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(57) Sang ché dé cap dén bo giai ma am thanh va phuong phdp gidi ma tin hi¢u am
thanh. Phién ban duogc rat gon cua thu tuc gidi ma am thanh co thé hiéu qua hon
va/hoac dat duoc su duy tri pht hop duoc cai thign néu cua so téng hop duoc su dung
dé giai ma am thanh rat gon la phién ban rat gon cua cta s6 tong hop tham chiéu chira
trong thu tuc giai ma am thanh khong duoc rut gon bang cach ldy mau giam boi thua
s6 lay mau giam ma toc do lay mau giam va toc do lay mau gbe léch nhau, va duogc lay

mau giam st dung phép ndi suy theo phan doan trong cac phan doan "4 d6 dai khung.
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Linh vuc ky thuat dwoc dé cip

Sang ché dé cap dén khia canh gial ma duoc rut gon.
Tinh trang ky thult cua sing ché

Ma héa am thanh tién tién (Advanced Audio Coding — AAC) do tré thﬁp duoc
tang cuong (Enhanced Low Delay AAC - AAC-ELD) MPEG-4 thuong hoat dong o
toc do bit 1én dén 48kHz, ma dan dén do tré thuat toan la 15 mili gidy (milisecond -
ms). o1 voi mot sd ung dung, vi du su truyén nhép madi cua am thanh, do tré thép hon
déu nhau 1a dang mong muén. AAC-ELD di cung cip lya chon nay bang cach hoat
dong o cac toc do lay mau cao hon, vi du 96kHz, va do dé cung cap cac ché do hoat
dong voi do tré thap hon ngang bang, vi du 7,5ms. Tuy nhién, ché d6 hoat dong nay di
kém véi do phuc tap cao khong can thiét do toe do lay mau cao.

Gial phap cho van dé nay la ap dung phién ban dugc rat gon cua gian loc va do
do, két xuat tin hiéu am thanh ¢ téc d6 lay mau thap hon, vi du 48kHz thay vi 96kHz.
Hoat dong rut gon da la mot ph?m cua AAC-ELD nhu duoc ké thura tor bo ma hoa-giai
ma MPEG-4 AAC-LD, ma dong vai tro 1a co s¢ cho AAC-ELD.

Tuy nhién, cau hoi van con la lam céch nao dé tim kiém phién ban duoc rit gon
cua gian loc cu thé. Tuc 1a, su khong chac chan duy nhét la cach céc hé sb cua s6 duoc
suy ra trong khi cho phép kiém tra su phu hop rd rang cua cac ché d6 hoat dong duoc
rat gon cua bo giai ma AAC-ELD.

Trong phén sau day, cic nguyén tic vé ché a6 hoat dong duoc rit gon cua cac
bo ma hoa-giai ma AAC-(E)LD sé€ duoc mo ta.

Ché do hoat dong rut gon hoac AAC-LD dugc mo ta cho AAC-LD trong
ISO/TEC 14496-3:2009 trong doan 4.6.17.2.7 “Adaptation to systems using lower
sampling rates™ (Su thich Ung von cac he tllélwg su dung toe do lay mau thap hon) nhu
sau:

“Trong cac ung dung nhat dinh, c¢6 thé can thiét dé tich hop bo giai ma do tré
thip vao hé thong am thanh chay o tée d6 lay mau thap hon (vi du 16kHz) trong khi
téc do lay mau danh nghia cua trong tai dong bit 1a cao hon nhiéu (vi du 48kHz, tuong
ing voi do tré bé ma hoa-giai ma thuat toan l1a xap xi 20ms). Trong céac truong hop

nay, la thuan loi dé giai ma dau ra cua by ma hoéa-giai ma do tré thap truc tiép ¢ toc do
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ldy mau muc tiéu hon la su dung hoat dong chuyén dbi toc do ldy mau bo sung sau khi
gial ma.

Diéu nay co thé duoc lam gan dung boi sy rat gon thich hop cua cd hai, kich
thuoc khung va toc do 15)/ mau, boi mot s6 thira 0 nguyén (vi du 2, 3), dan dén do
phéan giai thoi gian/tan s6 giong nhau cua bo ma hoa-giai ma. Vi du, dau ra cua bo ma
hoa-giai ma co thé duoc tao ra ¢ toc do lay mau 16kHz thay vi tdc d6 ldy mau danh
nghia 48kHz bang cach gift lai mot phan ba thap nhat (tie 1a 480/3 = 160) ctua hé s6
pho trude gian loc tong hop va giam kich thude bién doi nghich dao toi mot phan ba
(tre 1a kich thude cua $6 960/3 = 320).

Két qua la, viéc giai ma cho cac téc do ldy mau thap hon lam giam ca yéu ciu
vé bo nhd va yéu cau tinh toan, nhung co thé¢ khong dem lai chinh xac dau ra gidng
nhu giai ma bang thong day du, theo sau boi gidi han bang va chuyén doi toc do mau.

Luu v rang viéc giai ma o toc do lay mau thap hon, nhu duoc mé ta o trén,
khong éhh huong dén viée giai thich cac muc, ma dé cap dén toc d6 lay mau danh
nghia cua trong tai dong bit do tré thap AAC.”

Luu vy réng AAC-LD lam viéc véi khung lam viéc bién doi cosin roi rac cai
bién (modified discrete cosine transform — MDCT) tiéu chuin va hai dang cira so, tirc
la cua sO hinh sin va cua s6 chong lap thap. Ca hai cua s6 duge mo ta day du boi cac
cong thiue va do do, cac he s ctra so cho cac do dai bién doi bat ky co thé duoc xac
dinh.

So sanh voi AAC-LD, bd ma hoa-giai ma AAC-ELD thé hién hai khac biét
chinh:

_ Cira s6 MDCT d6 tré thap (Low Delay MDCT window - LD-MDCT)

- Kha nang su dung cong cu sao chép bang pho (Spectral Band Replication -

SBR d¢ tré thap)

Thuét toan bién ddi cosin roi rac cai bién nghich dao (inverse MDCT —
IMDCT) su dung cua s6O MDCT do tré thép duoc mo6 ta trong 4.6.20.2 trong tai li¢u
tham khao [1], ma rat gidong phién ban IMDCT tiéu chuan su dung, vi du cua s6 hinh
sin. Cac hé s6 cua cac cira s6 MDCT do tré thép (kich thude khung 480 va 512 mau)
duoc cho trong bang 4. A.15 va 4. A.16 trong tai licu tham khao [1]. Luu y la céc hé s6
khong thé duoc xac dinh boi cong thue, nhu cac hé s6 1a két qua cua thuat toan tdi uu

hoa. Fig.9 thé hién so do vé hinh dang ctra s6 doi voi kich thude khung 512,
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Trong trudng hop cong cu SBR d6 tré thap (low delay SBR - LD-SBR) duoc sur
dung két hop voi bo ma hdéa AAC-ELD, céac gian loc cua médun LD-SBR ciung duogc
rat gon. Dicu nay dam bao rang modun SBR hoat dong vaoi ciing dé phan gidi tan s6 va
do do, khong yéu cau su thich ing hon nao.

Do do. su mo ta o trén boc 16 rang ¢6 nhu cau dé rat gon cac hoat dong giai ma
nhu, vi du, rat gon phép giai ma tai AAC-ELD. Sé& la kha thi dé tim ra cac hé so cho
ham cura s6 tong hop rat gon lan nita, nhung day la nhiém vu nang né, doi hoi luu tri
bé sung dé luu tra phién ban duoc rut gon va két xuat sy kiém tra phu hop gitra phép
giai ma khong rut gon va giai ma rut gon phurc tap hon hoac, tir quan diém khac, khong
tuan theo cach rut gon duoc yéu cau trong, vi du, AAC-ELD. Phu thudc vao ti I¢ rut
gon, tuc 1a ti 1& gita toe do lay mau goc va tde do lay mau rat gon, co thé suy ra ham
cua s6 tong hop rat gon mot cach don gian bang cach lay mau giam, tuc la chon ra moi
hé sb cua so thu hai, tht ba... cua ham cua so tong hop gée, nhung thu tuc nay khong
dan dén su phi hop day du cua phép giai ma khong rat gon va giai ma rat gon, mot
cach tuong ung. Viéc su dung cac thu tuc thap phan phuc tap hon duoc ap dung cho
ham cua s6 tong hop, dan dén do léch khong chap nhan duoc tur hinh dang ham cta s6
tong hop goc. Do do, ¢6 nhu cau trong tinh trang ky thuat dbi voi khai niém giai ma
rat gon duoc cai thién.

Tai liéu tham khao

[1] ISO/TEC 14496-3:2009

[2] M 13958, “Proposal for an Enhanced Low Delay Coding Mode™, 10/2006,
Hangzhou, Trung Qudc
Bin chat ky thuét cia sang ché

Muc dich cua sang ché 1a cung cip so do giai ma am thanh ma cho phép gidi ma
rut gon duoc cai thién.

Muc dich nay dat duoc boi doi tuong cia cac diém yéu cau bao ho doc lap.

Sang ché dua trén viéc tim ra rang phién ban duge rat gon cua thu tuc giai ma
am thanh c6 thé hiéu qua hon va/hoac dat dugc su duy tri phu hop dugc cari thién néu
ctra s6 tong hop duge su dung dé giai ma am thanh duoc rit gon la phién ban duge rut
gon cla cura sO tong hop tham chiéu chira trong thu tuc giai ma am thanh khong duoc

rut gon bang cach lay mau giam boi thua so lay mau giam ma toc do lay mau duoc lay
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mau giam va toc do lay mau géc léch nhau, va dugc léy mau giam su dung phép ndi
suy theo phéan doan trong cac phan doan bang 1/4 d6 dai khung.
Mo ta vén tit cac hinh vé

Cac khia canh ¢6 lo1 cua sang ché 1a doi tuong cua cac diém yéu cau bao ho phu
thudc. Cac phuong an uu tién cua sang ché duoc mo ta dudi day dua vao cac hinh veé
di kém, trong do:

Fig.l la so d6 gian luge minh hoa cac yéu cau khoi phuc hoan hao can duoc
tuan theo khi giai ma rut gon dé bao toan su khoi phuc hoan hao.

Fig.2 thé hién so do khodi cua bo gial ma am thanh dé gial ma rut gon theo
phuong an cua sang ché;

Fig3 1a so d6 gian luoc minh hoa, trong nua phia trén, cach ma tin hiéu am
thanh da duoc ma hoa tai téc do lay mau gbc thanh dong di lidu va, trong nura dudi

duoc phan tach khoi nua trén boi dudng nét dut ndm ngang, hoat dong gial ma rut gon

o
o>

> khoi phuc tin hiéu &m thanh tir dong dr licu tal tdc do 1ay mau giam hodc rut gon,
dé minh hoa ché do hoat dong cua bo giai ma am thanh cua Fig.2;

Fig.4 1a so do gian lugc minh hoa su két hop cua bo tao cua s va bo khu rang
cua mién thoi gian cua Fig.2;

Fig.5 minh hoa viéc thuc thi co kha nang dé dat duoc su khoi phuc theo Fig.4
sir dung phép xu ly ddc biét cua cac phan co trong s6 bang 0 cua céc phan thoi gian
duoc diéu bién pho thanh thoi gian;

Fig.6 la so d6 gian luoc minh hoa phép lay mau giam dé thu duoc cua sb tong
hop duoc léy mau giam;

Fig.7 la so do6 khoéi minh hoa hoat dong rut gon cia AAC-ELD gém cong cu
SBR do¢ tré thap;

Fig.8 thé hién so dd khdi cua bo giai ma am thanh dé giai ma rat gon theo
phuong an trong do bo diéu bién, bo tao cua s6 va bo khu duoc thyce hién trong phép
thuc thi nang: va

Fig.9 la so d6 vé cac hé s6 cua s6 cua cua so do tré thap theo AAC-ELD cho
kich thude khung 512 mau nhu vi du vé cra s6 tong hop tham chiéu can duoc lay mau
giam.

M@ ta chi tiét sang ché

Phan mo ta sau day bat dau véi sy minh hoa cua phuong an dé gial ma rat gon
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doi voi bo ma hoa-giai ma AAC-ELD. Tuec la, phan mo ta sau day bat dau véi phuong
an ma co thé tao ra ché do duoc rut gon cho AAC-ELD. Phan mé ta nay dong thoi tao
thanh mot dang giai thich vé su thuc day dudi cac phuong an cua sang ché nay. Sau
day, su mo6 ta duoc khai quat, do do dan dén su mo ta vé bo giai ma am thanh va
phuong phap giai ma dm thanh theo phuong an cua sang ché.

Nhu duoc mo ta trong phan gigi thiéu vé dac diém ky thuat cua sang ché, AAC-
ELD st dung cac cua s6 MDCT do tré théip. Pé tao ra cac phién ban dugc rut gon cua
chung, tuc la cac cua s6 do tré thap duge rat gon, dé xuat duoc giai thich sau day dé
tao thanh ché do rut gon cho AAC-ELD su dung thuat toan noi suy ham ndi truc theo
phan doan ma duy tri dac tinh khor phuc hoan hao (perfect reconstruction - PR) cua
cta s6 LD-MDCT véi do chinh xéac cao. Do do, thuat toan cho phép tao ra cac hé $d
cua o o dang truc tiép, nhu duge mo ta trong ISO/IEC 14496-3:2009, cung nhu dang
nang, nhu duge mo ta trong tai liéu tham khdo [2], theo cach tuong thich. Biéu nay ¢6
nghia la ca hai cach thyc hién tao ra dau ra 16 bit phu hop.

