing pho dinh duoc phat hién trong bang tan trén; va bude cia b luong tir hoa
va bd ma hoa (806) dé luong tir hoa bang tan dudi duoc tao hinh va bang tan trén duoc tao
hinh va dé ma hoa entropi cac gia tri phé duoc luong tir hoa tir bang tan dudi dugc tao hinh
va bang tn trén dugc tao hinh.
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Linh vwe ky thuit dwoce dé cap

Sang ché d& cap dén ma héa am thanh va, t6t hon 13, phuong phép, thiét bi hoic
chuwong trinh may tinh dé diéu khién su luong tir hoa cua cac hé s6 cho TCX trén co so

MDCT trong bd ma hda-gidi ma EVS.
Tinh trang ky thuit cia sang ché

Tai liéu tham khao cho bd ma hoéa-giai ma EVS 1a 3GPP TS 24.445 V13.1.0
(2016-03), du 4n tao ra thtr 3; Cac dich vu nhém va khia canh hé théng thong sé ky
thuat; B6 ma hda-giai ma danh cho céc dich vu tiéng ndéi tang cudong (Enhanced Voice

Services - EVS); Phin mé ta thuat toan chi tiét (1an phat hanh thir 13).

Tuy nhién, séng ché con hitu ich hon trong cc phién ban EVS khac nhu, vi du,
duoc dinh nghia bang cac 1an phat hanh khac hon 14n phéat hanh thtr 13 va, ngoai ra,
sang ché 1a hitu ich hon trong tit ca cac bdo mi hoa-giai ma am thanh khac véi EVS
ma, tuy nhién, phu thudc vao b phat hién, bd tao hinh va bude bo luong tir hoa va b

ma héa nhu dugc dinh nghia, vi dy, trong yéu cau béo ho.

Ngodi ra, cling luu ¥ ring tat ca cac phuong dn dugc dinh nghia khong chi bang
diém doc 1ap ma con dugce dinh nghia boi céc diém phu thudc c6 thé duoc sir dung
riéng biét véi nhau hodc cung nhau nhu dugc néu bdi cac sy phu thudc 14n nhau cua

yéu cau bao hd hodc dugc giai thich dudi ddy nhu vi du duge wu tién hon.

B0 mi héa-giai ma EVS [1], nhu dugc néu cu thé trong 3GPP, 14 bo ma hda-giai
ma lai cho ndi dung tiéng néi va am thanh bang hep (narrow-band - NB), bing rong
(wide band - WB), bang siéu rong (super-wide-band - SWB) hodc bang day du (full-
band - FB), ma c6 thé duoc chuyén dbi gitra mot s6 phuong phép ma héa, dua trén
phén loai tin hiéu:

Fig.l minh hoa phép xir Iy chung va so dd mi héa trong EVS. Cu thé, phan xir
1y chung ctia by ma hoa trén Fig.1 bao gbm khdéi 14y mau lai tin hiéu 101, va khdi phan
tich tin hiéu 102. Tin hiéu diu vao 4m thanh dugc dua vao tai dau vao tin hiéu am
thanh 103 vao phan xt Iy chung va, cu thé, vao khéi 1y mau lai tin higu 101. Khdi lay

mAu lai tin hiéu 101 ngoai ra cé dau vao dong 1énh dé thu cac tham sé dong 1énh. Déu
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ra cla budce xtr Iy chung dugc nhép vao trong phan tir khac nhau nhu c6 thé thay trén
Fig.1 Cu thé, Fig.1 bao gdm khéi ma héa dua trén phép dy béao tuyén tinh (m4 héa dua
trén LP) 110, khéi m3 héa mién tdn s§ 120 va khdi ma héa tin hiéu khong hoat
dong/CNG 130. Cac khdi 110, 120, 130 dugc ndi v6i bd don kénh dong bit 140. Ngoai
ra, cong tic 150 duoc cung cip dé chuyén, phu thudc vao quyét dinh ctia bd phan loai,
dAu ra cta giai doan xt Iy thuong dén khdi m3 hoa dua trén LP 110, kh6i ma héa mién
tan s6 120 hoic khdi m3 hoa tin hiéu khong hoat dong/tao ra nhidu Am nén nhan tao
130. Hon nita, bd don kénh dong bit 140 nhan thong tin cia b phan loai, tuc 1, liéu
phan hién thoi nhdt dinh cia tin hiéu diu vao dugc nhap vao tai khéi 103 va dugc xir
Iy béi phin xit Iy chung duoc ma hoa sir dung khdi bat ki trong sé cac khéi 110, 120,
130.

- Phép ma hoa dua trén LP (dva trén ma hoa tuyén tinh), nhu m3 héa CELP,
dugc st dung chinh cho ndi dung tiéng noi hodc chit yéu tiéng no6i va noi dung 4m
thanh chung c6 dao dong theo thoi gian cao.

- Phép ma héa mién tan s duoc sir dung cho tat ca cac ndi dung Am thanh chung,
nhu am nhac hodc tap am nén.

Dé mang dén chat lugng i da cho cac tde dd bit thap va trung binh, chuyén doi
thuong xuyén gitta ma hdéa dya trén LP va ma hoa mién tin s6 dugc thuc hién, dua
trén phép phén tich tin hiéu trong médun xu ly chung. Dé tiét kiém do phirc, bo ma
héa-giai ma duoc toi vu héa dé tai str dung cac thanh phan ciia giai doan phan tich tin
hiéu trong cac médun tiép theo. Vi du, Mddun phén tich tin hi¢u la dic trung giai doan
phan tich LP. Cac hé¢ s6 bo loc LP (LP-filter coefficients - LPC) va tin hi¢u phéan du
duoc st dung d4u tién cho mot vai budc phan tich tin hiéu, nhu bo phat hién hoat dong
tiéng (Voice Activity Detector - VAD) hodc bd phén tich tiéng n6i/Am nhac. Thit hai,
LPC ciing 1a phan co ban ctia so dd m3 hoa trén co s¢ LP va so dd ma héa mién tan sé.
Dé luu d6 phirc, phép phén tich LP tai tbc do 1dy mau bén trong ctia bd ma héa CELP
(SRcELp).

B ma héa CELP van hanh tai tbc do liy miu bén trong 12.8 hodc 16 kHz
(SRceLp), va do do 6 thé biéu dién cac tin hiéu lén dén bang thong 4m thanh 6.4 hogc
8kZh mot cach truc tiép. P61 v6i nodi dung am thanh vuot quéa bang thong tai WB,

SWB hoic FB, ndi dung am thanh trén phép biéu dién tan s6 cia CELP dugc ma héa
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bdi co cau mo rong bang thong.

TCX trén co s& MDCT 14 ché d6 phu ctia phép ma héa mién tin sb. Tuong ty ddi
v6i phuong phap ma hoa dya trén LP, tao hinh nhiéu 4m trong TCX dugc thuc hién
dua trén b0 loc LP. Viéc tao hinh LPC nay dugc thuc hién trong mién MDCT bang
cach ap dung céc thura s6 khuéch dai duoc tinh toan tir cac hé s6 bd loc LP duoc lugng
ttr hoa duge gan trong s6 dén phd MDCT (phia b giai ma). Trén phia b ma hoa, cac
thira s6 khuéch dai nghich dao duoc 4p dung trude vong 13p tbc do. Biéu nay duoc dé
cap tiép theo nhu ting dung ctia cac do khuéch dai tao hinh LPC. TCX vén hanh trén
téc do 14y miu ddu vao (SRinp). Piéu nay dugc khai thac dé ma héa phd day du mot
cach truc tiép trong mién MDCT, ma khong mé rong bang thong thém. Téc @6 lay
mau dau vao SRinp, trén do phép bién ddi MDCT dugc thuc hién, c6 thé cao hon tdc do
14y mAu CELP SRcgrp, ma céc hé s6 LP dugc tinh toan. Do d6 do khuéch dai tao hinh
LPC chi ¢6 thé duoc tinh toan cho phan ciia phd MDCT tuong (mg v6i pham vi tan so
CELP (fcerp). Di voi phan con lai caa phd (néu c6), d6 khuéch dai tao hinh cta bang

tdn cao nhét dugc sur dung.

Fig.2 minh hoa trén mic cao ciia tmg dung do khuéch dai tao hinh LPC va déi
v6i TCX trén co sé MDCT. Cu thé, Fig.2 minh hoa nguyén 1y tao hinh nhiéu &m va

ma hoa trong TCX hozc khéi mé héa mién tin s6 120 cua Fig.1 trén phia bo ma héa.

Cu thé, Fig.2 minh hoa so d6 khdi dang gian lugc cia bd ma hoa. Tin hiéu dau
vao 103 duoc dua vao khdi ldy miu lai 201 dé thuc hién viéc 14y mAu lai tin hiéu cho
tbc d6 1dy mau CELP SRcere, tirc 13, téc do 14y mau dugc yéu cau bing khdi ma héa
trén co s& LP 110 cua Fig.1. Hon nita, bo tinh toan LPC 203 duoc dé xuét dé tinh toan
céc tham sb LPC va trong khdi 205, phép gan trong s trén co s& LPC duoc thuc hién
dé ¢6 tin hiéu con dugc xir ly boi khéi m3 hoa trén co s& LP trén Fig.1, tic 13, tin hiéu
phan du LPC ma dugc ma hoa st dung bd xur Iy ACELP.

Ngoai ra, tin hiéu ddu vao 103 dugc nhap, ma khong cé phép 14y mau lai nao,
vao bo chuyén ddi thoi gian-phd 207 ma dugc minh hoa vi du nhu phép bién dbi
MDCT. Hon nita, trong khdi 209, cac tham s6 LPC dugc tinh toan boi khdi 203 duogc
4p dung sau phép tinh. Cu thé, khdi 209 nhan cac tham sé LPC dugec tinh tir khéi 203
qua dong 213 hodc cach khac hodc ngoai ra tur khéi 205 va sau d6 suy ra MDCT hoic,
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nhin chung, cac thtra sb gan trong s6 mién phé dé ap dung céc do khuéch dai LPC
nghich dao tuong tng. Khi do, trong khéi 211, phép toan cua bd lugng tir hoa/bd ma
héa chung dugc thyc hién ma c6 thé, vi du, 1a vong lap tbc do ma diéu chinh do
khuéch dai toan cuc va, ngoai ra, thuc hién phép luong tir héa/ma hoa cac hé sb phé,
t6t hon 12 st dung phép ma héa sé hoc nhu duge minh hoa trong thong s6 k¥ thuat b

mé hoa EVS da biét dé cubi cling thu duge dong bit.

Nguoc voi phuong phap ma héa CELP, ma t6 hop bd ma hoa 15i tai SRcee va co
cAu md rong bang thong van hanh tai tbc d6 14y mau cao hon, cic phuong phap mi
hoa trén co s¢ MDCT truc tiép van hanh trén téc do 1y mau dau vio SRinp va mi héa

noi dung cua phd day du trong mién MDCT.

TCX trén co s6 MDCT ma héa 1én dén noi dung 4m thanh 16kHz tai tc do bit
thép, nhu 9.6 hodc 13,2kbit/s SWB. Vi tai tc do bit thdp nhu vay, chi tip con nho
gbm cac hé sé phd c6 thé duge ma héa truc tiép bang bd ma hoa sd hoc, khoang trong
thu duoc (cac ving gdm gié tri 0) trong phé duge che gidu bang hai co ciu:

- Didn dy nhifu 4m, ma chén nhidu 4m ngiu nhién vao phd dugc giai ma. Nang
luong cua nhiéu &m duoc diéu khién boi thira s& khuéch dai ma duoc truyén dan trong
dong bit.

- Pién ddy khoang tréng thong minh (Intelligent Gap Filling - IGF), ma chén cac
phan tin hiéu tir cc phén tan s thap hon cla phé. Pic diém cta cac phan tan sé duoc
chen nay duoc diéu khién béi cac tham s, ma duoc truyén din trong dong bit.

Dién day nhidu am dugc st dung céac phan tan s thip hon lén dén tan sb cao
nhét, ma cé thé duoc diéu khién béi LPC duoc truyén dan (fcerp). Phia trén tan s,
dung cu IGF dugc sir dung, ma cung cép céc co chu khac dé diéu khién muc cta cac
phin tan s6 duge chén.

C6 hai co ciu dé quyét dinh hé sd phd ndo ton tai qua quy trinh ma héa, hodc hé
s6 phd nao s& duoc thay thé boi dién day nhiu am hay IGF.

1) Vong lap toc do

Sau khi &p dung do khuéch dai LPC nghich dao, vong lap toc do duoc ap dung.
Déi v6i didu nay, 4o khuéch dai toan cuc dugc udc luong. Tiép theo, cac hé sb phé

dugc luong tr hoa, va cac hé s6 pho duoce lugng tr hoa duge ma hoa voi b ma hda s6
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hoc. Dua trén sb thuc hodc nhu cau bit dugc udce luong cua bd ma hoa 6 hoc va sai sb
luong tir hoa, do khuéch dai toan cuc tang hodc giam. Diéu nay tac dong dén do chinh
x4c cua bod lugng tr hda. DY chinh x4c cang thép, cac hé ) phé duoc lugng tir hoa vé
0 cang nhiéu. Ap dung do khuéch dai tao hinh LPC nghich dao st dung LPC dugc tao
trong s trude vong lap tbc do dam bao rang cac vach thich hop vé cam quan ton tai
boi xé4c sudt cao hon dang ké so v6i noi khung khong thich hop vé cam quan.

2) Man chin 4m IGF

Trén fceve, tai d6 khong c6 LPC kha dung, co cdu khac dé nhan biét cac thanh
phan phd thich hop vé cdm quan duge sit dung: Nang luong theo vach duge so sanh
v6i nang luong trung binh trong vung IGF. Cac vach phé chiém wu thé, ma tuong ung
vO1 cac phﬁn tin hiéu tuong ing vé cam quan, duoc gitt lai, tAt ca cac vach khac duoc
thiét lap 1a 0. Phé MDCT, ma dugc xtt ly trudc véi man chin 4m IGF sau dé duoc nap
vao vong 1dp tdc do.

LPC dugc gan trong sd theo sau dudng bao phé ctia tin hiéu. Bing cach 4p dung
do khuéch dai tao hinh LPC nghich dao st dung LPC dugc gan trong s6, phép lam
tring cam quan dugc thuc hién. Diu nay giam dang ké dong luc hoc cla phé MDCT
trede vong 1dp ma hoa, va do dé cling diéu khién phan bd bit trong sb cac hé sb phd

MDCT trong vong 1dp ma hoa.

Nhu dugc giai thich trén ddy, LPC dugc gan trong s6 khong kha dung ddi véi cac
tan sb trén feerp. DI v6i cac hé sé MDCT, do khuéch dai tao hinh bing tAn cao nhat
dudi 7fCELP duoc 4p dung. Piéu nay hoat dong tbt trong céac truong hop ma do khuéch
dai cua bang tan cao nhat dudi fcerr tuong tmg manh véi nang lugng cla cac hé sd
trén fceLp, ma thuong la truong hop do do nghiéng phd, va c6 thé duoc quan sét trong
hau hét tin hiéu 4m thanh. Do d6, quy trinh nay c6 1¢i, do thong tin tao hinh cho bang

trén khong can phai dugce tinh todn hodc truyén dan.

Tuy nhién, trong truong hep céc thanh phin phd manh trén fcere va do khuéch
dai tao hinh ctia bang tin sé cao nhét duéi feerp 12 rat thdp, diéu nay dan dén su khong
khép. Sy khong khop nay tdc dong nang né dén cong viéc hodc vong lap tbc do, ma
tap trung trén céc hé s6 phd c6 bién do cao nhat. Pidu nay tai cic toc do bit thap s&
giam vé 0 cac thanh phan tin hidu con lai, dic biét trong bang thip, va tao ra chat

lugng kém vé cam quan.
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Céc hinh vé Fig.3 dén Fig,6 minh hoa van d&, Fig.3 thé hién phd MDCT tuyét
dbi truée khi 4p dung do khuéch dai LPC nghich dao, Fig.4 thé hién do khuéch dai tao
hinh LPC tuong tmg. C6 cac dinh manh trén fcerp c6 thé nhin thip, ma c¢ thir tu gidng
v6i cudng dd nhu céc dinh cao nhat du6i forre. Cac thanh phan phd trén feere 1 két
qua cua viéc xt ly trudc trong man chin am IGF. Fig.5 chi ra phd MDCT tuyét dbi sau
khi ap dung cac do khuéch dai LPC nghich ddo, van truée khi lugng tir hoa. Bay gio,
céc dinh trén fogrp vuot qua dang ké cac dinh dudi ferre, vOi hidu qua ma vong l1ap toc
dd sé tap trung chu yéu trén cac dinh nay. Fig.6 thé hién két qua ctia vong lap toc do
tai cac toc do bit thap. Tat ca cac thanh phin phd ngoai trir cdc dinh trén fcere da dugc
luong tir héa vé 0. Didu ndy dan dén két qua rat kém vé cam quan sau khi quy trinh
giai ma hoan thanh, do cac phan tin hiéu rét thich hop vé tam thinh hoc tai cac tan sb

thip hoan toan bi thiéu.

Fig.3 minh hoa phd MDCT ctia khung gi6i han truéc khi ép dung cac d6 khuéch
dai LPC nghich déo.

Fig.4 minh hoa cac do khuéch dai tao hinh LPC nhu duoc 4p dung. Trén phia b
ma héa, phd duge nhan véi do khuéch dai nghich dao. Gia tri do khuéch dai cudi cing
dugc st dung cho tAt ca cac hé sd MDCT trén fcre. Fig.4 biéu thi fcerp tai bién bén
phai.

 Fig.5 minh hoa phé MDCT ciia khung gi6i han sau khi 4p dung cdc do khuéch
dai LPC nghich dao. Pinh cao trén fcere ¢6 thé nhin thiy 13 rang.

Fig.6 minh hoa phd MDCT ctia khung gi6i han sau khi luong tir hoa. Phd duge
hién thi bao g@)m ung dung cua do khuéch dai toan cuc, nhung khong c¢6 do khuéch dai
LPC. C6 thé thy rang tt ca hé s6 phd ngoai trir dinh trén feere duge luong tir hoa
béng 0.

Tai liéu tham khao

[1] 3GPP TS 26.445 - Codec for Enhanced Voice Services (EVS); Detailed
algorithmic description

Ban chét ky thuit ciia sang ché

Muc tiéu cta sang ché 1a dé xuat khai niém ma hoa am thanh dugc cai thién.
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Muc tiéu nay dat dugc boi by ma héa am thanh theo diém 1, phuong phap ma

héa tin hiéu Am thanh theo diém 25 hodc chuong trinh may tinh theo diém 26.

Sang ché dya trén viéc tim ra ré‘mg cac van dé cua tinh trang ki thuat co thé duoc
chira béng cach xtr 1y trude tin hiéu 4m thanh s& dugc ma héa phu thude vao dac diém
cu thé cua giai doan bd lugng tr hoa va bd ma hoa nam trong bd ma héa am thanh. bé
dat duoc muc dich ndy, ving phd dinh trong bing tan trén cla tin hiéu 4m thanh dugc
phat hién. Sau d6, bd tao hinh dé tao hinh bang tan dudi sir dung thong tin tao hinh cho
bang dudi va dé tao hinh bang tan trén sir dung it nhit phan cua thong tin tao hinh cho
bang tin duge st dung. Cu thé, bd tao hinh duge tao chu hinh thém dé thay thé cac gi4
tri phd trong ving phé dinh dugc phat hién, vi du, trong viing phd dinh dugc phat hién
bdi bo phat hién trong bang tAn trén cta tin hiéu 4m thanh. Sau d6, bang tin duéi dugc

tao hinh va bang tan trén dugc suy giam dugc lugng tir héa va duge ma hda entropi.

Do thuc té ré’mg bang tn trén dang dugc suy giam mdt cach chon loc, tuc 1a,
trong vung phd dinh dugc phat hién, ving phd dinh durgc phat hién khong thé thong tri

hoan toan trang thai cta giai doan by luong tir hdéa va bd ma hoa nira.

Thay vao d6, do thuc té rang sy suy giam di duoc tao ra trong bang tan trén cla
tin hiéu 4m thanh, toan bd chit luong cam quan cia két qua cia phép toan mi hoa
dugc cai thién. Cu thé, tai tde do bit thap, noi ma tdc do bit hoi thip 12 dich chinh cua
giai doan b lugng tir hoa va bo ma hda, cac dinh phd cao trong bing tan trén sé tiéu
thu tat ca cac bit duoc yéu cau bai giai doan bd lugng tir hoa va bd ma hda, vi bd ma
hoa s& dugc dan bdi cac phén tan sd trén cao va sé&, do d6, st dung tat ca cac bit kha
dung trong céc phan nay. Pidu nay ty dong dan dén tinh hudng trong do6 céc bit bat ki
danh cho cac pham vi tin s dudi quan trong hon vé cam quan khong con kha dung
nira. Do d6, quy trinh nhw vy sé& dan dén tin hiéu chi c6 cac phan tan s cao dugc ma
héa trong khi cac phén tan s& dudi chua duoc ma hda hodc chi dwge mi héa mot cach
thd. Tuy nhién, cac tac gia sang ché d3 tim ra rang quy trinh it hai long vé cam quan
khi so v6i tinh hubng, trong do6 tinh huéng mo hd v6i cac ving phd cao chiém wu thé
hon duoc phat hién va cac dinh trong pham vi tan s cao hon dugc suy giam trudc khi
thuc hién quy trinh b ma hda bao gbdm budc ciia bd lugng tir héa va by ma hoa

entropi.
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Tt hon 13, ving phd dinh duge phét hién trong bang tdn ctia phd MDCT. Tuy
nhién, cac bd éhuyén dbi thoi gian-phd khac c6 thé dugc st dung t6t nhu gian loc, gian

loc QMF, DFT, FFT hodc bat ki phép chuyén déi thoi gian-tan s6 nao khac.

Hon nfta, sng ché hitu ich & chd, dbi vai bang tan trén, khong yéu cAu tinh toan
thong tin tao hinh. Thay vao do, thong tin tao hinh duoc tinh toan ban diu dé bang tan
duéi duge st dung dé tao hinh bang tan trén. Do d6, séng ché @& xuét bd ma hoa hiéu
quéa vé tinh toan vi thong tin tao hinh bang thip c6 thé cling duge st dung dé tao hinh
bang cao, vi cac van d& ma co thé dan dén tinh hudng nhu vay, tirc 13, cac gia tri phd
cao trong bang tan trén dugc chi ra bang su suy gidm thém dugc 4p dung bang bd tao
hinh ngoai viéc tao hinh don gian thuong dugce dua trén duong bao phd cua tin hidu
bang thép ma ¢6 thé, vi du, duge dic trung bdi cac tham s6 LPC cho tin hiéu bing
thap. Nhung dudong bao phd cling c6 thé bidu dién boi bat ki sd do twong ting khdc ma

c6 thé st dung dé thuc hién viéc tao hinh trong mién phd.

Giai doan bo luong tir hda va bd ma hoa thuc hién phép toan luong tir hoa va ma
hoéa trén tin hiéu duoc tao hinh, tc 13, trén tin hiéu bang thép dugc tao hinh va trén tin
hiéu bing cao dugc tao hinh, nhung tin hiéu bang cao dugc tao hinh con duge nhan

phép suy giam thém.

Mic du phép suy gidm bang cao trong vung phé dinh dugc phét hién 1a phép toan
duge xit Iy truée ma khong thé duge khdi phuc bai b giai ma nita, két qua cia bo giai
ma tuy nhién hai long hon so v6i tinh hudng, trong d6 phép suy gidm thém khong
dugc ap dung, vi phép suy giam dan dén thuc té rang cac bit con lai cho bang tan dudi
quan trong hon vé cam quan. Do d6, trong céc tinh hudng khéng chéc trong d6 ving
phd cao véi cac dinh c6 thé thdng tri toan bo két qua mi hda, sang ché cung cép phép
suy giam thém cia cac dinh nay sao cho, cubi cing, bd ma héa “nhin” tin hiéu da suy
giam céc phan tan sd cao va, do d6, tin hiéu duge ma hoéa van c6 thong tin tan sb thap
c6 ich va hai 10ng vé cam quan. “Su hi sinh” twong ng v6i bang phd cao khong hodc
hau nhu khong duoc nhan biét boi ngudi nghe, vi ngudi nghe, nhin chung, khong ¢
hinh anh ré rang vé nodi dung tan sb cao cua tin hiéu nhung co, xac suét cao hon nhiéu,
ki vong vé ndi dung tdn sb thap. Noi cach khéc, tin hiéu ma c6 ndi dung tan s6 thap

muc rat thap nhung ndi dung tan s6 muc cao dang ké 12 tin hiéu ma thuong duge hiéu
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la khong tu nhién.

Cac phuong an dugc uu ti€n cua sang ché bao gdm bd phan tich du bio tuyén
tinh dé suy ra cac hé sb du béo tuyén tinh ddi v6i khung thoi gian va cac hé s6 du bao
tuyén tinh nay biéu dién thong tin tao hinh hogc thong tin tao hinh dugc suy ra tr cac

hé sb du bao tuyén tinh nay.

Trong phuong 4n khac, mot vai thira s6 tao hinh dwgc tinh todn doi véi mot vai
bing phu ctia bing tan dudi, va doi voi viée gan trong soO trong bang tan trén, thira s6

tao hinh duoc tinh toan di v6i bang phu cao nhét cua bang tan thap dugc st dung.

Trong phuong an khac, bo phat hién xdc dinh vung phd dinh trong bang tan trén
khi it nhit mot nhom cac didu kién 13 dung, trong d6 nhém céc diéu kién bao gdm it
nhat didu kién bién do bang tin thap, didu kién khoang cach dinh va diéu kién bién do
dinh. Tham chi t§t hon 13, vimg phd dinh chi dugc phét hién khi hai diéu kién 12 ding
tai cing thoi diém va tham chi t6t hon 13, viing phé dinh chi duoc phat hién khi ca ba
diédu kién 13 ding.

Trong phuong 4n khac, bd phat hién xac dinh mot vai gia tri duge su dung dé
kiém tra cac diéu kién truéc hodc sau phép toan tao hinh khi ¢ hodc khong c6 phép

suy gidm thém.

Trong phuong an, bd tao hinh duoc tao chu hinh dé suy giam céc gi4 tri phd si
dung thira s6 suy giam, trong d6 thira sé suy giam dugc suy ra tor bién dd phd tbi da
trong bing tin dudi duoc nhan véi s& duoc dinh trude 16n hon hodc bang 1 va dugc

chia cho bién do phd tdi da trong bing tan trén.

Hon nita, cach cu thé, nhu béng cach nao phép suy gidam thém duoc dp dung, cd
thé dugc thue hién trong mot vai cach khac nhau. Mot cach khac 1 bd tao hinh dau
tién thuc hién thong tin gan trong sé st dung it nhat phan cta thong tin tao hinh 6i
v6i bang tan du6i dé tao hinh céc gia tri phd trong ving phd dinh duge phét hién. Khi

dé, phép toan gan trong s tiép theo dugc thuc hién st dung thong tin suy giam.

Quy trinh thay thé d4u tién 4p dung phép toén gén trong s6 st dung thong tin suy
giam va dé sau d6 thuc hién phép gan trong s tiép theo sir dung thong tin gén trong s6

tuong Gng voi it nhat phan cia thong tin tao hinh cho bang tan dudi. Phuong an khac
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la 4p dung thong tin gan trong s6 don st dung thong tin gan trong s6 duge td hop ma
duogc suy ra tir mot mat 1a théng tin suy giam va mit khac it nhit phan cta thong tin

tao hinh cho bang tan dudi.

