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(57) Sang ché dé cap dén bd giai m3 4m thanh va phwong phép giai mi tin hidu am
thanh. Phién ban duwoc rat gon cla thi tuc gidi md 4m thanh c6 thé hiéu qua hon
va/hodc dat dugce sy duy tri phu hgp dwoc cai thién néu cira sb téng hop dugc stir dung
dé gidi ma 4m thanh rat gon 14 phién ban rat gon cla cira sb tong hop tham chiéu chira
trong thi tuc giai ma 4m thanh khong dwoc rat gon bang cach ldy mau giam boi thira
s6 1y miu giam ma tdc d6 14y mau giam va téc d6 1dy mau gbe 1éch nhau, va duoc lay

mau giam st dung phép ndi suy theo phan doan trong cic phan doan ¥ do dai khung.
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Linh vue k§ thuit dwgc dé cap

Sang ché dé cap dén khia canh giai ma dugc rit gon.
Tinh trang k¥ thuit cia sang ché

M3 hoa 4m thanh tién tién (Advanced Audio Coding — AAC) d6 tré thép dugc
ting cudng (Enhanced Low Delay AAC - AAC-ELD) MPEG-4 thuong hoat dong &
tdc do bit 1én dén 48kHz, ma din dén d6 tré thuat toan 13 15 mili gidy (milisecond -
ms). Déi véi mot s6 tmg dung, vi du sy truyén nhép moi ctia 4m thanh, d¢ tré thip hon
déu nhau 13 dang mong mudn. AAC-ELD d3 cung cép lya chon nay bang cach hoat
dong & céc tbe dd 1éy mau cao hon, vi du 96kHz, va do d6 cung cép cac ché d6 hoat
vd(f)ng voi d6 tré thép hon ngang béng, vi du 7,5ms. Tuy nhién, ché d6 hoat dong nay di
kém véi d6 phtrc tap cao khong can thiét do tdc d6 1y mau cao.

Giéi phép cho vin dé nay 1 4p dung phién ban dugc rit gon cla gian loc va do
d6, két xuét tin hiéu Am thanh & tdc d6 lz‘iy mAu thap hon, vi du 48kHz thay vi 96kHz.
Hoat ddng rit gon di 13 mot phan ciia AAC-ELD nhu dugce ké thira tir bd ma hoa-giai
m3 MPEG-4 AAC-LD, ma doéng vai tro 13 co sé cho AAC-ELD.

Tuy nhién, cau héi vAn con 1a 1am cach nio dé tim kiém phién ban dugc rat gon
cua gian loc cu thé. Ttrc 13, su khong chéc chin duy nhat 13 cach cac hé s6 cira sb dugc
suy ra trong khi cho phép kiém tra sy phu hop 13 rang cta cac ché d6 hoat dong dugc
rat gon cia bd gidi ma AAC-ELD.

Trong phan sau ddy, cic nguyén téc vé ché d6 hoat dong duoc rit gon cua cac
bd mi hoa-giai ma AAC-(E)LD s€ dugc mo ta.

Ché d6 hoat déng rat gon hoic AAC-LD dugc md td cho AAC-LD trong
ISO/IEC 14496-3:2009 trong doan 4.6.17.2.7 “Adaptation to systems using lower
sampling rates” (Sy thich ng véi cdc hé thdng st dung tdc do 14y mau thip hon) nhu
sau:

“Trong céc ing dung nhét dinh, c6 thé cAn thiét dé tich hop bd gidi ma do tré
thip vao hé théng am thanh chay & tdc d6 14y mau thap hon (vi du 16kHz) trong khi
téc do 14y mau danh nghia ctia trong tai dong bit 14 cao hon nhiéu (vi du 48kHz, tvong
tmg v&i dd tré bd ma hoa-gidi ma thudt todn la x4p xi 20ms). Trong céc trudng hop

nay, 1 thuan lgi dé gidi ma dau ra ciia bd ma hoa-giai ma do tré thap tryc tiép 6 toc do
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14y m&u muc tiéu hon 13 st dung hoat dong chuyén ddi téc do 14y mAu bd sung sau khi
gidi ma.

Piéu nay co thé duoc 1am gin duing béi sy 1t gon thich hop cua cé hai, kich
thuée khung va téc do 1dy mau, béi mot sb thira s& nguyén (vi du 2, 3), dn dén d6
phén gidi thoi gian/tin s giéng nhau cta bd ma héa-giai ma. Vi du, du ra cia bd ma
hoa-giai ma co thé dugc tao ra & téc do léy mau 16kHz thay vi tbc do léy mau danh
nghia 48kHz bing céch giit lai mot phin ba thdp nhit (tirc 13 480/3 = 160) ciia hé s6
phd trude gian loc tbng hop va giam kich thuéce bién ddi nghich ddo t&i mot phin ba
(tirc 12 kich thudc cira s6 960/3 = 320).

Két qua 13, viéc gidi mi cho cac tdc do lay mau thap hon lam gidm ca yéu cau
vé& b nhé va yéu cau tinh toan, nhung c6 thé khong dem lai chinh xac d4u ra gidng
nhu gidi ma bing thong ddy du, theo sau béi gi6i han bing va chuyén ddi tbe do méu.

Luu ¥ rang viéc gidi ma & téc @ 14y mau thap hon, nhu dugec md ta & trén,
khong anh huong dén viéc giai thich cac mic, ma d& cap dén téc @6 liy miu danh
nghia cta trong tai dong bit d6 tré thip AAC.”

Luu ¥ rang AAC-LD lam viéc v6i khung lam viée bién d6i cosin roi rac cai
bién (modified discrete cosine transform — MDCT) ti€u chuén va hai dang cira s6, tirc
14 cira sb hinh sin va cira sb chdng 14p thap. Ca hai ctra sd dugc mo ta ddy da béi cac
cong thirc va do d6, cac he¢ sb ctra sb cho cac do dai bién dbi bat ky co thé dugc xac
dinh.

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

- Clra s6 MDCT @6 tr& thip (Low Delay MDCT window - LD-MDCT)

- Kha ning st dung cong cu sao chép bang phd (Spectral Band Replication -

SBR d6 tré thip)

Thuat toan bién dbi cosin roi rac cai bién nghich dao (inverse MDCT —
IMDCT) st dung cira s6 MDCT d6 tré thip dwgc mo ta trong 4.6.20.2 trong tai liéu
tham khao [1], ma rit giéng phién ban IMDCT tiéu chudn sir dung, vi du cira s hinh
sin. Céc hé sb cha céc cira s6 MDCT 6 tré thdp (kich thudc khung 480 va 512 mau)
duoc cho trong bang 4.A.15 va 4.A.16 trong tai liéu tham khdo [1]. Luu y la cac hé sb
khong thé duoc xac dinh bdi cong thirc, nhu cic hé s6 12 két qua ctia thut todn t61 wu

hoa. Fig.9 thé hién so dd v& hinh dang cira sb dbi véi kich thudce khung 512.
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Trong trudng hop cong cu SBR do tré thap (low delay SBR - LD-SBR) dugc st
dung két hop véi bd mi héa AAC-ELD, cac gian loc cia médun LD-SBR ciing dugc
rit gon. Piéu ndy dam bao ring médun SBR hoat dong véi cing d phan giai tin s6 va
do d6, khong yéu cau sy thich tng hon nao.

Do d6, sy md ta & trén bdc 10 réng ¢6 nhu cau dé rat gon cac hoat dong gidi ma
nhw, vi dy, rat gon phép giai ma tai AAC-ELD. S& 1a kha thi dé tim ra cac hé s6 cho
ham ctra sd téng hop rat gon 14n nita, nhung day la nhiém vu niing né, doi hoi luu trit
bd sung dé luwu trit phién ban dugc rat gon va két xuét sy kiém tra phu hop gitta phép
gidi ma khong rat gon va gidi ma rat gon phurce tap hon hodc, tir quan diém khac, khong
tudn theo cach rat gon dugc yéu cau trong, vi du, AAC-ELD. Phu thudc vao ti 1¢ rat
gon, tirc 1a ti 1€ gilta téc d6 14y mau gbe va tdc d6 1dy miu rat gon, cb thé suy ra ham
ctra s tdng hop rit gon mdt cach don gian béng cach 14y miu giam, tirc 1 chon ra moi
hé s6 cira sd th hai, th ba... clia ham cira s6 tdng hop gdc, nhung thii tuc nay khong
din dén sy phu hop ddy do ciia phép gidi ma khong rat gon va gidi ma rat gon, mot
cach twong tng. Viéc sir dung céc thi tuc thip phan phirc tap hon dugce ap dung cho
ham ctra s6 tong hop, din dén do léch khong chép nhan dugc tir hinh dang ham cira )
tdng hop gbc. Do d6, c6 nhu cAu trong tinh trang k¥ thuat dbi v6i khai niém gidi ma
rat gon dwoc cai thién.