Phép ndi suy cua cua s6 MDCT do tré thép duoc thuc hién nhu sau:

No6i chung, phép ndi suy ham noi truc sé duoc su dung dé tao ra cac hé s6 cua
s6 dugc rat gon dé duy tri dap Ung tan s6 va hau hét dac tinh khoi phuc hoan hao
(quanh 170dB SNR). Phép ndi suy can co su rang budc trong cac phan doan nhat dinh
dé duy tri dac tinh khoi phuc hoan hao. P&i véi cac hé s6 cua $6 ¢ bao ham nhan DCT
cua phep bién doi (xem Fig.1, c(1024)..c(2048)), yéu cau rang budc sau day,

L=|lsgn clii cl2N¥ — 1=+ clN+ 0 N —1=1) | oveii=0.072-1 (1)

trong do N la kich thuoc khung. Mot s6 cach thuce hién co thé st dung cac ky

hiéu khac dé toi tdi uu hoa do phire tap, ¢ day, duge ky hi¢u boi sgn. Yéu cau trong (1)

c6 thé duoc minh hoa boi Fig.1. Nén nho rang don gian 1a ngay ca trong truong hop

F=2, tic 1a léy nua toe dd mau, dé lai moi hé sé cra s6 tht hai cua cua s6 t6ng hop
tham chiéu dé thu duoc cua s6 tong hop duoc rat gon khong dap ung yéu cau.

Cac hé sb {01 ..ci2% — 1) duge liét ké doc theo dang hinh thoi. /4 s6 khong
trong cac hé s cua so6, ma dap tmg dugc cho su giam do tré cua gian loc, duoc danh
dau st dung mii én nét dam. Fig.1 1a su phu thuoc cua cac h¢ s do su tao nép chua
trong MDCT va ca cac diém ma phép noi suy can rang budc dé tranh su phu thudc

khong mong muon bat ky.
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- Moi /2 hé so, phép ndi suy can ngung dé duy tri (1)

- Ngoai ra, thuat toan nd1 suy can ngimg moi /4 hé s6 do cac s6 khong duoc

chén. Biéu nay dam bao rang cac s6 khong duoc duy tri va 161 noi suy khong phé

bién ma duy tri PR.

Rang budc thtr hai khong chi yéu cau cho phan doan chua cac s6 khong ma con
yéu cau cho cdc phan doan khac. Biét rang mot s6 hé so trong nhan DCT khong duoc
xac dinh boi thuét toan toi uu hda ma dugce xac dinh boi cong thire (1) dé cho phép PR,
mot vai diém gian doan trong dang cua s6 co thé duoc giai thich, vi du quanh
c(1536+128) trén Fig. 1. Dé giam thiéu 161 PR, phép ndi suy can nging ¢ cac diém nay,
ma xuat hién trong ludi ¥ /4.

Vily do nay, kich thuéc phan doan 7 /4 dugc chon cho phép noi suy ham ndi truc
theo phan doan dé tao ra cac hé s6 ctra s duoc rat gon. Cac he s6 cura sO nguén luon
duoc cho boi cac he 50 duoc su dung cho v = 512, cung cho cac hoat dong rut gon dan

dén cac kich thuoc khung la v = 240 hoac x = 120. Thuat toan co ban duoc tom tat

mot cach rat ngan gon trong phan sau day nhu ma MATLAB:

downscaled window
number of segments; W=LD window
coefficients for N=512

Las

FAC = Downscaling factor $ e.g. 0.5
sbh = 128; % segment size of source window
w down = []; %
S o
o

nSegments = length (W) / (sb);

xn=((0: (FAC*sb-1))+0.5) /FAC-0.5; % spline init
for i=1:nSegments,

w_down:[w_down,spline([O:(sb—l)],W((i—l)*sb+(l:(sb))),xn)];
end;

Vi ham ndi true ¢o thé khong hoan toan tat dinh, thuat toan hoan chinh duoc cu
thé hoa mot cach chinh xéac trong phan sau day, ma co thé duoc néu ra trong ISO/IEC
14496-3:2009, dé tao thanh ché dé rut gon duoc cai thién trong AAC-ELD.

Noi cach khac, phan sau day cung cap deé xuét vé cach dé y tuong dugc néu ¢
trén co thé duoc ap dung cho ER AAC ELD, tuc la vé cach dé bo giai ma do phuc tap
thip co thé gidi ma dong bit ER AAC ELD duge ma hoa ¢ toc do di liu thi nhat tai
tdc do dir liéu thu hai thép hon toc d6 dir liéu tha nhat. Tuy nhién, nhan manh la viéc
xac dinh N nhu duogc su dung trong phan sau day tuan thu tiéu chuan. O day, N twong

tng v6i chiéu dai ctia nhan DCT trong khi ¢ phan truge, trong cac diém yéu cau bao
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ho, va cac phuong an tong quat duge mo ta sau day, N twong img vo1 do dai khung, cu
thé 1a do dai chong lap lan nhau cua cac nhan DCT, tic la nia d¢ dai nhan DCT. Theo
do, trong khi N duoc bicu thi 1a S12 & trén day, vi du, sé duoc biéu thi 1a 1024 trong
phan sau day.

Céc doan sau day duoc dé xuat dé bao gom 14496-3:2009 thong qua sta doi.
A.0 Thich ung voi cac he thong str dung céac téc d6 lay mau thap hon

D61 voi cac ung dung nhat dinh, ER AAC LD ¢6 thé thay doi tbc dd mau phat
lai dé tranh cac bude lay mau bo sung (xem 4.6.17.2.7). ER AAC ELD co thé ap dung
cac budce rut gon tuong tu su dung cua s6 MDCT d6 tré thép va cong cu LD-SBR.
Trong truong hop AAC-ELD hoat dong vé1 cong cu LD-SBR. thira s6 rat gon duoc
gio1 han to1 cac boi s cua 2. Khong c6 LD-SBR, kich thude khung rat gon can 1a s6
nguyen.
A.l Rat gon cua s6 MDCT do tre thap

Cua s6 LD-MDCT wip dbi v6i N=1024 dugc rut gon boi thua s6 F st dung phép

noi suy ham noi truc theo phan doan. S6 lugng clia cac s6 khong dan trude trong cac
hé s cua s0, tie 1a N/8, x4c dinh kich thude phan doan. Cac hé sb ctra s6 duoc rut gon
wip o duoge su dung cho MDCT nghich dao nhu duge mé ta trong 4.6.20.2 nhung voi
do dai cua s6 duoc rat gon Ng= N/F. Luu y la thuat toan cung 6 thé tao ra cac hé )

nang dugc rat gon cua LD-MDCT.

fs window size = 2048; /* Number of fullscale window coefficients.
According to ISO/IEC 14496-3:2009,

use 2048. For lifting implemenations, please adjust
this variable accordingly */
ds window _size = N * fs window_size / (1024 * F); /* downscaled
window coefficients; N determines the

transformation length according to 4.6.20.2 */

fs segment size = 128;
num_ segments fs window_size / fs segment_size;
ds segment size ds window size / num_segments;
tmp(128], y[128]; /* temporary buffers */

Il

Il

/* loop over segments */
for (b = 0; b < num _segments; b++)
/* copy current segment to Lmp */
copy (&W LD[b * fs segment_size], tmp, fs segment_size);

/* apply cubic spline interpolation for downscaling */
/* calculate interpolating phase */
phase = (fs window size - ds window_size) /(2

ds window_size);
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/* calculate the coefficients c of the cubic spline given tmp

/* array of precalculated constants */

m = {0.166666672, 0.25, 0.266666681, 0.267857134,
0.267942578, 0.267948717, 0.267949164};

fs segment size; /* for simplicity */

n

/* calculate vector r needed to calculate the coefficients c

for (i = n - 3; 1 >= 0; i--)
r[(i] = 3 * ((tmp[1 + 2] - tmp[i + 1) - (tmpli + 1] -
tmp(11))
for (i1 = 1; 1 < 7; 1i++)
r{i] -= m[1 - 1] * r[i - 1];
for(i = 7; 1 < n - 4; 1i++)
r[i] -= 0.267949194 * r[i - 1];

/* calculate coefficients c */

cln - 2] = r(n - 3] / 6;

cln - 31 = (r[n - 4] - cln - 2]) * 0.25;

for (i = n - 4; 1 > 7; 1i--)
cli] = (r[i - 1] - c[i + 1]) * 0.267949194;

for (1 = 7;, 1 > 1; i--)
cli)=(r[i-1)-c[i+1])*m[i-1];

cl1] = r[0] * m[O]

c[0] = 2 * cll] - cl2];

cin-1] = 2 * ¢[n - 2] - cln - 3];

/* keep original samples in temp buffer y because samples of
tmp will be replaced with interpolated samples */

copy (tmp, vy, fs segment size);

/* generate downscaled points and do interpolation */
for (k = 0; k < ds segment size; k++) {
step = phase + k * fs segment_size / ds segment size;

idx = floor(step):

diff = step - 1idx;

di = (clidx + 1] - clidx]) / 3;

bi = (ylidx + 1] - y[idx]) - (c[idx + 1] + 2~ clidx]) /

/* calculate downscaled values and store in tmp */

tmp (k] = yl[idx] + diff * (bi + diff * (clidx] + diff * di));

}

/* assemble downscaled window */
copy (tmp, &W LD d[b * ds segment_size], ds_segment_size);

}

A.2 Su rut gon cua cong cu SBR do tré thép

8/46

Trong truong hop cong cu SBR do tré thap duge su dung két hop véi ELD,

cong cu nay co thé duge rut gon téi toc do mau thap hon, it nhat la dé rut gon cac thua

s6 12 boi s6 cua 2. Thira s6 rut gon F dicu khien s6 luong cac bang duoc su dung cho

gian loc phan tich va tong hop CLDFB. Hai doan sau day mo ta gian loc phan tich va

t6ng hop CLDFB dugc rat gon, xem 4.6.19.4.
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4.6.20.5.2.1 Gian loc CLDFB phan tich dugc rut gon

« Xéac dinh s6 luong bang CLDFB rut gon 5 = 32/F

= ;o
= PR

Dich chuyén cic mau trong mang x boi B vi tri. 5 mau ¢t nhat bi loai bo va B

mau moi duoc luu tri trong cac vi tri tr 0 dén B-1.

=
Nhéan cdc mau cia mang x boi hé s cua so «i dé co duge mang z. Cac he so cua

5 i thu duoc boi phép ndi suy tuyén tinh cua cac hé s6 ¢, tie la qua phuong trinh:

Il
IF

i . W, F . % ~ R - ~ . Lo =T -k
[(2F i+ L+t +ci2F i +pd], 0=« 1081, p=int{—=—-05).

'
I

Céc hé 56 cua s6 cua ¢ ¢o the duge tim thay trong Bang 4.A.90.
Tinh tong cac mau dé tao ra mang phan tu 258 wu:

R
EITE

winh = zini+ zin + 2B+ ztn + 4B+ zin + 6By + z(n + 85, 0= < 2B

Tinh toan & mau bang con mai boi phép toan ma tran M, trong do:

h=y ) \ 7

Trong phuong trinh, #%p< % bicu thi ham ma phire va ; la don vi ao.
4.6.20.5.2.2 Gian loc CLDFB téng hop duoc rut gon
Xéc dinh s6 luong bang CLDFB rat gon 8 = 64/F.

Dich chuyén cac mau trong mang V. boi 28 vi tri. 28 mau cu nhat bi loai bo.

5 mau bang con co gia tri phirc duoe nhan véi ma tran N, trong do:

i LrisnIiiza-5-10 0=k <8
NAR, R l, - e
' 25 Molg=an < 28
Trong phuong trinh, ©Xp * biéu thi ham mi phie va/ la don vi do. Phan thuc

ctia dau ra tur phép todn nay duoc luu trir trong cde vi tri 0 dén 28

— 1 cua mang .

Trich ra cac mau tur » dé tao ra mang phan tu 105

g.
g{2B - n+ ky=v{4B -n+ K} (0= = 4
gi2B-n+B+ki=v{4B - n+ 3B+ Kk} losk<B
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Nhan cac mau cia mang g boi hé so cura 86 ¢i dé co duoc mang w. Cac he s6
cia $O ri thu duoc bai phép ndi suy tuyén tinh cua cac h¢ s6 ¢, tie la qua phuong

~ 5

trinh:

[

i . 5 - . % e e f - - A
[c(2F i+ 1+p)+ci2F-i+py], 0=i<{10BLp=mi{Z-—05)

Céc hé so cua sb ¢ ¢6 thé duoc tim thay trong Bang 4.A.90.

. 1% el X A & o I . A B I X N »
Tinh toan & mau dau ra méi boi phép tinh tong cua cdc mau tir mang w theo

=g

outputin: = ? wiBL 4 1}, pen<B
Lemnd
=9

Luuy 1‘5ng viéc thiét lap F=12 cung cé\p gian loc tong hop dugc rat gon theo
4.6.19.4.3. Do do. dé xu ly dong bit LD-SBR duoc rit gon véi thira s rit gon bo sung
FF can duoc nhan véi 2.
4.6.20.5.2.3 gian loc CLDFB c¢6 gia tri thuc dugc rut gon

Viéc rat gon CLDFB c¢6 thé cling duge ap dung cho cac phién ban c6 gia tri
thuc cua ché d6 SBR cong suét thép. Dé minh hoa, vui long xem xét 4.6.19.5.

Do véi gian loc phan tich va téng hop c6 gia tri thuc dugc rat gon, theo doi
phan mo ta trong 4.6.20.5.2.1 va 4.6.20.2.2 va trao d6i bo diéu bién exp() trong M boi
bo dicu bién cos().