Trong tinh huéng ma phép gan trong s6 dugc thuc hién st dung phép nhén, thira
s6 suy giam va thong tin tao hinh 12 thira s6 tao hinh va thong tin dugc gan trong 5O
duoc td hop thuc té 12 thira sd géan trong sb, tuc 13, thira sb gan trong s6 don cho thong
tin gan trong s6 don, trong d6 thira sd gan trong s6 don nay dugc suy ra bang cach
nhéin thong tin suy gidm va thong tin tao hinh dbi voi bang dudi. Do d6, tré nén rd
rang rang bd tao hinh cé thé duoc thuc thi trong nhiéu cach khic nhau, ‘nhu'ng, tuy
nhién, két qua 13 phép tao hinh cla bing tan cao st dung thong tin tao hinh ciia bang
dudi va phép suy giam thém.

Trong phuong 4n, buge cia bd tao luong tir hoa va bd ma hoa bao gbm b xir ly
vong 1ap tdc do dé ude lugng dac diém bd lugng tr hoa dé thu duoge toc do bit duoc
dinh truéc cta tin hiéu 4m thanh dugc mi hoa entropi. Trong phuong an, déc diém
luong tir hda nay 1a do khuéch dai toan cuc, tire 13, gia tri dd khuéch dai dugc ap dung
cho toan bd pham vi tan s, tic 13, dugc ap dung cho toan bd gia tri phé) ma s€ duogc
luong tir hoa va ma hda. Khi xut hién rang tdc dd bit dugc yéu cau thdp hon tdc do bit
thu duoc st dung d6 khuéch dai toan cuc nhét dinh, khi d6 do khuéch dai toan cuc
tang va dugc x4c dinh réng lidu tdc d bit thue té bay gio ¢ cung vach voi yéu cau, tic
13, bay gio nho hon hodc béng tbe d6 bit dugc yéu cau. Quy trinh nay duoc thuc hién,
khi d0 khuéch dai toan cuc dugc st dung trong bd ma héa truée khi phép Iugong tir hoa
trong cach nay céac gia tri phé duoc chia boi do khuéch dai toan cuc. Tuy nhién, khi do
khuéch dai toan cuc duoc st dung khac nhau, tic la, br?mg cach nhan céc gia tri phé
bing do khuéch dai toan cuc trude khi thuc hién phép lugng tir héa, khi d6 do khuech
dai toan cuc giam khi tdc do bit thuc té qua cao, hodc do khuéch dai toan cuc c6 thé
tang khi téc do bit thuc té thap hon mirc cho phép.

Tuy nhién, ddc diém giai doan bd ma hoa khac co thé cling dugc st dung trong
didu kién vong 1ap téc do nhét dinh. Vi du, mot cach s& 1a do khuéch dai chon loc tan
sb. Quy trinh khéc s& dé diéu chinh bang thong cua tin hiéu dm thanh phu thudc vao

tbc do bit yéu cau. Nhin chung, dac diém b6 luong tir hoa khac, ¢6 thé dugc anh hudng
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8, cubi cing, toc dd bit thu duge ma & cing vach v6i toe dd bit (thép dién hinh) duoc

yéu cau.

Tét hon 13, quy trinh ndy duoc lam phit hop cu thé dé duogc t6 hop véi quy trinh
dién ddy khoang tréng thong minh (xr Iy IGF). Trong quy trinh nay, bo xtr Iy man
chin am dugc ap dung dé x4c dinh, trong bang tAn trén, nhom thir nhit gdm cac gia tri
phé s& dugc lugng tir hoa va duge ma hoa entropi va nhém thir hai g0m céc gid tri phd
s& dwoc ma hoa theo tham sd béi quy trinh dién ddy khoang trong. B xit Iy man chin
4m thiét 1ap nhom thir hai gbm cac gid tri phd vé gia tri 0 dé cac gia tri ndy khong tiéu
thu nhiéu bit trong giai doan bd lugng tir hoa/bd ma héa. Mit khac, xuét hién cac gia
tri dién hinh thudc vé nhém thi nhit gbm cac gia tri phd ma s& dugc lugng tir hoa va
duoc ma hoa entropi 1a cac gié tri trong vung phé dinh ma, dudi cac diu kién nhat
dinh, c6 thé dugc phat hién va suy giam thém trong truong hop tinh hubng khong chic
d6i Vc’ﬁ giai doan by lugng tir hda/bd ma héa. Do do, phép t6 hop ctia bd xtr Iy man
chén am trong khung dién dy khoang trong thong minh véi phép suy giam thém cua
cac ving pho dinh dugc phat hién dan dén quy trinh bd ma héa hiéu qua ma, ngoai ra,
tuong thich theo chidu nguoc v, tuy nhién, dan dén chat luong cam quan t6t tham chi
tai cac tdc do bit rat thép.

Céc phuong an c6 loi véi cac giai phap ¢ tiém ning dé giai quyét van dé nay ma
bao gém cac phuong phap dé mé rong pham vi thn s cua LPC hodc cdc phuong phép
khac dé vira tét hon cac do khuéch dai duge 4p dung cho cac tan sb éao hon fcerr dén
c4c hé s6 phd MDCT thuc té. Tuy nhién, quy trinh nay ph4 huy tuong thich theo chiéu
nguogc, khi bd ma hoa-giai ma da duogc trién khai trén thi trudng, va cac phuong phap

da dugc mb ta trude do6 sé pha v su tuong két v6i cac phép thuc thi dang ton tai.
M@ ta vin tit cac hinh vé

Tiép theo, cac phuong an uu tién clia sang ché dugc minh hoa véi viéc doi chiéu
vGi cac hinh v& di kém trong do:

Fig.1 minh hoa phép xtr ly chung va so d6 ma hoéa trong EVS;

Fig.2 minh hoa nguyén ly tao hinh nhiéu 4m va ma hoa trong TCX trén phia bo

ma hoa;
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Fig.3 minh hoa phé MDCT ctia khung gi6i han trude khi 4p dung cac do khuéch
dai LPC nghich ddo;

Fig.4 minh hoa tinh hudng cua Fig.3, nhung véi do khuéch dai tao hinh LPC

duogc &p dung;

Fig.5 minh hoa phé MDCT cua khung gi6i han sau khi 4p dung do khuéch dai

tao hinh LPC, trong d6 céc dinh cao trén fcerp 1 10 rang;

Fig.6 minh hoa phé MDCT ctia khung gi6i han sau khi lwong tir hoa chi ¢6 thong
tin thong cao va khong c6 thong tin thong thap.

Fig.7 minh hoa phé MDCT clia khung giéi han sau khi 4p dung do khuéch dai
tao hinh LPC va quy trinh x@r Iy trude phia by ma hoa theo sang ché;

Fig.8 minh hoa phuong 4n uu tién hon ciia by ma héa 4m thanh theo sang ché dé
ma héa tin hiéu 4m thanh;

Fig.9 minh hoa tinh hubng cho phép tinh ctia thong tin tao hinh khac d6i voi cac
biang tan khac va viéc st dung thong tin tao hinh bang dudi cho bang trén;

Fig.10 minh hoa phuong 4n duoc uu tién ctia bd ma hoéa 4m thanh;

Fig.11 minh hoa luu dd dé minh hoa chtic nang clia bo phat hién dé phat hién
vung phd dinh;

Fig.12 minh hoa phép thyc thi duoc uu tién cuia phép thuc thi cta diéu kién bién
d6 bang thép;

Fig.13 minh hoa phuong an duoc uu tién cta phép thuc thi cia diéu kién khoang
cach dinh;

Fig.14 minh hoa phép thuc thi dugc uu tién ctia phép thuc thi cta diéu kién bién
do dinh;

Fig.15a minh hoa phép thuc thi dugc uvu tién cua giai doan bd lugng tir hoa va bd
ma hoéa;

Fig.15b minh hoa luu dd dé minh hoa phép toan ctia giai doan bd lugng tir hoa va

bd ma hoa nhu bd xur Iy vong 1ap tbe do;
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Fig.16 minh hoa quy trinh xac dinh dé xac dinh thira sé suy giam trong phuong

an duoc vu tién; va

Fig.17 minh hoa phép thuc thi dugc uu tién dé ap dung thong tin tao hinh bang
thdp dén bang tan trén va phép suy giam thém cua cac gid tri phd duogc tao hinh trong

hai budc tiép theo.
MG ta chi tiét sang ché

Fig.8 minh hoa phuong 4n dugc uu tién ciia bd ma hda am thanh 403 c6 bang tan
duéi va bing tin trén. B ma hoa 4m thanh bao gdm b phat hién 802 d€ phét hién
ving phd dinh trong bang tin trén ciia tin hiéu 4m thanh 103. Hon nita, bd ma hoa 4m
thanh bao gdm bd tao hinh 804dé tao hinh bing tan dudi s dung thong tin tao hinh
cho bang dudi va d tao hinh bing tAn trén st dung it nht phan cia thong tin tao hinh
cho bang tAn dudi. Ngoai ra, b tao hinh dugc tao cdu hinh @€ suy gidm thém cac gia

tri phd trong ving pho dinh dugc phat hién trong bang tan phia trén.

Do d6, bd tao hinh 804 thuc hién loai “tao hinh don” trong bang thép st dung
thong tin tao hinh cho bang thép. Hon nita, bo tao hinh thuc hién thém loai tao hinh
“don” trong bang cao st dung thong tin tao hinh cho bang thap va dién hinh, bing thip
tAn sb cao nhét. Phép tao hinh “don” dugc thuc hién trong mot sb phuong an trong
bang cao trong d6 ving pho dinh d dugc phét hién bsi bd phat hién 802. Hon nira, do6i
vl vung phé dinh trong bang cao, loai tao hinh “kép” dugc thuc hién, vi du, thong tin
tao hinh tir bang thip duoc ap dung cho ving phd dinh va, ngoai ra, phép suy giam
thém dugc 4p dung cho ving phd dinh. |

Két qua ctia bd tao hinh 804 12 tin hiéu dugc tao hinh 805. Tin hi¢u dugc tao hinh
14 bang tan dudi dugc tao hinh va bing tAn trén dugc tao hinh, trong d6 biang tan trén
bao gém ving phé dinh. Tin hiéu duoc tao hinh 805 dugc tao hinh nay duogc chuyén
dén giai doan bo lugng ti hoa va bd ma hoa 806 dé lugng tir hoa bang tan dudi dugce
tao hinh va bang tan trén dugc tao hinh bao gbm ving phd dinh va dé ma héa entropi
cac gia tri phé duogc lugng tir hoa tr bang tan dudi duoc tao hinh va bang tan trén dugc
tao hinh bao gém vung phé dinh mot 14n nita dé thu duoc tin hiéu 4m thanh duoc ma

héa.
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Tét hon 13, b m3 héa 4m thanh bao gdm bd phan tich ma héa du bao tuyén tinh
808 dé suy ra cac hé sé du béo tuyén tinh cho khung thoi gian cua tin hiéu 4m thanh
bang cach phan tich khdi cac mAu trong khung thoi gian. Tét hon 13, cac mau 4m thanh

nay duoc gii han bang dén bing tan dudi.

Ngoai ra, b tao hinh 804 dugc tao cdu hinh d tao hinh bang tin dudi s dung
cac hé s du bao tuyén tinh nhu thoéng tin tao hinh nhu dugc minh hoa tai 812 trén
Fig.8. Hon nita, bd tao hinh 804 dugc tao cAu hinh dé st dung it nhét phén cua cac hé
s6 du bao tuyén tinh duoc suy ra tir khdi cac mAu 4m thanh dugc gidi han bang dén

bang tAn dudi dé tao hinh bing tan trén trong khung thoi gian cua tin hiéu 4m thanh.

Nhu duge minh hoa trén Fig.9, bing tin dudi duge chia nho thanh nhiéu bing
phu nhu, vi du, bbn bang phu SB1, SB2, SB3 va SB4. Ngoai ra, nhu duoc minh hoa
gian lugng, bang thong phu tang tir cac bang phu thip hon dén cao hon, tic 13, bing
phu SB4 rong hon vé tan sb so vai bang phu SB1. Tuy nhién, trong phuong an khéc,

c4c bang c6 bang thong biang nhau c6 thé cling dugc st dung.

Cac bing phu SB1 dén SB4 kéo dai dén tin sb bién, ma, vi du, 1 fcece. Do d6, tat
ca cac biang phu du6i tAn s6 bién fcerp cAu thanh bang duéi va ndi dung tan sd trén tan

s0 bién cau thanh bang trén.

Cu thé, b phan tich LPC 808 cta Fig.8 thuong tinh céc thong tin tao hinh cho
m&i bing phu riéng. Do d6, bd phan tich LPC 808 t5t hon 14 tinh toan bon loai thong
tin bang phu cho bén bang phu SB1 dén SB4 dé mdi bang phu c6 thong tin tao hinh
duoc két hop cia minh.

Hon nita, viéc tao hinh duoc 4p dung bdi bd tao hinh 804 cho mdi bang phu SB1
dén SB4 sir dung thong tin tao hinh dugc tinh toan chinh xac cho bang phu nay va,
quan trong hon, phép tao hinh cho bang trén ciing duoc thuc hién, nhung thong tin tao
hinh cho bang trén khong dugc tinh todn do thyuc té rang bd phan tich du bao tuyén
tinh tinh to4n thong tin tao hinh nhin dugc bang tin hiéu duoc giéi han bang dén bang
tAn dudi. Tuy nhién, dé ciing thuc hién phép tao hinh cho bang tan trén, thong tin tao
hinh cho bang phu SB4 duogc sir dung dé tao hinh bang cao hon. Do d6, b tao hinh
804 duoc tao cau hinh dé gan trong s6 cac hé s6 phd ciia bang tan trén st dung thira 56

tao hinh dé tinh toan bang phu cao nhat ciia bang tan dudi. Bing phu cao nhat tuong
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mg véi SB4 trén Fig.9 c6 tan s6 trung tdm cao nhat trong so tat ca cdc tén so trung

tam cua cac bang phu cta bang tan dudi.

Fig.11 minh hoa luu dd duoc wu tién dé giai thich chitc nang cia bd phat hién
802. Cu thé, b phat hién 802 dugc tao chu hinh dé xac dinh ving phé dinh trong bing
tAn trén, khi {t nhat mot trong s6 nhom céc diéu kién 14 dung, trong d6 nhoém cac didu
kién bao gdm diu kién bién do bang thap 1102, didu kién khoang cach dinh 1104, va
didu kién bién do dinh 1106.

Tbt hon 13, cac diéu kién khac nhau dugc 4p dung chinh xac thtr tw duoc minh
hoa trén Fig.11. Néi cach khac, diéu kién bién do bang thép 1102 dugec tinh todn trudce
khi didu kién khoang cach dinh 1104, va diéu kién khoang cach dinh dugc tinh toan
truge diéu kién bién do dinh 1106. Trong trudong hop, trong do tat ca ba diéu kién phai
dang dé phat hién ving phé dinh, bo phat hién hiéu qua vé tinh todn dugc thu bang
céch 4p dung viée xit Iy trén Fig.11, trong d6, mién la diéu kién nhét dinh khong dung,
tirc 13, sai, quy trinh phat hién cho khung thoi gian nhét dinh duoc ding lai va duge
x4c dinh rang su suy giam ctia ving phd dinh trong khung thoi gian khong duoc yéu
cAu. Do d6, khi di duoc xac dinh cho khung thoi gian nhit dinh ring diéu kién bién do
bang thép 1102 khéng dugc thoa mén, tic 1, 1 sai, khi d6 viée diéu khién thuc hién
dén quyét dinh rang phép suy gidm cta ving phd dinh trong khung thdi gian khong
cAn thiét va quy trinh tiép tuc ma khong can phép suy giam thém. Tuy nhién, khi bo
didu khién xéc dinh danh cho didu kién 1102 ring diéu d6 1a dtng, diéu kién thi hai
1104 dugc xac dinh. Diéu kién khoang cach dinh nay 14n nita dugc xac dinh trude bién
d6 dinh 1106 dé viéc diu khién x4c dinh ring khong c6 sy suy gidm ving phd dinh
ndo duoc thuc hién, khi diéu kién 1104 din dén két qua sai. Chi khi diéu kién khoang
cach dinh 1104 ¢6 két qua dung, diéu kién bién do dinh thtr ba 1106 dugc xéac dinh.

Trong phuong 4n khac, nhiéu hoac it diéu kién hon c6 thé duoc xac dinh, va
phép xac dinh lién tiép hodc song song co thé dugc thuc hién, mic du phép xéac dinh
lién tiép nhu duge minh hoa trén Fig.11 tot hon la dé luu tai nguyén tinh todn ma c6
gia tri cu thé trong cac tmg dung di dong rang pin ic quy da dugce sac.

Céc hinh vé Fig.12, Fig.13, Fig.14 cung cap cac phuong an dugc vu tién cho cic
diéu kién 1102, 1104 va 1106.
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Trong diéu kién bién d6 bang thap, bién do phd tbi da trong bang dudi duge xac
dinh nhu dugc minh hoa tai khéi 1202. Gia tri 1a max-+low. Hon nita, trong khdi 1204,

bién do phé i da trong bang trén dugc xac dinh 13 duge biéu thi 1a max_high.

Trong khdi 1206, cac gia tri duge xac dinh tir cac khdi 1232 va 1234 duoc uwu
tién xr Iy cung nhau voi s6 duoc dinh trude ¢ dé thu duoc Kkét qua dung hodc sai cua
didu kién 1102. Tét hon, céc didu kién trong cic khdi 1202 va 1204 duge thuc hién
trude khi tao hinh vé6i thong tin tao hinh bang dudi, tic 1a, trude khi quy trinh dugc
thyc hién bing bd tao hinh phd 804 hoac, dbi véi Fig.10, 804a.

Déi vé6i sb duge dinh trude ci cua Fig.12 duge st dung trong khéi 1206, gia tri

16 dugc wu tién, nhung céc gia tri gifta 4 va 30 da duoc chimg minh 13 hiru ich.

Fig.13 minh hoa phuong an dugc vu tién cua diéu kién khoang cach dinh. Trong
khéi 1302, bién do phd t6i da tht nhat trong bang dudi duge xac dinh 1a dugc biéu thi

la max_low.

Hon nita, khodng cach phé tht nhat duoc xac dinh nhu duge minh hoa tai khéi
1304. Khoang cach phé thtr nhét nay duoc biéu thi 1a dist_low. Cu thé, khoang cach
phd thir nhét 12 khoang cach ciia bién do phd téi da thir nhat nhw duge xac dinh boi
khéi 1302 tir tAn sé bién gifta tan sd trung tAm cua bang tAn dudi va tan s trung tAm
clia bang tan trén. Tt hon 13, tin s6 bién 13 f celp, nhung tAn s nay c6 thé c6 bat ki

gia tri khac nhu duge néu trudce do.

Hon nita, khdi 1306 x4c dinh bién do phé tdi da tht hai trong bang cao hon ma
dugc goi 1a max_high. Hon nita, khodng cach phé thir hai 1308 dugc xac dinh va duoc
bidu thi nhu dist_high. Khoang céch ph thr hai cta bién d¢ phd téi da thir hai tir tan
s6 bién mot 14n nita wu tién duogc xac dinh véi £_celp phd nhu tan sb bién.

Hon nita, trong khéi 1310, duogc xac dinh liéu diéu kién khoang cach dinh 1a
dang, khi bién do phd téi da thir nhét duge gan trong sé bang khoang céch pho thir
nhét va duoc gan trong sb boi sé duge dinh trude 16n hon 1 12 16n hon bién do phd t0i
da thtr hai dugc gan trong sb boi khoang cach pho thir hai.

Tét hon 1a, sé duoc dinh trude c» bang 4 trong phuong an dugce uu tién nhat. Cac

gi4 trj gitta 1,5 va 8 da dugc chirng minh Ia c¢ ich.
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Tét hon 14, phép xé4c dinh trong khdi 1302 va 1306 dugc thuc hién sau phép tao
hinh vé6i thoéng tin tao hinh bang dudi, tirc 1a, sau khéi 804a, nhung, dwong nhién,
trude khoi 804b trén Fig.10.

Fig.14 minh hoa phép thuc thi duoc wu tién cia diéu kién bién do dinh. Cu thé,
khéi 1402 xéc dinh bién d6 phd i da thir nhit trong biang dudi va khéi 1404 xac dinh
bién d6 phd t6i da thir hai trong bang cao hon trong d6 két qua cua khbi 1402 dugc

biéu thi 1a max_low?2 va két qua ctia khéi 1404 dugc biéu thi 1a max_high.

Khi d6, nhu duge minh hoa trén khdi 1406, didu kién bién do dinh la dung, khi
bién d6 phé t5i da tht: hai 16n hon bién d6 phd tbi da thir nhit dugc gan trong s6 béi s6
duge dinh trude cs 12 16n hon hogc bang 1. c3 duge wu tién thiét 18p 1a gié tri 1,5 hodc
gié tri 3 phu thude vao cac tbc do khac trong d6, nhin chung, céc gia tri gitta 1,0 va 5,0

da dugc ching minh 1a co ich.

Hon nita, nhu dugc biéu thi trén Fig.14, phép xac dinh trong cac khéi 1402 va
1404 dién ra sau khi tao hinh véi thong tin tao hinh bang thip, tirc 13, sau phép xtt ly
duoc minh hoa trong khdi 804a va trudc phép xit ly duge minh hoa boi khéi 804b
hodc, dbi véi Fig.17, sau khéi 1702 va trude khéi 1704,

Trong phuong 4n khac, diéu kién bién do dinh 1106 va, cu thé, quy trinh trén
Fig.14, khéi 1402 khong dugc xéc dinh tir gia tri nho nhét cta phd, nhung phép xéc
dinh ctia bién d6 phé téi da thir nhét trong bang dudi duge xac dinh dva trén phan cua
bang dudi trong do phan kéo dai tir tAn s bt diu duoc dinh trude cho dén tan sb tdi
da cua bang tan dudi, trong do tAn sb bit dau duoc dinh trudc 13 16n hon tan s6 tbi
thiéu cua bang tan dudi. Trong phuong én, tAn s bét diu duge dinh trude bang it nhit
10% ctia bang tin dudi trén tin s0 t6i thiéu ciia bang tin dudi hodc, trong cac phuong
an khac, tan sb bat diu duoc dinh trudce 13 tai tan s6 béng mot ntra tan sb t61 da cua

bang tin dudi trong pham vi dung sai 12 cng hoac trir 10% ctia tan s t6i da.

Hon nira, tét hon 1a trong do s6 duoc dinh trude thi ba c; phu thude vao tbe do
bit s€ dugc cung cép béi bude cua bd lugng ti hoa/bd ma hoa, dé s6 duoc dinh trudce
cao hon téc do bit cao hon. Noi cach khéc, khi tbc do bit ma duoc cung cip boi giai
doan bo luong tir hda va bd ma hoa 806 1a cao, khi d6 c3 cao, trong khi do, khi toc do

bit duoc x4c dinh 1a thp, sd duoc dinh trudc c3 1a thép. Khi phuong trinh duge uu tién
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trong khéi 1406 dwgc xem xét, tré nén rd rang rang sb dugc dinh truéce c3 cang cao,
ving phd dinh duge x4c dinh 13 cang hiém. Tuy nhién, khi cs 12 nho, khi d6 vimg pho
dinh trong do6 c6 cac gia tri phd cubi cliing s& dugc suy giam dugce dinh trude thuong

xuyeén hon.

Cac khéi 1202, 1204, 1402, 1404 hodc 1302 va 1306 luén ludn xéac dinh bién do
phé. Phép xé4c dinh ctia bién do phd c6 thé duoc thuc hién khac nhau. Mot cach xac
dinh dudng bao phéd 12 phép xac dinh gid tri tuyét déi cia gia tri phd cua phd thyc.
Céch khac, bién dd phd cé thé 13 cudng do cla gia tri phd phtrc. Trong phuong 4n
khac, bién do phé c6 thé 1a bat ki lity thira ciia gi4 tri phd clia phd thuc hodc bat ki lily
thira clia cudong do cta phd phirc, trong d6 Ity thira 16n hon 1. Tét hon 13, lity thira 12
s6 nguyén, nhung céc Iiiy thira 1,5 hodc 2,5 con duge chimg minh la c6 ich. Tuy nhién,

t6t hon 14, céc lity thira 2 hodc 3 dugc vu tién.

Nhin chung, bd tao hinh 804 dugc tao c4u hinh dé suy giam it nhét mot gia tri
phd trong ving phd dinh dugc phét hién dua trén bién do phé téi da trong bing tan
trén va/hodc dua trén bién do phd tbi da trong bang tdn dudi. Trong cic phuong 4n
khac, bd tao hinh duoc tao cdu hinh dé xac dinh bién d6 phd t5i da trong phéan cua
bang tin dudi, phan kéo dai tir tAn sb bt ddu duoc dinh trude clia bing tan dudi cho
dén tin sb tdi da cta bing tn dudi. Tan sb bit dau 13 16n hon tan s t6i thiéu clia bang
tAn dudi va t6t hon 1a bang it nhat 10% cua bing tn dudi trén tan sb t6i thiéu cua bang
tAn dudi hodc tAn sb bit dau duge dinh trude tdt hon 1 tai tan sd béng mot nira tan sb

t0i da ctia bang tan dudi trong dung sai la cong hodc trir 10% cuia tan s6 t6i da.

Ngoai ra, b tao hinh dugc tao cAu hinh dé xac dinh thira ) suy gidm x4c dinh
phép suy gidm thém, trong do thira sd suy giam duoc suy ra tir bién do ph tdi da trong
bang tan dudi dugce nhan véi s6 duoc dinh trude 16n hon hodc béng mot va dugc chia
cho bién d6 phd t6i da trong bang tan trén. D& dat dugc muc dich nay, vién dan dugc
thuc hién dén khéi 1602 minh hoa phép xac dinh bién do phé toi da trong bang dudi
(t6t hon 12 sau khi tao hinh, tirc 13, sau khdi 804a trén Fig.10 hoic sau khdi 1702 trén
Fig.17).

Hon nita, bd tao hinh dugc tao cAu hinh dé xac dinh bién dd phé toi da trong

bang cao hon, ]an nita wu tién sau phép tao hinh nhu, vi du, dugc thuc hién béi khdi
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804a trén Fig.10 hodc khdi 1702 trén Fig.17. Khi d6, trong khdi 1606, thira s6 suy
giam fac dugc tinh todn nhu minh hoa, trong do6 sb6 dugc dinh trudce c; duge thiét lap la
16n hon hodc bing 1. Trong cic phuong 4n, cs trén Fig.16 1a sb6 duoc dinh trude cs
gidng nhu trén Fig.14. Tuy nhién, trong phuong an khdc, c; trén Fig.16 c6 thé duoc
thiét 1ap khéc v6i cs trén Fig.14. Ngoai ra, c3 trén Fig.16 ma anh huéng tryc tiép dén
thira s6 suy giam cling phu thudc vao tdc d6 bit dé sb dugc dinh trudc cao hon c; dugce
thiét 1ap cho tdc do bit cao hon s& duoc thuc hién béi giai doan bd lugng tir hoa/ma

hoéa 806 nhu dugce minh hoa trén Fig.8.

Fig.17 minh hoa phép thuc thi dugce wu tién tuong tu véi phép thyc thi duge thé
hién tai Fig.10 tai cac khdi 804a va 804b, tic 13, phép tao hinh véi thong tin do khuéch
dai bang thip duoc ap dung cho céc gia tri ph trén tin s bién nhu feer, duoc thuc hién
dé thu duoc cac gia tri phd duge tao hinh trén tan sb bién va ngoai ra trong bude 1704
sau, thira sb suy giam fac nhu dugc tinh toan boi khéi 1606 trén Fig.16 duoc ap dung
trén khéi 1704 ctia Fig.17. Do d6, Fig.17 va Fig.10 minh hoa tinh huéng trong d6 bd
tao hinh duoc tao cdu hinh dé tao hinh céc gié tri phd trong ving phd duoc phét hién
dua trén phép toan gan trong s6 thtr nhét sir dung phan ctia thong tin tao hinh cho bang
tan dudi va phép toan gan trong s tiép theo thir hai sir dung thong tin suy giam, tuc Ia,

thira s6 suy giam minh hoa fac.