Tai liéu tham khao

[1] ISO/IEC 14496-3:2009

[2] M13958, “Proposal for an Enhanced Low Delay Coding Mode”, 10/2006,
Hangzhou, Trung Quéc
Bin chét k§ thudt ciia sing ché

Muc dich ctia séng ché 14 cung cép so dd giai ma Am thanh ma cho phép giai ma
rit gon dugc cai thién.

Muc dich nay dat dugc bdi ddi twong clia cac diém yéu ciu bao ho doc lap.

Sang ché dua trén viéc tim ra réng phién ban dugc rat gon cta thu tuc giai mé
4m thanh c6 thé hiéu qua hon va/hoic dat dugc sy duy tri phit hop dwgc cdi thién néu
ctra sO tong hop dugce sir dung dé giai ma 4m thanh dugc 1t gon 14 phién ban dugc rit
gon cia clra sO téng hop tham chiéu chura trong thi tuc gidi ma Am thanh khong duoc

rt gon bang cach lay miu gidm boi thira s6 lay mau giam ma toc do 1ay mau dugc lay
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mAu gidm va tdc do 14y mAu gbc 1éch nhau, va duoc 1dy miu giam sir dung phép ndi
suy theo phan doan trong cac phan doan bang 1/4 @6 dai khung.
M0 ta vin tit cac hinh vé

Céc khia canh c6 loi cta sang ché 14 déi twong ctia cic diém yéu ciu bao hd phu
thudc. Cac phuwong 4n wu tién ciia sang ché duoc md ta dudi ddy dwa vio céc hinh v&
di kém, trong do: |

Fig.1 1a so dd gidn lvgc minh hoa cac yéu cau khoi phuc hoan hdo can dugc
tuan theo khi giai ma rut gon dé bao toan su khoi phuc hoan hdo.

Fig.2 thé hién so dd khdi ctia bo giai md 4m thanh dé gidi ma rit gon theo
phuong 4n ctia sang ché;

Fig.3 1a so dd gian lugc minh hoa, trong ntra phia trén, cach ma tin hiéu 4m
thanh d3 duoc ma hoéa tai tdc do 1éy mau géc thanh dong di liu va, trong ntra dudi
dwoc phan tach khoi nira trén boi dudng nét ¢t nim ngang, hoat dong giai ma rit gon
dé khéi phuc tin hiéu 4m thanh tir dong dit liéu tai tbc do 13y miu gidm hodc rit gon,
d& minh hoa ché do hoat d6ng ctia bg gidi ma am thanh cta Fig.2;

Fig.4 12 so d6 gian lwoc minh hoa su két hop ctia bd tao cira s6 va bo khir ring
cua mién thoi gian cua Fig.2;

Fig.5 minh hoa viéc thyc thi c6 kha ning dé dat duoc sy khoi phuc theo Fig.4
stt dung phép xir 1y ddc biét cia cac phan cé trong s6 bing khong cia cic phan thoi
gian dugc diéu bién phd thanh thoi gian;

Fig.6 1a so d6 gian lwgc minh hoa phép 14y mAu giam dé thu duogc ctra s6 téng
hop duoc 14y mAu gidm;

Fig.7 1a so dd khéi minh hoa hoat dong rut gon cua AAC-ELD gém cong cu
SBR d6 tré thap;

Fig.8 thé hién so dd khdi cua bd gidi md 4m thanh dé giai ma rat gon theo
phuong an trong do bd diéu bién, bo tao ctra s6 va bo khir dugc thuc hién trong phép
thuc thi nang; va

Fig.9 1a so dd vé cac hé sd cira s6 cla cira s6 do tré thip theo AAC-ELD cho
kich thuéc khung 512 mAu nhu vi du v& cira s tdng hop tham chiéu can duge iy mu

giam.

M0 ta chi tiét sang ché
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Phin mo ta sau ddy bét ddu vdi sy minh hoa cua phuong 4n dé giai ma rit gon
dbi véi bd mi hoa-giai ma AAC-ELD. Tirc 13, phin mo ta sau ddy bét dAu véi phuong
4n ma c6 thé tao ra ché do dugc rat gon cho AAC-ELD. Phin mé t nay dong thoi tao
thanh mét dang giai thich vé su thiic diy dudi cac phuong 4n cia sang ché nay. Sau
day, sy mo ta duoc khai quat, do d6 dan dén sy mo ta vé bd gidi ma am thanh va
phuong phép giai ma 4m thanh theo phuong 4n ciia sang ché.

Nhu duge mo ta trong phﬁn gidi thiéu vé dic diém k¥ thuat cua sang ché, AAC-
ELD st dung céc cira s6 MDCT db tr@ thap. Dé tao ra cac phién ban dugc rit gon clia
chiing, tirc 13 cac cira s6 do tré thdp dwoc rut gon, dé xudt duoc giai thich sau day dé
tao thanh ché do rat gon cho AAC-ELD st dung thuét toan ndi suy ham ndi truc theo
phan doan ma duy tri déc tinh khoi phuc hoan hao (perfect reconstruction - PR) cia
ctra s6 LD-MDCT véi d chinh x4c cao. Do d6, thuit toan cho phép tao ra cac hé $6
ctra s6 & dang truc tiép, nhu duge md ta trong ISO/IEC 14496-3:2009, ciing nhu dang
nang, nhu dwoc md ta trong tai liéu tham khéo [2], theo cach tuwong thich. Pidu ndy c6
nghia 1a ca hai cach thuc hién tao ra dau ra 16 bit phu hop.

Phép ndi suy cua cira s6 MDCT d6 tré thap dugc thuc hién nhu sau:

N6i chung, phép nodi suy ham ndi truc s& duge sir dung dé tao ra cac hé s cira
s6 duoc rat gon dé duy tri dap ung tan sb va hau hét dic tinh khéi phuc hoan hao
(quanh 170dB SNR). Phép ndi suy can co sy rang budc trong cic phan doan nhét dinh
dé duy tri dic tinh khoi phuc hoan hao. Dbi véi cac hé sb cira s6 ¢ bao ham nhan DCT

ctia phép bién ddi (xem Fig.1, ¢(1024)..c(2048)), yéu ciu rang budc sau day,
phép g y g y

t=|{sgn-elt) cl2¥ — 1= +ciN+0) ¥ —1-0)] voii=0.8/2—-1 (1)

trong d6 N 1a kich thudc khung. Mot sb cach thuc hién c6 thé sir dung cac ky

hidu khac dé t51 t81 wu hoa d6 phirc tap, & ddy, duoc ky hidu boi sgn. Yéu ciu trong (1)

c6 thé duoc minh hoa bai Fig.1. Nén nh¢ rang don gian 13 ngay ca trong truong hop

F=2, tirc 1a léy nta tdc d0 mau, dé lai moi hé s ctra s6 thtr hai cua cira sb tong hop
tham chibu dé thu duoc cira s téng hop duoc rat gon khong dép tmg yéu cau.

Céc hé sb c{0)...c{25 — 1) duogc liét k& doc theo dang hinh thoi. ¥/4 s khong

trong cac hé sb ctra s6, ma dap ung duoc cho sy giam d6 tré cua gian loc, dugc danh

dau st dung miii tén nét ddm. Fig.1 1a sy phu thudc ctia cac hé so do su tao nep chira
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trong MDCT va ca cic diém ma phép ndi suy cin rang budc dé tranh sy phu thudc
khong mong mudn bt ky.

- Moi /2 hé s, phép ndi suy can nging dé duy tri (1)

- Ngoai ra, thudt toan ndi suy can nging moi ¥/4 hé s6 do céc sb khong duoc

chén. Pidu ndy dam bao ring céc sé khong dwoc duy tri va 13i noi suy khong phd

bién ma duy tri PR.

Rang budc thir hai khéng chi yéu cau cho phén doan chira cc sb khong ma con
yéu cau cho cac phan doan khac. Biét ring mot s6 hé sb trong nhan DCT khéng dugc
xéc dinh boi thudt toan t6i wu héa ma dwoc x4c dinh boi cong thirc (1) dé cho phép PR,
mot vai diém gian doan trong dang ctra s c6 thé duoc giai thich, vi du quanh
c(1536+128) trén Fig.1. D& giam thiéu 18i PR, phép ndi suy can ngimg & cic diém nay,
ma xut hién trong ludi /4.