A.3 Phén tich MDCT do tré thap

Phan phu nay mo ta gian loc MDCT do tré thép duoc sur dung trong bd ma hoa
AAC ELD. Thuét toan MDCT 15i hau nhu khong thay d6i, nhung voi cua s6 dai hon,
sao cho n duoc chay tu =N dén N-1 (thay vitr 0 dén N-1)

Hé s6 pho, Xk, dugce xéac dinh nhu sau:

N-1
[2m o 1Y _
Nep=—2- T oorosl —im 4+ Tk +=] ! iyl 0=k NPT
trong do:
zin = chuoi dau vao duoc tao cua so

N = chisomau
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K = chi Sé) he §6 pho
I = chisokhoi

N = dbdaicuasd
= (-N/2+1)/2
Do dai cua so6 N (dua trén cua s6 hinh sin) la 1024 hoac 960.
Do dai cua so cua cua s6 do tré thap la 2*N. Viéc tao cua s6 dugc mo rong ve
trudce theo cach sau:

z =w,,(N=1=n) x';,

déi voi n=-N.... N-1, v&i ctra s6 tong hop w duoc sir dung nhu cua s6 phan tich bang
cach nghich dao thur tu.
A.4 Téng hop MDCT d9 tré thap

Gian loc téng hop dugc bién doi so véi thuat toan IMDCT tiéu chuan st dung
ctra $6 hinh sin theo thur tu dé chép nhan gian loc do tré thép. Thuat toan IMDCT 161
hau nhu khong thay doi. nhung vai cua o dai hon, sao cho n chay [én dén 2N-1 (hon

la lén dén N-1).

{7 ¢ \
- ; ] 1 = W s . ~ T
voo= ==Y spec[[lcos | =inHngl (k4] vt 020 2N

[y — LY - 20
= ;

trong do:
n = chisdémau _
i = chisodcuaso
k = c¢hisohésopho
N = do dai cua so/hai lan do dai khung

np = (-N/2+1)/2

vol N = 960 hoac 1024.
Viéc tao cua sO va chémg lép-céllg duoc tién hanh theo cach sau:
Cura so co do dai N duoc thay thé boi cira s6 co do dai 2N voi nhiéu chéng 1ép
hon & trudce, va it chong lap hon vé sau (cac gia tri N/8 thuc té la khong).
Tao cira s6 cho cura s6 do tré thap:
z,, =w,,(n)x,

Trong do cua 5o hién tai co do dai la 2N, do do n=0...., 2N-1.
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Chong lap va cong:

()U[/_” = _;f,/l +Z N + _/'!'*ZJH N +Z . N
7—I.u+7 /7};174—/\%7

vo1 0<=n<N/2

O day, cac doan duoc dé xuat dé duoc néu trong 14496-3:2009 thong qua dau
stra doi.

Puong nhién, phan moé ta ¢ trén vé ché do rat gon c6 kha nang cho AAC-ELD
chi biéu dién mot phuong an cua sang ché va mot sb cai bién 1a kha thi. Noi chung, cac
phuong an cua sang ché khong duoc gidi han dén bo giai ma am thanh thuc hién phién
ban duoc rut gon cua giai ma AAC-ELD. Noi cach khac, cac phuong an cua sang ché
o thé, vi du, duoc suy ra béng cach thuc hién bo giai ma am thanh ¢o thé thuc hién
quy trinh bién doi nghich dao chi theo cach duoc rut gon ma khong mang hoac su
dung cac nhiém vu khac cu thé cua AAC-ELD khac nhau nhu, vi duy, truyén dua trén
hé so ti 1& duong bao phé, loc tao hinh nhiéu am theo thoi gian (temporal noise
shaping - TNS), sao chép bang pho (spectral band replication - SBR) hodc tuong tu.

Sau do, phuong an tong quat hon cho bd giai ma am thanh duoc moé ta. Vi du
duoc néu o trén cho bo giai ma am thanh AAC-ELD ho tro ché do duoc rat gon duogc
mé ta o trén, do do co thé biéu dién su thuc hién cua bo giai ma am thanh dugc mo ta
sau do. Cu thé, bo giai ma duoc giai thich sau do duoc thé hién trén Fig.2 trong khi
Fig.3 minh hoa cac budc thuc hién boi b giai ma cua Fig.2.

Bo giai ma d&m thanh cua Fig.2, ma thuong duoc biéu thi su dung ky hiéu tham
chiéu 10, bao g6m b6 nhan 12, bo doat 14, bo diéu bién p116 thanh thot gian 16, bo tao
ctra sO 18 va bo khu rang cua mién thoi gian 20, tAt ca duoc noi theo chudi voi nhau
theo thir tu theo ddi cua chung. Su tuong tac va chirc nang cua cac khéi 12 dén 20 cua
bo giai ma am thanh 10 dugc mo ta trong ph?m sau day dua vao Fig.3. Nhu duoc mo ta
o dau cua phén mo ta sang ché, cac khéi tir 12 dén 20 co thé duoc thuc hién trong phén
mém, phan cimg c6 thé lap trinh hoac phan cimg nhu ¢ dang chuong trinh may tinh,
FPGA hoac may tinh dugc lap trinh thich hop. cac bo vi xu ly dugc lap trinh hoac
mach tich hop ung dung cu thé véi cac khoi 12 dén 20 biéu dién cac thu tuc con tuong
ang, cac duong dan mach hoac tuong tu.

Theo cach duoc néu chi tiét hon dudi day, bo giai ma am thanh 10 cua Fig.2

duoc tao cau hinh dé, va cac phan tr cua bo giai ma am thanh 10 duoc tao cau hinh dé
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két hop mot cach thich hop dé giai ma tin hiéu am thanh 22 tor dong dir liéu 24 voi luu
y 12 bo giai md am thanh 10 giai ma tin hi¢u 22 tal toe do lay mau lal/F toc do lay mau
ma tai dé tin hiéu am thanh 22 da duoc ma hoa bién do6i 24 tai phia ma hoa. Vi du, F
c6 thé 12 6 hiu ti 16n hon mot. BO giai ma am thanh co thé duoc tao két cau dé hoat
dong o cac thua $O rut gon khac nhau hoac bién thién F hoac ¢ thura 6 ¢6 dinh. Cac
cach khac duoc mo ta chi tiét hon dudi day.

Cach ma trong do tin hiéu am thanh 22 dugc ma hoa bién d6i ¢ toc d6 ma hoa
hodc toe do lay mau gbc thanh dong dir liéu duoc minh hoa trén Fig.3 o nua phia trén.
Tai 26 cua Fig.3 minh hoa cac hé s6 pho str dung cac hop hodc hinh vudng nho 28
duoc sap xép theo kiéu thoi gian phé doc theo truc thoi gian 30 ma lan luot chay theo
chicu ngang trén Fig.3, v truc tan s6 32 ma chay theo chicu doc trén Fig.3. Cac hé $O
pho 28 duoc truyén trong dong dir liéu 24. Cach ma trong do cac he s6 pho 28 da thu
duoc, va do do cach ma thong qua do cac hé s6 pho 28 biéu dién tin hiéu dm thanh 22,
duoc minh hoa trén Fig.3 tai 34, ma minh hoa cho mot phﬁn truc thoi gian 30 cach ma
cac he $6 phé 2% thudc ve, hoac bicéu dién phém thot gian tuong ung, da thu dugc tu tin
hiéu am thanh.

Cu thé, cac hé s6 28 nhu duoc truyén trong dong dur li¢u 24 la cac h¢ s cua
phép bién doi duoc chdng cta tin hiéu Am thanh 22 sao cho tin hi¢u &m thanh 22, duoc
lay mau o toe do lay mau gbc hoic tdc do 1ay mau ma hoa, duoc phan chia thanh cac
khung lién tiép hodc khong chong lap thoi gian truc tiép co do dai duge dinh trude N,
trong do6 cac hé s6 pho N duoc truyén trong dong dir liéu 24 cho tung khung 36. Tuc
12, cac hé sd bién doi 28 thu dugc tur tin hiéu am thanh 22 su dung phép bién d6i chong
duoc lay mau téi han. Trong su biéu dién anh pho theo thoi gian pho 26. tmg ¢dt cua
chudi theo thoi gian trong s cac cot cua cac hé s6 pho 28 phu hop vai mot khung
tuong ung trong s6 cac khung 36 cua chudi cac khung. N he s6 pho 28 thu dugce cho
khung tuong ung 36 bot phep bién do6i phan tich theo ph6 hodc phép diéu bién thoi
gian thanh pho, tuy nhién cac ham diéu bién ma kéo dai theo thoi gian khong chi bat
chéo khung 36 ma thudc vé cac hé s6 p116 thu duoc 28, ma con bat chéo E + 1 khung
dung trude, trong do E co thé 1a s nguyén bat ky hodc s6 nguyén dugc danh s6 chan
bat ky 1én hon khong. Tuac la, cac he s6 phé 28 cua moOt ¢ot cua anh phé tar 26 ma
thudce vé khung 36 nhat dinh thu duoc bang cach ap dung phép bién doi 1én cua s6 bién

doi, ma ngoai khung tuong timg bao gom E + | khung nam trong trudc day tuong ung
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voi khung hién thoi. Phép khai trién phd cua cac mau cua tin hiéu am thanh trong ctra
s6 bién doi 38 nay, ma duoc minh hoa trén Fig.3 cho cot cac hé s6 bién do6i 28 thudce
vé khung gilra 36 cua phan duoc thé hién tai 34 dat duoc su dung ham cua s6 phan
tich don thirc do tré thap 40 ma cdc mau pho trong ctra s6 bién do6i 38 dugc gan trong
s6 trude khi cung iy thude vao MDCT hoac MDST hoac phep bién doi khai trién p116
khac. Bé giam do tré phia bd ma hoa, cua s6 phan tich 40 bao g6m khoang bang 0 42
tai dau dan trude theo thoi gian cua nd sao cho bo ma hoa khong can doi phan tuong
Ung cua cac mau moi nhat trong khung hién thoi 36 dé tinh toan cac hé sd pho 28 cho
khung hién thot 36 nay. Tuc la, trong khoang bang 0 42 ham cua s6 do tré thap 40 1a
khong hoac co cac hé s6 cua so béng 0 sao cho cac mau am thanh cung dugc dinh vi
cua khung hién thot 36, do trong sb cura 6 40, khong dong gop vao cac hé s6 bién doi
28 duoc truyén cho khung do va dong dir li¢u 24. Tic la, tom tat cac van dé o trén, cac
hé so bién doi 28 thudce vé khung hién thoi 36 thu duoc béng cach tao cua sd va khai
trién pho cua cac mau cua tin hiéu am thanh trong cua s6 bién doi 38 ma bao gom
khung hién thoi cing nhu cac khung dimg truge theo thot gian va chdng lap theo thoi
gian vol cac cua 50 bién doi tuong tng dugce sur dung dé xac dinh cac hé sé pho 28
thudc vé cac khung 1an can theo thot gian.

Trude khi bat dau lai viec mo ta by giai ma am thanh 10, can duoc luu y rang su
mo ta cua viéc truyén cac hé s6 pho 28 trong dong dir liéu 24 nhu duoc cung cap dén
nay da duoc don gian hoa véi cach ma trong do cac he s6 pho 28 dugc luong tir hoa
hodc duoc ma hoa thanh dong dur liéu 24 va/hodc cach ma trong do tin hiéu am thanh
22 da duoc xur 1y trude trude khi dua tin hiéu am thanh sang phép bién ddi chong. Vi
du, bé ma hoa am thanh ¢6 tin hi¢u am thanh da ma hoa bién doi tin hiéu am thanh 22
thanh dong du licu 24 ¢co thé duoc diéu khién thong qua mo hinh tam thinh hoc hodc
¢ thé su dung mo hinh tdm thinh hoc dé gitr nhiéu am luong to hoa va lugng tu hoa
cac hé s pho 28 khong thé nhén biét cho nguoi nghe va/hoac dudi ham ngudng che,
do do xac dinh cac thua s dinh ti 1é cho cac bang phf) ma su dung cac h¢ $O phf) duoc
luong tu hoa va duoc truyén 28 duoc dinh t1 1¢. Cac thua s& dinh ti 1é cling s& duoc
bao hiéu trong dong di liéu 24. Theo cach khac, bo ma hoa am thanh c6 thé 1a loai
kich thich ma hoa bién ddi (TCX - transform coded excitation) ctiia b ma hoa. Sau do,
tin hiéu am thanh s& phai trai qua phép loc phan tich du bao tuyén tinh trude khi tao

thanh su biéu dién thoi gian phd 26 cua cac hé s6 phé 28 bang cach ap dung phép bién
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doi chéng lén tin hiéu kich thich, trc 1a tin hi¢u du du bao tuyén tinh. Vi du, cac hé sb
du bao tuyén tinh ciing co thé duoc bao hiéu trong dong dur liéu 24, va phép luong tu
hoa déng déu co thé duoc ap dung dé thu duoc cac hé $O phé) 28.

Hon nua, ph?m mo ta duoc dua ra cho dén nay ciing da duoc don gian hoa dbi
voi do dai khung cua khung 36 va/hoac d6i véi ham cura s6 do tré thap 40. Trong thuc
té, tin hiéu am thanh 22 c¢é thé da duoc ma hoa thanh dong di liéu 24 theo cach su
dung kich thuoc khung bién d6i va/hodc cac cira s6 40 khac nhau. Tuy nhién, phan mo
ta duoc dua ra trong phan sau day tap trung trén mot cua s6 40 va mot do dai khung,
du phfm mo ta sau day co the dé dang duoc mo rong to1 truong hop trong do bo ma
hoa entropy thay doi cac tham sé nay trong suét qua trinh ma hoa tin hiéu am thanh
thanh dong du licu.