Tuy nhién, trong cac phuong an khéc, thr ty cua cac budc trén Fig.17 duge dao
nguoc dé phép todn gan trong s6 thir nhét dién ra st dung thong tin suy giam va thong
tin gan trong so tiép theo thtr hai dién ra st dung phan ciia thong tin tao hinh cho bang
tan dudi. Hodc, cach khac, phép tao hinh dugc thyc hién st dung phép toan géan trong
sb6 don st dung thong tin gan trong s6 duoc t6 hop phu thudc va duge suy ra tir mot
mat 1a thong tin suy gidm va mdt khdc it nhit phan ciia thong tin tao hinh cho bang tan
dudi.

Nhu duge minh hoa trén Fig.17, thong tin suy gidm thém dugc ap dung cho tat ca
c4c gia tri phd trong ving pho dinh duoc phét hién. Cach khéc, thira s6 suy giam chi
duoc ap dung cho, vi du, gia tri phd cao nhat hodc nhém cac gid tri phd cao nhét, trong
d6 c4c thanh phan cia nhém cé thé ndm trong khoang, vi duy, tir 2 dén 10. Hon nita,

cac phuong an cling ap dung thira s& suy giam cho tat ca cac gia tri phé trong bang tan
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trén ma ving phd dinh da dugc phat hién bang b phat hién cho khung thoi gian clia
tin hiéu 4m thanh. Do d6, trong phuong 4n nay, thira sb suy giam tuong tu duoc &p
dung cho toan by bang tan trén khi chi gia tri phé) don da duoc xac dinh nhu vung phé)
dinh.

Khi, d6i v6i khung nhat dinh, khong c6 ving phd dinh nao dugc phat hién, khi
{6 bang tAn dudi va bang tAn trén dugc tao hinh bing bg tao hinh ma khong c6 bat ki
phép suy giam thém. Do do, phep chuyén tir khung thoi gian dén khung thoi gian duoc
thuc hién, trong do, phu thudc vao phép thuc thi, mot sb loai 1am nhén thoéng tin suy

giam dugc uu tién hon.

Tét hon 13, giai doan bd luong tir héa va boé ma hda bao gé)m bd xur Iy vong lap
tdc d6 nhu dugc minh hoa trén Fig.15a va Fig.15b. Trong phuong én, giai doan bd
luong tir hoa va bo ma hoa 806 bao g@)m bd gan trong s6 do khuéch dai toan cuc 1502,
b6 luong tir hda 1504 va bd ma héa entropi nhu b ma héa b hoc hoic Huffman 1506.
Hon nita, b6 ma héa entropi 1506 cung chp, dbi voi tap hop cac gia tri duge luong tir
héa nhét dinh cho khung thoi gian, tdc do bit dugc ude lugng hodc duge do dén bo
diéu khién 1508.

B6 didu khién 1508 dugc cAu hinh d& mot mat nhan tiéu chi két thuc vong l1ap
va/hodc mit khac nhan thong tin tdc do bit dugc dinh trude. Mién 12 b diéu khién
1508 xac dinh rang téc do bit dugc dinh trude khong thu duge va/hodc tiéu chi két
thic khong duoc théa man, khi d6 bd diéu khién cung cép do khuéch dai toan cuc
duge didu chinh cho bd gan trong s6 do khuéch dai toan cuc 1502. Khi d6, bd gan
trong s6 do khuéch dai toan cuc ap dung do khuéch dai toan cuc duge diéu chinh dén
cac vach phé duoc tao hinh va duoc suy giam cta khung thoi gian. Do khuéch dai toan
cuc dugc gan trong sb duoc Xuét ra ctia khéi 1502 dugc cung cép dén bd luong tir hoa
1504 va két qua duge luong tr hoa dugce cung cép dén bo ma hoa entropi 1506 ma mot
1an nita xé4c dinh téc do bit duge luong tir hoa hodc duge do cho dir liéu dugc gan
trong s6 v6i do khuéch dai toan cuc duoc diéu chinh. Trong truong hop tiéu chi két
thuc duoc théa man va’hodc tdc do bit duoc dinh trude dugc thoa man, khi d6 tin hiéu
am thanh dugc ma hoa dugc xudt ra tai vach dau ra 814. Tuy nhién, khi tdc do bit

duogc dinh trude khong thu duge hodc tiéu chi két thiic khong duoc théa man, khi d6
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vong lap lai bét diu. Diéu nay dugc minh hoa chi tiét hon trén Fig.15b.

Khi bd diéu khién 1508 x4c dinh réng tdc do bit qué cao nhu dugc minh hoa trén
khéi 1510, khi d6 @9 khuéch dai toan cuc tang nhu duoc minh hoa trén khdi 1512. Do
d6, tht ca cac vach phd duoc tao hinh va suy gidm tré nén nhoé hon vi ching duoc chia
bo1 dd khuéch dai toan cuc va bd lugng tir héa khi d6 luong tir hoa gia tri phé nhod hon
dé bo ma hoa entropi din dén sb cac bit duge yéu cau nhé hon cho khung thoi gian
nay. Do d6, cac quy trinh gan trong 30, luong tr hoa, va ma hoa duge thuc hién voi do
khuéch dai toan cuc duogc diéu chinh nhu dugc minh hoa trén khéi 1514 trén Fig.15b,
va, khi d6, mot 1an nira duogc xac dinh liéu tdc do bit qua cao hay khong. Néu tbc do
bit van qua cao, mot 1an nita cac khdi 1512 va 1514 duoc thuc hién. Tuy nhién, khi
duoc xac dinh ring tdc do bit khong qua cao, viéc diéu khién xtr 1y dén budc 1516 ma
tém tit, lidu tidu chi két thic da duge théa man hay chua. Khi tiéu chi két thic duoc
thoa man, vong lap tbc d6 duoc dung lai va do khuéch dai toan cuc cudi cung dugc
din thém vao tin hiéu dugc ma hoa qua giao dién dau ra nhu giao dién daura 1014 cia

Fig.10.

Tuy nhién, khi dwoc x4c dinh ring tiéu chi két thic chua duoc théa méan, khi d6
6 khuéch dai toan cuc giam nhu duoc minh hoa trén khéi 1518 dé, cudi cling, toc d0
bit t6i da duoc st dung. Pidu nay dam bao rang cac khung thoi gian dé dang ma héa
dugc ma héa vdi dd chinh xac cao hon, tic la, it tdn hao hon. Do d6, véi cac vi du nhu
vay, do khuéch dai toan cuc giam nhu dugc minh hoa trong khoi 1518 va buée 1514
dugc thuc hién véi do khuéch dai toan cuc giam va budc 1510 duge thue hién dé xem

liéu tbe do bit thu duge cao hay khong.

Mot cach tu nhién, phép thuc thi cu thé vé s6 gia ting hoic gidm do khuéch dai
toan cuc c6 thé duoc thiét 1ap nhu yéu cau. Ngoai ra, bd didu khién 1508 c6 thé duoc
thue thi dé c6 cac khdi 1510, 1512 va 1514 hogc dé co céc khéi 1510, 1516, 1518 va
1514. Do 46, phu thudc vao phép thyuc thi, va cling phu thudc vao gia tri bt dau cho
dd khuéch dai toan cuc, quy trinh c6 thé sao cho, tir do khuéch dai toan cuc rét cao,
quy trinh duoc bit ddu cho dén do khuéch dai toan cuc thip nhat ma van thoa méan yéu
cau tde do bit duge tim théy. Mat khac, quy trinh cé thé duoc thuc hién theo cach ma

duoc bat ddu tir dd khuéch dai toan cuc twong dbi thép va d6 khuéch dai toan cuc ting
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cho dén khi thu dugc tde do bit c6 thé chép nhan. Ngoai ra, nhu dugc minh hoa trén

Fig.15b, tham chi sy két hop gitta ca hai quy trinh c6 thé ciing duoc 4p dung.

Fig.10 minh hoa phép nhing ctia b ma héa am thanh bao gbm cac khdi 802,
804a, 804b va 806 trong thiét 14p bo ma héa mién thoi gian/mién tan sé duge chuyén
doi.

Cu thé, bo ma héa Am thanh bao gdm bo xi Iy chung. B9 xtt ly chung bao gom
bo didu khién ACELP/TCX 1004 va bd gi6i han bang nhu b 14y mau lai 1006 va bd
phan tich LPC 808. Biéu nay duoc minh hoa béi cac hop dugc danh béng duoc biéu
thi bdi 1002.

Hon nffa, bo giéi han bang nap bd phan tich LPC ma da dugc thao luén vién dan
dén Fig.8. Khi @6, thong tin tao hinh LPC dugc tao ra béi bd phan tich LPC 808 duoc
chuyén dén bé mi hoa CELP 1008 va dau ra cia bd ma héa CELP 1008 duoc nhap
vao giao dién d4u vao 1014 ma tao ra tin hiéu dugc ma hda cudi cung 1020. Hon nira,
nhanh ma héa mién thoi gian bao gdm bd ma héa 1008 con bao gdm thém bo ma hoéa
m& rong bang thong mién thoi gian 1010 ma cung cép thong tin va, dién hinh, thong
tin tham sb nhu thong tin duong bao phd cho it nhét bang cao clia dau vao tin hiéu 4m
thanh bang ddy du tai diu vao 1001. Tét hon 13, bang cao duge xir ly boi bd ma hoa
mé rong bang thong mién thoi gian 1010 13 bing bét dAu tai tAn sé bién ma ciing dugc
st dung boi bd gidi han bang 1006. Do dd, bo gisi han bang thuc hién loc thong thép
dé thu duogc bang dudi va bang cao dugc loc ra boi bd gidi han bang thong thap 1006

duoc xtr Iy boi bd ma héa mo rong bang thong mién thoi gian 1010,

Mit khéc, nhanh ma héa mién phd hodc TCX bao gdbm bo chuyén dbi thoi gian-
phé 1012 va mot cach minh hoa, man chan 4&m duoc thao luan trudc va sau dé thu

dugc phép xtr Iy bd ma hoa dién day khoang tréng.

Khi d6, két qua bd chuyén ddi thoi gian-phd 1012 va phép xr Iy man chan tuy
chon thém duoc nhap vao bo tao hinh phd 804a va két qua cta b tao hinh phd 804a
duoc nhap vao bd suy giam 804b. Bo suy giam 804b duoc diéu khién béi bo phat hién
802 ma thuc hién su phat hién st dung dir liéu mién thoi gian hogc str dung dau ra cia
khéi bo chuyén ddi thoi gian-phd 1012 nhu duge minh hoa tai 1022. Céc khdi 804a va
804b cung thuc hién bd tao hinh 804 cua Fig.8 nhu dd duoc thao luén trude do. K ét
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qua cua khdi 804 duoc nhép vao giai doan bd lugng tir hda va bd ma hoa 806 ma,
trong phuong an nhét dinh, duoc didu khién bai toc d6 bit duge dinh trudce. Ngoai ra,
khi cac sb duoc dinh trude dugc ap dung boi bd phét hién ciing phu thude vao tdc d6
bit dugc dinh trude, khi do, tdc do bit duge dinh truéc ciing duoc nhap vao bo phat
hién 802 (khong dugc thé hién trén Fig.10).

Do d6, tin hiéu dugc ma hoa 1020 nhén dir li€u tir giai doan bo luong tr hda va
b6 m3 héa, thong tin didu khién tir bo diéu khién 1004, thong tin tir bd ma héa CELP
1008 va théng tin tir by ma hda mé rong bang thong mién thoi gian 1010.

Tiép theo, cac phuong an dugc uu tién cua sang ché duoc thao ludn chi tiét hon.

Tuy chon, ma Iuu tinh twong hgp va tuong thich ngugc vao cac phép thuc thi
dang co dé thuc hién phép xit Iy trudce phia b ma héa. Thuét todn, nhu dugc giai thich
tiép theo, phan tich phé MDCT. Trong trudng hop thanh phan tin hiéu quan trong duéi
foeLp ¢6 mit va cac dinh cao trén fcere dugce tim thdy, ma cé kha nang phé huy phép
mi hoa cta phd ddy du trong vong 1ap tdc do, cac dinh nay trén fepre dugc suy gidm.
Mac du phép suy gidm cé thé khong duge quay lai phia bd giai ma, tin hiéu duge giai
mi thu dugc théa min hon dang ké vé cam quan so véi truée do, trong do phan 16n

pho duge giam ve 0 hoan toan.

Phép suy giam giam sy tdp trung ctuia vong ldp tbc do trén cac dinh trén fcere va

cho phép cac hé sé MDCT tan sb thdp dang ké ton tai sau vong 1ap tbc do.
Thuét toan sau md ta phép xur ly trude phia bd ma hda:

1) Su phat hién ndi dung bang thap (vi du, 1102):

Su phat hién ndi dung bang thdp phan tich, liéu cac phan tin hiéu bang thip dang ké c6
mat hay khong. D4i v6i diéu nay, bién do t6i da cia phd MDCT dudi va trén feere
dugc tim trén phé MDCT trude khi ap dung cac do khuéch dai tao hinh LPC nghich

dao. Quy trinh tim kiém tra lai cac gid tri sau:

a) max_low pre: Hé s6 MDCT t6i da dudi feerp, duge danh gia trén phd gdbm cac gia

tri tuyét dbi trude khi 4p dung cic dd khuéch dai tao hinh LPC nghich déo
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b) max_high pre: Hé s6 MDCT t6i da trén fcerp, duge danh gia trén phd gdm cac gia
tri tuyét dbi trude khi ap dung cac do khuéch dai tao hinh LPC nghich dao

Déi v6i quyét dinh, diéu kién sau duogc dénh gié:
Piéu kién 1: ¢1 * max_low_pre > max_high pre

Néu didu kién 1 12 ding, luong dang k& ndi dung bang thap duge gia dinh, va phép xir
Iy trude duoc tiép tuc; Néu didu kién 1 13 sai, phép xir Iy trude bi huy bé. Diéu nay
gitp dam bao ring khong co tdn hai dugc ap dung cho cac tin hiéu chi bang cao, vi du,
phép quét sin khi trén fcerp.
Ma gia:

max_low_pre =0;
for(i=0; i<Ltcx(CELP); i++)
{

tmp = fabs(Xwm(1));

if(tmp > max_low_pre)

{

max_low_pre = tmp;

}

max_high pre =0;
for(i=0; i<Ltcx®W) - LrexCELP; i++)
{

tmp = fabs(Xm(LrcxCFP) +1));

if(tmp > max_high pre)

{

max_high pre = tmp;
}
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if(c1 * max_low_pre > max_high_pre)

{

/* continue with pre-processing */

}

trong do
X 12 phd MDCT trude khi ép dung phép tao hinh do khuéch dai LPC nghich déo,
LrexCELP) 13 56 luong cac hé s§ MDCT 1én dén feerp
Lrcex®W 12 56 lugng cc hé s6 MDCT cho phd MDCT day du
Trong phép thuc thi minh hoa ¢1 dugc thiét 1ap 12 16, va fabs tra vé gié tri tuyét

doi.

2) Su dénh gia dinh cta hé mét khoang cach dinh (vi du 1104):

Hé mét khoang cach dinh phén tich tdc dong cua cac dinh phd trén fcerp trén b
ma hoéa sé hoc. Do do, bién do tdi da ciia phd MDCT duéi va trén fcere duoc tim trén
phé MDCT sau khi ap dung cac do khuéch dai tao hinh LPC nghich déo, tirc 13, trong
mién ma bd ma héa sd hoc duoc 4p dung. Ngoai bién do t81 da, khoang cach tir fcerp
cling dugc danh gid. Quy trinh tim kiém tra lai cac gi4 tri sau:

a) max_low: Hé s6 MDCT t6i da duéi feere, duoc danh gia trén phd gdm cac gi4

tri tuyét déi sau khi 4p dung cac do khuéch dai tao hinh LPC nghich dao

b) dist_low: Khoang cach max_low tir fcere

¢) max_high: Hé s6 MDCT téi da trén fcpre, dugc dénh gia trén pho gdm cac gia
tri tuyét d6i sau khi 4p dung cac do khuéch dai tao hinh LPC nghich déo

d) dist_high: Khoang cach max_high tir fcerp

Déi voi quyét dinh, didu kién sau dugc danh gia:

Piéu kién 2: ¢ * dist_high * max_high > dist_low * max_low

-26-



34895

Néu didu kién 2 1a dung, 4p luc dang ké cho b mi hoa s6 hoc duge gia dinh, do
dinh phd rat cao hodc tan sb cao ctia dinh ndy. Dinh cao s& chiém wu thé quy trinh ma
héa trong vong 1dp tdc do, tAn sO cao s& can trd bo ma hoéa s6 hoc, vi bd ma héa sb hoc
Judn ludn chay tir tan s6 thip dén cao, tic 13, cac tan sd cao hon khong hiéu qua dé ma
héa. Néu didu kién 2 13 ding, phép xt Iy trude duge tiép tuc. Néu diéu kién 2 1a sai,

phép xtt ly trude bi huy bo.

max_low = 0;

dist_low = 0;
for(i=0; i<Lrcx(“EHD; i++)
{

tmp = fabs(Xm(LtexCEP) — 1 -1));
if(tmp > max_low)
{

max_low = tmp;

dist_low =1;

}

max_high = 0;
dist_high = 0;
for(i=0; i<Ltcx®W - Lrex(CEMP); i++)
{
tmp = fabs(Xm(LrexCEHD) + 1));
if(tmp > max_high)
{
max_high = tmp;
dist_high =1;
}
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if(co * dist_high * max_high > dist_low * max_low)

{

/* continue with pre-processing */

}

trong 4o

Xula phé) MDCT sau khi 4p dung phép tao hinh 4o khuéch dai nghich dao,
L1exCELP) 13 $6 cac hé s6 MDCT 1én dén fcerp

L1ex®W 13 56 céc hé s6 MDCT cho phé MDCT day di

Trong phép thuc thi minh hoa c2 duoc thiét 1ap 14 4.

3) Phép so sanh bién do dinh (vi du, 1106):

Cudi cing, cac bién do dinh trong cac ving phd twong tw vé tim thinh hoc dugc
so sanh. Do d6, bién do toi da cua phé MDCT duéi va trén fcere dugce tim trén phé
MDCT sau khi ap dung cac do khuéch dai tao hinh LPC nghich ddo. Bién d6 tdi da
ctia phé MDCT du6i fcerp khong duge tim kiém cho phd ddy du, ma chi bat dau tai
fiow > 0 Hz. Didu nay 1a dé loai bo cac tan s6 thap nhét, ma quan trong nhit vé tim
thinh hoc va thuong c6 bién do cao nhét sau khi ap dung cac do khuéch dai tao hinh
LPC nghich dao, va dé so sanh céac thanh phan véi tdm quan trong tAm thinh hoc twong
tw. Quy trinh tim kiém tra lai c4c gié trj sau:

a) max_low2: Hé s6 MDCT t6i da dui feerp, duoc danh gia trén phd gém cac
gi4 tri tuyét ddi sau khi 4p dung céc do khuéch dai tao hinh LPC nghich dao bat dau tir
flow

b) max_high: Hé s6 MDCT t4i da trén feerp, duoc danh gid trén phd gom céac gia
tri tuyét db6i sau khi ap dung céc do khuéch dai tao hinh LPC nghich dao

Déi voi quyét dinh, diéu kién sau dugc dénh gia:

Diéu kién 3: max_high > c3 * max_low?2

Néu didu kién 3 14 dung, cac hé s pho trén fcerr duoc gid dinh, ma c6 cac bién
d6 cao hon dang ké so v6i chi dudi feere, va duge gia dinh 13 ton kém dé ma hoa.

Hing so c3 x4c dinh dd khuéch dai t6i da, ma 1a tham so diéu chinh. Néu di€u kién 2 1a
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dung, phép xu ly trudc duge tiép tuc. Néu didu kién 2 1a sai, phép xu Iy trudc bi hiy
bé.
Ma gia:

max_low2 = 0;
for(i=Liow; i<Ltcx(CELD); i++)
{

tmp = fabs(Xm(i));

if(tmp > max_low2)

{
max_low?2 = tmp;
}
}
max_high = 0;
for(i=0; i<Ltcx®W) - LrexCELP); i++)
{

tmp = fabs(Xm(LrexCE) + 1));
if(tmp > max_high)

{
max_high = tmp;

}

if(max_high > c3 * max_low2)

{

/* continue with pre-processing */

}

trong do
Liow 12 Iic két thuc twong duong véi fiow

X w12 phd MDCT sau khi ap dung phép tao hinh @6 khuéch dai LPC nghich déo,
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Ltcx“FM) 1a s0 cac hé s6 MDCT 1én dén fcerp

Ltex®W 12 s6 céc hé s6 MDCT cho phé MDCT day du

Trong viéc thuc thi vi du fiow dugc thiét 1ap dén Lrcx(CE-P/2. Trong phép thuc thi
minh hoa c3 dugc thiét 1ap 1a 1,5 cho tbe dd bit thép va dugc thiét 1ap 1a 3,0 cho tbe do

cao hon.

4) Phép suy giam cac dinh cao trén fcerp (vi du, Fig.16 va Fig.17):

Néu céc didu kién 1 dén 3 duogc biét 1a ding, phép suy giam cac dinh trén fcere
dugc ap dung. Phép suy giam cho phép do khuéch dai t8i da c3 duoc so véi ving phd
tuong ty vé tAm thinh hoc. Thira s6 suy giam sau d6 dugc tinh toan nhu sau:

attenuation_factor = c3 * max_low2 / max_high

Thira sé suy giam sau d6 dugc ap dung cho tht ca cac hé s6 MDCT trén fcere.

5)
Ma gia:
if( (c1 * max_low_pre > max_high pre) &&
(ca * dist_high * max_high > dist_low * max_low) &&
(max_high > c3 * max_low2)
)
{

fac = ¢3 * max_low2 / max_high;

for(i = Lrcx(CEMD); i< Lrex®W); i++)
{
Xu(i) = Xm() * fac;
}
}

trong 4o
X w12 phé MDCT sau khi img dung phép tao hinh d6 khuéch dai LPC nghich dao,

L1exCELP) 13 56 cac hé s6 MDCT 1én dén fcerp
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L1ex®W 12 s6 cac hé s6 MDCT cho phd MDCT day du
Phép xur Iy trude phia by ma hoa giam dang ké &p luc cho vong lip ma hoa trong

khi van duy tri cdc hé so pho lién quan trén fcgre.

Fig.7 minh hoa phé MDCT ctia khung gi6i han sau khi ap dung do khuéch dai
tao hinh LPC va quy trinh xi Iy trude phia bd ma héa dugc mo ta trén day. Phu thude
vao cac gia tri s6 duoc lya chon cho ci1, ¢z va c3 ph6 thu duoc, ma sau d6 dugc nap vao
vong lap tde do, co thé gidng nhu trén. Ching duge giam dang ké, nhung van c6 thé

ton tai & vong lap tdc do, ma khong tiéu thu cac bit kha dung.

Mic du mot vai khia canh dd dugc mo ta trong ngft canh cua thiét bi, rd rang
rang céc khia canh nay ciing thé hién mé ta ctia phuong phap tuong Gmg, trong do Kkhéi
hogc thiét bi twong g véi budce xtt Iy cua phuong phap hodc dac diém cua budc xtr Iy
clia phuong phap. Tuong tw, cac khia canh dwgc mo td trong pham vi cua budc
phuong phép ciling bidu dién su mo ta cua khoi hoic muc hodc d4u hiéu tuong tmg clia
thiét bi trong tng. Mot sb hoic tat ca cac budce phuwong phap c6 thé duoc thuc hién béi
(hodc sir dung) thiét bi phdn ctmg, nhu vi du, by vi xt Iy, mdy tinh c6 thé 1ap trinh
hodc mach dién td. Trong mot sb phuong an, mot hoac nhiéu trong sb cac bude

phuong phép quan trong nhét c6 thé duogc thuc hién bang céc thiét bi nhu vay.

Tin hiéu 4m thanh dugc ma hoa theo sang ché c6 thé duoc Iuu trit trén moéi
trrong luu trit k§ thuét sb hodc ¢ thé duge truyén trong moi truong truyén nhu moi

treong truyén khong diy hodc moi trudng truyén c6 day nhu Internet.

Phu thudc vao cAc yéu cau thyc thi nhét dinh, cac phuong 4n cla sang ché c6 thé
duoc thue thi trong phan cting hodc trong phan mém. Phuong 4n c6 thé dugc thuc hién
st dung vat ghi luu trir khong tam thoi hodc vat ghi luu trix sb, vi du, dia mém, DVD,
Blu-ray, CD, ROM, PROM, EPROM, EEPROM hodc by nhé FLASH, ¢6 cac tin hiéu
didu khién c6 thé doc bing dién tir duge luu tri trén d6, ma két hop (hodc c6 thé két
hop) véi hé théng may tinh kha trinh sao cho phuong phap twong tng dugc thyc hién.
Do do, vat ghi luu trit k¥ thuat s6 ¢6 thé doc duoc bang may tinh.

Mot sb phuong 4n theo sang ché bao gom vat mang dit liéu c6 cdc tin hiéu diéu
khién c6 thé doc duoc bang dién tr, ma c6 kha nang két hop vé6i hé théng méy tinh kha

trinh, sao cho mdt trong s6 cac phwong phap dugc md ta & day dugc thuc hién.
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Noi chung, cdc phuong 4n cua sang ché ¢6 thé duoc thyc thi nhu san phim
chuong trinh may tinh v6i ma chuong trinh, ma chwong trinh hoat dong dé thuc hién
mot trong cac phuong phéap khi san pham chwong trinh mdy tinh chay trén may tinh.

Ma chuong trinh c6 thé vi du dugc luu trit trén vit mang cé thé doc duoc béng may.

Cac phuong an khac bao gdém chuong trinh méy tinh dé thuc hién mot trong cac

phuong phép duge md ta & ddy, duoc luu trit trén vat mang co thé doc dugc bang may.

N6i cach khac, do d6, phuong an cia phuong phap theo sang ché 13, chuong trinh
may tinh ¢ ma chuong trinh dé thuc hién mot trong sb cac phwong phép dugc md ta &

day, khi chuong trinh may tinh chay trén may tinh.

Phuong 4n khéc cua cac phuong phap theo sang ché 13, vat mang dit liéu (hodc
vat ghi luu trit sb, vat ghi doc duoc bang may tinh) gbm c6, da dugc ghi lai trén do,
chuong trinh may tinh dé thyc hién mot trong cac phuong phéap duoc mo ta ¢ day. Vat
mang dit li€u, vat ghi luu trl s6 hodc vat ghi d3 duogc ghi thudng 13 hiru hinh va/hodc

khong tam thoi.

Phuong an khéac cia cac phuong phéap theo sang ché 13, dong dir liéu hodc chubi
tin hiéu thé hién chwong trinh mdy tinh dé thuc hién mot trong cac phuong phap da
duoc mo ta ¢ day. Vi du, co thé ciu hinh dong dit liéu hodc chudi tin hiéu dé duogc

truyén thong qua su két nbi truyén thong dit liéu, vi du thong qua Lién mang.

Phuong &n khac gbdm c6 phuong tién xt 1y, vi du may tinh, hoac thiét bi 1ogic
kha trinh, dugc ciu hinh dé hoac dugc lam thich tmg dé thuc hién mot trong sb cac
phuong phap dugc mo ta ¢ day. |

Phuong an khac bao gém mady tinh c¢6 chuong trinh may tinh dugc cai dit trén
may tinh dé thuc hién mot trong s6 cac phuong phap duge md ta ¢ day.