Vi 1y do nay, kich thudc phan doan ¥ /4 dugc chon cho phép ni suy ham ndi truc
theo phan doan dé tao ra cac hé sb cura sb duoc rut gon. Céc hé sb ctra sb nguén luén
duge cho béi cac hé sb duoc sir dung cho & = 512, cling cho céc hoat dong rut gon din
dén cac kich thuéc khung 13 ¥ = 240 hodc ¥ = 120. Thuit todn co ban dugc tém tt

mot cach rat ngin gon trong phan sau ddy nhu mid MATLAB:

FAC = Downscaling factor % e.g. 0.5
sb = 128; % segment size of source window
w_down = []; % downscaled window

o°

nSegments = length (W) / (sb);% number of segments; W=LD window

coefficients for N=512

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

for i=1l:nSegments,
w_down=[w_down,spline([O:(sb—l)],W((i—l)*sb+(l:(sb))),xn)];

end;

Vi ham ndi truc c6 thé khong hoan toan tat dinh, thuét toan hoan chinh duoc cu
thé hoa mot cach chinh x4c trong phan sau day, ma c6 thé duoc néu ra trong ISO/IEC
14496-3:2009, dé tao thanh ché d6 rut gon duogc cai thién trong AAC-ELD.

No6i cach khéc, phin sau day cung cip dé xudt v& cach dé y tuéng dugc néu &
trén 6 thé duoc 4p dung cho ER AAC ELD, tirc 14 vé cach dé bd giai ma do phic tap
thip c6 thé giai ma dong bit ER AAC ELD dugc mi héa & téc d6 dit ligu thir nhét tai

tdc d6 dit lidu thtr hai thip hon tdc d6 dir lidu thir nhét. Tuy nhién, nhén manh 1a viéc
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xéc dinh N nhu dwoc st dung trong phin sau ddy tuan tha tidu chuin. O day, N tuong
tmg v6i chidu dai cua nhan DCT trong khi & phan trudc, trong cac diém yéu cau bao
ho, va cac phwong an tdng quat duge mo ta sau ddy, N twong tmg véi do dai khung, cu
thé 13 do dai chdng l4p 13n nhau ciia cac nhan DCT, tic 14 nira @6 dai nhan DCT. Theo
do, trong khi N dugc biéu thi 1a 512 & trén day, vi dy, s& dugc biéu thi 14 1024 trong
phén sau day.
Céc doan sau day dugc d& xuat dé bao gdm 14496-3:2009 thong qua stra d6i.
A.0 Thich &g véi cac hé théng st dung cac tdc d6 1dy mau thip hon
Déi véi cac ing dung nhét dinh, ER AAC LD c6 thé thay d6i tdc dd mau phat

lai & tranh cac budc 14y mAu bd sung (xem 4.6.17.2.7). ER AAC ELD c6 thé 4p dung
cac budc rat gon tuong tu sir dung cura s6 MDCT db tré thép va c¢ong cu LD-SBR.
Trong truong hgp AAC-ELD hoat dong véi cong cu LD-SBR, thira sb rut gon duge
gidi han tdi cac bdi s6 ciia 2. Khong c¢6 LD-SBR, kich thudc khung rit gon cén 1a sb
nguyén.
A.1 Rit gon ctra s6 MDCT db tré thip

Ctra s6 LD-MDCT wrp d6i véi N=1024 duogc rat gon boi thira s F sit dung phép
n6i suy ham ndi tryc theo phan doan. Sé lugng cua cac sd khong dan trudce trong céc
hé sb ctra s6, tirc 13 N/8, x4c dinh kich thuéc phan doan. Cac hé s6 cira sd dugc rit gon
wip_a dugc st dung cho MDCT nghich déo nhu duge mo ta trong 4.6.20.2 nhung v6i
d6 dai ctra sb duoc rat gon Na= N/F. Luu y 13 thudt toan cling c6 thé tao ra céc hé sb

nang dugc rit 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 */

1

I

/* loop over segments */
for (b = 0; b < num_segments; b++) {
/* copy current segment to tmp */
copy (&W_LD[b * fs_segment_size], tmp, fs_segment_size);

/* apply cubic spline interpolation for downscaling */
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/* calculate interpolating phase */
phase = (fs_window size - ds_window size) / (2 *
ds_window_size);

/* calculate the coefficients ¢ 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};
n = fs _segment_size; /* for simplicity */

/* calculate vector r needed to calculate the coefficients c */
for (1 =n - 3; i >= 0; i--)

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

/* calculate coefficients c */
c[ln - 2] =r[n - 3] / 6;
cln - 3] = (r[n - 4] - ¢c[n - 2]) * 0.25;

for (1 =n - 4; 1 > 7; i--)
c[i] = (r[i - 1] - c[d1 + 1]) * 0.267949194;
for (1 = 7; 1 > 1; i--)
clil=(r[i-1]-c[i+1])*m[i-1];
cl1] = r[0] * m[0];
c[0] 2 * c[1l] - c[2];
c[n-1] =2 * ¢[n - 2] - c[n - 3];

/* keep original samples in temp buffer y because samples of
tmp will be replaced with interpolated samples */
copy (tmp, y, 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 - idx;
di = (c[idx + 1] - clidx]) / 3;
bi = (y[idx + 1] - y[idx]) - (clidx + 1] + 2 * c[idx]) / 3;
/* calculate downscaled values and store in tmp */
tmp[k] = ylidx] + diff * (bi + diff * (c[idx] + diff * di));

}

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

A.2 Su rit gon cua céng cu SBR d6 tré thip
Trong truong hop cong cu SBR do tré thip duogc st dung két hop véi ELD,
cdng cu nay co thé duoc rat gon téi tdc d6 mAu thap hon, it nhat 1a dé rat gon cac thira

sb6 13 boi sO cua 2. Thira so rit gon F di€u khién s6 lugng cac bang duge sir dung cho
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gian loc phan tich va tdng hop CLDFB. Hai doan sau ddy mo té gian loc phén tich va
tong hop CLDFB duoc rat gon, xem 4.6.19.4.
4.6.20.5.2.1 Gian loc CLDFB phan tich dugc rat gon

o Xac dinh sb lugng bang CLDFB rat gon B = 32/F.

Dich chuyén cédc miu trong mang x béi 8 vi tri. B mau cii nhit bj loai bé va B
mAu m&i duge luu trit trong cac vi tri tir 0 dén &-1.

Nhén cac miu cla mang x bai hé¢ s6 ctra sb ci dé co duge mang z. Cac hé s6 clra
sO ci thu duge bdi phép ndi suy tuyén tinh cta céc hé s ¢, tirc 13 qua phuong trinh:

ci{y =2 [c2F -1+ L+p) +c2F -1 +p)], 0=1<{108), p= int(=—05).

Cac hé sb cira sd cta ¢ c6 thé dwoc tim thdy trong Bang 4.A.90.

Tinh tdng cac miu d& tao ra mang phan tir 25 wu:
u{n) = zin} + zin + 2BY+ zin + 4B) + zin + 6B} + z{n + 85}, 0=n< (2B}

Tinh todn B miu bing con méi béi phép todn ma tran M, trong do:

Mikn)=2-exp ( -

‘;-m.{k-:-c‘s;ﬁ.iz:z—izs’—m\
j’)

Trong phuong trinh, €Xp{=) biéu thi ham mii phirc va ; 1a don vi 2o.
4.6.20.5.2.2 Gian loc CLDFB tong hop duoc rit gon

X4c dinh sb lrong bang CLDFB rit gon B = 64/F.

Dich chuyén cac mAu trong mang ¥ béi 28 vi tri. 28 mAu cii nhét bj loai bo.

5 mau bing con c6 gia tri phitc duge nhan véi ma trdn N, trong do:

LR

R ‘ j-:r-'ﬁk*‘}c)s}-i:-az—{s—i?]) 0=k<B8B
"\'{'z‘"”’!—g‘%p( 18 ! {Gf;ixz«.EB"

r

Trong phuong trinh, €Xp() bidu thi ham mil phirc vaJ 14 don vi 0. Phén thuc
ctia dau ra tir phép toan nay duoc luu trit trong cic vi tri 0 dén 25 — 1 cllia mang v.
Trich ra cic mau tir v dé tao ra mang phﬁn to 108 g.