Quay lai bo giai ma am thanh 10 cua Fig.2 va phan mo ta cua bo giai md am
thanh 10, bo nhan 12 nhan dong du li¢u 24 va do do nhan, cho tung khung 36, N h¢ $6
phé 28, tuc la ¢ot twong Ung cua cac hé $6 phé 28 duoc thé hién trén Fig.3. Can duoc
nhic lai réng do dai theo thoi gian cua cac khung 36, duge do trong cAc mau cua tin
hiéu hoac toe do 1§y mau géc hoac tde do léy mau ma hoa, 1a N, nhu dugc biéu thi trén
Fig.3 tai 34, nhung bo giai ma &m thanh 10 cua Fig.2 duoc tao céu hinh dé giai ma tin
hiéu am thanh 22 tai toe do lﬁy mau giam. Bo giai ma am thanh 10 ho tro, vi du, chi
chie nang giai ma rat gon duge mo ta sau day. Theo cdch khac, bo gial ma am thanh
10 s& ¢o kha nang khoi phuc tin hiéu am thanh tai toc do lay mau gbc hodc toc do lay
mau mé hoa, nhung cé thé dugc chuyén doi gitra ché do giai ma rit gon va ché do gidi
ma khong rut gon von ché do giai ma rut gon trang khop voi ché do cua bo gidi ma am
thanh 10 cua phép van hanh nhu dugc giai thich sau day. Vi du, bd ma hoa am thanh
10 ¢o thé duoc chuyén doi thanh ché do giai ma rat gon trong truong hop muc ac quy
yéu, kha ning moi truong tai tao gidm hodc tuong tu. Bat ¢t khi nao truong hop thay
doi bd giai ma am thanh 10 ¢6 thé, vi du, chuyén doi tro lai tur ché do giai ma rut gon
sang ché do giai ma khong rut gon. Trong bat ky truong hop nao, theo quy trinh giai
ma rut gon cua bo giai ma 10 nhu duge mo ta sau day, tin hi¢u am thanh 22 duoc khoi
phuc tai toc do léy mau ma tai do khung 36 co, O toc do 1éy mau giam, do dai ngén
hon duoc do trong cac mau cua toc do lay mau giam nay, cu thé 1a do dai cuia N/F mau

tai tOc do lay mau giam.
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Piu ra ciia bo nhan 12 1a chudi ciia N hé sb pho, cu thé 1a mot tap hop cia N hé
s6 phd, te 1a mot cot trén Fig.3, trén mdi khung 36. Ba duoc néu ra tur phan mo ta van
{al O trén cua quy trinh ma hoa bién doi dé tao thanh dong dir liéu 24 ma bo nhan 12 ¢o
thé ap dung cac nhiém vi khac nhau trong vi¢c thu duge N he s0 phé trén moi khung
36. Vi du, bo nhan 12 co thé si dung phép giai ma entropy dé doc cac hé s6 pho 28 tu
dong dur liéu 24. B nhan 12 cing co thé tao hinh theo pl16 cac he $6 ph6 duoc doc tu
dong du ligu voi cac thua s6 dinh ti 1¢ duoc cung cap trong dong du liéu va/hodc cac
thira sO dinh ti 1é duoc suy ra boi cac hé s6 du bao tuyéﬁ tinh duoc truyén trong dong
du liéu 24, Vi du, bo nhan 12 co thé thu duoc céac thura sd dinh ti 1é tu dong di liéu 24,
cu thé 1a trén co so mdi khung va mdi khung con, va su dung céc thura s6 dinh ti 1& nay
dé dinh ti 1& cac thua s6 dinh ti 1& duoc truyén trong dong dr liéu 24. Ngoai ra, bo
nhan 12 co thé suy ra cac thua $O dinh ti I¢ tu cac h¢ s6 du bao tuyéh tinh duoc truyén
trong dong dur liéu 24, cho tuimg khung 36, va su dung cac thua s6 dinh ti 1& nay dé
dinh ti 1€ cac he s6 phf) duoc truyén 28. Mot cach tuy chon, bd nhan 12 ¢o thé thuc
hién viéc dién déy khoang tréng dé dién dﬁy theo cach téng hop cac phém duoc luong
0 hoa bang 0 trong cac tap hop cua N hé 56 pho 18 trén moi khung. Ngoai ra hodc
theo cach khac, bo nhan 12 ¢o the ap dung bo loc téng hop TNS 1én hé s bo loc TNS
duoc truyén trén moi khung dé ho tro viéc khoi phuc cac hé sb phé 28 tu dong du ligu
voi cac hé sd TNS ciing duoc truyén trong dong di liéu 24. Chi cac nhi¢ém vu c6 kha
nang duoc néu cua bo nhan 12 sé€ duoc hiéu nhu danh sach khong loai trir cua céc $d
do co6 kha nang va bo nhan 12 ¢o thé thuc hién nhiém vu ntra va nhi¢ém vu khac co6 hén
quan dén viée doc cac hé ) p116 28 tur dong du ligu 24,

Do do bo doat 14 nhan tu bo nhan 12 anh phé 26 cua cac he ) pl16 28 va doat,
cho tung khung 36, doan tan s6 thép 44 cua N hé s0 phé cua khung 36 tuong ung, cu
thé 1a N/F hé s6 pho tan so thap nhat.

Tuc la, bo diéu bién phé sang thoi gian 16 nhan to bo doat 14 dong hodc chudi
46 cua N/F hé s6 pho 28 trén moi khung 36, tuong ung véi lat tan s thap ngoai anh
phé 26, duoc ghi theo phé vao cac hé sb phé tan sO thﬁp nhat duoc minh hoa su dung
chi s6 "0" trén Fig.3 va mo rong cho dén cac hé s6 pho cua chi sO N/F - 1.

B6 diéu bién pho sang thoi gian 16 dua, ddi vai moi khung 36, doan tan so thap
44 tuong Ung cua cac hé s6 pho 28 téi phép bién dbi nghich dao 48 co cac ham dicu

bién co do dai (E+2) N/F kéo dai theo thoi gian trén khung tuong img va E+1 khung
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dtmg trude nhu duge dinh hoa tai 50 trén Fig.3, bz"mg cach do thu duoc phém theo thoi
glan c6 do dai (E+2) N/F, tie la phan doan thot gian chua duge tao ctra s6 52. Tuc la,
bo diéu bién pho sang thoi gian o thé thu duoc phan doan thoi gian theo thot gian 1a
(E+2)'N/F mau cua toc do lay mau giam boi ham diéu bién gan trong s6 va tong voi
cung do dai su dung, vi dy, cong thuc thi nhét cua doan thay thé duoc dé xuat A4
duoc biéu thi o trén. N/F mau mai nhat cua phan doan thot gian 52 thudc veé khung
hién thoi 36. Cac ham diéu bién co thé, nhu duoc bieu thi, vi du, la cac ham cosin
trong truong hop pheép bién doi nghich dao 1a MDCT nghich ddo, hodc cac ham sin
trong truong hop phep bién d6i nghich dao la MDCT nghich dao.

Do db, bo tao cua s6 52 nhan, doi véi tumg khung, phan theo thoi gian 52, N/F
mau tai dau dan trude cua nd tuong Gmg theo thoi gian vl khung tuong ung trong khi
cac mau khac cua phan theo thoi gian 52 tuong ung thudc vé cac khung dimg trudce
theo thoi gian tuong ung. Bo tao cua s6 18 tao ctra s, cho tung khung 36, phan theo
thot gian 52 su dung cua s6 tong hop don thie 54 co do dai (E+2) N/F bao gb6m phan
bine 0 56 ¢6 do dai 1/4-N/F tai dau dan trude cua no, te 1a 1/F-N/F hé s& cua s6 ¢o
gia tri bang 0, va co dinh 58 trong khoang theo thot gian ké tiép. theo thoi gian, phan
bang 0 56, tuc la khoang theo thoi gian cua phan theo thoi gian 52 khong dugc bao
ham boi phan bang khong 52. Khoang theo thoi gian sau do ¢o thé duoc goi la phan
khac khong cua cua $6 S8 va co do dai 7/4-N/F duoc do trong cac mau co toe do lﬁy
mau giam, tire 1la 7/4-N/F h¢ s6 cua s6. Bo tao cua so 18 gan trong s6, vi du, phén theo
thot gian 53, su dung cua 36 58. Phép gan trong s6 hodc phép nhan 58 nay cua tung
phan theo thoi gian voi cua s6 54 dan dén phan theo thoi gian duoc tao cua s6 60, mot
phan cho timg khung 36 va trung khdp véi phan theo thoi gian tuong Umg 52 theo nhu
do phu theo thoi gian duoc quan tam. Trong doan A.4 duoc dé xuét o trén, viée xur 1y
phép tao cua s6 ma co thé duoc sur dung bai cura s6 18 duoc mo ta bai cong thie lién
quan ziy VOi Xia, trong do xiu tuong Gmg voi cac phan theo thoi gian 52 duoc néu trén
chua dugc tao clia sO va ziy tuong ung voi cac phfm theo thot gian dugc tao cua 0 60
voi i biéu thi chudi khung/cira s6 va n biéu thi, trong ting phan theo thoi gian 52/60,
cic mau hodc gia tri cua céac phan tuong tmg 52/60 theo toe do lay mau giam.

Do do, bo khu rang cua mién thoi gian 20 nhan tor bo tao cua s6 18 chudi cac
phén theo thot gian dugc tao cua $0 60, cu thé 1a mot chudi trén moi khung 36. B khu

20 dua cac phan theo thoi gian duoc tao cira s6 60 cua cac khung 36 to1 quy trinh
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chdng lap-cong 62 bang cach ghi timg phan theo thoi gian duoc tao cua s6 60 vai cac
gia tr1 N/F dan trude cua no dé trung khép véi khung 36 tuong Gng. Bang phép do
nay, doan o dau ké tié]) cO dd dai (E+ 1)/(E +2) cua phén theo thot gian dugc tao cua
56 60 cua khung hién thoi, tie 1a phan con lai ¢o do dai (E + 1) N/F, chong lap véi
phan dau bang dai bang tuong ung cua phan theo thoi gian cua khung lién trude.
Trong cong thuc, bo khu rang cua mién thoi gian 20 ¢o thé hoat dong nhu duoc thé
hién trong cong thic cudi cuing cta phién ban dugc dé xuat ¢ trén cta doan A4, trong
dé outi, tuong Ung vol cac mau am thanh cua tin hiéu am thanh duoc khoi phuc 22 tai
toc d6 lay mau giam.

Quy trinh tao cua s6 58 va chéng lép—céng 62 nhu duoc thuc hién bdi bo tao
cua s6 18 va bo khu rang cua mién thoi gian 20 duoc minh hoa chi tiét hon dudi day
dua vao Fig.4. Fig.4 su dung ca thudt ngtr dugc ap dung trong doan A.4 duoc dé xuit
o trén va cac ky hiéu tham chiéu duoc ap dung trén Fig.3 va Fig.4. Xoo t0 XoF+2)N/F-1
biéu dién phan theo phan thoi gian thi khong 52 thu duge bt bo diéu bién thoi gian
sang pho 16 cho khung tht khong 36. Chi s6 thir nhat cua x biéu thi cac khung 36 doc
theo thu tu theo thot gian, va chi b thir hai cua x chi dan cac mau cta khung doc theo
thtr tu theo thoi gian, bude lién mau thude vé tde do mau giam. Sau do, trén Fig.4, wo
dén we=2)ne biéu thi cac hé sb ctra s6 cua cura s6 54. Tuong tu chi s6 thu hai cua x,
tue 1a phé”m theo thoi gian 52 nhu duogc xuét ra bai bo diéu bién 16, chi s cua w 1a sao
cho chi s6 0 tuong Gmg v&i gia tri mau ci nhat va chi s6 (E+2)-N/F-1 tuong tng voi
gia tri mau moi nhat khi cua so 54 duoc ap dung cho phan theo thoi gian 52 tuong
ung. B tao cua s6 18 tao cua s phan theo thoi gian 52 su dung cua s6 54 dé thu duoc
phan theo thoi gian duoc tao cua s6 60 sao cho 70,0 t0 zo(r+2)NF-1, Ma bicu thi phan
theo thot gian duoc tao cua s6 60 cho khung thtr 0, thu duogc theo zoo = x00 = Wo, ...,
Z00F-2)NF-1 = X0.(F+2)N/F-1 © W(E+2)-NF-1. Cac chi $6 cua z ¢o cung nghia nhu ddi vai x.
Theo cach nay, bo dicu bién 16 va bod tao cua so 18 ¢o tac dung cho tung khung duoc
chi bao boi chi sé thir nhat 1a x va z. Bo khtr 20 tinh tong E + 2 phan theo thoi gian
duoc tao cua s6 60 cua E + 2 khung lién nhau véi do léch cac mau cua cac ph?m theo
thot gian duoc tao cua s6 60 tuong Gmg v4i nhau boi mot khung, tie 1a boi s6 luong
cic mau trén moi khung 36. cu thé 1a N/F. dé thu duoc cac mau u cua mot khung hién
thot, o day 1a w10 ... Wanaven. Ngoai ra, ¢ day, chi s6 thu nhat cua u bicu thi $O

lwong khung va chi s6 thir hai chi dan cac mau cua khung nay doc theo thi tu theo thor
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gian. Bo khu ghép cac khung duoc khoi phuc thu duoc sao cho cac mau cua tin hiéu
am thanh duoc khoi phuc 22 trong cac khung lién tiép 36 theo sau nhau theo u.(E+1)0 ...
We(E D) N/F-1, WEQ, ... UEN/E-1, U(E-1)0, ... . BO khu 22 tinh toan tung mau cua tin hiéu am
thanh 22 trong khung thi —(E+1) theo u-e+n0 = zoo + ZaNF T .0 ZUESD(ECDNE, -0y U-
(E+1)N/F-1 = ZON/F-1 T Za12N/Fol T oo Zo(E+ D) (E+2) N/F-1, firc la tinh téng (et2) 0 hang trén
ciac mau u cua khung hién thor.