Phuong én khac theo sang ché gdm c6 thiét bi hodc hé théng dugc céu hinh de
truyén i (vi du, bing dién tr hodc quang hoc) chuong trinh may tinh dé thuc hién
mot trong sb cac phuong phap duge mo ta ¢ day dén bd nhan. B nhan cé thé 13, vi du,
méy tinh, thiét bi di dong, thiét bi nh¢ hodc twong tu. Thiét bi hodc hé théng c6 the, vi

du, bao gdm may chil tép tin dé truyén tai chuong trinh may tinh dén bd nhan.

Theo mét sd phuong 4n, thiét bi 16gic 1ap trinh duge (vi du, mang cdng 14p trinh
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dugc dang truong) cb thé dugc st dung dé thyuc hién mét s6 hodc tt ca cac chiic nang
cua cac phuong phap dugec mo ta & day. Trong mot s6 phuong 4n, mang cong 1ap trinh
duoc dang trudong cé thé két hop véi bd vi xtt ly d8 thuc hién mot trong s6 cac phuong
phéap dugc mo ta ¢ day. Thong thuong, cdc phuong phap t6t hon 1a duge thuc hién béi
thiét bi phan cimg bét ky.

Thiét bi duge m6 ta & day c6 thé duoc thuc hién st dung thiét bi phan cimg, hodc

str dung may tinh, hodc su dung t hop cta thiét bi phan cimg va méy tinh.

Thiét bi dugc md ta & dy, hodc bat ki bd phan nao ciia thiét bi duge md ta trong

sang ché nay, c6 thé duge thyc thi it nhét riéng phin trong phan ctimg va phan mém.

Céc phuong phap dugc md ta & day c6 thé dugc thuc hién sir dung thiét bi phan

cung, hodc st dung may tinh, hodc su dung td hop cta thiét bi phﬁn cirng va may tinh.

Céac phuong phéap dugec mo ta & day, hodc b4t ki bd phan ndo cla thiét bi dugc
mo ta trong sang ché nay, cé thé dugc thuc hién it nhét riéng phan boi phan cting va

phan mém.

Céac phuong 4n dugc md ta bén trén chi mang tinh minh hoa cho céc nguyén Iy
ctia sang ché. Can hiéu ring céc cai bién va bién ddi cua cac phuong an va céc chi tiét
duoc mo ta & day s& 13 18 rang ddi v6i ngudi 6 trinh d9 trong linh vuc ky thuat twong
tng. Do d6, muc dich cua sang ché 13 chi dugc gi6i han béi pham vi cua céac diém yéu
chu bao ho sip dua ra dudi day va khong bi gidi han bdi céc chi tiét cu thé duoc biéu
dién bang ban mo ta va giai thich cia cdc phuong an & day.

Trong phan mo ta tiép theo, c6 thé thdy rang cac dic diém khac nhau dugc nhém
cing nhau trong cdc phuong an cho muc dich hop ly héa cac boc 19 trong ban md ta
nay. Phuong phép cua sang ché khong duoc hiéu nhu phan 4nh y dinh ma cdc phuong
4n duoc bao hd yéu cau nhiéu tinh nang hon dugce ké lai trong mdi yéu ciu bao hd.
Hon nita, cac diém sau day phan 4nh, d6i tuong bao ho theo séng ché c6 thé nim trong
it hon tat ca cac dac diém cta phuong an dugc boc 19 riéng. Do dd, cac yéu cau bao hd
sau day duoc két hop véi phan md ta chi tiét cia sang ché, trong d6 mdi diém c6 thé
dimg riéng nhu mot phuong an riéng biét. Trong khi mdi diém co6 thé dung riéng nhu

mot phuong 4n riéng biét, cAn phai luu ¥ ring, mac di diém phu thudc c6 thé dé cap

-33-



34895

dén trong cac diém - cac phuong an khéc co thé ciing bao gébm su két hop diém phu
thude véi dbi tuong ciia mi diém phu thudc hodc t6 hop cia mdi dic diém véi cac
diém phu thudc va doc 14p khac. Su td hop nhu vay dugc dé xuét trong ban mo ta trir
khi dwoc chi rd khong c6 du dinh cho sy 6 hop dac biét. Hon nita, duge dy dinh dé
bao gdm ca cac dic didm cta diém dén diém doc 1ap khac tham chi néu diém khong

truc tiép dugc tao thanh phu thude vao diém doc lap.

Hon nita luu ¥ rang cac phuong phép dugc boc 10 trong ban mo ta hodc bo yéu
cAu bao ho cb thé duogc thuc thi boi thiét bi c6 phuong tién thuc hién mdi budc twong

Ung ctia cac phuong phap nay.

Hon nita, trong mot s6 phuong 4n, buéc don c6 thé bao gbm hoic c6 thé chia
thanh nhiéu budc phu. Cac bude phu nhu vay c6 thé nam trong va 12 mot phan ctia ban

mo ta budc don nay trir khi dugce loai trir riéng.
Phu luc

Theo d6, cac phin ciia phién ban tiéu chuan 13 néu trén (3GPP TS 26.445 -
Codec for Enhanced Voice Services (EVS); Detailed algorithmic description) duoc
bidu thi. Phan 5.3..3.2.3 md ta phuong 4n dwgc vu tién cia b tao hinh, phan 5.3.3.2.7
md ta phuong an duge uu tién ctia by luong tir hoa tir giai doan bd lugng tir hda va bd
ma héa, va phan 5.3.3.2.8 md ta bd ma hoa sb hoc trong phuong an duge uu tién cta
bd mé héa trong giai doan bd luong tir héa va bo ma hda, trong do, vong lap tbc do
duoc uu tién cho tbc do bit bt bién va d6 khuéch dai todn cuc dugc md ta trong phﬁn
53.2.8.1.2. Céc dic diém IGF ciia phuong én dugc wu tién dugc mo ta trong phan
5.3.32.11, trong d6 vién din cy thé dén phan 5.3.3.2.11.5.1 phép tinh to4n man chin

am IGF. Céc phan khéc ciia tiéu chudn duge két hop béi vién dan trong ban md ta nay.
53323 Phép tao hinh LPC trong mién MDCT
53.3.23.1 Nguyén tic chung

Viéc tao hinh LPC dugc thyc hién trong mién MDCT bang cach 4p dung cac

thira s6 khuéch dai duoc tinh todn tir cac hé b bo loc LP duogc lugng tir hda duoc gan
trong s6 dén phé MDCT. Téc do 14y miu dau vao “ , trén d6 phép bién doi MDCT

duoc thue hién, c6 thé cao hon tée d0 14y mau CELP “*?”, ma cac hé s LP dugc tinh
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toan. Do d6 d6 khuéch dai tao hinh LPC chi ¢6 thé dugc tinh toan cho phan ctia phd
MDCT tuong tng voi pham vi tin s6 CELP. Péi voi phan con lai cua phé (néu co), do
khuéch dai tao hinh cua bang tAn cao nhét duoc st dung.
533232 Phép tinh toan cac do khuéch dai tao hinh LPC

Dé tinh toan 64 do khuéch dai tao hinh LPC, cac hé $6 bd loc LP duoc gan trong
s6 @ dAu tién duoc bién dbi thanh midn tAn s st dung DFT duoc xép chong 1é ¢6 do
dai 128:

16

X;pc(b)= Za(l)e 128
z 0

bo khuéch dai tao hinh LPC &2PC khi d6 dugc tinh todn nhu cac gia tri tuyét dbi

nghich dao 1a Xzrc:

— 1 —
gLPC(b)_IXLPC(bj , b=0..63 o

533233 Ap dung do khuéch dai tao hinh LPC cho phé MDCT

Céc hé s6 MDCT M tyong tmg v6i pham vi tan sé CELP dugc nhom thanh 64
bang phu. Céc hé¢ s6 ctia mdi bang phu duge nhén véi nghich dao cua do khuéch dai

tao hinh LPC tuong ung dé thu dugc phd duge tao hinh ¥ Néu s6 cac ngan MDCT

(cel )

tuong g véi pham vi thn s6 CELP rcx khong phai boi sb ctia 64, do rong ctia bang

phu bién thién bdi mot ki tw nhi phan nhu duge dinh nghia bdi ma gia sau day:

[ )
we|Lfel) foa] r=rfep) oo
if =0 then

s=1 W =wp=w
M

else if ¥<32 then

s=|64/r] w=w wy=w+l
5 2
else
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s=\_64/(64—r)J, w =w+1, Wy =W

i=0

for J = 05rrri63

{

if jmods#0 then

%y ()= X1 () g2pc ()
P=i+]

}

}

Cac hé s& MDCT con lai trén pham vi tdn s6 CELP (néu c6) dugc nhan voi

nghich ddo cua do khuéch dai tao hinh LPC cudi cung:

v . Xyl . ce w

X (l)z—g;%% . i=ledh) [
53324 Tang cuodng tan s6 thap thich ung
533241 Nguyén tic chung

€)

Muc dich ciia quy trinh tdng cuong va giam dan tan s6 thap thich tng (adaptive

low-frequency emphasis and de-emphasis - ALFE) 14 dé cai thién hiéu qua chi quan

ctia bd m3 hoa-giai ma TCX tan so-thoi gian tai cac tan soO thap. De dat dugc muc dich

nay, cac vach phé MDCT thn sd thap duoc khuéch dai trude phép luong tir hoa trong

b6 ma hoéa, nho d6 tang SNR Iuong tr hoa, va sy khuéch dai nay chua dugc hoan

thanh trude quy trinh MDCT nghich ddo trong cac bo giai ma bén trong va bén ngoai
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dé ngan céc thanh phan la khuéch dai.

C6 hai thuét toan ALFE khac nhau ma dugc lya chon mot cach thich hop trong
bd mé hoa va bo giai ma dua trén lya chon thuét toan ma héa sb6 hoc va tdc do bit.
Thuét toan ALFE 1 dugc su dung tai 9,6kbps (b6 ma héa sb hoc trén co s¢ dudng bao)
va tai 48kbps trd 1én (b0 ma hoa s6 hoc trén co s¢ ngit canh). Thuat toan ALFE 2 dugc
stt dung tir 13,2kbps 1én dén ca 32kbps. Trong bd ma héa, ALFE hoat dong trén cac
vach phd trong vécto x[] dmg ngay trudc (thuét toan 1) hodc sau (thuét toan 2) moi
phép luong tir hda MDCT, ma hoat dong nhiéu 1an bén trong vong lap tbc do trong
truong hop bd ma hoa sb hoc trén co s& ngir canh (xem phén con 5.3.3.2.8.1).

533242 Thuét toan ting cuong thich ng 1

Thuit toan ALFE 1 vén hanh dua trén cac do khuéch dai bing tan LPC,
IpcGains[]. Thir nhat, cuc tiéu va cuc dai cia chin do khuéch dai dau tién - cac do
khuéch dai tAn sb thip (low-frequency - LF) - dugc tim thdy str dung phép so sénh céac

phép toan dugc thyc hién trong vong 1ap trén céc chi s6 do khuéch dai tr 0 dén 8.

Khi do, néu ti 1& gitta cuc tiéu va cuc dai vugt qua ngudng 1/32, sy tang dan céc
vach thép nhét trong x dugc thuc hién sao cho vach thu nhét (DC) dugc khuéch dai boi
(32 min/max)®? va vach thtr 33 khong dugc khuéch dai:

tmp = 32 * min

if (max < tmp) && (max > 0))

{

fac = tmp = pow(tmp / max, 1/128)

for 1=31;1>=0;i--)

{ /* gradual boosting of lowest 32 lines */
x[i] *= fac

fac *=tmp

}

}
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533243 Thu4t todn tdng cuong thich tng 2

Thuét toan ALFE 2, khong giéng nhu thuat toan 1, khong vén hanh duya trén cac
d6 khuéch dai LPC dugc truyén dan dugc tao tin hiéu bé“mg phép bién d6i dén cac vach

MDCT LF duge luong ti héa. Quy trinh dugce chia thanh nam bude lién tiép sau:
eBu6c 1: dau tién tim cuc dai cuong do thir nhat tai chi sé i_max trong phan tu

phd thép hon (k=0 ... L(%)r/ 4) st dung invGain = 2/grcy va cai bién cyc dai:
xq[i_max] += (xq[i_max] <0) ?-2:2

eBudc 2: khi d6 nén pham vi cua tét ca x[i] 1én dén i_max boi lugng tir hoa lai
tAt ca cac vach tai k = 0 ... i_max—1 nhu trong phan con mb ta phép luong tir hoa,
nhung st dung invGain thay vi grey nhu thira s6 khuéch dai toan cuc.

(bw) .
Lrex 4)ma cao bang

eBudc 3: tim kiém cuc tiéu cuong d6 dudi i max (k=0 ...
mot nira néu i_max > —1 st dung invGain = 4/grcxy va cai bién cuc dai: xq[i_max] +=
(xq[i_ max]<0)?-2:2

eBudc 4: nén lai va lugng tr hoa tht ca x[i] 1én dén mot nira chiéu cao i_max
duge tim thiy trong budc trude do, nhu bude 2

oBudc 5: hoan thién va ludn nén hai vach tai i max méi nhat dugc tim thdy, tirc
13, tai £ =1 max+1, i max+2, mot lan nita st dung invGain = 2/grcx néu i_max ban
dau duogc tim thdy trong 1 12 16n hon -1, hodc néu khong, st dung invGain = 4/grcx.
Tit ca i max dugc khoi tao vé —1. Dé biét rd chi tiét, vui long xem
AdaptLowFreqEmph() trong tcx_utils_enc.c.
53325 U'c s6 nhidu 4m phd trong pho lity thira

Dé dan phép luong tr hoa trong quy trinh mé hoa TXC, ude s6 nhidu am gitra 0
(dm) va 1 (tuong tu nhiéu 4m) duoc xac dinh cho mdi vach phd MDCT trén tan sb
duge chi 16 dua trén phd liy thira ciia phép bién doi hién thoi. Phé Iy thira & p (k)
dugc tinh toan tir cac hé s6 MDCT*m®) v3 cac hé s6 MDST X5 ) trén phén doan tin
hiéu mién thoi gian va v6i phép toan tao ctra s6 tuong tu:

Xpl)= X2 )+ X2k for k=0.L82) -1 @

Mbi u6c sd nhidu am "0iseFlags(k) gay @6 duoc tinh toan nhu sau. Thu nhat, néu
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chidu dai bién ddi dugc thay dbi (vi du, sau phép bién ddi chuyén tiép TCX theo sau
khung ACELP) hodc néu khung trudc d6 khong st dung phép ma héa TCX20 (vi du,

trong truong hop do dai phép bién dbi ngén hon da dugc st dung trong khung cubi),
. o noiseFlags(k) 1an A4 ) _q K, 1A ‘s 2, aX e A 1R A
tat ca 2s(k) 1an dén “Tcx T duoc thiét 1ap lai tir 0. Vach bat dau udc s6 nhi€u am
ksiare dquge khoi tao theo bang sau 1.

Béang 1: Bang khai tao ksiart trong wére s6 nhiéu 4m

Téc do bit
(kbps)

96 |132 |164 [244 [32 48 96 128

66 128 200 320 320 320 320 | 320

bw= NB,
WB

bw=SWB,FB ‘ 44 96 160 320 320 256 640 640

P&i voi chc phép bién ddi ACELP thanh TCX, s duge dinh ti 1¢ bang 1,25.

s oar A < A r A XA k A 2 L(bw) -6 noiseFlags(k) PR
Khi d6, néu vach bat dau uge s6 nhiéu am " 1a nhd hon ~7<X 7, tai va

trén K dugc suy ra theo dé quy tur tbng dang chay cta cc vach phd lity thira:

k+7 k+1

stky= D Xp(@), cB)= Y Xpl)
i=k-17 i=k—1 (5)
noiseFlagdk) = {1 if s(k) z (1.75-0.5- noiseFlagsk))- c(k) for ko L%)( g
0 otherwise (6)

Hon nita, mdi lan 70&eF lags(k) gwge cho gia tri 0 trong vong lap trén, bién sb
lastTone dwoc thiét 1ap 1a k. 7 vach phia trén dugc xit Iy riéng biét vi *®) khong thé

dugc cap nhat thém nita (C(k) , tuy nhién, duoc tinh todn nhu trén):

1if s(L%2) ~8) > (1.75-0.5- noiseFlags(k)) - c(k) Jor 102) —7..1%) o

noiseFlags(k) =
0 otherwise (7)

. = (bw) — . X
Vach trén cung tai k=Lrcx 1du:cyc dinh nghia 13 twong tu nhiéu 4m, do do

seFlags(LP%) —1) =1 ~ 4 & .z Z : .. 5 s 1
noiseFlags(Lycy D=1 i cung,néu bién s6 lastTone (ma duge khoi tao vé 0) la 16n
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hon 0, khi do noiseFlags(lastTone+1)=0 Yy ¢ ring quy trinh nay chi duge thuc hién
. ~ —0 fork=0.10% _
trong TCX20, khong trong cac ché do TCX khac (noiseFlags(k) =0 for ke =0-Lycx =1y,

53326 Bo phat hién thira s6 thong thap

Thura s6 thong thip “# dugc xéac dinh dua trén phd Iy thira cho tat ca céac tbe do

bit dudi 32,0kbps. Do d6, phd lity thira X7 duge so sanh 13p di 1ap lai véi ngudng

=18 1. LB 2

TCY rex ' trong d6 tpr =32.0

“if cho tat ca dbi voi cac ctra s6 MDCT thuong
va i =% 481 vai cac cira sb chuyén tiép ACELP thanh MDCT. Phép ldp dung ngay

i P>t

Clpf =03-Cipp prev +0.7-(k+ 1)/ LFER)

Thira s6 thong thdp “ xac dinh nhu ICX  trong d6

s prev 3 thira s6 thong thép duoc dinh truée cudi cing. Tai luc bit dau bo ma hoéa,

“if .prev durore thiét 1ap 1a 1,0. Thira s6 thong thip “¥” dugc st dung dé xé4c dinh 6 dung
dién dAy nhidu 4m (xem phan con 5.3.3.2.10.2).

53327 B6 lugng tir héa ddng déu vai ving chét thich img

DPéi v6i phép lugng tar hoa dong déu cta phé MDCT Y sau hodc trudc khi
ALFE (phu thudc vao thuft toan tang cuong dugc ap dung, xem phan con 5.3.3.2.4.1),
cac hé sb dau tién duoc chia ra boi do khuéch dai toan cuc &7¢X (xem phﬁn con
5.3.3.2.8.1.1), ma diéu khién kich thudc budc cia phép luong tir hoa. Cac két qua sau
dé dugce lam tron vé 0 v&i do 1éch 1am tron duge thich ung cho mdi hé sb dua trén
cuong do cia hé sé (lién quan dén 87¢x) va am (nhu dugc xac dinh boi noiseFlags(k)
trong phan con 5.3.3.2.5). Péi v6i cac vach phd tan sb cao véi do khuéch dai thip va
cuong do, do léch 1am tron 12 0 duoc st dung, trong d6 dbi v6i tAt ca cac vach phd
khac, do 1éch 0,375 dugc su dung. Cu thé hon, thuit todn sau dugc thyc hién.

(bw) 1

Bit dau tir hé s6 MDCT dugc ma hoa cao nhéat tai chi sb k=Lrcx =1 chung ta

noiseFlagsk) >0

thiét 1ap M®=% va 6 giam * bang 1 mién 13 didu kién va

X ()| 1 L Cr 1y A | \ . Lo e g A .
s ) e < danh gia 1a ding. Khi d6 xubng tir vach thi nhat tai chi so #=0 khi
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didu kién nay khong dugce dap ung (ma da dugce dam bao vi noiseFlag{0) =0

), lam tron
v& 0 v6i do 1ach 1am tron 12 0,375 va gi6i han cac gid tri nguyén thu dugc dén pham vi
tir —32768 dén 32767 dugc thuc hién:

nnnﬂwwwstmm] , Xy (k)>0

8rcx

Xy (k)= -
max {&‘4—(1‘—)—0.3751,—32768 , Xy (k)<o
grcx

(8)

TN TR SR Loe e A A o X -\A=L(bw) A 1Al A
v6i k=0.-k"_ Cudi cung, tat ca cac hé s6 cua Xy () tai va trén k="Lrcx duoc thiét 1ap vé

0.
533.2.8 Bo mi hda sb hoc

Céc hé s6 phd dugc lugng tir hoa duge ma héa im lang bang bd ma héa entropi

va cu thé hon bang phép ma hoa s6 hoc.

Phép ma hoa s6 hoc str dung 14 xac suat chinh xéac bit dé tinh todn ma cta minh.
Su phén bd xac suét theo thir tw bang chir cai c6 thé duoc suy ra theo cac cach khac
nhau. Tai tdc dd thip, dugc suy ra tir duong bao LPC, trong khi tai cac toc do cao,
duoc suy ra tir ngit canh qua khu. Trong ca hai truong hop, mo hinh séng hai co thé

duoc thém vao dé tinh chinh mo hinh xac Suét.

M3 gia sau md ta chuong trinh ma hoa b6 hoc, ma dugc st dung dé ma hoa bat ki
biéu tuwong nao dugc két hop v6i md hinh xac sudt. M6 hinh x4c suét dugc biéu dién
boi bang tan so Iy tich cum_fireg/]. Phép dao ham mo hinh x4c suét dugc md ta trong
phan con sau.

/* global varibles */
low

high
bits_to_follow

ar_encode(symbol, cum_freq[])

{
if (ari_first_symbol()) {

low =0;
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high = 65535;
bits_to_follow = 0;
}

range = high-low+1;

if (symbol > 0) {

high = low + ((range*cum_freq[symbol-1])>>14) - 1;
}

low += ((range*cum_freq[symbol-1])>>14) - 1;
for (;;) {

if (high <32768 ) {

write_bit(0);

while ( bits_to_follow ) {

write_bit(1);

bits_to_follow--;

}

}
else if (low >= 32768 ) {

write_bit(1)
while ( bits_to_follow ) {
write_bit(0);

bits_to_follow--;

}
low -=32768;
high -=32768;
}

else if ( (low >= 16384) && (high < 49152)) {

bits_to_follow += 1;

low -=16384;
high -= 16384,
}

else break;
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low +=low;

high += high+1;

}

if (ari_last_symbol()) /* flush bits */
if (low <16384) {
write_bit(0);

while ( bits_to_follow > 0) {
write_bit(1);
bits_to_follow--;

}

} else {

write_bit(1);

while ( bits_to_follow > 0) {
write_bit(0);
bits_to_follow--;

}

}

}

Ham tro giup ari_first_symbol() va ari_last_symbol() phat hién biéu tugng thu

nhét va bidu tuong cubi cling cua tr ma duoc tao ra twong ung.
533281 B0 ma hoa-giai ma s6 hoc dua trén ngfr canh
5332.8.1.1 BO udc luong do khuéch dai toan cuc

Phép ude luong do khuéch dai toan cuc é<r cho khung TCX dugc thuc hién
trong hai bude lap di 1dp lai. Uéc lugng tht nhat xem xét do khuéch dai SNR 1a 6dB
mdi mau mdi bit tr SQ. Udc luong thtr hai 1am min udc luong bang cach xem xét

phép ma hoa entropi.

Ning luong ctia mdi khéi gdm 4 hé s6 dugc tinh th nhét:
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4
E[k] = Z)?Z[4.k+i]
=0 )

Tim kiém hai phan duoc thuc hién voi do phan giai cudi cing 12 0,125dB:
Phép khéi tao: Thiét 1ap fac = offset = 12,8 va target = 0,15(target_bits — L/16)
Phép lap: Thuc hién khdi cac phép toan sau day 10 lan

1- fac=fac/2

2- offset = offset — fac

L/4 )

E[k]- tif E[k]- t>03

enerzza[i]’ where a[l-]z{o[t}]l Oﬁ.%e if E[k] oﬂse > ‘
otherwise

2. i=0
3- if{ener>target) then offset=offset+fac
Uéc lugng thir nhat cia do khuéch dai duoc cho boi:

grcx = 100.45+0ﬁ‘set/2

(10)

53.3.2.8.12 Vong lap tde d6 cho tdc do bit bat bién va 6 khuéch dai toan cuc
Pé thiét 1ap do khuéch dai tot nhét S7Ctrong cdc han ché cia

used _bits <target_bits v trinh hoi tu ciia 87CY va “$%9-P qugc thye hién bang cach st

dung céc gia tri va cac hing sd sau:
Wb va "oe biéu thi cac trong sb twong tng v6i can dudi va can trén,
81by3 &Ubhiéu thi cac do khuéch dai tuong ing v6i can dudi va can trén, va
Lb_found s Ub_ found i thi cac cr hidu bidu thi Lbva Upduge tim thdy, lan
luot.
H vy 1A chc bién s véi H =max(1,2.3—0.0025% rarget _ bits) va "l =1/u .
A va v1a cac hing sb, duoc thiét 1ap 1a 10 va 0,96.
Sau khi uéc luoc ban dau vé su tiéu thu bit bang phép ma héa sb hoc, P dugc

thiét lap 13 0 khi ‘€215 160 hon"d—P trong khi S duge thiét 1ap la “5¢?-"
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Khi used _bits 16m hon target bits

Néu 5°P 16n hon 0, didu d6 ¢6 nghia 13 92160 hon '8¢ -bits

81cx cn phai duoc cai bién dé 16n hon gid tri truge va “0-/7" duoc thiét lap 1a
TRUE (ding), $% dugo thiét 1ap nhu 76X truge. 7o duoc thiét 1ap 1

Wrp =st0p—target_bzts+/1, (11)

Khi UP-foundgs quoc thiét lap, didu d6 c6 nghia 1a “-P*d3 nhé hon

target_bits 21CY duge cap nhat nhur gid tri ndi suy gifta c4n trén va can dudi. ,
grex = (&b - Wup +8up Wip) (Wup +Wpp) (12)

Néu khong, didu d6 c6 nghia 1a YP-/2nd 13 FALSE (sai), d0 khuéch dai dugc
khuéch dai nhu

grex = grey - (1+ p- ((stop/v) / target _bits—1)) (13)

v6i i 18 khuéch dai 16n hon khi ti 16 “5¢4-Dits (=stop) 3 1arget_bils 13 167 hon

dé nhanh thu dugc 8.

Néu P bing 0, didu d6 c6 nghia la 54 P nh hon '2r8-bHS

87X nén nhé hon gia tri trude va Y-/ qugc thiét 1ap 1a 1, U8 duoe thiét lap
nhu 7K truge va Tov duge thiét 1ap 1a

Wy =target _bits—used _bits + A (14)

>

Néu Lb_ found g3 qywoc thiét 1ap, do khuéch dai dugc tinh toan nhu

grex =(&op W + &up - Wip) /Wy "’WLb), (15)

néu khong, dé nhanh ha thap do khuéch dai bang 2, do khuéch dai dugc giam

nhu,

grcy = grey -(1—n-(1—(used _bits-v)/target _bits)) (16)
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Vi ti 18 do khuéch dai giam lon hon khi ti 18 %569 _bits 5 target_Difs ppe

Sau phép hi¢u chinh do khuéch dai trén, phép lugng tir hoa dugc thyc hién va thu
duoc phép ude luong used _bits hino phép ma hoa sb hoc. Két qua 12, SIoP qwoc thiét
14p 12 0 khi 12801160 honted s va dugc thiét 1ap 1a used _bits i 16n hon
target_bits /( ’: N\ -~ pY 2 by : /( A ~ r.e ~ \

. Néu s6 vong 13p 1a nh6 hon 4, quy trinh thi€t 1ap can duéi hoac quy trinh
thiét 1ap can trén dugc thyc hién tai vong 13p tiép theo phu thudc vao gia tri stop. Néu
sb vong lap 14 4, 40 khuéch dai cubi cing 87X va thu dugc chudi MDCT dugc lugng

tir héaXQMDCT(k)

5332813 Phép suy ra va ma hoa md hinh xé4c suét

Céc hé so pho duge lugng tir héa X duge ma héa im lang bat dau tir hé so tan s
thip nhat va tién hanh dén hé so tan so cao nhat. Chung dugc ma hoa boi cdc nhom

gbm hai hé s6 a va b tap hop trong tp hop duoc goi la {a,b} 2 phan ti.