9(2B n+k)=v(4B -n+k) {Osn < 4
g(2B-n+B+k)=v(4B -n+3B+k)’ 0=2k<B
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Nhén cic miu ctia mang g boi hé sb cira sb ¢ dé c6 duoe mang w. Cac hé sb
ctra s6 ci thu dugce boi phép ndi suy tuyén tinh cia cac hé sb ¢, tirc 13 qua phuong
trinh:
cili)=z[c2F-i+1+p)+c(2Fi+p)], 0=i<{10B)p= mt(%— 0.5).

Céc hé sb cira s6 ¢ c6 thé dugc tim théy trong Bang 4.A.90.

Tinh toan & miu dau ra méi béi phép tinh tong clia cic mau tr mang w theo
iy
outputin} = Z wi{Bi +n), 0=n<Bb

i=a

Luwu ¥ rang viée thiét 1ap F = 2 cung cép gian loc tong hop duge rit gon theo
4.6.19.4.3. Do 6, dé xtr Iy dong bit LD-SBR duoc rat gon véi thira s6 rat gon bd sung
F F ¢an dugc nhan véi 2.
4.6.20.5.2.3 gian loc CLDFB c¢ gia tri thyc dugc rut gon

Viéc rat gon CLDFB c6 thé ciing dugc 4p dung cho cac phién ban c6 gia tri
thuc cta ché do SBR cong sudt thép. Dé minh hoa, vui 10ng xem xét 4.6.19.5.

Péi v6i gian loc phén tich va tdng hop c6 gia tri thuc duge rt gon, theo ddi
phin mb ta trong 4.6.20.5.2.1 va 4.6.20.2.2 va trao db1 bo diéu bién exp() trong M bai
b6 didu bién cos().

A.3 Phan tich MDCT 9 tré thap

Phén phu nay mo ta gian loc MDCT d9 tré thdp dugc sir dung trong bd ma héa
AAC ELD. Thuat to4an MDCT 151 hiu nhu khéng thay déi, nhung véi cira sb dai hon,
sao cho n dwgc chay tir —N dén N-1 (thay vi tir 0 dén N-1)

HE s0 phd, Xix, dugc xac dinh nhu sau:

¥-1 ,
) i , D e 1 e vr
Ko = —2+ Z; n €OS 7{;:1 +ng) { & +;) e 0= kSN2
’ i kN L
n=—=% ‘
trong do:
Zin = chuoi dau vao duoc tao ctra sO

N = chis0 mau
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chi s6 hé s6 phd
chi s0 khéi
d0 dai ctra sO

= (-N/2+1)/2

58z~
I

Do dai cira sb N (dwa trén ctra s hinh sin) 1a 1024 hodc 960.

Do dai cira sb cua cira s do tré thép 1a 2*N. Viéc tao ctra s6 dugc mé rong vé
trude theo cach sau:

Ziy =Wp(N—=1=n)-x";,

d6i véi n=-N,...,N-1, v6i ctra s6 tdng hop w duoc sit dung nhu cira s6 phan tich béang
cach nghich dao thur tu.
A.4 Téng hop MDCT db tré thap

Gian loc tdng hop dwogc bién ddi so véi thuat todan IMDCT tiéu chuén sir dung
ctra sb hinh sin theo thir ty dé chép nhén gian loc do tr& thip. Thuat toan IMDCT 13i
hiu nhu khong thay ddi, nhung véi ctra s6 dai hon, sao cho n chay 1én dén 2N-1 (hon

13 16n dén N-1).

N
-1

2 3 _ 27, 1 o oy
Ton = —% ;‘Z_Bs;vec [i1[&] cos (A_’ {n+mng) (K + 5;]) e 0 =< 2N

trong do:

chi sé mau .

chi s0 cua sO

chi s0 h¢ sO phd

d0 dai cira s6/hai lan 6 dai khung
(-N/2+1)/2

B zZz~"—8B
Il

véi N =960 hodc 1024.

Viéc tao cira s6 va chéng lép-céng duoc tién hanh theo cach sau:

Cira s co d6 dai N dugce thay thé boi ctra sb 6 do dai 2N véi nhigu chong 14p
hon & trudc, va it chdng 14p hon v& sau (cac gi4 tri N/8 thyc té 12 khong).

Tao ctra sb cho cira s6 d6 tré thép:

Zi,n = wLD(n) : xi,n

Trong d6 cira s6 hién tai c6 d6 dai 1a 2N, do d6 n=0,...,2N-1.
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Chéng lap va cong:

out

i,n = Zi,n +2z N + Zi—2,n+N +z

i=Lnt+— i-3,n+N+=
2 2

v6i 0<=n<N/2

O day, cac doan dugc d8 xuét dé dugc néu trong 14496-3:2009 thong qua dau
stra d6i.

Puong nhién, phan mo ta & trén vé ché d6 rut gon c6 kha ning cho AAC-ELD
chi biéu dién mot phwong 4n ciia sang ché va mot s6 cai bién 1a kha thi. Né6i chung, cac
phuong an cua sang ché khong duoc gidi han dén bo giai ma 4m thanh thyc hién phién
ban dugce rat gon cua gidi md AAC-ELD. Néi cach khic, cic phuong an cua sang ché
c6 thé, vi du, dugc suy ra béng cach thuc hién bd giai ma am thanh co thé thuc hién
quy trinh bién dbi nghich dao chi theo cach duwgc rit gon ma khong mang hodc sir
dung cac nhiém vy khac cu thé cia AAC-ELD khac nhau nhu, vi du, truyén dua trén
hé sb ti 1& dudng bao phd, loc tao hinh nhidu am theo thoi gian (temporal noise
shaping - TNS), sao chép bing phd (spectral band replication - SBR) hodc twong tu.

Sau d6, phuong 4n tong quat hon cho b giai md 4m thanh dwgc mé ta. Vi du
duogc néu & trén cho bd giai ma am thanh AAC-ELD hd tro ché dd dugc rat gon dugc
mb ta & trén, do d6 c6 thé bidu dién sy thyc hién cia bd gidi md am thanh dugc mo ta
sau d6. Cu thé, bo giai mi dugc gidi thich sau do dugc thé hién trén Fig.2 trong khi
Fig.3 minh hoa cac budc thuc hién boi bo gidi ma cua Fig.2.

B giai mi 4m thanh cta Fig.2, ma thuong duoc biéu thi str dung ky hiéu tham
chiu 10, bao gdm bd nhan 12, bd doat 14, bd didu bién phd thanh thoi gian 16, bd tao
ctra s6 18 va bd khir ring cua mién thoi gian 20, tht ca duge ndi theo chudi v6i nhau
theo thir ty theo ddi ctia chung. Sy tuong tac va chirc ning cua cac khéi 12 dn 20 ctia
b6 giai ma Am thanh 10 dwoc mo ta trong phan sau day dya vao Fig.3. Nhu dugc mb ta
& d4u ctia phan mo ta séang ché, cac khéi tir 12 dén 20 c6 thé duoc thuc hién trong phin
mém, phin cing c6 thé 1ap trinh hodic phan ctng nhu & dang chuong trinh mdy tinh,
FPGA hoic may tinh duoc 18p trinh thich hop, cdc bo vi xu 1y duoc 13p trinh hodc
mach tich hgp Ung dung cu thé véi cac khéi 12 dén 20 biéu didn céc thi tuc con tuong
ung, cac duong dan mach hoic tuong tu.

Theo cach dugc néu chi tiét hon duéi ddy, by giai ma &m thanh 10 cua Fig.2

dugc tao cAu hinh d€, va cdc phan tir clia bd giai mad am thanh 10 duoc tao cau hinh dé
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két hop mot cach thich hop dé gidi m3 tin hiéu 4m thanh 22 tr dong dir liéu 24 véi luu
¥ 14 bd giai ma am thanh 10 giai mA tin higu 22 tai toc d6 14y mau 1a1/F tbc d6 14y mau
ma tai d6 tin hiéu 4m thanh 22 d& dugc m3 hoa bién ddi 24 tai phia ma hoéa. Vi duy, F
c6 thé 13 sd hitu ti 16n hon mot. Bo giai ma 4m thanh c6 thé duge tao két cu dé hoat
dong ¢ cac thira s6 rat gon khac nhau hoac bién thién F hodc & thira s ¢b dinh. Cac
cach khic duge md ta chi tiét hon dudi day.