Fig.5 minh hoa su khai thac co kha nang cua thuc té 1a, trong s cac mau duoc
tao cua s6 dong gop vao cac mau am thanh u cua khung —(E + 1), mot khung tuong
ung voi, hoac da duoc tao cua $6 su dung, phén bé'mg khong 56 cua cua $6 54, cu thé
1A Zo(Eo 1) (E+ T4 NF .. ZoEr B2y NF-r duge dinh gia tri la khong. Do doé, thay vi thu dugc
tat ca N/F mau trong khung thir -(E+1) 36 cua tin hiéu am thanh u su dung E+2 s6
hang, bo khu 20 co thé tinh toan dau mot phﬁn tu dan trudc cua no, cu thé la u
(E+1)(E+7/4) NF ... UE+1).(E+2)N/F-1 chi su dung E+1 b hang theo U.(e+1).(B+7/4)N/F = Z03/4-N/F
+ Z-1.7/4 N/F + + Z-E(E+3/4)N/F,
Us(E- 1) (F+2)NF-I = ZONF-1 T Zol 2NF-l T+ ZeE B 1) N/F-L. Theo cach nay, bo tao cua $0
tham chi co thé bo sot, mot cach hiéu qua, viéc thuce hién cua phép gan trong s6 58 doi
VOl phén bfmg khong 56. Do do, cac MAU UL(E+1)(E-74)N/F ... U(E+1)(E=2)N/F-1 cua kKhung
thir —(E+1) hién thoi , thu duoc su dung chi E+1 sb hang, trong khi u-e+1) B+ NF ... U
(e N o s€ thu duoce su dung E42 s6 hang.

Do d6, theo cach duoc néu ¢ trén, bo giai ma am thanh 10 cua Fig.2 tai tao, theo
cach duoc rat gon, tin hiéu am thanh dugc ma hoa thanh dong du licu 24. Pé dat duoc
muc dich nay, bo giai ma &m thanh 10 s dung ham cua s6 54 ma ban than n6 la phién
ban duoc lay mau giam cua cua s6 tong hop tham chiéu co do dai (E+2)'N. Nhu duoc
giai thich dbi véi Fig.6. phién ban duoc lay mau giam nay, tuc la cua s6 54, thu duoc
bang cach lay mau giam cua s6 tong hop tham chiéu boi thua so F, tac la thira s6 lay
mau giam, su dung phép ndi suy theo phan doan, cu thé 1a trong cac phan doan co do
dar 1/4-N khi duoc do trong ché do chua duoc rat gon, trong cac phan doan co do dai
1/4-N/F trong ché do duoc léy mau giam, trong cac phan doan cua cac phﬁn tu cua do
dai khung cua khung 36, dugc do theo thoi gian va dugc biéu dién doc lap voi toc do
léy mau. Trong 4-(E+2) phép ndi suy, do do, dugc thuc hién, do do mang lai 4-(E+2)
lan 1/4-N/F phéan doan dai ma, duoc ghép, bicu dién phién ban duoc lé\y mau giam cua

cura s6 tong hop tham chiéu c6 do dai (E+2)-N. Xem Fig.6 dé minh hoa. Fig.6 thé hién
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ctra O tong hop 54 ma la don thie va duge st dung boi b gidi ma &m thanh 10 phu
hop voi thu tuce giai ma am thanh duoc ldy mau giam dudi cura s6 tong hop tham chiéu
70 ma cua so nay co do dai (E+2)'N. Tuc la, bang thu tuc ldy mau giam 72 dan tU cua
s6 tong hop tham chiéu 70 dén cua so tong hop 54 duge su dung thuc su boi bo giai
ma am thanh 10 cho viéc giai ma duoc léy mau giam, $6 luong cac he sb cua s6 duoc
giam boi thua s6 F. Trén Fig.6, thuat ngtt cua Fig.5 va Fig.6 da duoc giu nguyén, tuc
1a w duoc str dung dé biéu thi ctra s6 phién ban duoc lay mau giam 54, trong khi w’ da
duoc su dung dé biéu thi cac hé s6 cira s6 cuia cura s0 téng hop tham chiéu 70.

Nhu vua duoc dé cap, dé thuc hién phép ldy mau giam 72, cua s6 tong hop
tham chiéu 70 duoc xu ly trong cac phan doan 74 c6 cung do dai. Vé s6 luong, co
(E+2)-4 phan doan 74 nay. Duoc do trong toc do lay mau gé)c, te 1a o luong cac hé
sO cura sO cua cua so tong hop tham chiéu 70, tung phan doan 74 la 1/4-N h¢é s6 cua s0
w’ dai, va duoc do trong toc do ldy mau giam va toc do lay mau dugce ldy mau giam,
tirng phéan doan 74 1a 1/4-N/F hé sb cua so w dai.

Puong nhién la, co thé thuc hién phép lay mau giam 72 cho tung hé sO clia 0
duoc ldy mau giam w; trung khép ngau nhién voi bat ky hé sb cura s0 W, Nao cua cua

56 tong hop tham chiéu 70 bang cach thiét lap don gian wi = voi thoi gian mau cua

wi triing voi thoi gian mau cia «w/, va/hoac boi phép noi suy tuyén tinh cac hé s6 cta
s6 wi bat ky hién co, theo thoi gian, gitra hai hé s6 cua s6 ! va w_. boi phép ndi suy
tuyén tinh, nhung thu tuc nay sé dan dén phép gan dung kém cua cua s6 tong hop tham
chiéu 70, tire 1a cua so6 tong hop 54 duoc su dung boi bo giai ma am thanh 10 dé phép
giat ma duoc ldy mau giam sé biéu dién phép gan dung kém cua cua s6 tong hop tham
chiéu 70, do do khong thoa man yéu cau dam bao su kiém tra phu hop cua phép giai
ma duoc rat gon tuong Gng véi phép giai méd khong duge rat gon cua tin hiéu am
thanh tur dong du liéu 24. Do do, phép lay mau giam 72 gém thu tuc ndi suy ma theo
do phém I6n hé s6 wi cua cua o duoc léy mau giam 54, cu thé 1a cac hé s6 duoc dinh
vi léch khoi bién cua cac phan doan 74, phu thudc vao cach cua thu tuc lay mau giam
72 trén nhiéu hon hai hé so cura s6 w’ cuia cura s6 tham chiéu 70. Cu thé, trong khi phan
lén hé s6 cua sO wi cua cua so duoc 1éy mau giam 54 phu thudc vao nhiéu hon hai hé
sO cua O ! cua cua 56 tham chiéu 70 dé lam tang chat luong cua két qua noi suy/lay

mau giam, tic la chat luong gan dung, cho moi hé s6 cura s6 wi cua phien ban duoc lay
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mau giam 54 no giv ding rang hé so clra s6 wi khong phu thudce vao cac hé s6 cua s6
o/ thude vé cac phan doan 74 khac nhau. Hon ntra, thu tuc lay mau giam 72 la thu tuc
noi suy theo phan doan.

Vidu, cua $0 téng hop 54 ¢o thé 12 su noi chudi cua cac ham noi truc ¢o do dai
1/4-N/F. Cac ham ndi truc bac ba cé thé duoc su dung. Vi du nay da dugc néu o trén
trong doan A.l trong d6 vong lap for-next ngoal duoc lap theo chudi qua cac phan
doan 74 trong do, trong tung phan doan 74, phép lay mau giam hodc phép ndi suy 72
gom t6 hop toan hoc cua cac hé s6 ctra sO lién tiép w’ trong phan doan 74 hién thoi tai,
vi du, hé s6 thur nhéat cho ménh dé tiép theo trong doan “tinh toan vecto r can dé tinh
cac hé s6 ¢”. Tuy nhién, phép ndi suy duoc ap dung trong cac phan doan c6 thé ciling
duoc chon theo cach khac nhau. Tuc 1a, phép ndi suy khong bi giot han 6 cac ham ndi
truc hoac cac ham noi truc bac ba. Hon ntra, phép no1 suy tuyén tinh hoac phuong
phap nd1 suy khac bat ky ciing c6 thé duoc su dung. Trong truong hop bat ky. viéc
thuc hién theo phan doan cua phép noi suy se dan dén viéc tinh todn cic mau cua cua
s0 tong hop dugc rut gon, tic la cac mau ngoai cung cua cac phan doan cua cua $0
t6ng hop duogc rut gon, lan can phan doan khac, de khong phu thudc vao cac hé s6 cua
sO cua cura sO tong hop tham chiéu hién co trong cac phan doan khac nhau.

C6 thé 1a bo tao cua so 18 thu dugce cua s6 tong hop dugc lay mau giam 54 tu
viéc luu tra trong do cac hé sé clra s6 wi cua cua s6 tong hop duoc lay mau giam 54
nay da duoc luu trit sau khi da thu dugc su dung phep lay mau giam 72. Ngoai ra, nhu
duoc minh hoa trén Fig.2, bo giai ma am thanh 10 ¢co6 thé bao gom bod ldy mau giam
theo phan doan 76 thuc hién phép lay mau giam 72 cua Fig.6 trén co so cua sO tong
hop tham chiéu 70.

Can duoc luu v rang bo giai ma am thanh 10 cua Fig.2 ¢o thé duoc tao cau hinh
dé mang chi mot thua $d Iéy mau giam ¢6 dinh F hodc co theé mang cac gia tri khac.
Trong truomg hop do, bo giai ma am thanh 10 ¢o thé tuong g véi gia tri dau vao cho
F nhu duoc minh hoa trén Fig.2 tai 78. B¢ doat 14, vi du, ¢ thé tuong Umg voi gia tri
F nay dé doat duoc, nhu duoc deé cap o trén, N/F gia tri p116 trén moi ph<3 cua khung.
Theo cach tuong tu, bd ldy mau giam theo phan doan tuy chon 76 cung c6 thé twong
img voi gia tri F nay hoat dong nhu dugc biéu thi & trén. Bo diéu bién S/T 16 c6 thé
twong ung vai F dé, vi dy, suy ra theo cach tinh toan cac phien ban dugce rat gon/dugc

ldy mau giam cua cac ham diéu bién, phién ban dugc rat gon/dugc lay mau giam
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tuong Ung voi cac phién ban duogc su dung trong ché d6 hoat dong khong duoc rit gon
(rong d6 phép khoi phuc dan dén toe do miu am thanh day du.

Buong nhién, bo didu bién 16 cling s€ dap Gng voi dau vao F 78, nhu bod diéu
bién 16 s& st dung cac phién ban duogc lay mau giam thich hop cua cac ham diéu bién
va ching git ding cho bo tao cua s6 18 va bo khu 20 dbi voi su thich Gmg cua do dai
thuc té cua cac khung trong toc d6 lay mau giam hodc toc d6 lay mau duoc lay mau
gram.

Vi du, F ¢6 thé nam trong khoang 1,5 va 10, bao gém cal.5valo.

Can duoc luu y rang bo giai ma cua Fig.2 va Fig.3 hodc phép diéu bién bat ky
cua ching duoc néu ¢ day, co thé duoc thuc thi dé thuc hién phép chuyén tiép pho
thanh thoi gian st dung phép thuc thi ndng cua MDCT dd tré thap nhu nhu duoc dan
dat trong, vi du, EP 2 378 516 BI.

Fig.8 minh hoa viéc thuc thi cua bd giai ma su dung khai niém nang. B diéu
bién S/T 16 thuc hién theo vi du DCT-IV nghich dao va duoc thé hién nhu o sau day
bai cac khoi biéu dién su ghép chudi cua bo tao cua s6 18 va bo khu rang cua mién
thoi gian 20. Trong vi du cua Fig.8, Ela 2, tuc la E=2.

Bo diéu bién 16 bao gém bo chuyén doi tan so/thoi glan bién doi cosin roi rac
loai-iv nghich dao. Thay vi xuat ra cac chudi (E+2)N/F phan theo thoi gian dai 52 thi
chi xuét ra cac phan theo thoi gian 52 ¢6 d6 dai 2-N/F, tat ca duoc suy ra tir chudi N/F
pho dai 46, cac phan duogc rut ngan 52 nay tuong Gng voi nhan DCT, tie la 2-N/F mau
moi nhat cua cac phém duoc mo ta trudc.

Bo tao cua s 18 ¢o tac dung nhu duge mo ta trudce va tao ra phén theo thoi gian
duoc tao cua 6 60 cho tung phén theo thoi gian 52, nhung noé chi hoat dong trén nhéan
DCT. Dé dat duoc muc dich nay, bd tao cua sd 18 st dung ham cua $6 @i Vo
i=0...2N/F-1, ¢o kich thudc nhan. Mbi quan hé gitta wi voi i=0...(E+2)N/F-1 duoc
mo ta sau day, chi nhu la moi quan hé gitra cac h¢ s6 nang duoc dé cap sau day va wi
voli=0 .. (E+2)N/F-1.

Viéc su dung thuét ngr duge ap dung ¢ trén, quy trinh duge mo ta cho dén nay
mang lai:

Zin = On Xk vorn=0,...,2M-1
v6i viée xéac dinh lai M = N/F, sao cho M tuong tng voi kich thuoe khung duoc

biéu dién trong mién duoc rut gon va st dung thuat ngit cua cac hinh veé tu Fig.2 dén
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Fig.6, tuy nhién, zi, va Xk, s€ chi chtra cac mau cua phan theo thoi gian dugc tao cua
$O va phﬁn theo thot gian chua duogc tao cua s6 trong nhan DCT c6 kich thudc 2-M va
twong ung theo thot gian vo1 cac mau E-N/F.. (E+2)-N/F-1 trén Fig.4. Tuc la, n la 56
nguyén biéu thi chi s6 mAU va mn 1a hé sd ham clra s6 gia tri thuc tuong Gmg véi chi s6
mau n.