M3i tap hop {a,b} 2 phdn tir dugc chia thanh ba phdn cu thé, MSB, LSB va ky
hiéu. Ky hiéu dugc méa hoéa doc lap véi cuong do sir dung su phan bd xac suét déng
ddu. Ban than cuong do con duge chia thanh hai phan, hai bt ¢6 gié trj cao nhét (most
significant bits - MSB) va mat phang bit c6 gia tri thip nhét (least significant bitplanes
- LSBs, néu dugc 4p dung) con lai. 2 phan tir ma cudng d cla cac hé sé phd 13 thap
hon hodc bang 3 dugc ma hoa truc tiép bang phép ma hoa MSB. Mt khic, biéu tugng
thoat ra duoc truyén dan 14n dAu tién dé tao tin hiéu bat ki mit phéng bit nao.

Mbi quan hé gitra 2 phan tir, cac gid tri pho riéng 1 a va b clia 2 phan tir, cic mit
phang bit c6 gia tri cao nhit m va cac mit phang bit c6 gia tri thap con lai, r, dugc
minh hoa trong vi du trén hinh 1. Trong vi du nay, ba biéu tuong thoat ra dugc gui

trudc gia tri thuc té m, biéu thi ba mat phéng bit co6 gia tri thép nhat dugc truyén dan.
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o
T *:é) 2 phén tir b a
) ® 0 ’_JT T 0(0
g |1 2| (90
r‘%) 0g %’O m = 10002
g* 110} r=102, lev=2
I rea | [1[1] r=11z, lev=1
a b —> 3 0({1| r=01,,lev=0
Q

Hinh vé 1: Vi du cidp 2 phian tit) dwge ma hoéa cla gia tri phé a va b

va phép bicu dién ciia ching nhw m va r.

Mo hinh xé4c sut duge suy ra tir ngit canh da qua. Ngir canh da qua dugc phién
dich trén chi sb theo 12 bit va céc ban db v6i bang tim kiém ari_context_lookup [] dén

mdt trong sO 64 md hinh xac suat co s&n dugc luu tri trong ari_cf m/[].

Ngit canh di qua dugc suy ra tur 2 phan tir ¢ dugc ma héa trong khung tuong ty.
Ngit canh co thé dugc suy ra tir mdi truong xung quanh truc tiép hodc duge dinh vi
trong cac thn sb da qua. CAc ngit canh riéng bigt duge duy tri cho céac vung dinh (cac
hé sé thudc vé céc dinh séng hai) va céc viing (khong c6 dinh) khéc theo md hinh song
hai. Néu khong st dung md hinh séng hai, chi st dung ngir canh vung (khoéng c6 dinh)
khac.

Céc gia tri phd duge dua vé 0 nam trong dudi cia phd khong dugce truyén dan.
Dat duoc bang cach truyén dan chi sb ctia 2 phan tir khong dugc dua v& 0 cubi clng.
Néu str dung m6 hinh séng hai, duéi cua pho duoc dinh nghia 1a du6i cua phd bao gbm
cac hé sb vung dinh, dugc theo sau boi cac hé sd vung (khong c6 dinh) khdc, nhu duoc
dinh nghia nay c6 xu hudng tang sé luong céc s6 0 theo sau va do d6 cai thién hiéu
qua ma hoa. Sé cac mau dé ma héa duge tinh todn nhu sau:

lastnz=2( max {(X[ip[2k]]+ X[ip[2k +1]]) > 0) +2
0<k<L/2

(17)

Dt liéu sau day dugc viét thanh dong bit vai thir tu sau:

(101%2(—5-)‘\
1- lastnz/2-1 duoc ma hoa trén bit.

2- Cac MSB dugc ma héa entropi cung voi biéu tuong thodt ra.
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3- Céc ky hiéu véi tir ma theo 1 bit
4- Céc bit lugng tir héa du dugc md ta trong phan khi ngan sach bit khéng dugc

sir dung toan bo.
5- Cac LSB dugc viét nguoc tir cudi cua viung dém dong bit.

Céac mi gia sau diy mo t& cach ngir canh dugc suy ra va cach dit liéu dong bit
cho cac MSB, cac ky hiéu va LSB dugc tinh toan. Cac ddi sb dau vao duoc luong tir
hoa 1a cac hé ) phé duoc luong tir hoa X[/, kich thude cua phé duoc xem xét L, ngan
sach bit farget_bits, cac tham sb md hinh séng hai (pi, hi), va chi sb cta ky hiéu khong

duogc dua vé 0 cudi cung lastnz.

ari_context_encode(X[], L,target_bits,pi[],hi[],lastnz)
{
c[0]=c[1]=p1=p2=0;
for (k=0; k<lastnz; k+=2) {
ari_copy_states();
(al ipl,idx1) = get_next_coeff(pi,hi,lastnz);
(b1 _i,p2,idx2) = get_next_coeff(pi,hi,lastnz);

t=get_context(idx1,idx2,c,p1,p2);
esc_nb =levl =0;

a=al =abs(X[al i]);

b =bl =abs(X[bl_i]);

/* sign encoding™/
if(a1>0) save_bit(X[al_i]>070:1);
if(b1>0) save bit(X[bl_i]>070:1);

/* MSB encoding */

while (al >3 || bl >3) {
pki = ari_context_lookup[t+1024*esc_nb];
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/* write escape codeword */
ari_encode(17, ari_cf_m[pki]);
al>>=1; bl >>=1; levl++;

esc_nb = min(levl,3);

}

pki = ari_context_lookup[t+1024*esc_nb];
ari_encode(al+4*b1, ari_cf_m[pki]);
/* LSB encoding */
for(lev=0;lev<levl;lev++){

write bit_end((a>>lev)&1);
write_bit_end((b>>lev)&1);

}

/*check budget™/
if(nbbits>target_bits){
ari_restore_states();

break;

}
c=update_context(a,b,al,bl,c,pl,p2);
}

write_sign_bits();

Céc ham tro gilp ari_save_states() va ari_restore_states() dugc st dung dé luu
va khéi phuc céc trang thai bo ma hoa s6 hoc twong Gng. Piéu nay cho phép hity bd
phép ma hoda cua cac bidu twong cubi cling néu vi pham ngén sach bit. Hon nita va
trong truong hop vuot qua ngan sach bit, ¢o thé dién day cac bit con lai bang 0 cho dén
khi dat dén cubi ngan séach bit hodc dén khi xtr 1y lastnz miu trong pho.

Cac ham tr¢ gitp khac duge mo ta trong cac phan con sau.

533.28.1.4 Lay hé s6 tiép theo

(a,p,idx) = get_next_coeff(pi, hi, lastnz)
If ((ii[0] > lastnz — min(#pi, lastnz)) or
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(ii[ 1] < min(#pi, lastnz) and pi[ii[1]] <hi[ii[0]])) then

{

p=1

idx=ii[ 1]

a=pi[ii[1]]

}

else

{

p=0

idx=i1i[0] + #pi

a=hi[ii[0]]

}

ii[p]=ii[p] +1

Céc b dém ii[0] v ii[1] duoc khoi tao vé 0 tai lc bat dau ari_context_encode()
(va ari_context_decode() trong bd ma hoa).
53.3.2.8.1.5 Cép nhat ngit canh
Ngir canh duoc cap nhat nhu duge mo ta béi ma gia sau. Ngit canh nay bao gbm

chudi néi gdm hai phan tir ngit canh theo 4 bit.

if ( pl# p2)

{

if ( mod(idx1,2) == 1)

{

t=1+2a/2|-(1+|/4))

If (1> 13 )

t =12 +min(1+| /8 3)

clpl]=2%-(dpl]Al5) +t

}

if ( mod(idx2,2) == 1)

{

t=1+2[b/2 (1 +]b/4))
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if (1>13)
t =12 +min(1+|5/8 3)

c[p2]=2% - (dp2]A15)+t

}
}

else

{

plv p2]=16-(c[plv p2]A15)
if(esc_nb<2)
cplv p2] =c[plvp2]+1+(a1+b1)~(esc_nb+1)

else

c[plv p2]=c[plv p2]+12 +esc_nb

}
53.3.2.8.1.6 L4y ngir canh

Ngit canh cudi cung dugc sira theo hai cach:
t=c[plv p2]

if min(idxl,idx2) > L/2 else

t=t+256
if target_bits >400 o]ge
t=t+512
Ngit canh 7 1a chi s6 tir 0 d&én 1023.
53.3.2.8.17 Phép udc lugng tidu thu bit

Phép udce lugng tiéu thu bit ciia bo ma hoa s6 hoc trén co s& ngit canh can dé tdi
wu héa vong lap tdc do cua phép lugng ti hoa. Phép wdce luong dugce thuc hién bing
cach tinh toan yéu cAu bit ma khong can bd ma héa sb6 hoc. Cac bit duoc tao ra co thé

duogc ude lugng mot cach chinh xéach boi:

cum_freq= arith_cf m[pki]+m
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proba*= cum_freq[0]- cum_freq[1]

nlz=norm_l(proba) /*get the number of leading zero */

nbits=nlz

proba>>=14
trong d6 proba la s6 nguyén dugc khoi tao dén 16384 va m 14 biéu twong MSB.
53.3.2.8.1.8 M6 hinh séng hai

Déi voi phép ma héa so hoc dua trén cd nglt canh va dudng bao, md hinh séng
hai duoc st dung cho phép ma héa cac khung va ndi dung séng hai hiéu qua hon. Mo

hinh bi v6 hiéu hoa néu bat ki mot trong céc diéu kién sau duoc ap dung:
- Téc db bit khong phai mot trong s6 9.6, 13,2, 16,4, 24,4, 32, 48Kkbps.
- Khung trude d6 da duge ma héa béi ACELP.

- M3 hoéa s6 hoc dua trén duong bao duoc su dung va loai bd ma hoa khong phai

hitu thanh hodc chung.

_ C& hiéu mé hinh séng hai bit don trong dong bit duoc thiét 1ap ve 0.

Khi m6 hinh c6 hiéu luc, khoang mién tan sd cta cac song hai 1a tham s6 quan
trong va dugc phén tich chung va dugc ma hda cho ca hai loai bd mé héa sb hoc.
53.3.2.8.1.8.1 Phép ma hoa khoang séng hai

Khi d6 tré budc va dd khuéch dai duge st dung dé xir 1y sau, tham sb do tré duoc
stt dung dé biéu dién khoang song hai trong mién tin sb. Néu khong, phép biéu dién

théng thudng cua khoang dugc ap dung.
5332.8.1.8.1.1 Phép mi héa khoang phu thudc vao do tr& budc mién thoi gian

Néu phan nguyén cta do tré budc trong mién thoi gian dint 13 nhé hon kich thuge
khung cuia MDCT Lrex | don vi khoang mién tin sb (gitta cdc dinh song hai twong Ung
vGi do tré budce) Tunir v ¢ do chinh xac phan sb 7 bit dugc cho boi

(2 Lygy -res _max) - 27
Tonar = (dyp - res _max+d ) (18)
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trong d6 %7 bidu thi phin phan s cita do tré budc trong mien thoi gian, - biéu
thi s6 t6i da céc gia tri phan s6 dugc phép ma cac gia tri nay 1a 4 hodc 6 phu thudce vao

cac diéu kién.
Vi Tvwr ¢6 pham vi han ché, khoang thuc té giita cac dinh song hai trong mién

tAn s dugc ma hoa twong déi theo Tunirgiy dyung céc bit duge cu thé hoa trong bang 2.
Trong sb (mg vién cla cac thira s6 nhan, R0 dguoc cho trong bang 3 hodc bang 4, sd
nhan duge lwa chon ma mang lai khoang séng hai phu hop nhét cta cac hé sb bién doi

mién MDCT.

Indexy = (Tyr +2°)/27 =2 (19)
TMDCT = l_4'TUNIT . Ratio(]ndexBandwidth,IndexT,IndexMUL)_l/ 4 (20)
Bang 2: So6 céc bit dé chi ré s6 nhan phu thudc vao Index;

Idexp 10 |1 12 |3 14 IS |6 7 |8 |9 |10 |11 12|13 14|15
NB: 5 14 14 |4 |4 |4 (4|3 |3 |3 |3 (2|2 |2 |22
WB: |5 |5 |5 |5 |5 |5 |4 |4 |4 |4 |4 442 |2 |2

Bang 3: Cac ing vién ciia s6 nhan theo thir tw 79*muL phu thuc vao Indexr (NB)

Index
0 3 |4 |5 |6 |7 |8 |9 [10|11|12)13]14]|15|16/|17 18

19 120 [21 [22 | 23|24 [ 25|26 |27 |28 (30|32 |34|36|38 |40
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1 051 |2 |3 |4 |5 |6 |7 |8 1012 |16 20|24 |30
2 2 13 14 |5 |6 |7 |8 |9 |10[12]14|16|18]20 2430
3 2 |3 14 |5 |6 |7 |8 |9 |10|12]14 16|18 20|24 |30
4 2 [3 14 |5 |6 |7 |8 ]9 |10|12|14|16|18|20|24 |30
5 1 |2 [25|3 |4 |5 |6 |7 |8 101121416 18|20
6 1 | 1,502 [25(3 |3,5]|4 |45]|5 7 18 |9 [10]12]16
7 1 {2 |3 |4 |5 |6 |8 |10 |- S R R I I
8 1 (2 |3 |4 |5 |6 |8 |10 |- O R I I
9 1 |1512 |3 |4 |5 |6 |8 |- S T T I I
10 1 |2 [25|3 |4 |5 |6 |8 |- S R I I I
11 1 |2 |3 |4 |- |- |- |- |- N N I
12 1 |2 (4 |6 |- |- |- |- |- e e I I
13 1 12 (3 |4 |- |- |- |- |- N N e
14 1 | 1,512 |4 (- |- |- |- |- o N I I
15 1 |15(2 |3 |- |- |- |- |- R N e
16 0511 (2 |3 |- |- |- |- |- N N e
Bang 4: Cac wng vién cia s6 nhan theo thit tw phu thudc vao Index; (WB)
Indexy | o
0o I3 14 [5 |6 [7 |8 |9 |10 |11 |12 |13 |14 |15 |16 |17 |18
19 120 [21 [22 |23 |24 |25 |26 |27 |28 |30 |32 |34 |36 |38 |40
1 1 12 13 14 |5 |6 |7 (8 |9 (10 |12 |14 |16 |18 |20 |22
24 126 128 130 [32 [34 |36 |38 |40 |44 |48 |54 |60 |68 |78 |80
2 (15102 (2503 |4 |5 |6 |7 (8 (9 |10 |12 |14 |16 |18 20
22 124 126 28 [30 |32 [34 |36 |38 |40 |42 |44 |48 |52 |54 |68
3 1 [15]2 [2513 |4 |5 |6 |7 |8 (9 |10 |11 |12 |13 |14
15 |16 |18 [20 [22 [24 |26 |28 |30 |32 |34 |36 |40 |44 |48 |54
4 1 [15]2 12513 [35(4 |45(5 [55]6 (65(7 |75(8 |9
10 111 [12 [13 |14 [15 |16 |18 |20 |22 |24 |26 |28 |34 |40 |41
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13 (14 [15 |16 |17 |18 [19 |20 |21 |22,|24 |25 |27 |28 |30 |35

5
6 105(1 [1,5]2 (25|13 [3,5]4 |45|5 [55]6 |7 |8 |9 10
7 11 2 |2513 [4 |5 |6 |7 |8 |9 |10 |12 |15 |16 |18 |27
8 |1 [1,5]2 [2,5]3 |3,5]4 |5 |6 (8 |10 |15 |18 |22 |24 26
o |1 [1,5]2 [251(3 |35(4 |5 |6 |8 |10 |12 |13 |14 |18 |21
10 [05]1 [1,5(2 (25]3 (4 |5 |6 |8 |9 |11 |12 |13, 16 |20
5
11 (051 [1,5]2 (2,503 |4 |5 |6 |7 |8 |10 |11 |12 |14 20

12 [0o5]1 [1,5]2 [2,5(3 |4 |45|6 [7,5|9 |10 |12 |14 |15 18
13 (051 [12011,511,7]2 |25(3 |35(4 |45|5 |6 |8 |9 14

5 5

40501 2 14 - |- 1-1-1-1-1F 11 |-
511 lslz 14 - |- |- - - - - 1-1 |- [
G611 12 13 14 - 1- [- - |- [-1- - -1 |- [

53.3.2.8.1.8.1.2 Phép mi hoa khodng ma khong phu thudc vao dd tr& budc mién
thoi gian
Khi dd tré budc va dd khuéch dai trong mién thoi gian khong dugc str dung hoac
d6 khuéch dai bude nho hon hodc bang 0,46, phép ma hoa binh thuong clia khoang vdi
do6 phan giai khong bang dugce st dung.

Khoang don vi cia dinh pho Tunr - gyge ma héa nhu

Tynyr = index +base - 28%* —bias 1)

3
va khoang thuc té Tvper duogce biéu dién voi do phan giai phan so Res nhu

R
Typer =Towr 1277

(22)

MJi tham s6 dugc thé hién trong bang 5, trong do “’kich thudc nhd” c6 nghia khi
kich thude khung nhé hon 256 ciia téc do bit dich 1a nhé hon hodc bang 150.
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Bang 5: Do phan giai khong bing dé ma héa (0<= chi s6 < 256)

Res base bias
index <16 3 6 0
16 < index < 80 4 8 16
80 < index < 208 3 12 80
“kich thudc nh6” hodc |1 28 208
208 < index < 224
224 < index < 256 0 188 224

533.2.8.1.82  Khuyét
53328.1.83  Timkiém khoang song hai

P& tim kiém khoang song hai t6t nhét, bd mi hoa cb tim chi s& ma c6 thé t6i da
hoéa téng duoc géan trong s6 Ereriop ciia phén dinh cua céac hé s6 MDCT tuyét dbi.

E 455 () bidy thi tdng clia 3 mAu gid tri tuyét dbi ctia céc he s6 bién doi mien MDCT

nhu

2
E ypn (k) = Y abs(X,y (k + j =1)
=0 (23)
1 num_ peak

EperiopTyper) = (m) ZEABSM (n- Typer D(Bn—2)/255)"
—Peat (24)

trong d6 num_peak 13 s t6i da ma n Tvmer | dén gi6i han cac mau trong mién tan so.

Trong truong hop khoang khong dua trén do tré budc trong mién thoi gian, phép
tim kiém tht bac duge st dung dé tiét kiém chi phi tinh toan. Néu chi s ctia khoang 1a
nho hon 80, tinh chu ki dugc kiém tra boi bude thod 4. Sau khi léy khoang tdt nhét, tinh
chu ki min hon dugc tim kiém quanh khoang t6t nhat tir -2 dén +2. Néu chi s6 bang
hoic 16n hon 80, tinh chu ki dugc tim kiém cho mdi chi sd.

53328184  Quyétdinh cia md hinh séng hai

Tai phép udc lugng ban dau, s6 cac bit khong ¢6 md hinh séng hai, “ed -bis 3
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mot bit c6 séng hai, “¢-LHmthu duge va bd chi bao cua cdc bit dugc tiéu thu

Idicators giygc dinh nghia 13

idicatory = B -B
laicator no_hm hm , (25)
B =max(stop,used _bits)

no_hm - , (2 6)
By, = max(stop,,,,used _Dbits,,, ) + Index _bitsy,, ’ (27)

trong do6 Index _bitsim 1yidy thi cac bit bd sung @8 tao m6 hinh két cAu song hai, va S0P 3
st0Phm bidu thi cac bit duge tidu thu khi ching 16n hon céc bit dich. Do do, khi Idicatorg
g

by

cang 16m, cang t6t hon khi str dung m6 hinh séng hai. Tinh chu ki mdicatorim iyong (mg
duoc dinh nghia nhu tbng duoc chuén hoa céc gia tri tuyét dbi cho cac ving dinh khac

nhau cua cac hé s& MDCT duoc tao hinh nhu

LM
indicatoy,, = Ly - Epgriop(Tupcr_max)/ ZEABSM(H)

= , (28)

r T \ 2 r N\ Y . r . /( ° \ . . X 2
trong d6 ~MPCT-m]3 khoang song hai ma thu gid tri toi da 1aEperiop | Khi diém cla
tinh chu ki ctia khung nay 16n hon ngudng nhu

if (indicatorg > 2) || (abs(indicatory) < 2) & &(indicator,, > 2.6)) (29)

khung nay dugc xem xet dé dugc ma héa boi mo hinh séng hai. Cac hé s6 MDCT

dugc tao hinh dugc chia boi do khuéch dai &7cx duge lugng tir hoa dé tao ra chudi cac

*r M ~ 92 r ~ /( X \ r 2. ° r ~ 14 ’,\ r.*
gia tri nguyén cia cac h¢ so MDCT, TCX _hm 3 duge nén bai phép ma hoa s6 hoc vo1

mé hinh séng hai. Quy trinh nay can quy trinh hoi tu 1ap di 13p lai (vong 13p toc do) dé
ly &rcy va Xrer_m i céc bit dugc tiéu thy P Tai phan cubi ctia phép hoi tu, dé vo
a . A 1y . R . B 3 . o1 K e
hiéu hoa mo hinh séng hai, cac bit dugc tiéu thu ~"-""bing phép ma hda s6 hoc vdi
m6 hinh thong thuong (khong phai séng hai) d6i véi KXrex_m duge tinh toan thém va
‘ A o B/ Ay B A Bno hm A 3 hA A ‘X’:TCX li )
dugc so sanh vai Zhm . Néu 7w 16n hon -, phép ma hda so6 hoc _m dquge hoan

lai dé st dung mo hinh théng thuong. Bin=Buo_m ¢ thé duoc st dung cho phép lugng

tr hoa du dé nang cao hon. Néu khong, mo hinh séng hai duoc st dung trong phép ma
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hoa so hoc.

Nguoc lai, néu bod chi bao tinh chu ki cua khung nay nhé hon hodc bang ngudng,

phép lugng t hoa va phép ma hoa b hoc duoc thuc hién gia dinh r%lng mo6 hinh thong
thuong dé tao ra chudi cac gid tri nguyén cua céc hé s6 MDCT, Xrex o m voi cae bit
duoc tidu thy 27" Sau khi hoi tu vong 1p tdc do, cac bit duoc tiéu thu Bm bing
phép ma hoa s6 hoc v§i mod hinh song hai cho X10x_ro_im duoc tinh toan. Néu Buo_im

16n hon B | phép ma hoa so hoc Xrex _noim duoc chuyén dé sit dung md hinh séng hai.

Néu khong, md hinh thong thuong dugce sir dung trong phép ma héa sb hoc.
53.3.2.8.19 Phép st dung thong tin song hai trong phép mé hoa s6 hoc trén co
sO ngir canh

DPéi véi phép ma hoa sb6 hoc trén co s& ngit canh, tat ca cac vung dugc phan
nhém thanh hai loai. Mot 1 phin dinh va bao gdm 3 mau lién tiép duoc dat gitra tai
U (U 1a s6 nguyén duong lén dén gi6i han) dinh cua dinh song hai clia ™,

Ww= \_U'TMDCTJ' (30)

Céac mau khéc thudc vé phan thong thuong hodc phan triing. Phan dinh séng hai

¢6 thé duoc chi ra boi khoang séng hai va cc bdi so nguyén cua khoang. Phép ma hoa

sb hoc str dung cac ngit canh khéc cho cac ving dinh va tring.
Dé d& dang md ta va thyc thi, md hinh séng hai sir dung cac chudi chi so sau:

pi=(iel0.L ~11:3U 7y -1si<7y +1) (3]

hi=(i€[0.Ly ~1]:i¢ pi) (32)

ip = (pi. i) phép ndi chudi cta 7' va hi. (33)

Trong trudong hop md hinh séng hai bi v6 hiéu hoa, cac chudi nay la pi=( ), va

hi=ip=(0,...,Ly —1)

5332382 B ma hoa sb hoc trén co s& duong bao

Trong mién MDCT, céc vach pho dugc gan trong s6 voi md hinh cdm quan ()

sao cho mdi vach c6 thé dugc lugng tir héa véi do chinh xac giong nhau. Su bién thién
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I3 r -1
ctia cac vach phd riéng 1é theo sau hinh dang ctia bo du bdo tuyén tinh A7) duoc gan

trong s boi md hinh cam quan, trong d6 hinh dang dugc gan trong s6 13
5E)=7()47"E) 7() quoo tinh todn bing céch bién di ¥ thanh cac do khuéch dai
LPC mién tin s6 nhu duoc néu rd trong cc phan con 5.3.3.2.4.1 v 5.3.3.2.4.2. 47(e)

duoge suy ra tir U sau phép chuyén d6i thanh cac hé s& dang truc tiép, va ap dung phép

b d6 nghiéng 1=, va cuéi cling bién dbi thanh cac do khuéch dai LPC mién tan s6.
T4t ca cac cong cu tao hinh tan o, cling nhu sy dong gbp tir md hinh séng hai, s& nim
trong hinh dang duong bao S() nay. Quan sat rang diéu nay cho chi cac bién thién
tuong tmg cua cac vach phd, trong khi toan by dudng bao cé sy dinh ti 1€ tuy y, trong

d6 chiing ta phai bt dau bang viéc dinh ti 1& duong bao.
53.3.2.82.1 Dinh ti 1& duong bao

Ching ta gia dinh rang cac vach phd *k c6 gia tri trung binh bang 0 va dugc
phan bd theo phép phan bb Laplace, nh d6 ham phén bd xé4c suét 13
rls)=o{ L2

25, by (34)

Entropi va do d6 sy tiéu thu bit ciia vach phd 1a b =1+10g22¢% Tuy nhién,
cobng thic nay gia dinh rang ky hiéu dugc ma hoa dé cac vach phd nay dugc luong tir
héa bang 0. Pé bu su chénh 1éch nay, cac tic gia sang ché thay vao d6 st dung phép

lam gan dung.

bitsy = logZLZebk +0.15+ 0':35],
k

(35)

ma chinh xac dbi v6i 2 2098 Cac tic gid sang ché gia dinh ring sy tiéu thu bit cla
cac vach véi b <0.08 1y bitsy =log, (1.0224) ma khdp véi sy tiéu thu bit tai by =008 péi

v6i ok > 255 16n, chung ta st dung entropi ding bits; =10g2(2ebi) ¢& don gian hon.
< A [N 5 . A 712 0'2 = 2b2 A 32 \ X 5 n koA
Su bién thién ciia cac vach pho sau d6 la % ==%- Neéu ¢ 1a phén tir thir * cua

2
liiy thira ctia hinh dang dudng bao [ste) khi @6 ° ; mo ta nang lugng cua cac vach phd
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2 242 L ae ot e A atre . S2 A s 121
sao cho 7 @k =Pk trong 46 7 12 hé s6 dinh ti 1&. Noi cach khac, Sk mo ta chi hinh dang
cua phé ma khong co bat ki cuong do cé nghia nao va 7 dugce st dung dé dinh ti 16
2 . o L o2
hinh dang d6 dé thu duge phép bién thién thuc te 7% .
Muc dich cta cac tac gia sang ché 12 khi ho m3 hoa tit ca cac vach cia phd béi

b ma hoa sb hoc, khi d6 sy tiéu thu bit khép véi mire duge dinh trudc B, tic la,

N-1
B= Zbitsk .
k=0 Céac tac gia sang ché khi d6 c6 thé sit dung thuat toan ludng phan dé xac
dinh thira s6 dinh ti 1& gin ding 7 sao cho toc 0 bit dich B dat dugc.
Khi hinh dang dudong bao br @3 duogc dinh ti 1& sao cho sy tiéu thu bit mong
mudn cuia céc tin hiéu khép v6i hinh dang s dung tdc dd bit dich, cac tac gia sang ché

c6 thé thuc hién luong tir hoa cac vach phé.
53.3.2.82.2 Luong tir héa vong 1ap toc do

Gia dinh ring ** dugc lugng ti hoa dén sb nguyén *¢ sao cho khoang luong tir
héa la [ 05,5 +05] 1eyi @6 xac sudt cua vach pho xdy ra trong khoang do 1a d6i véi

5|21

{of B W o )

=0

va dbi vei il
plx ) = Ll - exp(— —(;—Sn
* (37)
Tiép theo 13 su tiéu thu bit cho hai truong hop nay 1a ¢ truong hop ly tuong.

x
I—Elogze—logz 1—exp L +-‘—kllog2 e, x#0
by b)) i

logz(l—exp[—(;;sn, X =0.
k
(38)
log, [1 - exp{— —l-j] logz(l - exp(—ggj]
bk ! bk 4
va , Cac

Bing viéc tinh todn trudc cac gidi han
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tac gia cua sang ché c6 thé tinh toan mot cach hiéu qua sy tiéu thu bit cia toan bd phd.