Céch ma trong d6 tin hiéu 4m thanh 22 dwgc méi héa bién ddi ¢ tdc d6 ma héa
hoic téc d6 14y miu gdc thanh dong dit liéu dugc minh hoa trén Fig.3 & ntra phia trén.
Tai 26 clia Fig.3 minh hoa cac hé s6 phd sir dung cdc hop hodc hinh vudéng nho 28
duoc sip xép theo kiéu thoi gian phé doc theo truc thoi gian 30 ma lan luot chay theo
chiéu ngang trén Fig.3, va truc tan sb 32 ma chay theo chiéu doc trén Fig.3. Cac hé )
phd 28 dugc truyén trong dong dit liéu 24. Cach ma trong d6 cic hé sd phd 28 da thu
dugc, va do d6 cach ma thong qua d6 cac hé sé phd 28 bidu dién tin hiéu Am thanh 22,
duge minh hoa trén Fig.3 tai 34, ma minh hoa cho mét phén truc thoi gian 30 cach ma
cac hé sb phé 28 thudc v&, hodc biéu dién phén thoi gian twong tng, da thu duogc tir tin
hi€u am thanh.

Cu thé, cac hé sb 28 nhu duoc truyén trong dong dit liéu 24 1a cac hé sb cia
phép bién ddi duge chdng ciia tin hiéu 4m thanh 22 sao cho tin hiéu 4m thanh 22, duogc
liy miu & toc d6 1y mau g hodc tde d6 14y miu ma hoa, dugc phén chia thanh céc
khung lién tiép hoic khong chong 1ap thoi gian truc tiép c6 @6 dai duoc dinh trude N,
trong d6 cac hé sd phd N duogc truyén trong dong dir 1idu 24 cho tung khung 36. Tuc
13, cac hé sb bién dbi 28 thu duoc tir tin hiéu 4m thanh 22 st dung phép bién ddi chdng
dwoc ldy mau t6i han. Trong sy bidu didn anh phd theo thoi gian phd 26, timg cot cia
chudi theo thoi gian trong sb cac cot cua cac hé sé phd 28 phu hop v6i mot khung
twrong ung trong sd cac khung 36 cua chudi cic khung. N hé sé phd 28 thu duoc cho
khung twong tmg 36 béi phép bién ddi phan tich theo phd hodc phép didu bién thoi
gian thanh pho, tuy nhién cdc ham diéu bién ma kéo dai theo thoi gian khong chi bat
chéo khung 36 ma thudc vé cac hé sb phé thu duoc 28, ma con bit chéo E + 1 khung
ding trude, trong d6 E ¢ thé 13 sb nguyén bat ky hoic sé nguyén duoc danh sé chin
bat ky 16n hon khong. Tirc 14, cac hé sb phd 28 cta mot cot cua anh phd tai 26 ma
thudc vé khung 36 nhét dinh thu duoc bing cach 4p dung phép bién ddi 1én cira sb bién

@i, ma ngoai khung twong ting bao gdbm E + 1 khung nim trong trudc ddy tuong tmg
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v6i khung hién thoi. Phép khai trién phd cta cic mau cia tin hiéu 4m thanh trong ctra
s6 bién d6i 38 ndy, ma dugc minh hoa trén Fig.3 cho ¢t cac hé s6 bién dbi 28 thudce
vé khung giita 36 clia phé‘m duoc thé hién tai 34 dat dugc s dung ham ctra sb phén
tich don thirc d6 tré thip 40 ma cic miu phd trong ctra sb bién dbi 38 dwgc gan trong
s truée khi cling tiiy thude vaio MDCT hodc MDST hodc phép bién ddi khai trién phd
khac. D& giam db tré phia bd ma hoa, cira s phan tich 40 bao gdbm khoang bang khéng
42 tai dau din trudc theo thoi gian cia nd sao cho bd ma héa khong can doi phin
twong Ung cta cac miu méi nhit trong khung hién thoi 36 dé tinh toan cac hé sb phd
28 cho khung hién thoi 36 nay. Ttc 13, trong khoang bang khong 42 ham cira sb do tré
thap 40 12 khong hodc ¢ cac hé sb cira s6 bang khong sao cho cac miu am thanh cing
dugc dinh vi cua khung hién thoi 36, do trong s6 cira sb 40, khong dong gbp vao cac
hé sb bién dbi 28 dwoc truyén cho khung d6 va dong dir lidu 24. Tic 13, tom tat cic
van d¢ & trén, cac hé sb bién ddi 28 thudc vé khung hién thoi 36 thu duoc bﬁng cach
tao ctra b va khai trién phé clia cac mau cla tin hiéu 4m thanh trong clra sb bién i
38 ma bao gdm khung hién thoi ciing nhu cac khung dung trude theo thoi gian va
chdng 14p theo thdi gian voi cac cira s6 bién ddi twong mg dugc str dung dé x4c dinh
céc hé sb phd 28 thudc vé cac khung 14n can theo thoi gian.

Trudce khi bat ddu lai viéc mé ta bd giai ma 4m thanh 10, can dugc luu y rang sy
md ta cta viée truyén cac hé sb phd 28 trong dong dit liéu 24 nhu duoc cung cép dén
nay da duogc don gian héa voi cach ma trong do cac hé ) phé 28 dugc luong tir hoa
hodc dugc ma hoa thanh dong dit liéu 24 va/hodc cach ma trong d6 tin hiéu am thanh
22 da duogc xt 1y trude trude khi dua tin hiéu 4m thanh sang phép bién dbi chdng. Vi
du, bd md hoa 4m thanh c6 tin higu 4m thanh d& mi héa bién ddi tin hi¢u 4m thanh 22
thanh dong dit liéu 24 c6 thé duoc diéu khién théng qua md hinh tdm thinh hoc hodc
c6 thé str dung mé hinh tim thinh hoc d& gift nhidu 4m lwong tir héa va lugng tir héa
céc hé s6 phd 28 khong thé nhan biét cho ngudi nghe va/hodc dudi ham ngudng che,
do d6 x4c dinh céc thira s§ dinh ti 18 cho céc bing phd ma sir dung cic hé sb phd duge
lugng tir héa va dugce truyén 28 duogc dinh ti 1&. Céc thira sb dinh ti 18 ciing s& dugc
b4o hiéu trong dong dit liéu 24. Theo cach khac, bd ma hoéa am thanh c6 thé 13 loai
kich thich m3 hoa bién d6i (TCX - transform coded excitation) ctia bd ma hoa. Sau do,
tin hiéu 4m thanh s& phai trai qua phép loc phéan tich du bao tuyén tinh trudc khi tao

thanh su bidu din thoi gian phd 26 cia cac hé s6 phd 28 bang cach ap dung phép bién
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@bi chdng 1én tin hidu kich thich, ttrc 13 tin hiéu du dy bao tuyén tinh. Vi dy, cic hé sb
du bio tuyén tinh ciing c6 thé dugc bao hidu trong dong dit liéu 24, va phép lugng tix
hoéa ddng déu c6 thé duoc ap dung d& thu dugc cac hé sé phd 28.

Hon nita, phin mé ta dugc dua ra cho dén nay ciing da dugc don gidn héa d6i
v6i d dai khung cua khung 36 va/hodc dbi voi ham ctra s6 d0 tré thap 40. Trong thuc
té, tin hiéu am thanh 22 c¢6 thé dd duoc ma héa thanh dong dit liéu 24 theo céch st
dung kich thudc khung bién dbi va/hoic cac cira sb 40 khac nhau. Tuy nhién, phan md
td dugc dua ra trong phz“m sau day tap trung trén mot cira s6 40 va mot d6 dai khung,
di phin mo ta sau day c6 thé dé dang dugc mé rong téi trudng hop trong d6 b ma
hoa entropy thay dbi cic tham s nay trong sudt qué trinh ma hoa tin hiéu &m thanh
thanh dong dir lidu.