Quy trinh chong lap/cong clia bd khur 20 hoat dong theo cach khéac so voi md ta
o trén. Quy trinh nay tao ra cac phén theo thot gian trung gian mk(0),...m(M-1) dua
trén phuong trinh hoac biéu thire

Mk = Zkan T Zk-1.n+M voin=0,..., M-1

Trong viéc thuc thi cua Fig.8, thiét bi con bao g&n bd nang 80 ma co thé duoc
nol suy nhu mot phﬁn cua bo diéu bién 16 va bo tao cua $6 18 vi bo nang 80 bu cho
viéc 1a bo didu bién va bo tao cira s6 gidi han viée xu ly cua ching t6i nhan DCT thay
vi xu ly sy mo rong cua cac ham diéu bién va ctra s6 tong hop vuot qua nhan vé phia
trude ma su mo rong duoc dua vao dé bu cho phén bang khong S6. Bang cach su dung
khung lam vi¢c cua cac bo lam tré va cac bo nhan 82 va cac bo cong 84, bo nang 80
tao ra cac phén theo thot gian dugc khoi phuc cudi cung cua cac khung co do dai M
trong cac cdp cua cac khung lién nhau dua trén phuong trinh hoac biéu thuc

Ukn =Micn + lnomzs Mk1,M-1n voin=M/2,..., M-1 .
va
Uk, =Mk,n + IM-1-n- OUtic1 M- 10 voin=0,..., M/2-1 |
trong do I, voin =0...M-1 la h¢ s6 ¢o gia tri thuc tuong ung voi cua sO tong
hop duoc rat gon theo cach duoc mo ta chi tiét hon dudi day.

Noi cach khéac, dbi vai su chong lap duge mé trong cua E khung vao trong céc
khung truoc, chi M phép toan nhan-cong bo sung duoc yéu cau, nhu c6 thé duoc théy
trong khung lam viéc cta cac bd loc 80. Cac phép todn nay doi khi cting dugc tham
chiéu dén nhu "cac ma tran do tré béng 0". Doi khi, cic phép toan nay ctung duoc biét
dén nhu “cac budc nang". Viéc thuc thi hiéu qua duoc thé hién trén Fig.8 co thé dudi
mot $O truong hop hié¢u qua hon nhu viée thuc thi don gian. Pé 1o rang hon, phu thudc
vao viéc thuc thi cu the, viéc thuc thi hiéu qua hon nay co thé dan dén tiét kiem M
phép toan, nhu truong hop thuc thi don gian cho M phép toan, co thé nén thuc hién,

nhu viée thuc thi duoc thé hién trén Fig.9, yéu cau theo nguyén tac, 2M phép toan
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trong khung lam viéc cua modun 820 va M phép toan trong khung lam viéc cua bo loc
830.

Doi voi su phu thudc cua @, voi n=0...2M-1 val, voin = 0...M-1 vao cua $6
téng hop wivoii=0...(E+2)M-1 (duogc nhéc lai 1a 0 day E=2), cong thuc sau day mo
ta moi quan hé gitra chiing vai viée chuyén vi cic chi s6 ky hiéu duoc su dung cho dén

nay vao trong ngodc don sau bién so tuong ung:
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Luu y la cua s6 wi chra cac gia tri dinh trén phia bén phai trong cong thuc nay.
tuc la gitra cac chi $d 20 va 42 — 1. Cong thuc trén lién quan dén cac hé s6 1, voin =
0..M-1 vao,n=0,....2M-1 voi cac hé s6 wn vai n = 0...(E+2)M-1 cua clra ) téng
hop duoc rut gon. Nhu ¢o theé théy, l, voin = 0...M-1 thuc té chi phu thudc vao 7 he
s6 clia cua so t6ng hop duoc rat gon, cu the la phu thudc vao wy voin = 0. (E+1)M-1,
trong khi @, n=0,...,.2M-1 phu thudc vao tat ca wy voin=0...(E+2)M-1.

Nhu duoc néu trén, co thé 1a bo tao cua s6 18 thu duoc cua $0 t(Sng hop duoc
lay mau giam 54 w, véin = 0...(E+2)M-1 tr vi¢e luu tra trong do cac hé s6 cua so wi
cua cura sO tong hop duoc lay mau giam 54 nay da duoc luu trit sau khi da thu duoc su
dung phép lay mau giam 72, va trong do cac h¢ sé cira s6 duoc doc dé tinh toan cac hé
O, vein=0..M-1 va onn = O,... ., 2M-1 su dung mbi tuwong quan trén, nhung theo
cach khac, bd tao cua s6 18 co thé truy tim cac he Ol véin=0 ... M-I va onn =

0,...,2M-1, do d6 duoc tinh toan tu cua so6 tong hop duoc lay mau giam trudc, tu viéc
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luu trd mot cach truc tiép. Ngoai ra, nhu duge néu o trén, bo giai ma am thanh 10 co
thé bao gom bo lay mau giam theo phan doan 76 thuc hién phép lay mau giam 72 cua
Fig.6 trén co so cua cua $6 tong hop tham chiéu 70, bang cach do thu duge w, voin =
0...(E+2)M-1 trén co s6 ma bo tao cua so 18 tinh toan cac hé s6 1y voin=0...M-1 va
wnn =0.....2M-1 su dung méi tuong quan/cong thic néu trén. Ngay ca khi su dung
phép thuc thi nang, nhiéu hon mét gia tri cho F ¢6 thé duoc chap nhan.

Tom tat ngan gon phép thyuc thi nang, cung thu dugc bo gial ma am thanh 10
duoc tao cau hinh dé giai ma tin hi¢u am thanh 22 tal toc do léy mau thu nhat tu dong
di liéu 24 ma tin hiéu am thanh duoc ma hoa bién doi thanh tai toe do léy mau tht hai,
toc do lay mau thu nhat 1a 1/F toc do lay mau thir hai, bo giai ma am thanh 10 bao gom
bo nhan 12 ma nhan, trén moi khung c6 do dai N cua tin hi¢u am thanh, N hé s6 phC)
28, bo doat 14 ma doat dugc cho moi khung, doan tan sb thép cO do dai N/F ngoai cac
hé s6 pho N 28, bo di¢u bién pho sang thoi gian 16 duge tao céu hinh dé dua, d6i voi
tung khung 36, doan tan sb thap toi phép bién doi nghich dao co6 cac ham diéu bién co
do6 dai 2-N/F kéo dai theo thoi gian qua khung tuwong tmg va khung dung trude dé thu
duoc ph?m theo thoi gian ¢6 do dai 2-N/F, va bo tao cua s6 18 ma tao cura s6, cho tung
khung 36. phan theo thoi gian X, theo zin = n- Xk déi véin = 0..... 2M-1 dé thu
duoc phén theo thot gian dugc tao cua $O Ziknvoin =0...2M-1. B0 khu rang cua mién
thot gian 20 tao ra cac phan theo thoi gian trung gian mi(0),...mi(M-1) theo min = Zicn
+ Zranenm vO1In = 0,... . M-1. Cubi cung, bo nang 80 tinh toan cac khung uk., cua tin hi¢u
am thanh voi n = 0. . M-1 theo uxn = My + lpvi2s Miern-10 VO N= M/2,0, M-1. va
Weon = M + Iion OUet Mot VOT n=0,... M/2-1, trong do6 1, voi n = 0...M-1 la cac he
s6 nang trong do phép bién doi nghich dao 1a MDCT nghich dao hodc MDST nghich
dao, va trong d6 I voin =0..M-1 va 0, n=0,..., 2M-1 phu thudc vao cac he s6 Wi
véin = 0...(E+2)M-1 cua cira so tong hop, va cua s6 tong hop 1a phién ban duoc lay
mau giam cua cua s6 tong hop tham chiéu co do dai 4N, duoc lay mau giam boi thua
56 F boi phép noi suy theo phan doan trong cac phan doan c6 do dai 1/4-N.

Da duoc néu ra tu phé“m mo ta O trén cua su dé xuat cho viéc mo rong cua AAC-
ELD dbi voi ché do giai ma rat gon ma bo giai ma am thanh cua Fig.2 co thé duoc
kem theo voi cong cu SBR do tré thap. Vi du. phan sau day néu cach ma bo ma hoa

AAC-ELD mo rong dé ho tro ché do rut gon duoc dé xuat o trén, sé hoat dong khi su
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dung cong cu SBR do tré thép. Nhu da duoc dé cap trong phén gid1 thi¢u cua ban mo
ta sang ché, trong truong hop cong cu SBR do tré thap dugce su dung két hop vai bo
ma hoa AAC-ELD, cac gian loc cua modun SBR do tré thap cing dugc rat gon. biéu
nay dam bao rang modun SBR hoat déng voi cung do phan giai tan s6 va do do, khong
yéu cau sy thich Gmg hon nao. Fig.7 tom tat duong truyén tin hiéu cua bo giai ma
AAC-ELD hoat dong ¢ 96 kHz, véi kich thude khung la 480 mau, trong ché do SBR
duoc lay mau giam va voi thua s6 rat gon F 1a 2,

Trén Fig.7, dong bit t&1 nhu duoc xu ly boi chudi cac khéi, cu thé 1a bo gidi ma
AAC. khéi LD-MDCT nghich dao, khéi phan tich CLDFB, bo giai ma SBR va khoi
tong hop gian loc do tré thip phurc tap (complex low delay filter bank - CLDFB).
Dong bit bang vai dong dur liéu 24 duge mo ta trude d6i v6i cac hinh vé tir Fig.3 dén
Fig.6, nhung dugc kém thém boi cac du liéu SBR theo tham $6 hd tro viée dinh dang
pho cua su sao chép pho cua bang mo rong pho ma rong tan s6 pho cua tin hi¢u am
thanh thu duoc béng viéc giai ma am thanh duoc rut gon tal dau ra cua khoi MDCT do
tré thé\p nghich dao, viéc tao hinh phé duoc thuc hién boi bd giat ma SBR. Cu the. bo
giat ma AAC tim kiém tat ca cac phan tur cu phap can thiét bang cach phén tich va giai
ma entropy thich hop. Bo giai ma AAC ¢o thé trung khop mot phan voéi b nhan 12
cua bd gidi ma am thanh 10 ma, trén Fig.7, dugc thé hién boi khdi MDCT do tré thép
nghich dao. Trén Fig.7, vi du la F bang 2. Tte la, khéi MDCT do tré thap nghich dao
cta Fig.7 xuat ra nhu vi du cho tin hiéu am thanh dugc khor phuc 22 cua Fig.2, tin
hiéu thot gian 48kHz duoc 1éy mau giam ¢ nua toc d6 ma tai do tin hiéu am thanh
duoc ma hoa trude tién thanh dong bit to1. Khdi phan tich CLDFB chia nho tin hi¢u
thoi gian 48 kHz nay, tic 1a tin hiéu am thanh thu duoc boi phép giai ma am thanh
duoc rat gon, thanh N bang, o day N = 16, va bo giai ma SBR tinh toan cac h¢ s6 dinh
dang lai cho cac bang nay, theo do dinh dang lai N bang duoc diéu khién thong qua dix
licu SBR trong dong bit dau vao dén dau vao cua bo giai ma AAC, va khéi tong hop
CLDFB chuyén tiép lai tur mién pho sang mién thoi gian véi viée thu duoc, do do, tin
hiéu mo rong tan so cao sé duoc thém vao cac tin hiéu am thanh duoc giai ma ban dau

duoc xuat ra voi khdi MDCT do tré thép nghich dao.
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Luu y la su hoat dong chuan cua SBR su dung CLDFB 32 bang. Thuat toan noi
suy cho cac h¢ s6 ctra s6 CLDFB 32 bang Clzz da duoc cho trong 4.6.19.4.1 trong tai

liéu tham khao [1],

ok

Clg (i = ;[C,B".Zi + 14 g, 2000 01 <

20

0

&

trong d6 cea 1a cdc hé 50 cua s6 cua cura s6 64 bang da cho trong bang 4.A.90
trong tai licu tham khao [1]. Cong thirc nay co the con dugc tong quat hoa deé cung

dinh nghia cac hé so cua s6 cho so luong bang it hon B

. 1 ) ' ) o ) 04
ciglii=—lcg,2F -1+ 1 +pttcg 2F -1+ 1] 0<i<{l0Byp =int{—-05|
2 Zh
trong do F bicu thi thira s6 rat gon 1a 7 = 32/8. Vo1 dinh nghia nay ve cac hé so

ctra s0. gian loc phan tich va tong hop CLDFB ¢6 thé hoan toan duge md ta nhu dugc
néu trong doan vi du A.2 néu trén.

Do @0, cac vi du trén cung cép mot s6 dinh nghia con thiéu cho bd ma hoa-giai
mia AAC-ELD dé lam thich ing bd ma hoa-giai ma vaéi cac hé théng co toc do mau
thap hon. Cac dinh nghia nay c6 thé duoc néu trong tiéu chuan ISO/IEC 14496-
3:20009.