Vong lap toe do khi d6 co thé duogc 4p dung véi tim kiém ludng phan, trong do,
céc thc gid sang ché didu chinh sy dinh ti 18 cta cdc vach phd bng thira s0 7, va tinh
to4n su tiéu thu bit cua phd %, cho dén khi céc tac gia sing ché gin du dén toc do bit
mong mudn. Luu ¥ rang céc gia tri truong hop ly tuéng néu trén cho su tidu thu bit
khong nhét thibt phai tring mét céch hoan hao véi sy tiéu thu bit cudi cing, vi bd ma
héa-giai ma 6 hoc 1am viée voi sy lam gén dung chinh xac hitu han. Vong 1ap tdc dd
nay do d6 phu thudc vao su lam gin dung cua sy tiéu thy bit, nhung loi ich cta phép
thuc thi hi€u qua v tinh toan.

Khi s dinh ti 18 t6i wvu © d& duoc xac dinh, phd c6 thé duge ma héa véi bd ma
héa sb hoc tiéu chudn. Vach phé) ma dugc lugng ti hoa dén gia tri T #0 duoc ma héa

dén khoang

exp[—Jik —(15]’exp(_J£%|+(15]
by by (39)

va * =0 duoc mi héa vao khoang

o _lfck|+0.5]
[l, p[ b } o)

Ky hiéu * *0 s& dugc ma hoa voi mot bit nita.

Quan st ring bo ma héa sb hoc phai van hanh véi phép thuc thi diém c¢b dinh
sao cho cac khoang néu trén di qua chinh xac vé bit trén moi nén tang. Do d6 tat ca cac
dau vao dén bo ma hoa s6 hoc, bao gﬁ”)m mo6 hinh du bao tuyén tinh va bo loc gan trong
56, phai duoc thyc hién trong diém cb dinh trong sudt hé thong
53.3.2.8.23 Phép suy ra va ma hoéa mé hinh xac suét

Khi su dinh ti 1 t6i wvu @ d& duge xac dinh, phd c6 thé duge md hoa véi bd ma
héa sb hoc tiéu chuén. Vach phé ma dugc lugng to hoa dén gia tri R #0 dugc ma héa

dén khoang
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by by ( 4 1)

va * =0 duoc ma hoa vao khoang

{1 exp(_ |5ck|+0.sﬂ
| L 42)

Ky hiéu % *0 s& duoc ma héa véi mot bit nita.

53.3.2.82.4 M5 hinh séng hai trong phép ma hoa s6 hoc trén co s¢ dudng bao
Trong trudng hop cla phép ma hoa s6 hoc trén co s¢ duong bao, mod hinh séng
hai 6 thé duoc st dung dé ting cuong phép ma héa s6 hoc. Quy trinh tim kiém tuong
tu nhu trong phép ma hda sb hoc trén co s& nglt canh dugc sir dung dé ude luong
khoéang gilra cac song hai trong mién MDCT. Tuy nhién, m6 hinh séng hai dugc st
dung dé td hop dudng bao LPC nhu dugc thé hién trén hinh v& 2. Hinh dang cua

duong bao duoc két xuAt theo thong tin ctia phép phén tich séng hai.

Hinh dang séng hai tai # trong mAu dit liéu tin sé duoc dinh nghia la

| =)
Ok)=h exp[ P j

) (43)
when 7-4<k<7+4 péy khong 29 =10 khi 7 biéu thi vi tri chinh gifta cta U" s6ng
hai.

r=|U Typer ] (44)

h va o 13 chidu cao va chiéu rong ctia mdi séng hai phu thudc vao khoang don vi nhu

dugc thé hién,
h = 2801125 - expl-0.07- Typer 127¢) (45)
o = 0.5(2.6 - expl- 0.05 - Typer 127°)) (46)
Chiéu cao va chiéu rong cang 16n hon khi khoang cang 16n hon.
Pudng bao phd S duge cai bién boi hinh dang séng hai €% tai ¥ nhu
S(k) = S(k) - (1+ gparm - Q(K)) , (47)
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trong d6 do khuéch dai cho cac thanh phén song hai $+em ludn duge thiét 1ap 14 0,75
cho ché db chung, va %iem duge lya chon tir {0,6, 1.4, 4,5, 10,0} ma tdi thieu héa Enorm

cho ché do hiru thanh st dung 2 bit,

Ly -1
E gpsres= Y (1 X0 (0) |/ S(R))
k=0 : (48)
Ly -1
Eporm= D (1 X0 )/ SG)/ E gpsyes)’?
= . (49)

dudng bao song hai dugc t6 hop voi duong bao LPC

Bién do

0 Tén s6 [Hz] 6400

Hinh v& 2: Vi du vé duwdng bao séng hai dwoe t6 hop véi dwong bao LPC dwge sir

dung trong phép mi héa s6 hoc dwa trén dwong bao.

53329 M3 hoa do khuéch dai toan cuc
533.29.1 Téi wu hoéa dd khuéch dai toan cuc

bo khuéch dai toan cuc tdi wu £ duoc tinh toan tir cac hé s6 MDCT dugc
lugng tr hoa va khong dugc lugng tur hoa. Déi v6i cac toe do bit 1én dén 32kbps, phép
gidm thn sb thép thich mg (xem ménh dé 6.2.2.3.2) duoc ap dung cho cac hé¢ s6
MDCT duoc luong tir héa trude bude nay. Trong truong hop phép tinh toan toi wu it
hon hoac béng 0, do khuéch dai toan cuc 87¢X dugc xac dinh trude (béng udc luong

va vong lap tde do) dugc st dung.
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bw
L

S X0 () ®)
© k=0
o T

~ 2

(X M (k))
k=0 (50)

_ g(’)pt , if ggpt 20
Eopt grex - ¥ ggpt <0 (51)
533.29.2 Phép lugng tir hoa cua do khuéch dai toan cuc

Dé truyén dan dén bd ma hoa do khuéch dai toan cuc toi uu ot quge lugng tir

héa dén chi sb 7 bit [7CX.gain
&)
I'rcx, gain = 28logq 160 8opt +0.5

Do khuéch dai toan cuc duge khir luong tir hoa grcx thu duoc nhu dugc dinh

(52)

nghia trong phan con 6.2.2.3.3).
53.3.2.93 M3 héa phan du

Phép luong tr hoa phén du 13 16p luwong tir hoa 1am min lai 1dm min lai giai doan
SQ thtr nhat. Didu nay khai thac c4c bit khong duoc sir dung thuc target_bits-nbbits,
trong d6 nbbits 1a sb céac bit dugc tidu thy boi bd ma hda entropi. Phép luong tir hoa
phan du st dung chién thuét tham lam va khong c6 phép ma hda entropi dé ngan phép

ma héa mdi khi dong bit dat dén kich thuéc mong mudn.

Phép luong tir héa phan du c6 thé 1am min phép luong ti héa thir nhat bang hai
cach. Céch thir nhat 1am phép 1am min lai cia phép lugng tir héa do khuéch dai toan
cuc. Phép lam min do khuéch dai toan cuc chi duogc thuc hién dbi vé6i céc tbe do tai va
trén 13.2kbps. Nhidu nhat ba bit thém duge phan bd dén d6. Do khuéch dai dugc
lugng tir héa €7ex dugc lam min lai bit dau tir n=0 va gia tang n thém mot sau moi

phép 1ap sau:
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if (opt < Ercx) then
write _bit(0)

N A —27""2/28
grex = &rcx 10

elsethen
write _bit(1)

A A 272728
grex = &rex 10

Céch tha hai 1am min lai bao gdm lugng tir hoa lai vach phé duge lugng tir hoa
mdbi vach. Thu nhét, cac vach dugc lugng tir hoa khdng duogc vé 0 duge xtr Iy véi bd
lugng tir hoa phan du 1 bit:
if (X[k] < X[k]) then

write _bit(0)
elsethen
write _bit(1)

Cubi cung, néu cac bit con lai, cac vach dugc dua vé 0 dugc xem xét va duge
luong tir héa v6i 3 muc. DY 1éch lam tron cua SQ vdéi vung chét dugc xem xét trong
thiét ké bo luong tir hoa phan du: |
fac_z=(1-0.375)-0.33

if( |X[k]|<fac_z- X[k]) then
write _bit(0)

elsethen
write _bit(l)
write _bit((1+sgn(X[k]))/2)

53.3.2.10 Dién day nhidu 4m

Trén phia by giai ma, phép dién day nhifu 4m dugc 4p dung dé dién day khoang
trong trong phd MDCT trong d6 céc hé s6 da duoc lugng tir hoa vé 0. bién day nhiéu
am chén nhiéu am ngiu nhién gia vao cac khoing tréng, bat dau tai ky tw nhi phén
knFsiart @én ky tw nhi phan knrsop =1 pd didu khién luong nhidu am duge chén vao bd
giai ma, thua s6 nhiéu am duoc tinh toan trén phia bo ma hoa va dugc truyén din dén
bd giai ma.
5.3.3.2.10.1 Dién ddy nhiéu 4m do nghiéng

D& bit cho d6 nghiéng LPC, thira sb bi d6 nghiéng duge tinh. Ddi v6i toc do bit
dudi 13,2kbps, phép bu dd nghiéng dugc tinh toén tir cac he s6 LP dugc luong tir hoa
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dang truc tiép a trong do cac tdc do bit cang cao, gia tri bat bién dugc st dung:

0.5625 . if bitrate >13200
15
> a(i+1)all)
'VF =\ min| 1,420 +0.09375 | , if bitrate <13200
> @y
= (53)
1
typ =max(0.375, thp ) eeb) (54)

53.3.2.10.2 Didn diy nhidu 4m cac ky tu nhi phan bat dau va két thuc

Céc ky tu nhi phan b4t ddu va két thuc dién day nhidu m duge tinh nhu sau:

feel)

TCX if bitrate 213200

knFstart = L(Celp)
rex K . if bitrate <13200

t(0) if IGF is used
kNFstop =

L(bw)

TCX else

(55)

min(#(0), round(cppy - Leed?)) » if IGFisused

kNF LP~= )
SOPLE ) min(L8%)  round(cyys - L5ER))) else

(56)

53.3.2.10.3 Chiéu rong phép chuyén tiép nhiéu am

Tai mdi phia cia phén doan dién déy nhiéu 4m, phép giam dan cuong do chuyén

tiep dugc duge ap dung cho nhidu 4m duoc chén vao. Chiéu rng clia cac phép chuyén

tip (s6 cac ky tw nhi phan) dugc dinh nghia nhu:

8

4+L].28 'gLTpJ
4+|12.8-max(g;7p,0.3125)]
3

WNF =

(57)

>

if bitrate < 48000

if (bitrate > 48000) A TCX20 A (HM = 0v previous = ACELP)
if (bitrate > 48000) A TCX20 A (HM # 0 A previous  ACELP)
if (bitrate > 48000) A TCX10

trong do6 HM biéu thi rang mo hinh séng hai duoc str dung cho b ma héa-giai ma so

hoc va Previous bigu thi ché do ctia bd ma héa-giai ma trudce do.

53.3.2.104

Phép tinh to4n céc phan doan nhiéu 4m

Céac phan doan dién day nhicu am dugc xac dinh, ma 1a cic phan doan cua cac ky
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. A 1AL 4t A ) 2 .  k AL 2 x A K
tu nhi phén lién tiép cua pho MDCT giira knrstart vy "NFsop.LP m3 tat ca cac hé so duoc
lugng tir hoa vé 0. Cac phan doan duoc xac dinh béi ma gia sau:
k= kNFstart
while (k > k ypgiare 1 2) and (f(M (k)= o) dok=k-1
k=k+1

’
kNFstarz‘ =k

J=0

while (k < kNFszop,LP){
while (k < ngrsiop ) and (£ (€) % 0)do e =k +1
knpo(7) =k

while (k < knpop. 2 ) and (%3 (€)= 0)do k =k +1
ke (7) =k

if (kNFO(j) < kNFsmp,LP)fhe” j=Jj+l1
}
nNp =J
trong do knroll) vy ke U ) 1a cac k¢ tu nhi phan bt d4u va két thic ctia phan doan
dién dy nhidu 4m j, va "¥F 13 s6 cc phan doan.
53.3.2.10.5 Phép tinh toan céc thira s6 nhi€u am
Thira sd nhiéu &m duoc tinh todn tir cac hé s6 MDCT khong duge lugng tir hoa
cua cac ky tu nhi phan ma phép dién ddy nhiéu &m duoc &p dung cho.
Néu chiéu rong chuyén tiép nhiéu &m "M 1a it hon hoac bang 3 ky tu nhi phan,
thira s6 suy giam dugc tinh toan dya trén nang lugng cta cac ky ty nhi phan MDCT

chan va 1é:

[kNFSWP LP—‘ LkAFstalt
2
k .
ENFeven = z [XM [2L——NFZSWI J + Zij]
i=0

'VkNF:mp LP_} Lk\Fstazt
2
k] -
ENFodd = Z [XM [ZL NFZSW J e ljj
i=0

(38)

(39)
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2min(E E
B mln( even>odd ) , lf WAF <3
fNFatt - Eeven + Eodd

1 5 ZfWNF >3(60)

Péi v6i mdi phan doan, gid tri sai duge tinh tr cac hé s MDCT khong duge

luong ti hoa, ap dung dd khuéch dai toan cuc, phép bu d6 nghiéng va cac chuyén tiép.

WNF WNF INF

By ()= — kNil(lXM(i)min(i—kNFo(j)%-l,WNF)nﬁn(kNFl(j)—i,wNF)(L]i}
(61)

Trong sO cho mdi phan doan duoc tinh toan dua trén chiéu rong cua mdi phéan

doan:
kg1 ()~ Fenro ()= war +1 , (war <3)A (1 ()= ko (7) > 2war —4)
e (/)= 0.&?\;25 (v ()= knro ) 5 (o < 3) A (kner (7)o () < 2w —4)
kg1 () Fro (1) -7 . (wag > 3) A lener () - knro () > 12)
0.03515625(k ey ()~ knro U+ (wivr > 3)A (ks (7) - avro(7) 12)

Thira s6 nhiéu 4m sau d6 dugc tinh todn nhu sau:

nyp—1
ZE}VF (Z) nyp=1
fNF — faztn—l;_o—_l_— 0 ;QNF(i)>O
enr (i) -
i=0
0 , else (63)
53.3.2.10.6 Phép lugng tir hoa thira sé nhiéu am

bé truyén dan thira s6 nhiéu am dugc lugng tir hoa dé thu dugc chi sb 3 bit:

Iy =min([10.75 fp +0.5),7) (64)
53.3.2.11 Dién day khoang trong thong minh

Cong cu dién ddy khoang trong théng minh (Intelligent Gap Filling - IGF) la
cong nghe dién day khoang trong nang cao dé dién day khoang trong (cac ving gia tri
0) trong cac pho. Cac khoang trong nay cé thé dién ra do phép lugng tir hoa tho trong
quy trinh ma hoa trong d6 phan 16n phd di cho c6 thé duge thiét 1ap vé 0 dé dap ung
c4c giGi han bit. Tuy nhién, v6i cong cu IGF, c4c phan tin hiéu bi thiéu nay dugc khoi

phuc trén phia bd thu (receiver side - RX) véi thong tin tham s6 dugc tinh toan trén
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phia b truyén dan (transmission side - TX). IGF chi duoc st dung néu ché d6 TCX
dang hoat dong.

Xem bang 6 dudi day cho tAt ca cac diém véan hanh IGF:

Bang 6: Céc ché do ung dung IGF

Téc dd bit | Ché do
9,6kbps WB
9,6kbps SWB
13,2kbps SWB
16,4kbps SWB
24,4kbps SWB
32,2kbps SWB
48,0kbps SWB
16,4kbps FB
24,4kbps FB
32,0kbps FB
48,0kbps FB
96,0kbps FB
128,0kbps FB

Trén phia truyén dan, IGF tinh toan cdc muc trén cac bang thira sb dinh ti 18, str
dung phd TCX dugce tao gia tri phtrc hodc thuc. Ngoai ra, cac chi s6 1am tring phd
duoc tinh toan st dung phép do do phéng phé) va thira s6 dinh. B ma hda s6 hoc duogc
st dung cho phép ma héa im lang va truyén dan hiéu qua dén phia bd thu (RX).
53.3.2.11.1 Ham tro gitp IGF

5332.11.1.1  CAc gi4 tri 4nh xa véi thira s6 chuyén tiép

Néu c¢6 phép chuyén tiép phép ma hoa tir CELP dén TCX (BCelpToTCX =truey ho5¢
khung TCX 10 duge tao tin higu (s7CX10=true ) chiéu dai khung TCX c6 thé thay doi.
Trong truong hop thay dbi chidu dai khung, tat ca cic gia tri ma lién quan dén chiéu

dai khung duoc anh xa v6i ham & :
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tF:NxR—N,

Lnf +%J, if {nf +-;—J is even

tF(n, )= 1 )
Lnf +EJ +1, if Lnf + EJ is odd

(65)

trong d6 ” 14 s6 tu nhién, vi du, do léch bang thira s6 dinh ti 1¢, va / 14 thira s6

chuyén tiép, xem bang 11.
53.3.2.11.1.2  Pho liiy thira TCX
Phd liiy thira P €R" ciia khung TCX duge tinh toan voi:
P(sb) = R(sb)2 +I(Sb)2, sb=0]12,....n—1 (66)
trong d6 7 la chidu dai ctra s6 TCX thuc té, ReR" 13 vécto gbm phan dugc tao gié tri

thuc (dugc bién dbi cos) cua phé) TCX hién thoi, va 1€R" 1a vécto chira phén ao

(dugc bién ddi sin) cta phd TCX hién thoi.
5332.11.13  Ham do luong do phing phd SEM

DPé P<R” 13 phd liiy thira TCX nhu dugc tinh toan theo phan con 5.3.3.2.11.1.2

va b vach bét diu va ¢ vach két thiac cia pham vi do luong SFM.
Ham SFM | dugc ap dung v6i IGF, dugc dinh nghia voi:
SFM :R"xNxN >R,

SFM(P,b,e):—Z(%er){ ! [1+ 3 P(sb)H,

e-b
sb=b

(67)

trong d6 7 la chidu dai cira & TCX thuc té va P dugc xéac dinh voi:

p=— S el tons (Pl
sbb (68)

5332.11.1.4 Ham thira sb dinh CREST

Pé PeR” 13 phd liiy thira TCX nhu duge tinh todn theo phan con 5.3.3.2.11.1.2
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va bvach bit diu va € vach két thiic cia pham vi do ludng thira sb dinh.
Ham CREST | dugc ap dung véi IGF, duge dinh nghia véi:

CREST:R"xNxN—>R,

1

2

e-1
CREST(P,b,e):max 1,Emax[ 1b Z \_rnax(O,logz(P(sb)))J2
e—
sb=b

(69)
trong d6 " la chidu dai cira s6 TCX thuc té va Fmex duge xéc dinh voi:

Epgy = Lb T (0.1og (s )))}-

(70)
53.3.2.11.1.5 Ham 4nh xa T
Ham 4anh xa T dugc dinh nghia véi:
hT :RxN —(0,1,2),
0 for s < ThM},

nT(s,k)=41 for ThM <s<ThSy,
2 for s >ThSy, (71)

trong d6 s 1ado phang phé d4 dugc tinh va k12 bang nhiéu 4m trong pham vi. Déi voi

cac gia tri ngudn W’Mk,ThSk dé cap dén bang 7 sau day.
g guong p g y
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Bang 7: Céc nghudng dé 1am tring cho 7T, ThM vj ThS

Toc d9 bit Ché @ |nT ThM ThS

9,6kbps WB 2 0,36, 0,36 1,41, 1,41

9,6kbps SWB |3 0,84, 0,89, 0,89 1,30, 1,25, 1,25
13,2kbps SWB |2 0,84, 0,89 1,30, 1,25

16,4kbps SWB |3 0,83, 0,89, 0,89 1,31, 1,19, 1,19
24,4Kkbps SWB |3 0,81, 0,85, 0,85 1,35,1,23,1,23
32,2kbps SWB |3 0,91, 0,85, 0,85 1,34,1,35,1,35
48,0kbps SWB |1 1,15 1,19

16,4kbps FB 3 0,63, 0,27, 0,36 1,53, 1,32, 0,67
24,4kbps FB 4 0,78,0,31,0,34,034 | 1,49,1,38,0,65, 0,65
32,0kbps FB 4 0,78,0,31,0,34,0,34 | 1,49,1,38,0,65, 0,65
48,0kbps FB 1 0,80 1,0

96,0kbps FB 1 0 2,82

128,0kbps FB 1 0 2,82

5332.11.1.6  Khuyét

53.3.2.11.1.7 Céc bang thira sb dinh ti 1& IGF

Céac bang thua sb dinh ti 18 IGF ¢o sin cho tat ca cac ché do trong d6 IGF dugc

ap dung.
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Bang 8: Bing dd 1&ch bing thira sé dinh i 18

Téc do bit | Ché d9 | S6 cac  bing ,
(aumber of band‘ Do léch bing thira so dinh ti 1€
) (t[0],t[1]....,t[nB])

9,6kbps WB 3 164, 186, 242, 320

9,6kbps SWB |3 200, 322, 444, 566

132kbps | SWB |6 256, 288, 328, 376, 432, 496, 566

16,4kbps | SWB |7 256, 288, 328, 376, 432, 496, 576, 640

24 4kbps | SWB |8 256, 284, 318, 358, 402, 450, 508, 576,
640

322kbps | SWB |8 256, 284, 318, 358, 402, 450, 508, 576,
640

48,0kbps | SWB |3 512, 534, 576, 640

16,4kbps | FB 9 256, 288, 328, 376, 432, 496, 576, 640,
720, 800

24 4kbps | FB 10 256, 284, 318, 358, 402, 450, 508, 576,
640, 720, 800

32,0kbps | FB 10 256, 284, 318, 358, 402, 450, 508, 576,
640, 720, 800

48,0kbps | FB 4 512, 584, 656, 728, 800

96,0kbps | FB 2 640, 720, 800

128,0kbps | FB 2 640, 720, 800

Bang 8 trén day dé cap dén chidu dai 20 cira s6 TCX va thira s chuyén tiép 1,00.

D41 v6i tat ca cac chiéu dai clra sO 4p dung anh xa lai nhu sau

t(k):= tF(e(k), f), k=012,...,nB

(72)

trong d6 F 1a ham 4nh xa thira sb dugc mo ta trong phan con 5.3.3.2.11.1.1.
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533.2.11.1.8 Ham anh xa

Bang 9: Bing phu ngudn cyc tiéu IGF, minSb

Téc do bit | ché do minSh
9,6kbps WB 30
9,6kbps SWB 32
13,2kbps SWB 32
16,4kbps SWB 32
24.,4kbps SWB 32
32,2kbps SWB 32
48,0kbps SWB 64
16,4kbps FB 32
24 4kbps FB 32
32,0kbps FB 32
48,0kbps FB 64
96,0kbps FB 64
128,0kbps FB 64

Déi v6i mdi ché do, ham anh xa dugc xac dinh de truy cap cac vach ngudn tu

vach dich da cho trong pham vi IGF.
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Bang 10: C4c ham 4nh xa cho mdi ché dd

Técdobit | Chédp |nT Ham 4nh xa
9,6kbps WB 2 m2a
9,6kbps SWB 3 m3a
13,2 1kbps SWB 2 m2b
16,4kbps SWB 3 m3b
24 4icbps SWB |3 m3e
32,2kbps SWB 3 m3c
48,0kbps SWB 1 ml
16,4kbps FB 3 m3d
24,4kbps FB 4 m4
32,0kbps FB 4 m4
48,0kbps FB 1 ml
96,0kbps FB 1 ml
128,0kbps FB 1 m

Ham 4nh xa m! dugc dinh nghia véi:
mil(x) = minSb+26(0)—t(nB)+ (x~1(0)), for #0)<x< #(nB) (73)
Ham anh xa m2a dugc dinh nghia voi:

_ |minSb+ (x—1(0)) for H0)<x< t(2)
m2alx)= {minSb+ (x-2(2)) for 1#2) < x < (nB) (74)

Ham anh xa m2b dugc dinh nghia voi:

_ minSh+ (x—t(O)) for #(0)<x< 4 )
m2b(x):= {minSb-!—tF(?)Z, £)+(x—1(4)) for f2)<x< #(nB) (75)

Ham anh xa m3a dugc dinh nghia voi:

=L minsb+tF(32, f)+(x—t(1)) for (1)< x<(2)

minSh +(x —1(0)) for  #(0)<x<(1)
m3al ) =
minSh+F (46, f)+(x—1(2)) for #(2)<x<t(nB) (76)

Ham anh xa m3¢ dugc dinh nghia voi:
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minSh+(x - t(O)) for #0)<x< 1(4)
m3b(x):= {minSb +IF (48, )+ (x— 1(4)) for f4)<x< 1(6)
minSh+1F (64, )+ (x—1(6)) for #(6)<x<tnB) (77)
Ham anh xa m3¢ duoc dinh nghia voi:
minSh+(x— t(O)) for t(O) <x< t(4)
m3c( ) = dminSh+tF (32, )+ (x— t(4)) for  #4)<x< 1(7)
minSh+1F (64, )+ (x—1(7)) for #(7)<x<t(nB) (78)
Ham anh xa m3¢ duoc dinh nghia voi:
[minSbJr (x-#0)) for #(0)<x<4)
m3d(x) = minSh+ t(x— t(4)) for  #(4)<x< (7)
minSh+ (x— t(7)) for #(7)<x t(nB (79)
Ham 4nh xa m* dugc dinh nghia véi:
minSh +(x— t(O)) for ) <x (4)
() = minSh+tF (32, f)+(x—1(4)) for z(4) <x<t(6)
a minSh +(x—1(6)) for  #(0)<x< z(9)
minSh+ (t(9) —1(8))+ (x—1(9)) for #(9)<x<t(nB) (80)

Gi4 tri/ 13 thira s6 chuyén tiép phi hop, xem bang 11 va # dugc mo ta trong
phan con 5.3.3.2.11.1.1.

Luu ¥ rang, tit ca céc gia tri (0).41)..¢(B) g5 dugc 4nh xa v6i ham tF, hhu duoc
md ta trong phan con 5.3.3.2.11.1.1. Céc gia tri cho nB dugc dinh nghia trong bang 8.