Quay lai b6 giai ma am thanh 10 cta Fig.2 va phin mo ta cia bo gidi md a&m
thanh 10, bd nh4n 12 nhin dong dit liéu 24 va do d6 nhén, cho ting khung 36, N hé $6
phé 28, tirc 1a cot trong ung ciia cac hé sb phd 28 dugc thé hién trén Fig.3. Can duge
nhic lai ring d6 dai theo thoi gian ciia cac khung 36, duge do trong cac méau cua tin
hiéu hoac tdc d6 léy mau géc hoac tdc do 1§y mau mé héa, 1a N, nhu dugc biéu thi trén
Fig.3 tai 34, nhung b giai ma am thanh 10 cta Fig.2 duoc tao chu hinh dé giai ma tin
hidu Am thanh 22 tai tdc d6 14y mAu giam. BO gidi m3 4m thanh 10 hd trg, vi dy, chi
chitc ning gidi ma rat gon dwge mod ta sau ddy. Theo cach khéac, bo giai md am thanh
10 s& ¢ kha nang khoi phuc tin hiéu 4m thanh tai toc d¢ 14y mau gbc hoic tdc dd 1ay
mAu ma hoa, nhung c6 thé duoc chuyén doi gitra ché d6 giai ma rat gon va ché do giai
ma khong rut gon vai ché do giai ma rit gon tring khép véi ché d6 cua bd giai ma am
thanh 10 cuia phép van hanh nhu dugc gidi thich sau day. Vi dy, b ma héa dm thanh
10 c6 thé dugc chuyén ddi thanh ché d6 giai ma rit gon trong trudng hop mirc ac quy
yéu, kha ning moi trudng tai tao gidm hodc tuong ty. Bét ctr khi ndo trudng hop thay
dbi bo giai ma 4m thanh 10 c6 thé, vi du, chuyén d6i tré lai tir ché d¢ giai ma rat gon
sang ché do giai ma khong rut gon. Trong bat ky truong hop nao, theo quy trinh giai
m3 rat gon cia bd gidi ma 10 nhw dugc mo ta sau ddy, tin hiéu 4m thanh 22 dwge khoi
phuc tai tc do 14y miu ma tai d6 khung 36 co, & tbc d6 ldy mau giam, do dai ngin
hon dugc do trong cic mau clia tbc dod léy mau gidm nay, cu thé 12 46 dai cua N/F maiu

tai toc d6 lay mau gidm.
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Piu ra ctia bd nhan 12 13 chudi cia N hé s6 phd, cu thé 1a mot tap hop cia N hé
) phé, turc 1a mot cot trén Fig.3, trén mdi khung 36. Pa dugc néu ra tur phén md ta vén
tét & trén cia quy trinh ma héa bién ddi dé tao thanh dong dit lidu 24 ma bd nhén 12 cb
thé 4p dung céc nhiém vi khac nhau trong viéc thu dugc N hé s6 phd trén mdi khung
36. Vi du, bd nhan 12 c6 thé sir dung phép gidi ma entropy dé doc cac hé sb phé 28 tur
dong dit li€u 24. B nhan 12 cling c6 thé tao hinh theo phé cac hé sb phé dugc doc tir
dong dit li¢u véi cac thira s6 dinh ti 18 dugc cung cép trong dong dit li€u va/hodc cac
thira s§ dinh ti 1& duoc suy ra boi cac hé s6 dy bao tuyén tinh dwgc truyén trong dong
dit liéu 24. Vi du, bd nhan 12 c6 thé thu dugc céc thira sb dinh ti 1¢ tir dong dit liéu 24,
cu thé 1 trén co sé mdi khung va mdi khung con, va sir dung céc thira sb dinh ti 1¢ nay
@& dinh ti 18 cac thira s§ dinh ti 18 dugc truyén trong dong dit lidu 24. Ngoai ra, bo
nhan 12 c6 thé suy ra céc thira sd dinh ti 18 tir cac hé s6 du bao tuyén tinh dugc truyén
trong dong dit lidu 24, cho ting khung 36, va sir dung céc thira sé dinh ti 18 nay dé
dinh ti 16 c4c hé s§ phd duge truyén 28. Mot cch tiy chon, bd nhan 12 c6 thé thuc
hién viéc dién dy khoang trdng d& dién ddy theo cach téng hop cic phan dwoc lugng
tir hoa bang khong trong cac tdp hop cua N hé s phd 18 trén mdi khung. Ngoai ra
hoic theo cach khéc, bd nhén 12 ¢6 thé ap dung bd loc tdng hop TNS 1én hé sé bd loc
TNS duge truyén trén mdi khung d& hd tro viée khdi phuc céc hé s6 phd 28 tir dong dit
lidu v&i cac hé sb TNS ciing duoc truyén trong dong dit liéu 24. Chi cac nhiém vu c6
kha nang duwoc néu ctia by nhan 12 sé€ duoc hiéu nhu danh sach khong loai trir clia cac
s6 do c6 kha ning va bd nhan 12 ¢ thé thyuc hién nhiém vu nita va nhiém vu khac c6
lién quan dén viéc doc cac hé sb phd 28 tir dong dit liéu 24.

Do d6 b6 doat 14 nhan tir by nhan 12 dnh phd 26 ciia céc hé s6 phd 28 va doat,
cho tirng khung 36, doan tan s6 thép 44 ctia N hé sb phé cua khung 36 twong Ung, cu
thé 12 N/F hé s6 phd tan s thip nhat.

Toc 13, bd diéu bién phé sang thoi gian 16 nhan tu by doat 14 dong hodc chudi
46 cta N/F hé sé phd 28 trén mdi khung 36, twong ung véi 14t tan s6 thdp ngoai anh
phé 26, dugc ghi theo phé vao céac hé sb phé tan sb thép nhét duge minh hoa st dung
chi 6 "0" trén Fig.3 va m& rong cho dén cac hé sb phd cia chi s6 N/F — 1.

B diéu bién phd sang thoi gian 16 dwa, ddi véi mdi khung 36, doan tin sb thip
44 twong Ung cla cac hé sb phd 28 t6i phép bién dbi nghich dao 48 c6 cac ham didu

bién c6 do dai (E+2)-N/F kéo dai theo thoi gian trén khung twong Gmg va E+1 khung
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ding trudc nhu dugce dinh hoa tai 50 trén Fig.3, bé"mg cach d6 thu duoc phﬁn theo thoi
gian c6 do dai (E+2)-N/F, tuc la phan doan thoi gian chua dugce tao cua s6 52. Tac 13,
bo diéu bién phd sang thoi gian c6 thé thu duoc phan doan thoi gian theo thdi gian 13
(E+2)-N/F mau cia tdc d6 ldy mau giam boi ham diéu bién 14y trong sé va tdng véi
cing d6 dai sir dung, vi dy, cong thirc thir nhét ciia doan thay thé dugc dé xuit A.4
duoc bidu thi & trén. N/F mAu méi nhit ciia phan doan thoi gian 52 thude vé khung
hién thoi 36. Cac ham diéu bién c6 thé, nhu duge biéu thi, vi dy, 1a cac ham cosin
trong trudng hop phép bién dbi nghich ddo 14 MDCT nghich ddo, hodc cdc ham sin
trong trudng hop phép bién ddi nghich d4o 1a MDCT nghich dao.

Do d6, bd tao ctra sd 52 nhan, di vdi timg khung, phan theo thoi gian 52, N/F
mAu tai ddu dan trude cta nd twong ung theo thoi gian véi khung twong ng trong khi
cac mau khac cia phin theo thoi gian 52 twong Gng thudc vé cac khung ding trudce
theo thoi gian twong Ung. B tao ctra sd 18 tao clra s, cho timg khung 36, phan theo
thoi gian 52 sir dung ctra s6 tong hop don thire 54 ¢6 do dai (E+2)-N/F bao gdm phin
bing khong 56 c6 do dai 1/4-N/F tai ddu dAn trude cua nd, tirc 1a 1/F-N/F hé sb cira s
c6 gi4 tri bang khéng, va c6 dinh 58 trong khoang theo thoi gian ké tiép, theo thdi
gian, phin bang khong 56, tic 1a khodng theo thoi gian cua phén theo thoi gian 52
khong dugc bao ham béi phin bing khong 52. Khoang theo thoi gian sau d6 c6 thé
duge goi 13 phin khac khong cla cira sd 58 va c6 d6 dai 7/4-N/F dugc do trong cac
miu c6 the d 14y mAu giam, tirc 1a 7/4-N/F hé sb cira s8. Bo tao clra s 18 1dy trong
s, vi dy, phan theo thoi gian 53, st dung cura s& 58. Phép l4y trong s6 hodc phép nhan
58 nay cta ting phan theo thoi gian véi clra sd 54 din dén phin theo thoi gian dugc
tao ctra s6 60, mdt phin cho timg khung 36 va tring khép véi phén theo thoi gian
turong ng 52 theo nhu dd phu theo thoi gian dugc quan tdm. Trong doan A.4 duge a8
xudt & trén, viéc xir 1y phép tao cua s6 ma c6 thé duge st dung bé1i ctra s 18 duwoc mo
td boi cong thitc lién quan zi, vOi Xin, trong do Xin twong tng voi cac phan theo thoi
gian 52 dugc néu trén chua dugc tao clra s6 va zi, tuong Ung véi cac phan theo thdi
gian dugc tao cira s6 60 véi i biéu thi chudi khung/ctra s va n biéu thi, trong ting
phin theo thoi gian 52/60, cac mau hodc gié tri cia cic phin twong tmg 52/60 theo tbc
d6 14y mau giam.