Do do, trong phém mo ta o trén, khong ké dén nhing diéu khac, da duoc mo ta
la:

Bo giai ma am thanh co thé duoc tao cau hinh dé giai ma tin hi¢u am thanh tai
toc do léy mau thu nhat tu dong dir liéu ma tin hiéu am thanh duoc ma hoa bién doi
thanh tai toc do lﬁy mau tha hai, tde do lé\y mau thtr nhat 1a 1/F toc do léy mau tht hai,
bo giai ma am thanh bao gém: bd nhan duoc tao cAu hinh dé nhén, trén moi khung co6
do dai N cua tin hiéu am thanh, N he ) phé; bo doat duoc tao cAu hinh dé doat duoc
cho tung khung, doan tan s6 thap c6 do dai N/F trong s6 N hé sb pho; bo dicu bién phd
sang thot gian dugc tao cAu hinh dé dua, dbi vai ting khung, doan tan s thap tai phép
bién doi nghich dao co6 cac ham diéu bién co do dai (E+2)-N/F kéo dai theo thot gian
qua khung tuong ung va E+1 khung dumg trudce dé thu duoc phan theo thoi gian c¢6 do
dar (E+2)'N/F: bo tao cua s6 duoc tao cau hinh dé tao cua so, cho tung khung, phém
theo thot gian su dung cua s6 tong hop don thuc ¢6 do dai (E+2)-N/F bao gom phan
bang 0 c6 do dai 1/4-N/F tai dau dan trude cta no va ¢ dinh trong khoang theo thoi

gian cta ctra s6 tong hop don thue, khoang theo thoi gian noi ticp phan bang 0 va co
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do dai 7/4-N/F deé bo tao cua 6 thu duoc 1)11511 theo thot gian dugc tao cua 6 ¢o do dai
(E+2)'N/F; va b0 khu rang cua micn thoi gian duoc tao ciu hinh dé dua phﬁn theo thoi
gian dugc tao cua s6 cua cac khung sang quy trinh chong lap va cong dé doan o dau ké
tiép co do dai (E+1)/(E+2) cua phan theo thoi gian dugc tao cua s6 cua khung hién
thot chéng lﬁp dau dan trude co do dai (E+1)/(E+2) cua phén theo tho1 gian duogc tao
cura sO cua khung dung trude, trong do phép bién d6i nghich dao la MDCT nghich dao
hoic MDST nghich dao, va trong do cua s6 tong hop don thuec la phién ban duoc lay
mau giam cua cua s6 tong hop don thiic tham chiéu c6 do dai (E+2)-N, duoc tao cua
s6 boi thua so F bﬁng phép noi suy theo phan doan trong cac phan doan c6 do dar
1/4-N/F.

B6 giai ma am thanh theo phuong an, trong do cua s6 tong hop don thire 1a su
ndi chudi cua cac ham ndi truc ¢ do dai 1/4-N/F.

B6 giai ma am thanh theo phuong an, trong do cua s6 tong hop don thirc 1a su
n6i chudi cua cac ham noi truc bac ba co do dai 1/4-N/F.

Bo giai ma am thanh theo phuong an bat ky trong s6 cac phuong an néu trén,

2.

0
trong do E

Bo giai ma am thanh theo phuong an bat ki trong s6 cac phuong an néu trén,
trong d6 phép bién doi nghich dao 1a MDCT nghich dao.

Bo giai ma am thanh theo phuong an bat ki trong s6 cac phuong an néu trén,
trong d6 nhiéu hon 80% khéi luong cura s6 tong hop don thire duoc chira trong khoang
theo thoi gian ndi tiép phan bang 0 va c6 do dai 7/4-N/F.

B¢ giai ma am thanh theo phuong an bat ki trong so cac phuong an néu trén,
trong d6 bo giat ma am thanh duoc tao cau hinh dé thuc hién phép ndi suy hoac dé suy
ra cua so tong hop don thue tir viée luu trir.

Bo giai ma am thanh theo phuong an bat ki trong s6 cac phuong an néu trén,
trong do bo giai ma am thanh duoc tao cAu hinh dé mang cac gia tri khac nhau cho F.

Bo giai md am thanh theo phuong an bét ki trong s6 cac phuong an néu trén,
trong do F nam trong khoang 1,5 va 10, bao gom ca 1,5 va 10.

Phuong phap dugc thuc hién bai bd giai ma am thanh theo phuong an bat ki
trong s6 cac phuong an néu trén.

Chuong trinh may tinh co ma chuong trinh dé thuc hién. khi chay trén may tinh,

phuong phap theo phuong an.
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Xét dén thuat nglr "co chiéu dai ...", can luu y rang thuat nglr nay duoc hiéu la
phép do chiéu dai ctia mau. Xét dén do dai cua phan bang 0 va cac phan doan, can luu
y rang do dai co thé co gia tri nguyén. Ngoai ra, do dai co thé 1a gia tri khong nguyén.

Doi voi khoang theo thoi gian ma trong do dinh duoc dinh vi tri, duoc luu y
rang Fig.1 thé hién dinh nay cung nhu khoang theo thoi gian dé minh hoa cho vi du
clia cua so témg hop don thuc tham chiéu vai E=2 va N=512: dinh ¢c6 cuc dai cua no o
mau gan dang s6 1408 va khoang theo thoi gian keéo dai tu mau s6 1024 dén mau sb
1920. Do do, khoang theo thoi gian 1a 7/8 cua do dai nhan DCT.

D61 vaoi thuat ngr "phién ban duoc lay mau giam", duoc luu y rang trong phan
mo ta o trén, thay vi thudt ngtr nay thi co thé su dung thuat ngtr "phién ban duoc rut
gon" dé thay thé.

D6 v6i thuat ngdr "khdi lugng cua ham trong khoang nhat dinh", duge luu v 1a
khéi luong cua ham sé biéu thi tich phan xac dinh cua ham tuong ung trong khoang
tuong ung.

Trong truong hop bd giai ma am thanh mang cdc gia tri khac nhau cho F, bo
gial ma am thanh ¢o thé bao gom phan luu trit co cac phién ban dugce ndi suy theo
phan doan cua cua $0 t6ng hop don thuc tham chiéu hoac co thé thuc hién phép noi
suy theo phan doan cho gia tri hoat dong hi¢n thoi cua F. Cac phién ban duoc ndi suy
theo phan doan khac nhau co diém chung 1a phép ndi suy khong anh huong tiéu cuc
dén tinh gian doan tai cac duong bién phan doan. Chung co thé, nhu dugc mo ta &
trén, la cac ham noi truc.

Bang cich suy ra cua s6 tong hop don thue bai phép noi suy theo phan doan tu
cua so tong hop don thire tham chiéu nhu cua s6 duoc thé hién trén Fig.1 o trén, cac
phan doan 4-(E+2) co thé duoc thuc hién boi phép gan dung cua ham ndi truc nhu boi
cac ham nodi true bac ba va bat ké phép ndi suy, tinh khong lien tiép ma cO6 mat trong
cua sO t6ng hop don thic tai bude 1/4-N/F do phén béng 0 duoc dua vao theo cach
tong hop nhu phuong tién lam giam do tré duoc bao toan.

Cac phuong an khac

Phuong an 1. BO giai ma am thanh (10) duogc tao cau hinh dé giai ma tin hiéu
am thanh (22) o toc do léy mau tha nhat tr dong di liéu (24) ma tin hiéu am thanh
duoc ma hoa bién doi thanh o toe do lay mau thu hai, toc d6 lay mau thir nhét bang 1/F

toe do \éy mau thu hai, bo giai ma am thanh (10) bao gSm:
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bo nhan (12) duoc tao cau hinh dé nhan N hé ) phé (28) trén mdi khung co do
dai N cua tin hiéu am thanh;

bo doat (14) dugc tao cau hinh dé doat duoc doan co tan $o thép co do dair N/F
trong s6 N hé s6 pho (28) cho tung khung;

bo diéu bién phé sang thoi gian (16) dugc tao cAu hinh dé dua, ddi voi tung
khung (36), doan co tan so thap sang phép bién ddi nghich dao c6 cac ham diéu bién
c6 d6 dai (E+2)'N/F kéo dai theo thoi gian qua khung tuong ng va E+1 khung trudc
dé thu duoc phan theo thot gian c6 do dai (E+2)-N/F;

bo tao cua so (18) duoc tao cau hinh dé tao cua s0, cho tung khung (36), phén
theo thot gian su dung cua s6 tong hop co do dai (E+2)'N/F bao gdm phan bang 0 ¢
do dai 174-N/F tai dau dan trude cia nd va ¢o dinh nam trong khoang theo thoi gian
cua cua so tong hop, khoang theo thoi gian ndi ticp phan bang 0 va c6 do dai 7/4-N/F
sao cho bo tao cua so thu duoc ph?m theo thoi gian dugc tao cua $6 co dd dai
(E+2)-N/F; va

bd khu rang cua mién thoi gian (20) dugc tao cAu hinh dé dua phan theo thoi
gian duoc tao cua $0 cua cac khung sang quy trinh chong lap va cong sao cho doan o
dau ké tié}) co do dai (E+1)/(E+2) cua phﬁm theo thot gian dugc tao cua s6 cua khung
hién thoi chong lép dau dan trude co do dai (E+1)/(E+2) cua phém theo thot gian duoc
tao cua so cua khung dimg trude,

trong do phép bién d6i nghich dao la MDCT nghich dao hodc MDST nghich
dao, va

trong do cura s6 tong hop 1a phién ban duoc lay mau giam cua cua s6 tong hop
tham chiéu c6 do dai (E+2)-N, duoc léy mau giam boi thira s F boi phép ndi suy theo
phan doan trong cac phan doan c¢6 d¢ dai 1/4 - N.

Phuong an 2. Bo giai ma am thanh (10) theo diém 1, trong do cua s6 tong hop la
su noi chudi cta cac ham ndi truc c6 do dai 1/4-N/F.

Phuong an 3. B giai ma am thanh (10) theo diém | hoac diém 2. trong d6 cua
$0 t6ng hop la su n6i chudi cua cac ham noi truc bac ba c¢o do dai 1/4-N/F.

Phuong an 4. B6 giai ma am thanh (10) theo diém bat ki trong so cac diém néu
trén, trong do E=2.

Phuong an 5.B06 giai ma am thanh (10) theo diém bat ki trong sb cac diém néu

trén. trong do phép bién dbi nghich dao 1a MDCT nghich dao.
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Phuong an 6. B6 giai ma am thanh (10) theo diém bat ki trong s6 cac diém néu
trén, trong do nhicu hon 80% khoi luong cira s6 tong hop dugc chira trong khoang
theo thoi gian ndi tiép phan bang 0 va c6 do dai 7/4-N/F.

Phuong an 7. B giai ma am thanh (10) theo diém bat ki trong s6 cac diém néu
trén, trong do bo giai ma am thanh (10) duoc tao cau hinh dé thuc hién phép néi suy
hodc dé suy ra cua so tong hop tir viée luu tri.

Phuong an 8. B6 giai ma am thanh (10) theo diém bat ki trong s6 cac diém néu
trén, trong do bd giai ma am thanh (10) duoc tao cAu hinh dé mang cac gia tr1 khac
nhau cho F.

Phuong an 9. B6 giai ma am thanh (10) theo diém bét ki trong s6 cac diém néu
trén, trong do F nam trong khoang gitra 1,5 va 10, bao o6m ca 1,5 va 10.

Phuong an 10. B gial ma am thanh (10) theo diém bat ki trong $d cac diém néu
trén, trong do ctra s6 tong hop tham chiéu 1a don thirc.

Phuong an | 1. Bo giai ma am thanh (10) theo diém bat ki trong sb cac diem néu
trén, trong dd bd giai ma am thanh (10) dugc tao cau hinh dé thuc hién phép noi suy
theo cach ma phén lon cac he s6 cua cua so t6ng hop phu thude vao nhiéu hon hai hé
sé cua cia s6 tong hop tham chiéu.

Phuong an 12. B6 giai ma am thanh (10) theo diém bét ki trong s6 cac diém néu
trén, trong do bo giai ma am thanh (10) dugc tao cau hinh dé thuc hién phép néi suy
theo cach ma ting hé s6 cua cua o tong hop dugce phan tach boi nhiéu hon hai hé s6
tor cac duong bién phan doan phu thudc vao nhiéu hon hai hé s6 cua cua so téng hop
tham chiéu.

Phuong an 13. B giai ma am thanh (10) theo diém bat ki trong s6 cac diém néu
trén, trong do bo tao cua sO (18) va bo khur rdng cua mién thoi gian két hop sao cho bo
tao cira sO bo qua phan bang 0 trong viéc gan trong s6 phan theo thoi gian s dung cua
s6 tong hop va bo khu rang cua mién thoi gian (20) bo qua phan khong dugc gin trong
sO tuong ung cua phan theo thoi gian duoc tao cua s6 trong quy trinh chong lap va
cong sao cho chi E+1 phan theo thoi gian dugc tao cua s6 duoc tinh tong dé dan dén
phan khong duge gan trong s6 tuong Umg cua khung tuong Gng va E+2 phan dugc tao
ctra s6 duoc tinh tong trong trinh nhac ctua khung tuong ung.

Phuong an 14. B¢ giai ma am thanh dé tao ra phién ban dugc rat gon cua cua 50

tong hop cua bo giai ma am thanh (10) theo diem bat ki trong s6 cac diém néu trén,
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trong do E=2 dé ham cua so tong hop bao gbém nhan lién quan dén nua do dai 2-N/F
duoc dat trude bot trinh nhac nua do dai 2-N/F va trong do bo diéu bién phé thanh thot
gian (16), bo tao cua 0 (18) va bo khur rang cua mién thoi gian (20) duoc thuc thi de
két hop trong phép thuc thi nang ma theo do
bo diéu bién phé thanh thoi gian (16) han ché viéc dua, ddi véi tung khung (36),
doan ¢6 tan s6 thap sang phép bién doi nghich dao co cac ham diéu bién co do
dai (E4+2)'N/F kéo dai theo thoi gian qua khung tuong ung va E+1 khung diung
frude. t6i nhan bién doi trung khap véi khung tuong Umg va mot khung dung
trude dé thu duoc phan theo thoi gian xi, voi n = 0...2M-1 voi M=N/F 1a chi s6
mau va k 1a chi s6 khung;
bo tao cua o (18) tao cira $6, cho tung khung (36), phém theo thoi gian X, theo
Zin = On Xen VO1in=0,..., 2M-1 dé thu duoc phﬁn theo thoi gian dugc tao cua
$6 Zin vOin=0...2M-1;
bo khu rang cua mién thoi gian (20) tao ra cac phan theo thoi gian trung gian
mr(0).... m(M-1) theo min = Zkn + Zk-1.0-M voin=0,..., M-1,va
bo giai ma am thanh bao gém bo nang (80) duoc tao cau hinh dé thu duoc cac
khung ug,vorn =0...M-1 theo
Ukn = M  Lnowy2s Mice1,M-100 voin=M/2,..., M-1
va
Uk,n = Mign + IM-1-n OUL-1 M-1n voi n=0,..., M/2-1,
trong do 1, voin = 0...M-1 1a cac h¢ s nang, va trong do I, véin=0.. M-1 va
on vOi n = 0,..., 2M-1 phu thudc vao cac hé s& wy voin = 0...(E+2)M-1 cua cua $O
tong hop.