Céc ham anh xa dugc mo ta & day s& duoc vién dan trong van ban nhu “ham 4nh

xam” gia dinh, réng ham phu hop cho ché dd hién thoi duge lua chon.
53.3.2.112 Céc phén tir dau vao IGF (TX)

Mo6dun bo ma héa IGF ki vong céc vécto va co hi€u sau nhu dau vao:

R:  vécto v6i phin thuc ciia phd TCX hién thoi M

I.  vécto véi phin ao ciia phd TCX hién thoi XS

P.  vécto véi gid tri ciia phd 1y thira TCX

isTransient co hiéu, tao tin hiéu néu khung hién thoi chira chuyén tiép, xem

phin con 5.3.2.4.1.1
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isTCX10 co hiéu, tao tin hiéu khung TCX 10

isTCX20 ¢ hiéu, tao tin hiéu khung TCX 20

isCelpToTCX . ¢ higu, tao tin hiéu phép chuyén tiép CELP thanh TCX; tao ra c&
hiéu bang phép thir liéu khung cudi cung 13 CELP

isindepFla g . ¢ higu, tao tin hiéu ring khung hién thoi doc lap véi khung trude
dé

Pugc 1ap danh sach trong bang 11, cac td hop sau dugc tao tin hiéu qua cac co

higy STCX10 | isTCX20 vy BCelPToTCX dyge cho phép voi IGF:

Bang 11: Cac phép chuyén tiép TCX, thira s6 chuyén tiép /, chidu dai cira 567

Tée @0 | isTCx10 | Thira s6 | Chieu  dai

bit/Ché do isTCx20 | isCelpToTCX | (pyvdn g /| cira so

9,6 kbps /|sal dung sai 1,00 320

WB sai ding | ding 1,25 400

9,6 kbps /|sal dung sai 1,00 640

SWB sai diung dung 1,25 800

13,2 kbps /|sal dung sai 1,00 640

SWB sai dung dang 1,25 800

16,4 kbps /|sai dung sai 1,00 640

SWB sai ding dung 1,25 800

244 kbps /|sai dung sal 1,00 640

SWB sai ding ding 1,25 800

32,0 kbps /|sai dung sal 1,00 640

SWB sai diung ding 1,25 800

480 Kbps | sai dung sai 1,00 640

SWEB sai ding dung 1,00 640
dung sai sai 0,50 320

16,4 kbps /|sal dung sai 1,00 960

FB sai ding dung 1,25 1200
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24,4 kbps /| sai dung sai 1,00 960
FB sai dung ding 1,25 1200
32,0 kbps /|sai dung sal 1,00 960
FB sai ding dung 1,25 1200

sai ding sai 1,00 960
48,0 kbps /|—

sai ding ding 1,00 960
FB

ding sai sai 0,50 480

sai ding sai 1,00 960
96,0 kbps /

sai dung ding 1,00 960
FB

ding sai sai 0,50 480

sai diung sai 1,00 960
128,0 kbps /
B sai dung ding 1,00 960

dang sai sai 0,50 480
5332113 Céac ham IGF trén phia truyén dan (TX)

T4t ca su tuyén bd ham gia dinh ré‘mg cac phén ttr ddu vao dugc cung cép trén co
s& khung canh khung. Céc ngoai 1¢ duy nhét 13 hai khung TCX 10 lién tiép, trong do6
khung thir hai dugc ma hoa phu thudc trén khung thr nhét.
5332.11.4 Phép tinh thira sb dinh ti 1¢ IGF

Phén con ndy md ta cach vécto thira sb dinh ti 1¢ IGF & (k) k=0.1,....nB~1 duogc tinh
toan trén phia truyén dan (TX).
533.2.11.4.1 Phép tinh dugc tao gia tri phuc

Trong truong hop pho lity thira TCX P ¢6 san, cic gia tri thira s6 dinh ti 1& &

dugec tinh toan st dung P :

1 t{k+1)-1
E(k) = |———m P(th), k=0,1,....nB~1,
cplx, (tal)'get \/t(k+1)—[(k) [; ( ) "
‘ (81)

va dé m:N—>N]3 ham 4nh xa ma anh xa pham vi dich IGF vao vao pham vi ngudn IGF

dwoc mb ta trong phan con 5.3.3.2.11.1.8, tinh toén:
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t(k+1)—1
b)), k=0,L....,nB—1,
cpb sour ce k +1 tb ; ( ))
‘ (82)

z(k+1)
(m(tb))2 ,k=0,1,..,nB-1,
real source
(83)

rong d6 “0+0)--B) g5 duge 4nh xa véi ham > xem phan con 5.3.3.2.11.1.1, va "B

14 s céc bang thira sb dinh ti 1& IGF, xem bang 8.

Tinh toan elk) voi:

1 9 E(k)
(k)=| L + 4logy| max| — 16| LN E(k) |||, k=0,L...,nB~1
( ) 2 2 10 E(k) 'real,gou)rce
cplx,source

(84)
va han ché € ®) dén pham vi o1]=Z
g{l)=max(0, g(k)). (85)

glk) k=01...nB=1 o= dquoc truyén dan dén phia bo thu (RX) sau khi

Cac gia tri
nén khong ton hao thém véi bd ma hoa s6 hoc duoc mo ta trong phan con 5.3.3.2.11.8.
53.3.2.1142 Phép tinh toan dugc tao gid tri thyc

Néu phé liiy thira TCX khong c6 san, tinh:

1 t(k+1)-1 ,
E\k)= | ——7—= R(tb)", k=01,...,nB-1
re(al) J;(k"l'l)t(k) tb:zt(:k) (t )

(86)

trong d6 H0)1)..1(B) 45 dwoc anh xa v6i ham > xem phan con 5.3.3.2.11.1.1, va "5

12 5O cac bang, xem bang 8.

Tinh toan &%) véi:

glk)= -1—+4log2(max[-9—,l6E(k)j] ,k=01,...,nB~-1
2 10 real

va han ché %) dén pham vi [091]cZ

(87)

vO1
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g(k) =max(0, g(k))
g(k)=min(91, g(k)). (89)

Céc gif trj &) F=01.nB~1 o5 qugc truyén dan dén phia bo thu (RX) sau khi
nén khong ton hao thém v6i b ma héa s6 hoc duge md ta trong phan con 5.3.3.2.11.8.
53.3.2.11.5 Man chén 4m IGF

Pé x4c dinh thanh phan phd ndo nén duge truyén din v6i b ma héa 161, man
chén 4m dugc tinh toan: Do do, tAt ca noi dung phé dang ké dugce nhan biét, trai lai noi
dung ma phu hop tot v6i phép ma hda tham s6 qua IGF dugc lugng tir hoa vé 0.
53.3.2.11.5.1 Phép tinh man chin 4m IGF

Trong trudng hop phd lity thira TCX P khong c6 san, tit ca noi dung phd trén
10) duoc x6a bé:

R(tb) =0, t(O) <th< l‘(nB) (89)
khi R la phé TCX duoc tao gia tri thuc sau khi 4p dung TNS va ” 13 chidu dai ctra sd
TCX hién thoi.

Trong trudng hop phd liy thira TCX P ¢4 sén, tinh:

! #(0)-1 o
Epp =240) Z i P(i)
i=0 (90)

trong do 10) 13 vach phd thi nhét trong pham vi IGF.
Cho Ewr | ap dung thuat toan sau:

Khéi tao fast va next

last:= R(t(O)—l)

0 if P((0)-1)<Egp

next = {R (t (0)) dlse

for (i= t(o); 1< t(nB)-1 C i) {
if(P(i)<EHP) {
last :=R(i)

R(i) =next
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next =0

v else if( P02 Emp)

R(i—1)=last
last :=R(i)

next:= R(i + 1)

}
}

if Ple(nB -1))< Epp set R(t(nB)-1):=0

53.3.2.11.6

Bang 12: S6 cac 6 T va chidu rong 6 7T

Phép tinh d6 phing phd IGF

34895

Téc dé bit Ché d6 nT wT

9,6kbps WB 2 1(2)-4(0).4(nB) - 1(2)

9,6kbps SWB 3 1(1)-(0).(2)- 1(1).1(nB )~ 1(2)
13,2kbps SWB 2 1(4)—1(0).4(nB) - 1(4)

16,4kbps SWB 3 (4)-4(0).1(6)- (4),t(nB) ~ 1(6)

24 4kbps SWB 3 1(4)-1(0),(7)~ 1(4).1(nB)~1(7)
32,2kbps SWB 3 (4)-1(0).4(7)- 1(4),¢(nB)~1(7)
48,0kbps SWB 1 t(nB)~1(0)

16,4kbps FB 3 t(4)-1(0),(7)~1(4).1(nB)~1(7)

24, 4kbps FB 4 1(4)~1(0).(6)-1(4).(0) - (6),t(nB) - (9)
32,0kbps FB 4 1(4)~(0).(6) - 1(4),(0) - 1(6),t(nB) - 1(9)
48,0kbps FB 1 t(nB)-1(0)

96,0kbps FB 1 t(nB)-1(0)

128,0kbps FB 1 t(nB)~1(0)

Déi v6i phép tinh do phing phd IGF, hai méng tinh, # revfIR oy previR

, ca hai c6

kich thuéc nT cAn dé gitra cac trang thdi loc trén cac khung. Ngoai ra, co hiéu tinh

wasTransient cin dé Iuu thong tin cua cd hiéu dau vao isTransient iy Khung trude.
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53.3.2.11.6.1 Thiét 14p lai cac trang thai loc

Céc véctg ProFIR vy prevIR Gdy 13 mang tinh c6 kich thuée 7 trong modun
IGF v ca hai mang dugc khoi tao véi cac s6 0:

prevFIR(k) =0

fork=0,L,...,nT -1
previIR(k) =0

O

Phép khoi tao hoa nay s& duoc thye hién
- Béng bit d4u bo ma hoa-giai ma
- bang viéc chuyén téc do bit bat ki
- bing viéc chuyén loai b ma hoa-giai ma bat ki
- véi phép chuyén tiép tir CELP dén TCX, vi dy, S¢PTeT CX = true
- néu khung hién thdi c6 déc tinh chuyén tiép, vi dy, isTransient =true
5332.11.62  Thiét lap lai c4c mirc 1am tring hién thoi
Vécto currLevel s& duge khéi tao véi 0 cho tt ca cac 0,
currWLevel(k)=0, k=01,...,nT -1 (92)
_ Béng bét dau bo ma hoa-giai ma
- bang viéc chuyén toe do bit bat ki
- bing viéc chuyén loai bo ma hoa-giai mé bat ki
- v&i phép chuyén tiép tir CELP dén TCX, vi du, isCelpToTCX = frue
53.32.11.6.3 Phép tinh cac chi s6 6 phang pho
Cac bude 1) dén 4) sau sé dugc thuc hiéh lién tiép:
1) Cép nhat cc ving dém mtrc trude va khoi tao c4ac murc hién thoi:

previWLevel (k):= curriLevel (k), k=0,1,....,nT -1
currWLevel(k):= 0, k=0,1,...,nT -1 (93)

Trong truong hop previsTransient Lo5c isTransient 13 ding, 4p dung

currWLevel(k)=1, k=0,],....,nT -1 (94)
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néu khong, néu phd lity thira P c6 san, tinh

SFM(Poelk)ek+1) o1 71

mp ()= R EST(P el ) ek +1)) 95)
voi
¢(0) k=0
elk) = {e(k_1)+wT(k) k=1,..,nT -1 (96)

trong d6 SFM 13 ham do dd phéng phd, dugc md ta trong phan con 5.3.3.2.11.1.3

va CREST 13 ham thira sb dinh dugc mo ta trong ménh dé phu 5.3.3.2.11.1.4.

Tinh toan:

s(k):= min(2.7, tmp(k)+ prevFIR(k)+ % prevIIR(k))

©7)
Sau phép tinh cua vécto s(k) , cac trang thai bd loc dugc cép nhét voi:
prevFIR(k) = tmp(k), k=0]1,....nT-1
prevHR(k) = s(k), k=0,1,..,nT-1
previsTransient = isTransient (9 8)

2) Ham 4nh xa AT:NxR—=>N dugc dp dung voi cac gid tri duoc tinh toan dé thu
dwoc vécto chi sb mirc 1am trang cwrrWLevel Ham 4nh xa hT:NxR—=>N dyroc md

ta trong phan con 5.3.3.2.11.1.5.

currWLevel (k) =hT (s(k), k), k=0,1,...,nT -1 (99)

3) Véi céac ché do duoc lya chon, xem bang 13, ap dung phép anh xa cudi cung

sau:

currWLevelnT —1):= currWLeve[nT — 2) (100)
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Bang 13: cdc ché d cho budc 4) dnh xa

Téc do bit | ché do anh xa
9,6kbps WB ap dung
9,6kbps SWB ap dung
13,2kbps SWB NOP
16,4kbps SWB ap dung
24 4kbps SWB ap dung
32,2kbps SWB ap dung
48,0kbps SWB NOP
16,4kbps FB ap dung
24 4kbps FB ap dung
32,0kbps FB ap dung
48,0kbps FB NOP
96,0kbps FB NOP
128,0kbps FB NOP

Sau khi thuc hién budc 4) vécto chi sé muc lam tréng currWLevel g3n sang cho sy
truyén dan.
5332.11.64  Ma hoa cac mic 1am tring IGF

Céac muc 1am tring IGF, duge dinh nghia trong vécto curriLevel duge truyén dan
st dung 1 hodc 2 bit mdi 6. S chinh xac téng cac bit dugc yéu cau phu thudc vao cac

gi4 tri thyc té ndm trong cwrWLevel va gia tri cta cO higu isldep phép xir Iy chi tiét sau

dugc md ta trong ma gia dudi day:

isSame = 1;
nTiles = 7T ;
k =0

if ( isIndep) {
isSame —= 0;

} else {
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for (k = 0; k <nTiles ; k++) {
if (currWLevel(k) )= prevWLevel(k)) {

isSame = 0;
break;

}
}
}
if (isSame) {
write_bit(1);
} else {
if (1isindep ¢
write bit(0);
1
encode whitening_level

for (k= 1; k <nTiles ; k++) {

. i .
(cun WLeve (O)),
isSame = 1
if ( currWLevel(k) 1= currWLevel (k - 1) ) {

isSame = ();
break;

}
}
if (1isSame ) {

write_bit(1);

for (k= 1; k <nTiles ; k++) {
( currWLevel(k) ):

9

encode whitening_level
}
} else {
write_bit(0);
}
}
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trong do vécto previWLevel ohira cic muc lam trang tir khung truéc va ham
encode whitening_level quan tdm dén su 4anh xa thuc té clia muc lam tring
currWLevel(k) gén m3 nhj phan. Ham duoc thyuc thi theo mé gia sau:
if ( currWLevel(k)==1) {
write bit(0);
} else {
write bit(1);
if ( currWLevel (k)==0) {
write bit(0);
} else {
write_bit(1);
}

}
53.3.2.11.7 B chi bao d6 phang theo thoi gian IGF

Pudng bao theo thoi gian cua tin hi¢u duge khoi phuc b&i IGF duoc 1am phang
trén phia bo thu (RX) theo thong tin dugc truyén dan trén d phiang duong bao theo
thoi gian, ma 1a bd chi bao do phang IGF.

bo phéng theo thoi gian dugc do nhu dd khuéch dai du bao tuyén tinh trong
mién tn s. Tht nhét, phép du béo tuyén tinh clia phan thuc cua ph6 TCX hién thoi
duoc thyc hién va khi d6 do khuéch dai el qugc tinh:

Mgf =% |
H(1 - kz'z)
i=1 (101)
trong do ki = he 6 PARCOR thir i thu dugc bang phép du bdo tuyén tinh.

Tir d6 khuéch dai du bao " va do khuéch dai du bdo 7ms duge md ta trong
phﬁn con 5.3.3.2.2.3, ¢& hiéu chi bdo do phéng theo thoi gian IGF islgfTemFlat - qyroc
dinh nghia nhu
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Nigr <1.15and 77, <1.15

) 3 1
islgfTemfhi = {O otherwise (102)

533.2.11.8 M3 hoéa im lang IGF

Vécto thira sd dinh ti 16 IGF € dugc ma héa im lang v6i bd ma héa sb hoc dé
viét phép biéu dién hiéu qué cta vécto voi dong bit.

Modun st dung cac ham bo ma hoa s6 hoc thd chung tur cAu triic ha téng, ma

duge cung cp béi bd ma héa 16i. Cac ham duge st dung la ari_encode_145 ”S—Sig”(bit),

ma mi héa gié tri bit) ari _encode_14bits_ext(value,cumulativeFrequencyTabZe) , ma ma hoa
value iy bang chit cai gbm 27 ky hiéu (S YMBOLS_IN _TABLE ) st dung bang tan sb tich
lﬁy cumulativeFrequencyTable , ari_start _encoding _14bits() , ma khéi tao bd mi héa Sé) hoc, va
ari _ finish_encoding _14bits0 '3y két thiic b ma héa s6 hoc.
53.3.2.11.8.1 C0 hiéu doc lap IGF

Trang thai bén trong ciia bd ma héa duoc thiét 14ap lai trong trudng hop co hiu
isindepFlag o4 oig tri true . C& hiu nay c6 thé dugc thiét lap vé false chi trong cac ché
do trong do céc ctra s6 TCX10 (xem bang 11) dugc sir dung cho khung thr hai cta hai
khung TCX 10 lién tiép.
5332.11.82  Co hiéu tit ca bang 0 IGF

Cac tin hiéu oo hiéu tt ca bing 0 IGF ma tAt ca thira s6 dinh ti 1¢ IGF bang 0:

1 ifglk)=0,forall0<k
allZer0={O 1 g( ) 0, oi‘alo <nB
else (103)

Co hiéu a@llZero dugce viét vao dong bit thi nhét. Trong truong hop co higu la #ue
, trang thai bd ma hoa dugc tai thiét 1ap va khong c6 dir liéu nao dugc viét cho dong
bit, néu khong vécto thura s6 dinh ti 1& duoc ma hda s6 hoc £ theo sau trong dong bit.

53.3.2.11.83 Céac ham tro giup ma hoa s6 hoc IGF

53.3.2.11.8.3.1 Ham thiét 1ap lai

Céc trang thai bd méa héa so hoc bao gdm re {0’1}, va vécto PV ma bi€u dién gia

tri ctia vécto € duoc bao ton tir khung trude d6. Khi ma héa vécto &, gia tri 0 cho ?
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nghia 14 khong c6 san khung trude, do d6 prev khong duoc dinh nghia va khong duge
str dung. Gia tri 1 cho ? c6 nghiala c6 sin khung trudce do d6 PV c6 dit liéu hop 1& va
dwoc st dung, didu nay 1 truong hop chi trong cac ché d6 ma cac ctra s6 TCX 10
(xem bang 11) dugc sir dung cho khung thir hai trong s6 hai khung TCX 10 lién tiép.

D4 thiét 1ap lai trang thai bd m héa s hoc, dit dé thiét lap ¢ =0.

Néu khung c6 thiét 1ap islndepFlag trang thai bd ma hoa duoc thiét 1ap trudc khi
mi héa vécto thira sé dinh ti 1& €. Luu ¥ rang t6 hop =0 va isIndepFlag = false 13 hop
18, va c6 thé xay ra cho khung thir hai gbém hai khung TCX 10 lién tiép, trong d6
khung thir nhét co @/iZero=1 Trong trudng hop cu thé nay, khung st dung thong tin
" ngit canh tir khung trude (vécto PV ), vi t=0 v khung thyc sy duoc ma héa nhu
khung doc lap.
53.3.2.11.8.3.2 Ham arith_encode_bits

Ham @rith_encode_bits 115 héa sb nguyén khong duge ky hiéu ¥, c6 céc bit chiéu
dai nBits | bing cach viét mot bit mot lan.
arith_encode_bits(x, nBits)
{
for (i=mnBits - 1;1>=0; --1) {
bit=x>>1) & 1;
ari_encode_14bits_sign(bit);
}

}
5332.11.8.3.2 Céac ham trang thai luu va khoi phuc

Luu trang thdi by ma héa dat duoc s¢ dung ham

llS[GFSCFEnCOderSdV@ContexlState’ 1né sao Chép VéCtO t Vé. prev Vé_o Vécto tSave V‘a

prevSave st cach 1an lugt. Khoi phuc trang thai bo ma hoa dugc hoan thanh s dung

ham #isIGFSCFE ncoderRest oreContext State 1 sung, ma sao chép vécto Save v3 prevSave

vao vécto ¢ va P mot cach lan luot.
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5332.11.84  Phép mi hoa s6 hoc IGF

Luuy réng bd ma hoa s6 hoc nén cé thé chi dém cac bit, vi du, thuc hién phép
m3 héa s6 hoc ma khong viét céc bit vao dong bit. Néu bd mi hoa s6 hoc duoc goi
béng yéu ciu dém, bang cach st dung tham gb doRealEncoding  gyroc thiét 14p dén Jalse
trang thai bén trong cuia bd ma hoa s6 hoc s& duge luu trude khi goi dén ham muc cao
iisIGFSCFEncoderEncode 3y dquge khdi phuc va sau khi goi, bang bd goi. Trong trudng
hop cu thé ndy, cac bit dugc tao ra bén trong béng bd ma hoa sb hoc khong duoc viét

vao dong bit.

Ham @it _encode_residual 15 )43 phan du phép dw bao dugc tao gia tri nguyén *
. sir dung bang tn sb lily tich cwmulariveFrequencylable 'y o lgch bang tableOffse )4
Jéch bang P04 duge sit dung dé didu chinh gid tri * truée khi ma hoa, dé toi thiéu
héa x4c sudt ma gi tri rAt nho hoc rat 16n s& duge ma hoa sit dung phép ma hoa thoat,

MIN_ENC_SEPARATE=-12 s

ma hoi it hiéu qua hon. Céc gia tri gilia
MAX _ENC_SEPARATE=12 '4inh c3 cac gid tri diu mut, duoc ma héa truc tiép st dung
cumulativeFrequencyTable

bang tan s6 liy tich va bang chit cai c6 kich thudce

SYMBOLS_IN _TABLE=27

Déi v6i bang chit cai néu trén c6 cac ky tw SYMBOLS_IN_TABLE, cac giatri 0
vi SYMBOLS_IN_TAB LE-1 duoc bao toan nhu cac ma thoat dé biéu thi réng gia tri la rat
nho hodc rat 16n dé vira khoang mic dinh. Trong truong hop nay, gia tri extra biéy thi
vi tri cta gia tri trong mot trong s& cac dudi phan bd. Gia trj &4 duge ma hoa sk
dung 4 bit néu nam trong pham vi {0’“"14}, ho#c st dung 4 bit véi gid tri 15 theo sau
thém 6 bit néu nim trong pham vi {15 bees15+62} , hodc sir dung 4 bit v6i gia tri 15 theo
sau boi 6 bit thém véi gia tri 62 theo sau boi 7 bit thém néu gia tri 16n hon hodc bang
15+63  Lan cubi cung trong ba truong hop duge st dung chinh @8 tranh tinh hudng
hiém trong d6 tin hiéu nhan tao duoc tao ra c6 muc dich c6 thé san xuét diéu kién gia

tri phan du 16n khong mong mudn trong bd ma hoa.

arith_encode_residual(x, cumulativeFrequencyTable, tableOffset)

{
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x += tableOffset;
if (x >= MIN_ENC_SEPARATE) && (x <= MAX _ENC_SEPARATE)) {
ari_encode_14bits_ext((x - MIN_ENC_SEPARATE) + 1,
cumulativeFrequencyTable);
return,
} else if (x < MIN_ENC_SEPARATE) {
extra= (MIN_ENC_SEPARATE - 1) - x;
ari_encode_14bits_ext(0, cumulativeFrequencyTable);
} else { /* x> MAX_ENC_SEPARATE */
extra=x - (MAX_ENC SEPARATE + 1);
ari_encode_14bits_ext(SYMBOLS_IN_TABLE - 1, cumulativeFrequencyTable);
}
if (extra < 15) {
arith_encode_bits(extra, 4);
) else { /* extra>=15%*/
arith_encode bits(15, 4);
extra -= 15;
if (extra < 63) {
arith_encode_bits(extra, 6);
) else { /* extra>= 63 */
arith_encode_bits(63, 6);
extra -= 63;
arith_encode bits(extra, 7);
}
}
}

Ham encode_sfe_vector 13 1164 vécto thira sb dinh ti 18 €, ma bao gom 7B gia tri
s6 nguyén. Gia tri ¢ va vécto P, ma cAu thanh trang thai bd ma héa, dugc sur dung
nhu cac tham sb bd sung cho ham. Luu § rang ham muc dinh iisIGFSCFEncoderEncode
phai goi ham khoi tao bd mi hoéa s6 hoc chung ari _start _encoding _14bits {ryéc khi goi

ham  encode_sfe_vector 3 cfing goi ham két thuc bd md hoa so hoc
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ari_done _encoding _14bits ¢o11 46
Ham 744"_C duoc st dung dé luong tir hoa gid tri ngilt canh o, bang cach han
ché vé £33} , va duoc dinh nghia nhu:
quant_ctx(ctx)
{
if (abs(ctx) <=3) {
return ctx;
} else if (ctx > 3) {
return 3;
}else { /*ctx <-3 %
return -3;
}
}

Céac dinh nghia cua tén biéu twong dugc biéu thi trong cac chu giai tir ma gia,

dugc st dung dé tinh toan céc gia tri ngit canh, dugc liét ké trong bang sau 14:

Béng 14: Dinh nghia tén biéu twgng

khung trwée (khi cé hi¢u luc) khung hién thoi
a = prev|f] x=g|f] (gia trj s& dugc ma hoa)
c=prev|f -1] b=gl/-1] (khi ¢6 hiéu luc)
e=2lf-2] (khi c6 hicu luc)

encode_sfe vector(t, prev, g, nB)
for (f=0; f <nB; f++) {
if (t==0) {
if (f==0) {
ari_encode_14bits_ext(g[f] >> 2, cf_se00);
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arith_encode_bits(g[f] & 3, 2); /* LSBs as 2 bit raw */
}
elseif (f==1) {
pred = g[f- 1]; /* pred=b */
arith_encode_residual(g[f] - pred, cf_se01, cf_off_se01);
}else { /¥ f>=2%/
pred = g[f- 1]; /* pred =b */
ctx = quant_ctx(g[f- 1] - g[f- 2]); /* Q(b -¢) */
arith_encode_residual(g[f] - pred, cf_se02[CTX_OFFSET + ctx)],
cf off se02[IGF_CTX_ OFFSET + ctx]);

}

}

else { /*t==1%/
if (f==0) {

pred = prev[f]; /* pred =a */
arith_encode_residual(x[f] - pred, cf_sel0, cf_off_sel0);
Velse { /* (t==1) && (f>=1)*/
pred = prev[f] + g[f- 1] - prev[f- 1]; /* pred=a+b-¢ */
ctx_f= quant_ctx(prev[f] - prev[f- 1]); /* Q(a - ¢) */
ctx_t=quant_ctx(g[f- 1] - prev[f- 1]); /* Q(b - ¢) */
arith_encode_residual(g[f] - pred,
cf sel1[CTX_OFFSET + ctx_t][CTX_OFFSET + ctx_f)],
cf off sel1[CTX_OFFSET + ctx_t]J[CTX_OFFSET + ctx_{]);

C6 nam trudng hop trong ham néu trén, phu thudc vao gia tri ! va cling trén vi tri
/" cua gié tri trong vécto £ :
_khi 1=0 va /=0 thira sé dinh ti 1& tht nhat clia khung ddc 1ap dugc ma hoa,

bang cach chia thanh céc bit ¢ gia tri cao nhat ma dugc ma hoa st dung bang tan so
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Ity tich ¢ —¢% | va hai bit ¢6 gi4 tri thip nhat dugc ma héa tryc tiép.

_Khi #=0 va /=1 thira s6 dinh ti 1& th& hai ctia khung doc 1ap dugc méa héa (nhu

phan du dy béo) sir dung bang tAn s6 iy tich ¢ —¢01.

~khi 1=0 va /22 cac thira s6 dinh ti 1& th ba va sau d6 cua khung doc 1ap
dugc mid hdéa (nhu cac phin du dy bao) si dung bang tn sb liy tich
of _5e02[CTX _OFFSET +ct] , duoc xé4c dinh boi gid tri ngir canh duoc lugng tir hoa < .