Do d6, bd khtr ring cua mién thdi gian 20 nhan tir bd tao cla s6 18 chudi cac

phan theo thoi gian duge tao cira s6 60, cu thé 12 mot chudi trén mdi khung 36. B khir
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20 dwa cic phan theo thoi gian duoc tao cira sb 60 clia cac khung 36 téi quy trinh
chdng l4p-cong 62 bing cach ghi timg phén theo thoi gian duge tao cira s6 60 véi cac
gia tri N/F dan trudc ctia nd dé tring khép véi khung 36 twong tng. Bing phép do
nay, doan & dau ké tiép c6 do dai (E + 1)/(E + 2) clia phan theo thoi gian dwgc tao cira
s& 60 cua khung hién thoi, tee 14 phin con lai ¢6 d6 dai (E + 1)- N/F, chong lap véi
phin diu biang dai bang twong Gmg cla phan theo thoi gian ctia khung lién trude.
Trong cong thire, by khir rang cua mién thoi gian 20 c¢6 thé hoat dong nhu duoc thé
hién trong cong thirc cudi ciing ctia phién ban dwoc d& xuét & trén ctia doan A.4, trong
d6 outi, twong (g véi cac miu Am thanh ciia tin hiéu 4m thanh dwgc khoi phuc 22 tai
tbc d6 1y mau giam.

Quy trinh tao ctra s6 58 va ch6ng lép-cc}ng 62 nhu dugc thuc hién bdi bd tao
ctra s6 18 va bd khir ring cwa mién thoi gian 20 dwoc minh hoa chi tiét hon duéi day
dva vao Fig.4. Fig.4 st dung ca thuat nglt duoc ap dung trong doan A.4 dugc dé xuét
& trén va cac ky hiéu tham chiéu dugc ap dung trén Fig.3 va Fig.4. Xo,0 to Xo,E+2)NF-1
biéu difn phan theo phan thoi gian thi khong 52 thu dugc boi by diéu bién thoi gian
sang phd 16 cho khung thir khdng 36. Chi s thir nhét ctia x biéu thi cac khung 36 doc
theo thi tu theo thoi gian, va chi sé th hai ctia x chi din cac miu cta khung doc theo
th tu theo thoi gian, budce lién mau thudc vé téc d6 mau giam. Sau do6, trén Fig.4, wo
dén wg+2)n/E-1 biéu thi cac hé sb cira sd cna cira sd 54. Twong tu chi sé thi hai cia x,
tirc 12 phin theo thoi gian 52 nhu dugc xuit ra béi b didu bién 16, chi sb caa w 13 sao
cho chi b 0 twong tng v6i gia tri mau cii nhat va chi sé (E+2)-N/F—1 tuong tmg véi
gi4 tri mAu méi nhét khi ctra sé 54 dwoc 4p dung cho phén theo thodi gian 52 twong
tng. B tao ctra s6 18 tao cira sd phan theo thoi gian 52 sir dung cira s6 54 dé thu duoc
phan theo thdi gian dwoc tao cira s6 60 sao cho zop to ZoE+2)NF-1, MA biéu thi phan
theo thoi gian dugc tao ctra s6 60 cho khung thtr 0, thu dugc theo zo,0 = X0, * Wo, ...,
Z0,(B+2) N/F-1 = X0,E+2)N/F-1 *© WE+2)}NF-1. Cac chi s6 cua z ¢ cung nghia nhu ddi véi x.
Theo cach nay, bd didu bién 16 va bo tao clra s6 18 c6 tac dung cho ting khung dugc
chi béo béi chi s§ thir nhat 13 x va z. BO khir 20 tinh tbng E + 2 phén theo thdi gian
duge tao cira s6 60 cta E + 2 khung lién nhau véi d6 1éch cadc mau cla céc phén theo
thdi gian duoc tao cira s 60 twong tng v6i nhau boi mot khung, tic 13 bdi sb lwgng
cac mau trén mdi khung 36, cu thé 12 N/F, dé thu duoc cic mau u cia mot khung hién

thoi, & ddy 13 w(e)o ... W@rne. Ngodi ra, & day, chi sb thir nhét ca u biéu thi s6
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lwong khung va chi s§ thi hai chi ddn cic mAu ctia khung nay doc theo thir tu theo thoi
gian. B khir ghép cac khung dwgc khéi phuc thu dwgc sao cho cac mau cua tin hidu
am thanh dwoc khéi phuc 22 trong céc khung lién tiép 36 theo sau nhau theo u.g+1y0 - ..
W.(B+1)N/E-1, WEQ, ... WEN/E-1, U-(E-1),0, -.. - BO khir 22 tinh toén tung mau cia tin hiéu 4m
thanh 22 trong khung tht —(E+1) theo u.+1),0 = Z0,0 + Z-1,NF T ... Z-E+1),EH)NEF, -.., U-
(BH)NE-1 = ZONF-1 T Z-12NF-1 t ...+ Z.(E+1),E+2)N/E-1, tiC 1A tinh téng (et2) sb hang trén
cac mau u cuia khung hién thoi.

Fig.5 minh hoa sy khai thac cé kha ndng cua thuc té 13, trong $6 cac miu duge
tao ctra sd dong goép vao cic miu am thanh u cta khung —(E + 1), mot khung tuong
ung voi, hodc da duogc tao cua s6 str dung, phén béng khéng 56 cta cua sb 54, cu thé
18 Z-E+1).(B+7/4) NFF ... Z-E+1)E+2)NE-1 duge dinh gia tri 14 khong. Do d9, thay vi thu dugc
tht ca N/F mau trong khung thtt -(E+1) 36 clia tin hiéu &m thanh u sit dung E+2 5O
hang, by khir 20 co thé tinh toan dau mot phén tu din trudc cta nd, cu thé 1a u
(E+1),(E+7/4)-N/F ... U-(E+1)(E+2)}N/F-1 chi st dung E+1 s6 hang theo U.(e+1),E+7/4)NF = Z0,3/4-N/F
+ Z-1,7/4'N/F + ... + Z-E,(E+3/4)-N/F, e
U-(B+1),(B+2) NF-1 = ZON/F-1 T Z-12NfF-1 + ... + ZE@E+)NF-1. Theo cdch nay, bd tao cira $b
tham chi c¢6 thé bo s6t, mot cach hidu qua, viéc thyc hién cua phép gan trong sb 58 d6i
v6i phén bang khong 56. Do d6, cAc MAU U.(E+1),E+74) NJF ... U(E+D),E+2)N/F-1 cla khung
thir —(E+1) hién thoi , thu dugc sit dung chi E+1 s6 hang, trong khi U.g+1),E+1)NF ... U-
E+1),E+7/4)NE-1 $€ thu dugc st dung E+2 sb hang.