Phuong an 15.B9 giai ma am thanh (10) duoc tao cAu hinh dé giai ma tin hicu
am thanh (22) voi toc do léy mau thir nhat to dong dir liéu (24) ma tin hicu am thanh
duoc ma hoa bién doi thanh o toe do l'fiy mau tha hai, toc do léy mau thir nhat béng I/F
tde do 1ay mau thu hai, b giai ma am thanh (10) bao gom:

bo nhan (12) duoc tao cau hinh dé nhan N hé ) phé (28) trén moi khung ¢ do
dai N cua tin hiéu am thanh;

bo doat (14) duoc tao cAu hinh dé doat duoc doan co tan sb thép c6 do dai N/F

trong so N hé s6 pho (28) cho tung khung;
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bo diéu bién phé thanh thot gian (16) duoc tao ciu hinh dé dua, doi voi tung
khung (36), doan tan s6 thap sang phép bién doi nghich dao co cac ham diéu bién co
do dai 2°N/F kéo dai theo thoi gian qua khung tuong Ung va khung dung trudce dé thu
duoc phan theo thoi gian co do dai 2-N/F;

b0 tao cua $o (18) duogc tao cau hinh dé tao cua s6, cho tung khung (36), phén
theo thoi gian Xin theo zkn = @n- Xkn véin=0,..., 2M-1 dé thu duoc phé”m theo tho1
gian duoc tao cua SO zin vOin=0...2M-1;

bo khu rang cua mién thoi gian (20) duoc tao cAu hinh dé tao ra céc phén theo
thoi gian trung gian m(0),.. Mmi(M-1) theo M = Zkn + Zk-1.n+M voin=0,... . M-1,va

bo nang (80) duoc tao cau hinh dé thu duoc cac khung uk, cua tin hiéu am
thanh voin = 0...M-1 theo

Ukn = Micn + lnovz Mk-1,M-10 voéin=M/2,... . M-1,
va
Uk,n = Mion T Iv-1nm OUtk-1 M- 1-n voil n=0,...,M/2-1,

trong do 1, voin=0...M-1 la cac h¢ s6 nang,

trong do phep bién dbi nghich ddo 1a MDCT nghich déao hodac MDST nghich
dao, va

trong do 1y véin = 0...M-1 va n voin = 0,..., 2M-1 phu thudc vao cac hé¢ $6
wy voin = 0., (E+2)M-1 cua cua s6 tong hop, va cua s6 tong hop 1a phién ban duoc
lay mau giam cua cua s6 tong hop tham chiéu co do dai 4N, duoc ldy mau giam boi
thura s6 F boi phép noi suy theo phan doan trong cac phan doan c6 do dai 1/4-N.

Phuong an 16. Thiét bi tao ra phién ban dugc rit gon cua cua s6 tong hop cua
bo giai ma am thanh (10) theo diém bat ki trong s cac diém néu trén, trong do thiét bi
duoc tao cau hinh dé lay mau giam cua s6 tong hop tham chiéu c6 do dai (E+2)N boi
thura s6 F boi phép noi suy theo phan doan trong 4-(E+2) phan doan co6 cung do dai.

Phuong an 17. Phuong phép tao ra phién ban dugc rut gon cua cura 5O tong hop
cta by gidi ma am thanh (10) theo diém bét ki trong s cac diém néu trén, trong do
phuong phap bao gom bude lay mau giam cua s6 tong hop tham chiéu c6 do dai
(E+2)-N boi thira s6 F boi phép ndi suy theo phan doan trong 4-(E+2) phan doan co

cung do dar.
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Phuong 4n 18. Phuong phap giai ma tin hiéu am thanh (22) véi toc do lay mau
thu nhat tur dong dir liéu (24) ma tin hi¢u am thanh ma dugc ma hoa bién d6i thanh o
toc do lay mau thu hai, toc do lay mau thu nhat bang 1/F toc do ldy mau tht hai,
phuong phap bao gém:

nhan, trén moi khung ¢o do dai N cua tin hi¢u am thanh, N hé $6 phé (28);

doat duoc doan co tan so thép cO do dai N/F trong $6 N hé s6 p116 (28) cho tung
khung;

thuc hién phép dicu bién pho sang thoi gian bang cach dua, dbi voi timg khung
(36), doan co tan s6 thap sang phép bién d6i nghich dao c6 cac ham diéu bién co do
dai (E+2)'N/F kéo dai theo thoi gian qua khung tuong Gmg va E+1 khung dung truoc
dé thu duoc ph?m theo thot gian c6 do dai (E+2)-N/F;

tao cua so, cho tung khung (36), phan theo thoi gian st dung cua s6 tong hop
c6 db dai (E+2 )-N/F bao gdm phan bing 0 c6 d6 dai 1/4-N/F tai du dan truge cua no
va ¢6 dinh nam trong khoang theo thoi gian cua cua s6 tong hop. khoang theo thoi
gian noi tiép phan bang 0 va co do dai 7/4-N/F sao cho bo tao cua s6 thu duoc phan
theo thoi gian dugc tao cua $0 O do dai (E+2)-N/F; va

thuc hién viéc khu rang cua mién thoi gian bang cach dua phan theo thoi gian
duoc tao cura sO cua cac khung sang quy trinh chong lap va cong sao cho doan ¢ dau
ké tiép co do dai (E+1)/(E+2) cua phan theo thoi gian dugc tao cua s6 cua khung hién
thoi chong 1ap dau dan trude co do dai (E+1)/(E+2) cua phan theo thoi gian dugc tao
cua so cua khung dimg trude,

trong do pheép bién d6i nghich dao 1la MDCT nghich dao hoac MDST nghich
dao, va

trong do cua s0 tong hop la phién ban dugc ldy mau giam cua cua s6 tong hop
tham chiéu c6 do dai (E+2)'N, duoc lay mau giam béi thua s F boi phép ndi suy theo
phan doan trong phan doan c6 do dai 1/4-N.

Phuong 4n 19. Chuong trinh may tinh ¢6 ma chuong trinh dé thuc hién, khi

chay trén may tinh, phuong phéap theo phuong an 17 hodc phuong an 18.
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YEU CAU BAO HO

1. B6 giai ma am thanh bao gé)m:

bo nhan duoc tao ciu hinh dé nhan, ddi vei tung khung trong sb cac khung cua
tin hiéu Am thanh, ph6 ma tao thanh sy khai trién pho cua phan theo thoi gian bao gom
khung twonng ung va N-1 khung dung trude, voi N la s6 nguyén, trong d6 bd nhan
duoc tao cau hinh dé thuc hién dién day khoang trong dé dien day mot cach tong hop
cac phan duoc luong t hoa bang 0 trong pho;

bo doat, duoc tao cau hinh dé doat, cho tung khung, phﬁn tan sb tllép béng 1/F,
theo d6 dai cuia pho;

bo diéu bién pho thanh thoi gian dugc tao cAu hinh dé dua, d6i voi timg khung,
phén tan s6 thap sang phép bién d6i nghich dao dé thu dugc su biéu dién theo thoi gian
cua phan theo thoi gian;

bo tao cua s6 duoc tao cAu hinh dé tao ctra s0, cho tung khung, su biéu dién
theo thot glan cua phan theo thoi gian su dung cua s6 tong hop bao gom phan bang 0
tai dau dan trude ctia no va co dinh nam trong khoang theo thoi gian cua cua sO tong
hop, ma noi tiép phém béng 0, sao cho bo tao cua so thu duoc su biéu dién theo thoi
gian dugc tao cua s6 cua phan theo thoi gian; va

bo khu rang cua mién thoi gian dugc tao cau hinh dé dua su biéu dién theo thoi
gian duoc tao cua sO cua phﬁn theo thot gian cua cac khung sang quy trinh chong lap-
cong ¢ khoang cach lién khung véi nhau tuong tng voi do dai khung,

trong do phép bién doi nghich dao 1a bién doi cosin roi rac cai bién (modified
discrete cosine transform — MDCT) nghich dao hodc bién doi sin roi rac cai bién
(modified discrete sine transform — MDST) nghich dao, va

trong do cua s6 tong hop la phién ban duge lay mau giam cua cua s6 tong hop
tham chiéu, duoc lay mau giam boi thira s6 F boi phép ndi suy theo phan doan trong
4-N phéan doan ¢6 do dai phan doan béng nhau.
2. BO giai ma am thanh theo diém 1, trong d6 cua sO tong hop la su néi chudi cua
ham ndi truc cho ting phan doan trong s6 4N phan doan.
3. B6 giai ma am thanh theo diém 1, trong do cua s6 tong hop la su ndi chudi cua
mot ham ndi truc cho tung phan doan trong s6 4N phan doan.

4. B6 giai ma am thanh theo diém 1, trong do N = 4.
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5. BoO giai ma am thanh theo diém 1, trong d6 phép bién dbi nghich dao la MDCT
nghich dao.
0. Bo6 giai ma am thanh theo diém 1, trong d6 hon 80% khéi luong cua cira so tong
hop duoc bao gom trong khoang theo thoi gian tiép theo phan bang 0 va khoang theo
thot gian tiép theo ph;ﬁn bang 0 b?mg 7/4 1an chiéu dai khung.
7. B6 giai ma am thanh theo diém 1, trong do bo giai ma am thanh dugc tao cau
hinh dé thuc hién phép noi suy hoac dé suy ra ctra s6 tong hop tir viéc luu trir.
8. Bo6 giai ma am thanh theo diém 1, trong d6 bo giai ma am thanh duoc tao cau
hinh dé mang cac gia tri khac nhau cho F.
9. Bo giai ma am thanh theo diém 1, trong d6 F nam trong khoang gitra 1,5 va 10,
bao gom ca 1,5 va 10.
10. B giai ma am thanh theo diém 1, trong d6 cura s6 tong hop tham chiéu 1a don
thuec.
11.  BO6 giai ma am thanh theo diém 1, trong d6 bo giai ma am thanh dugc tao cau
hinh dé thuc hién phép noi suy theo cach ma phan l1on cac hé s6 cua cua so tong hop
phu thuoc vao nhiéu hon hai hé s6 cua cua $0 téng hop tham chiéu.
2. BO giai ma am thanh theo diém 1, trong d6 bd giai ma am thanh duoc tao cau
hinh dé thuc hién phép noi suy theo cach ma ting hé s6 cua cua so tong hop dugc
phan tach bo1 nhiéu hon hai hé $b tir cac duong bién phan doan phu thudc vao nhiéu
hon hai hé s6 cua ctra s6 tong hop tham chiéu.
13. BO giat ma am thanh theo diém 1, trong do bo tao cua s6 va bo khur rang cua
mién thoi gian két hop sao cho b tao cua s6 bo qua phan bang 0 trong viéc gan trong
s6 phan theo thoi gian bang cach sur dung cua s6 tong hop va bo khu rang cua mién
thoi gian bo qua phan khéng duoc gan trong s6 tuong Ung cua phan theo thoi gian
duoc tao cura s6 trong quy trinh chong lap-cong.
14.  Phuong phap giai ma tin hiéu am thanh, phuong phap bao gdm cac bude:

nhan, d6i véi timg khung trong sb cac khung cua tin hiéu am thanh, phé ma tao
thanh su khai trién phd cua phan theo thoi gian bao gém khung tuong ung va N-1
khung dung trudce, voi N 1a s6 nguyén;

thuc hién dién day khoang tréng dé dién day mot cach tong hop cac phan duoc
luong tu hoa bang 0 trong pho;

doat cho tung khung, phan tan s6 thap bang 1/F, theo do dai, cua pho;
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thuc hién diéu bién pho6 thanh thoi gian bang cach dua, ddi véi tung khung,
phan tan s6 thap sang phép bién d6i nghich dao dé thu duoc su biéu dién theo thoi gian
cua phan theo thoi gian;

tao ctra sO, cho tung khung, su biéu dién theo thoi gian cua phan theo thoi gian
st dung cua s6 tong hop bao gdm phan bang 0 tai dau dan trude cua no va c6 dinh
nam trong khoang theo thoi gian cua cura s6 tong hop, ma noi tiép phan bang 0, dé thu
duoc su biéu dién theo thoi gian duge tao cua s6 cua ph?m theo thot gian; va

thuc hién khu rang cua mién thoi gian bé'mg cach dua su biéu dién theo thoi
gian duoc tao cua s6 cua phan theo thoi gian cua cac khung sang quy trinh chéng lap-
cong o khoang cach lién khung véi nhau tuong ung voi do dai khung,

trong do phép bién déi nghich dao 1a MDCT nghich ddo hodc MDST nghich
dao, va

trong do cua s6 tong hop la phién ban duoc ldy mau giam cua cua s6 tong hop
tham chiéu, duoc ldy mau giam boi thira s F boi phép ndi suy theo phan doan trong
4-N phan doan c6 do dai phan doan bang nhau.
15, Vat ghi luu tru s6 khong chuyén tiép da luu trir trén do chuong trinh may tinh
dé thuc hién phuong phap giai ma tin hiéu am thanh theo diem 14,

khi chuong trinh may tinh da néu dugc chay boi may tinh.
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