~khi =1 va /=9 thira sb dinh ti 1& tht nhét ctia khung phu thudc dugc ma hoa

(nhu phan du dy béo) sir dung bang tAn s6 lity tich ¢ €10,

~khi t=1 va /=1 , cac thura s6 dinh ti 1& thir hai va sau d6 ctia khung phu thude
dugc ma hdéa (nhu cac phan du dy bao) st dung bang tn sb liy tich
of _sell[CTX _OFFSET +ctx_t|CIX _OFFSET +ctx _ f} duoc xac dinh béi cac gi4 tri ngit canh

duoc lugng t héa ™~ va cx_f

Luu ¥ rang cc bang tan s6 lity tich dugc dinh trude of _seOl of 502 '3 cac 4O
léch bang & —off _se01 o _off _se02 phy thudc vao diém van hanh hién thoi va hoan
toan trén tdc do bit, va dugc lya chon tir tap hop cac tuy chon ¢6 san trong khi bat dau
b6 ma héa cho mdi diém van hanh d3 cho. Bang tan sb Idy tich ¢f 500 13 chung cho
t4t ca cdc diém van hanh, vA bang tn sb lily tich ¢ -10 va -1 va 46 léch bang
twong tng ¢ _off _sel0 yy of _off _sell cfing 14 chung, nhung ching chi dugc sir dung
cho cé4c diém van hanh, twong Gng vdi cc tdc do bit 16n hon hodc béng 48Kkbps, trong
trudng hop cac khung TCX 10 phu thude (khi #=1).
5.3.3.2.1 1.9 Bo viét dong bit IGF

Céc thira s6 dinh ti 18 IGF sé hoc, cac mirc 1am trang IGF va bg chi bdo do phing
theo thoi gian IGF duoc truyén dan lién tiép dén phia bd ma hoa qua dong bit. Phép
ma hoa cac thira sb dinh ti 1& IGF dugc mo ta trong phﬁn con 5.3.3.2.11.8.4. Cac muc

lam trang IGF dugc mé hoa trong phan con 5.3.3.2.11.6.4. Cudi cung, co hiéu chi bao

6 phéng theo thoi gian IGF, dugce biéu dién nhu mot bit, duge viét vao dong bit.

Trong truong hop khung TCX20, tirc 1a (TCX20=frue), va khong 6 yéu cau dém
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nao duoc tao tin hiéu dén bd viét dong bit, dAu ra cta bo viét dong bit dugc nap truc
tiép vao dong bit. Trong trudng hop khung TCX10 (is7CX10=true), khi hai khung con
dugc ma hoéa phu thudc trong mot khung 20ms, dau ra cta bo viét dong bit cho mdi
khung con dugc viét vao ving dém theo thoi gian, dan dén dong bit chira d4u ra ctia bd
viét dong bit cho cic khung con riéng lé. Noi dung cua vung dém theo thoi gian nay

cuoi cung dugc viét den dong bit.
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YEU CAU BAO HO

1. BO mi héa 4m thanh dé ma héa tin hiéu 4m thanh c6 bang tan du6i va bang tan
trén, bd ma hoa &m thanh bao gbm:

bo phét hién (802) dé phat hién vimg phd dinh trong bing tan trén cta tin hiéu
am thanh;

bd tao hinh (804) dé tao hinh bang tan dudi sir dung thong tin tao hinh danh cho
bang dudi va tao hinh bang tAn trén st dung it nhit mot phan cua thong tin tao hinh
danh cho bang tin dudi, trong d6 b tao hinh (804) dugc tao chu hinh dé suy giam
thém cac gia tri phé trong ving phd-dinh duge phét hién trong bang tan trén; va

budc ciia bd luong tir héa va bd ma hoa (806) dé luong tir héa bang tan dudi
dugc tao hinh va bang tAn trén dugc tao hinh va dé m3 hoa entropi cac gia tri phé duoc
lugng t hoa tir bang tin dudi dugce tao hinh va bang tAn trén dugc tao hinh.
2. B0 mai hoa am thanh theo diém 1, bd ma hoéa am thanh con bao gém:

bd phéan tich du bao tuyén tinh (808) dé suy ra cac h¢ b6 du bao tuyén tinh cho
khung thoi gian cua tin hiéu am thanh béng cach phan tich khoéi cac mau Am thanh
trong khung thoi gian, cac mau am thanh dugc gidi han bang dén bang tan dudi,

trong d6 b tao hinh (804) dugc tao cAu hinh dé tao hinh bing tan dudi str dung
cac hé sb du bao tuyén tinh nhu thong tin tao hinh, va

trong do6 bo tao hinh (804) dugc tao cAu hinh dé st dung it nhét phﬁn cua cac hé
s6 du bao tuyén tinh dugc suy ra tu khdi cac mau Am thanh dugc gidi han bang dén
bang tAn dudi dé tao hinh bang tan trén trong khung thoi gian cua tin hiéu am thanh.
3. B0 mai hda am thanh theo diém 1 hodc 2, trong do b tao hinh (804) dugc tao ciu
hinh dé tinh toan nhidu thira sé tao hinh cho nhiéu bang phu cua bang tan dudi sir dung
c4c hé sb du bdo tuyén tinh duge suy ra tir bang tan dudi cta tin hiéu am thanh,

trong d6 bd tao hinh (804) dugc tao cAu hinh dé gan trong sb, trong bang tin
dudi, cac hé ) phé trong bang phu cta bang tan dudi st dung thira sb tao hinh dugc

tinh to4n cho bang phu tuong Uing, va

dé gan trong sé cac hé sb pho trong bang tan trén st dung thira s6 tao hinh dugc
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tinh toan cho mot trong sb cac bang phu cla bang tan dudi.

4. Bo ma hoa am thanh theo diém 3, trong d6 bé tao hinh (804) dugc tao chu hinh
dé gan trong sd céc hé sb pho ctia bing tan trén st dung thira s6 tao hinh dugc tinh cho
bang phu cao nhat cua bing tin duédi, bing phu cao nhit ¢6 tin sé trung tAm cao nhét
trong so tt ca cac tan s trung tAm ctia bang phu clia bang tan dudi.
5. B0 ma hoa 4m thanh theo mot trong s6 cac diém néu trén,

trong d6 bo phat hién (802) duoc tao c4u hinh @ x4c dinh ving phd dinh trong
bang tAn trén, khi it nhat mét trong s6 nhom céc diéu kién 1a ding, nhém céc dieu kién

bao gbm it nhat nhu sau:

didu kién bién @5 bing tin thép (1102), diéu kién khoang cach dinh (1104), va
diéu kién bién d6 dinh (1106).

6. B0 mai hoa 4m thanh theo diém 5, trong d6 bo phat hién (802) dugc tao cu hinh
d8 xéc dinh, déi v6i didu kién bién d6 bang tan thap,

bién do phd tdi da trong bang tan dudi (1202);

bién do phd tdi da trong bang tan trén (1204),

trong d6 didu kién bién d9 bang tin thép (1102) 1 dting, khi bién d pho tbi da
trong bang tAn dudi dugce gan trong s6 bang sd duge dinh trude 16n hon 0 1a 16n hon

bién d6 phd t6i da trong bing tan trén (1204).
7. B0 mahoéa am thanh theo diém 6,

trong d6 bd phat hién (802) duoc tao chu hinh dé phat hién bién do phd trong
bang tan dudi hodc bién do phé tbi da trong bang tAn trén trudc phép toan tao hinh
duoc ap dung bai bo tao hinh (804) duge dp dung, hodc trong do s6 dugc dinh trude

nim gitra 4 va 30.
8. B0 mahoa dm thanh theo mot trong sb cac diém 5 dén 7,

trong d6 bd phat hién (802) dugc tao chu hinh dé xdc dinh, ddi voi dicu kién
khoang cach dinh,

bién d6 phé tbi da thir nhat trong bang tan dudi (1206);
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khoang cach phé thir nhét ciia bién do phd t5i da thir nhat tir tan sb bién giira tan
s6 trung tAm clia bang thn du6i (1302) va tan s6 trung tAm cuia bang tan trén (1304);

bién do phd t5i da thir hai trong bang tan trén (1306);

khoang cach phé th hai ctia bién do phd ti da thir hai tir thn s6 bién dén bién do
phd tdi da th hai (1308),

trong d6 didu kién khoang céch dinh (1104) 12 dting, khi bién do phé t6i da thi
nhét dugc gan trong s6 bang khoang cach phd thir nhét va duoc géan trong s6 boi sd
duoc dinh trude 16n hon 1 1 16n hon bién do phd t5i da thir hai duoc gén trong s6 boi

khoang cach phd thi hai (1310).
9.  BY ma héa Am thanh theo diém 8,

trong d6 bd phat hién (802) duoc tao cAu hinh dé xac dinh bién do phd t6i da thir
nhét hodc bién do phd téi da thir hai theo sau phép toan tao hinh bing b tao hinh
(804) ma khéng c6 phép suy giam bd sung, hodc

trong d6 tan s6 bién 1a tAn s6 cao nhat trong bang tin dudi hodc tan sb thap nhat

trong bang tan trén, hodc

trong do sb duoc dinh trudc 1a gitta 1,5 va 8.
10. B0 mai hda 4m thanh theo mot trong s6 cac diém 5 dén 9,

trong d6 bo phat hién (802) duge tao chu hinh dé xac dinh bién d pho t6i da thur
nhat trong phan ciia bang tAn dudi (1402), phin kéo dai tir tan s6 bt dau duoc dinh
truée clia bang tan dudi cho dén tin s6 tdi da cua bang tan dudi, tan s6 bét dau duoc
dinh truéc 12 16n hon tan s6 téi thidu clia bang tan dudi,

8 x4c dinh bién d6 phé t4i da thir hai trong bang tan trén (1404),

trong d6 diu kién bién do dinh (1106) la ding, khi bién do pho t6i da thir hai 1a
16n hon bién do phé) t6i da thu nhét duoc gan trong s6 bai s6 duoc dinh trude 1a 16n
hon hodc bang 1 (1406).
11. B0 ma hda am thanh theo diém 10,

trong d6 bo phat hién (802) dugc tao cAu hinh dé xc dinh bién do pho t6i da thur
nhét hodc bién do phd tdi da thir hai sau khi phép todn tao hinh dugc ap dung boi bo
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tao hinh (804) ma khong c6 thém sy suy giam, hodc trong d6 tAn sd bat dau duoc dinh
trude bang it nhit 10% cta bang tan dudi trén tAn s6 i thiéu cua bang tan dudi hodc
trong do tan sb bt dau duoc dinh trude 1a tai tAn s bang mot nta tan sb toi da cla
bang tin dudi trong dung sai 12 cong/trir 10 phan trim ciia mot nira tan s t6i da, hodc
trong d6 s6 duoc dinh trude phu thude vao tdc do bit sé duge cung cép béi budc
cia bo luong tr hoa/bd ma hoa, dé sb duoc dinh trude cao hon dbi véi toc dd bit cao
hon, hoac
trong do sb dugc dinh trudce 1a gitra 1,0 va 5,0.
12. BO ma hoéa 4m thanh theo mot trong s6 cac diém 6 dén 11,

trong d6 bo phat hién (802) duge tao cu hinh dé xac dinh ving phd dinh chi khi

it nhét hai didu kién trong s6 ba diéu kién hodc ba diéu kién la dung.
13. BO ma hoa &m thanh theo mot trong s6 cac diém 6 dén 12,

trong d6 bd phat hién (802) duoc tao cu hinh d8 x4c dinh, nhu bién do phd, gia
tri tuyét dbi coa gia tri phé cua phé) thue té, cuong do cua phé phuec, bat ki luy thira cta
gi4 tri phd cua phd thuc hodc bat ki luy thira cia cuong do ctia phd phirc, luy thira 16n
hon 1.

14. BO ma hoéa am thanh theo mot trong s6 cac diém néu trén,

trong d6 bo tao hinh (804) duge tao cu hinh dé suy giam it nhit mot gia tri phd
trong vung phd dinh dugc phat hién dya trén bién d6 phd tbi da trong bang tn trén

hodc dua trén bién 4o ph t6i da trong bang tan dudi.
15. BO ma hoa dm thanh theo diém 14,

trong d6 bo tao hinh (804) duge tao céu hinh dé x4c dinh bién do phd t6i da trong
phan ctia bang tan dudi, phan kéo dai tir tan sb bat dau duoc dinh trude cua bang tan
dudi cho dén khi tin sb tdi da cia bang tAn dudi, tan s6 bat dau dugc dinh truée 16n
hon tan s6 tdi thidu cua bing tan dudi, trong d6 tAn s6 bat dau duge dinh trude t6t hon
12 bang it nhit 10% bang tan dudi trén tAn s6 t6i thiéu cua bang tan dudi hodc trong do
tAn sd bat dau dugc dinh trude t6t hon 1a c6 tan sb béng mot nira tan sb tdi da cia bing

tan dudi trong dung sai la cong/trir 10 phan tram cta tan s ti da.
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16. B0 mi hoa am thanh theo diém 14 hodc 15,

trong d6 bo tao hinh (804) dugc tao cAu hinh dé suy gidm cac gia tri phd st dung
thira sb suy giam, thira sb suy giam dugc suy ra tir bién do phd t61 da trong bang tan
dudi (1602) duge nhan (1606) véi sé duge dinh truée 16n hon hodc bing 1 va duoc
chia cho bién do phd téi da trong bang tan trén (1604).

17. B0 ma héa 4m thanh theo mot trong s6 céac diém néu trén,

trong d6 bd tao hinh (804) dugc tao cu hinh dé tao hinh cac gia tri phé trong
vung phé dinh dugc phat hién dya trén:

phép todn gan trong s6 tha nhat (1702, 804a) str dung it nhét phan ctia thong tin
tao hinh cho bang tdn dudi va phép toan gan trong s tiép theo tht hai (1704, 804b) six

dung thong tin suy giam; hodc
phép todn gan trong s6 st dung thong tin tao hinh va thong tin gan trong sd tiép
theo thir hai st dung it nhat phan cta thong tin tao hinh cho bang tan dudi, hodc

phép todn gan trong s don st dung thong tin gan trong s6 duogc t6 hop dugce suy

ra tir thong tin suy gidm va it nhat phan ctia thong tin tao hinh cho bang tan dudi.
18. B6 ma héa 4m thanh theo diém 17,

trong d6 thong tin gan trong s6 cho bang tin dudi 1a tap hop cac thira s6 tao hinh,

mdi thira s tao hinh duge két hop voi bang phu clia bang tan dudi,

trong d6 it nhat phan ctia thong tin géan trong s4 cho bang tan duéi dugce st dung
trong phép toan tao hinh cho bang tAn trén 13 thira sé tao hinh dugc két hop véi bang
phu cta bing tAn dudi c6 tin sb gitra cao nhét trong sb tat ca cac bang phu trong bang
tan dudi, hodc

trong d6 thong tin suy giam la thtra s6 suy giam duoc dp dung cho it nhit mot gia
tri phd trong ving phd dugc phat hién hodc tat ca cac gia tri phd trong ving pho duoc
phat hién hodc tAt ca cac gid tri phd trong bang tAn trén ma vung phd dinh da dugc
phét hién boi bo phét hién (802) cho khung thoi gian cta tin hi¢u am thanh, hodc

trong d6 bé tao hinh (804) dugc tao cdu hinh dé thyc hién viée tao hinh bang tan

du6i va cao hon ma khong c6 thém su suy giam nao khi bo phat hién (802) chua phat

-90-



34895

hién bét ki ving phd dinh trong bang tan trén cla khung thoi gian cla tin hiéu am
thanh.

19. B6 ma héa Am thanh theo mot trong s6 cac diém néu trén,

trong d6 budc cta bd tao luong tr hod va bod ma hoa (806) bao gbm bo xtt 1y
vong lap tbe do dé uéc lugng dic diém bd lwong tir hod dé thu duge tbc do bit dugc
dinh trudc cua tin hiéu 4m thanh dugc ma hoé entropi.
20. B6 ma héa am thanh theo diém 19, trong d6 dac diém bd luong tir héa la do

khuéch dai toan cuc,

trong d6 budc ctia bo lugng tir héa va bo mé hoa (806) bao gbm:

bd gan trong s6 (1502) dé gan trong sb céac gia tri phd dugce tao hinh trong bang
tan dudi va cac gia tri phd duge tao hinh trong bang tAn trén bang do khuéch dai toan
cuc gidng nhau,

bo lugng tir hod (1504) dé luong tir hoa cac gia tri dugc gan trong sd bang do
khuéch dai toan cuc; va

bd ma hoa entropi (1506) dé ma hoa entropi cac gia tri dugc luong tir hod, trong
d6 bd ma hoé entropi bao gém b0 ma hoa s6 hoc hodc bd mi hoa Huffman.
21. B0 mi hoa 4m thanh theo mdt trong s cac diém néu trén, bdo ma hoa am thanh
con bao gom:

b6 xir Iy man chan am (1012) dé xac dinh, trong bang tAn trén, nhom thir nhat
gdm céc gia tri phd s& duge lugng tir hod va dugc mé hoa entropi va nhom thtr hai
gdm céc gid tri pho s& duge ma héa theo tham s6 boi quy trinh dién diy khoang trong,
trong d6 b xu Iy man chin &m dugc tao cau hinh dé thiét 1ap nhom thir hai gbm cac
gié tri phé dén céc gia tri 0.
22. BO mi hoa 4m thanh theo mot trong s cac diém néu trén, bd ma hod Am thanh
con bao gdm:

bo x1r Iy chung (1002);

b6 mi hoa mién tan s6 (1012, 802, 804, 806); va

b6 ma héa du bao tuyén tinh (1008),
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trong d6 bd ma héa mién tin sb bao gdm bo phat hién (802), bo tao hinh (804) va

bude cia bd luong tir hoa va by ma hoa (806), va

trong d6 bd xu ly chung dugc tao cAu hinh dé tinh toan dit liéu s& dugc str dung

b6i bd md héa mién tan sé va b mi héa du bao tuyén tinh.
23. Bo mi héa am thanh theo diém 22,

trong d6 bd xtr ly chung dugc tao chu hinh dé 14y mau lai (1006) tin hiéu 4m
thanh dé thu dugc bang tin hiéu 4m thanh dugc léy mau lai duoc han ché dén bang tan

du6i cho khung thoi gian cia tin hiéu 4m thanh, va

trong d6 bd xtr Iy chung (1002) bao gdm b phan tich dy bao tuyén tinh (808) aé
suy ra cac hé sé du bao tuyén tinh cho khung thoi gian cta tin hi¢u am thanh bang
cach phan tich khdi cac mAu 4m thanh trong khung thoi gian, cac mau am thanh duoc
gidi han bang dén bang tan duéi, hodc

trong d6 bo xur Iy chung (1002) duoc tao cAu hinh dé didu khién khung thoi gian
cta tin hiéu 4m thanh s& duoc biéu dién boi dau ra cia bo ma hoéa du bao tuyén tinh
hodc dau ra ctia bo ma hoa mién tan sb.
24. B0 mi hda 4m thanh theo mot trong s6 cac diém 22 dén 23,

trong d6 bd ma hoa mién tan sb bao gom bd chuyén d6i thoi gian thanh tan s6
(1012) d@é chuyén déi khung thoi gian cta tin hi¢u 4m thanh thanh phép biéu dién tan
s6 bao gdbm bing thn dudi va bing tin trén.
25. Phuong phép ma héa tin hiéu dm thanh d¢ ma héa tin hiéu am thanh c6 bang tan
duéi va bang tan trén, phuong phap ma hoa tin hiéu &m thanh bao gdm:

phat hién (802) vung pho dinh trong bang tan trén cta tin hiéu am thanh;

tao hinh (804) bang tAn dudi cda tin hiéu 4m thanh st dung thong tin tao hinh
cho bang tin dudi va tao hinh (1702) bang tAn trén cua tin hiéu Am thanh st dung it
nhat phan ctia thong tin tao hinh cho bang tan dudi, trong d6 tao hinh bang tan trén bao
gbm su suy giam bd sung (1704) cua gia tri phd trong ving phé dinh duoc phat hién

trong bang tan trén.

26. Vit ghi doc dugc bang may tinh bao gém chuong trinh may tinh dé thuc hién,
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khi chay trén mdy tinh hodc b xir 1y, phuong phép theo diém 25.

-102-



34895

OF b~

11q 3uQp
quey ugp

| b4

n31Y up Loy W

oS U} uYIU
0y B

B

d71 U1

BNP BOY BUW |

DOND/3udp
] yeoy SuQyy A/om |

eqaEm 70|

quip 19Anb \

[oBA QS Wey)
08D URIY NYIp

\

reop ugyd L
squnsuom 0Ll

oA ngp
naIy up

|

I

|

!

" nJ1Y Uh) - nJry up
—  gon ueyd 1e] ngw Ag|
1

|

! Sunyo 4] nx

-103-



34895

tin hiéu dau vao

giam toc d6 lay mau

xudng SRCELP

103

——201

MDCT ——207

l

tinh toan LPC

------------- P 5 khuéch dai tao hinh
—~—203 _ __ q LPC nghich ddo ——209

:

tao trong s6 LPC

vong lap tdc do:

- diéu chinh d6 khuéch dai toan
cuc . 211
- lugng tir héa/ma hoa hé s6 pho
str dung ma héa s6 hoc

l

dong bit

Fig. 2

-104-



34895

fCELP

Fig. 3
T~
N\
\\
T~
T~
N
fCELP
Fig. 4

-105-




34895

1:CELP

Fig. o




34895

Fig. 7

-107-




tin hiéu
am thanh

103—

34895

!

bd phat hién phat hién
vung phd dinh trong
bang cao

802

I
I vidy, bd F—~—2808
I~ $!  phéntich I
, | LPC |
| !
! thong tin tao hinh cho
Jl bang thap
\\‘810 812

cac tao hinh sac hon:

| - bang thap —~ 804
vung pho - bang cao
dinh - vung pho dinh
——805
\ 4
814
—— 3800
budce cua b luong %
tir hda va bo ma hoa >

tin hiéu am
thanh dwoc ma
hoa

Fig. 8

-108-



34895

bang thap hon | bang cao hon
|
1
1 ] ] l
I I | 1
I 1 I 1
1 I | 1
l l 1 l
1 l [ 1
l 1 1 l
| l l |
l l 1 l
i i i i
SB'SB ' SB ' SB !
1 2 3 A tan so bién

(vi dufoep)

- thong tin tao hinh cho SB1 duoc st dung de tao hinh SB1
- thong tin tao hinh cho SB2 dugc st dung de tao hinh SB2
- théng tin tao hinh cho SB3 dugc st dung dé tao hinh SB3
- thong tin tao hinh cho SB4 dugc sir dung dé tao hinh SB4
- théng tin tao hinh cho SB4 duoc st dung dé tao hinh bang cao hon

Fig. 9

-109-



34895

cao

1010

806

Fm—————————
1001 | ———— 1002
1 bd diéu khién l
| i
tin hiéu Am I ACELP/TCX ’l\_/1 004
thanh bang | |
day dit e P I
!
R A— b 1
/’: bd giGi han bang i I b@ chuyér; d?’i t,h("’i
1002 ! (vi du, bd liy mau 4_:____+____> gian - pPo vavi du, 1012
/ lai) ! [ man chan am
10061} L ]
I 1 I
! I m=smmmmmssssssTTa
! bing ' b b - i 1L-1022
E ‘ thap hon E i I{ 8/043 i E/
1 | ! I !
i o R,
i | | o phan tich LPC | | 1 | bdtaohinh b
/ | I [ phd | A A
—1 | 1 | 1 1
808 : I | : I
B D L 804 | |bo phét
— 5 I A
thong tin O P ' [hién
tao hinh I i | b6 suy giam dé suy '
. ¢ ——
| | |giam ving pho dinh |
| ol :
5| bo ma hoa CELP i | 804
I
I !
/- | ~—-——" T ]
10081 |
|
I 1A .
b5 ma hoa mo } budc cua bo lugng | vi dy, tée do bit
rong bang thong I tir hoa va bo ma duoc dinh trude
.z P| mién thoi gian ' hoa (vidy, vong  [®===mmmmTommo
it nhat bang } 1ap tdc do)
|
|
|
|
|
|
v v

giao dién dau ra

tin hiéu duoc

Fig. 1

-110-

0

ma hoa



34895

1102

khong c6 bién do cua

— ying phd dinh

khong c6 bién do cua

— ving pho dinh

khong c6 bién do cua

didu kién bién d6 bang thap SAI
PUNG 1 1S04
didu kién khoang cach dinh SAI
PUNG 1106
didu kién bién do dinh SAI
PUNG

Fig. 11

-111-

— ying phd dinh



34895

1 2802
x4c dinh bién d6 phd
cuc dai trong bang max_!ow
dudi
tbt hon 14 trude
khi tao hinh
1204 bang thong tin
% tao hinh bing
thap hon
x4c dinh bién d6 phd
cuc dai trong bang trén
max_high
1 2306 l
. SAI
——— ¢l -max low >max_high —p
¢1>0
vidy, 16 BUNG
(gitta 4 va 30)

Fig. 12

-112-



34895

t6t hon 12 sau khi tao hinh bang théng tin tao

1302 hinh béng dudi
xéc dinh bién dd phé ti da max_low
thir nhat trong bang dudi
1304
tAn sb bién x4c dinh khoang cach dist_low
— phé thir nhit
13006
x4c dinh bién d6 phd t6i da max_high
th{r hai trong bang trén
1308
xé4c dinh khoang cach dist hlgh
— > quang pho thir hai —
1310
v v v
¢2 - dist high - max_high>
—_—b = —
dist low - max_low
c2>1 - _—
PUNG
vidu, 4

(gitra 1,5 va 8)

Fig. 13

-113-

SAI



34895

1402
uu tién sau khi tao hinh v6i thong tin
tao hinh bang thap

x4c dinh bién @0 phd tdi da thir nhat max_ low?2
trong bang dudi —

1404

%

xéc dinh bién d6 phd t0i da thir hai trong| m 2y high
bang trén —

1406
\ 4 v %
' SAI
——t max_high>c3 - max_low2 >
c3=>1
vi duy, 1,5 hoac 3 PUNG

phu thudc vao ti 1¢
(gitra 1,0 va 5,0)

Fig. 14

-114-



cac vach phé duoc tao hinh

va suy giam

1502

%

bd gan trong so
d6 khuéch dai
toan cuc

tbc do bit duoc

d6 khuéch dai
toan cyc dugc
diéu chinh

34895

1504

b6 lugng tir hoa

1506

b6 ma hoa entropi

tin hiéu 4m thanh

dinh trude 1508 (vidu, s6 hoc duoc ma hoa
l hoac Huffman) >
814
—  » bodidukhién [e——— . 5
tiéu chi toc do bit duoc udc lugng hodc duoc do
két thic
Fig. 15a
1516
1510w tbc do bit qua cao khong {tiéu chi . 5
két thuc? R B )
d6 khuech dai
toan cuc cuoi
lyes nol cung/vong
dung
) iam do
1512— tang d6 khuéch dai toan cuc lg{huéch.dai
l toan cuc
géan trong $0, hxgng tr hoa, ma
1514—"1h6a v6i d6 khuéch dai toan  [4 1518
cuc duogc diéu chinh

Fig. 15D

-115-



34895

xéc dinh bién 46 phd téi da trong bang thip max_low2
hon (tot hon 12 sau khi tao hinh)
1604 1602
xéc dinh bién do phd tdi da trong bang cao max_hlgh
hon (t5t hon 1a sau khi tao hinh)
1606
I S
~max_low?2

— fac=c3
c3=>1 o=t max_high

vi du, 1,5 hodc 3 phu thudc vao tdc do (gitta 1,0 va 5,0)

Fig. 16

céc gié tri phd trén
tan s6 bien  (vi du, fCELP)

tao hinh véi thong tin 40
1702— khuéch dai bang thap

céc gia tri quang pho duoc
tao hinh trén tan so6 bién

1704— suy giam bb sung cac gid tri
— phd duoc tao hinh - —>
fac dén bo luong tir
hoa/bd ma hoa

Fig. 17

-116-