Do d6, theo cach dugc néu & trén, bd giadi ma am thanh 10 cta Fig.2 tai tao, theo
cach duogc rat gon, tin hiéu 4m thanh dugc ma hoa thanh dong dir liéu 24. Pé dat duoc
muc dich nay, bd giai ma am thanh 10 str dyng ham ctra s6 54 ma ban than né 1a phién
ban duoc 14y mau giam cia cira sd tong hop tham chiéu c6 do dai (E+2)-N. Nhu duge
giai thich déi véi Fig.6, phién ban dwoc 14y miu giam nay, tic 1a cira s 54, thu dugce
bang cach ldy miu giam ctra s6 tong hop tham chiéu boi thira s§ F, tirc 1a thira s6 14y
mAu giam, stt dung phép ndi suy theo phan doan, cu thé 1 trong cc phan doan c6 do
dai 1/4-N khi dugc do trong ché do chua duogc rit gon, trong cdc phan doan c6 d6 dai
1/4-N/F trong ché d6 dugc 14y mau giam, trong céc phan doan cua cic phan tu cia do
dai khung cua khung 36, dugc do theo thoi gian va dugc biéu dién doc lap véi toc do
14y mAu. Trong 4-(E+2) phép ndi suy, do d6, dugc thyuc hién, do d6 mang lai 4-(E+2)

14n 1/4-N/F phan doan dai ma, duoc ghép, biéu dién phién ban dugc 14y mu giam cia
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ctra s tdng hop tham chiéu c6 d6 dai (E+2)N. Xem Fig.6 d& minh hoa. Fig.6 thé hién
ctra sO tong hop 54 ma 1a don thirc va duoc sir dung boi bd giai md am thanh 10 phu
hop véi thu tuc gidi ma 4m thanh dugc 14y mau giam dudi cira s6 tong hop tham chiéu
70 ma cira sd nay c6 do dai (E+2)-N. Tic 13, bang thi tuc 14y miu giam 72 din tir ctra
s6 tong hop tham chiéu 70 dén cira sb tong hop 54 dugc sir dung thuc sy boi bo giai
ma am thanh 10 cho viéc gidi ma duoc léy mau giam, s6 lugng céc hé sd cira sb duge
giam bai thira s§ F. Trén Fig.6, thuit ngit ciia Fig.5 va Fig.6 da duogc giit nguyén, tirc
1a w dugc st dung dé biéu thi ctra sb phién ban duogc léy mau gidm 54, trong khi w’ @3
duogce st dung dé biéu thi cac hé sb cira s6 cia cira s6 téng hop tham chiéu 70.

Nhu vira dugc dé cdp, dé thuc hién phép ldy mau giam 72, cla s6 tong hop
tham chiéu 70 duogc xi ly trong cac phan doan 74 c6 cung d¢ dai. Vé s lugng, co
(E+2)-4 phan doan 74 nay. Puoc do trong toc d6 14y miu gbc, tirc 14 sb lugng cac hé
s cira s& cua cira sb téng hop tham chibu 70, timg phén doan 74 1 1/4-N hé s6 cira s6
w’ dai, va duge do trong tde d6 14y mau giam va téc d6 14y méu dugc ldy miu gidm,
timg phan doan 74 14 1/4-N/F hé sb cira s6 w dai.

Puong nhién 13, c6 thé thuc hién phép 1dy miu giam 72 cho timg hé s6 cira sd
duoc 14y miu giam wi tring khép nglu nhién véi bat ky hé sb cira s6 w| nao cua cua
sb tong hop tham chiéu 70 bang cach thiét 14p don gidn wi = w; v6i thoi gian mau cta
w; trung véi thoi gian mau clia wy, va/hodc boi phép ndi suy tuyén tinh cac hé s6 cura
s6 wi bét ky hién c6, theo thoi gian, gitra hai hé s cira sd w| Vva wi., bl phép ndi suy
tuyén tinh, nhung thi tuc nay s& din dén phép gan dang kém cua ctia sb tong hop tham
chiéu 70, tirc 13 cira sb tdng hop 54 dwoc sir dung bodi bd giai ma am thanh 10 dé phép
giai md duoc 14y miu giam s& biéu dién phép gan dung kém clia ctra s6 tong hop tham
chiéu 70, do d6 khong théa man yéu cdu dam bao sy kiém tra phit hop cia phép giai
ma dugc rat gon twong ung voi phép giai mad khdng dugc rat gon cua tin hiéu 4m
thanh tir dong dit lidu 24. Do d6, phép 1y mau giam 72 gdm thii tuc ndi suy ma theo
d6 phan 16n hé sb wi cta cira s& dwoc 14y miu giam 54, cu thé 14 cac hé sb duge dinh
vi 1éch khoi bién cua cac phan doan 74, phu thude vao cach cua thu tyc léy mau giam
72 trén nhiéu hon hai hé s ctra s w’ cia ctra s6 tham chiéu 70. Cu thé, trong khi phén
16n hé s6 ctra sb wi cua ctra sb duoc léy mau giam 54 phu thudc vao nhiéu hon hai hé

sO clra sO w; cua ctra s6 tham chiéu 70 dé lam ting chat lugng cua két qua ndi suy/lay
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mAu gidm, tirc 13 chét lugng gﬁn ding, cho moi hé s6 clra sb wi cla phién ban dugc léy
mau giam 54 no giit dang ring hé sb cira s6 wi khong phu thude vao cac hé sb cira s6
w thudc vé cac phan doan 74 khac nhau. Hon nita, thu tuc 14y méu giam 72 13 thi tuc
ndi suy theo phén doan.

Vi dy, cira s6 tdng hop 54 c6 thé 12 sy nbi chudi ctia cdc ham nbi truc c6 do dai
1/4-N/F. Céc ham ndi truc bac ba c6 thé dwoc st dung. Vi du nay da duge néu & trén
trong doan A.l trong d6 vong lip for-next ngoai dugc lip theo chudi qua cic phan
doan 74 trong d6, trong timg phan doan 74, phép 1dy miu gidm hoic phép ndi suy 72
gé‘im ) hop toan hoc cta cac hé s6 ctra sb lién tiép w’ trong phan doan 74 hién thoi tai,
vi du, hé s thir nhit cho ménh dé tiép theo trong doan “tinh toan vecto r can dé tinh
céc hé sb ¢”. Tuy nhién, phép ndi suy duoc ap dung trong céc phan doan co thé ciing
dugc chon theo cach khac nhau. Tuc 1a, phép ndi suy khong bi gidi han & cac ham nbi
truc hodc cdc ham ndi truc bac ba. Hon nita, phép ndi suy tuyén tinh hodc phuong
phap noi suy khac bit ky ciing c¢6 thé dugc sir dung. Trong truong hop bat ky, viéc
thyc hién theo phan doan cta phép ndi suy s& dan dén viéc tinh toan cic miu cta cira
s6 téng hop duoc rat gon, tirc 1a cdc mAu ngodi cing ciia cic phan doan cua cira sO
téng hop duoc rut gon, 1an cin phan doan khac, dé khong phu thude vao cac hé sd ctra
sb cua cira sb téng hop tham chiéu hién c6 trong cac phan doan khac nhau.

C6 thé 1a bd tao ctra s6 18 thu dwoc cira sé tong hop duoc 14y mau giam 54 tir
viéc luu trit trong d6 cac hé sb cira sb wi clia ctra s6 tdng hop duge 14y miu giam 54
ndy d3 dwoc luu trir sau khi d4 thu duoc sir dung phép ldy mau gidm 72. Ngodi ra, nhu
duoc minh hoa trén Fig.2, bd giai m3 4m thanh 10 ¢ thé bao gdm bd 14y mau giam
theo phan doan 76 thuc hién phép lay mau giam 72 cua Fig.6 trén co s& cla s6 tong
hop tham chiéu 70.

Cén duoc luu ¥ réng bd giai ma 4m thanh 10 cia Fig.2 c6 thé dugc tao cdu hinh
d& mang chi mot thira s6 1dy mau giam cd dinh F hoic c6 thé mang cac gia tri khac.
Trong truong hop do, bd gidi ma dm thanh 10 cé thé twong Gmg vé6i gia tri diu vao cho
F nhu dugc minh hoa trén Fig.2 tai 78. B doat 14, vi du, c6 thé twong ung véi gia tri
F nay dé doat dugc, nhu duoc dé cap O trén, N/F gia tri phé trén moi phé cua khung.
Theo c4ch twong tw, bd 14y miu giam theo phan doan tity chon 76 ciing c6 thé twong
tmg véi gia tri F ndy hoat dong nhu dugc biéu thi & trén. B didu bién S/T 16 6 thé

tuong Umg véi F dé, vi du, suy ra theo cach tinh toan cac phién ban duoc rit gon/dugc
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14y mu giam cua cac ham didu bién, phién ban dugc rit gon/duwgc ldy miu gidm
twong ing véi cac phién ban duoc sir dung trong ché do hoat dong khong dwgc rit gon
trong d6 phép khoi phuc din dén tbc 46 mau am thanh ddy da.

Puong nhién, bd diéu bién 16 ciing s& dap Gmg véi ddu vao F 78, nhu bd didu
bién 16 s8 st dung cac phién ban dwoc 14y miu giam thich hop ctia cac ham diéu bién
va chung giit dung cho bd tao cira sb 18 va bd kir 20 ddi vé6i su thich ung ciia d6 dai
thyc té ctia cac khung trong tdc d6 14y miu giam hoic tbc @6 1y mau duoc ldy miu
giam.

Viduy, F ¢co thé ndm trong khoang 1,5 va 10, bao g(‘Sm cal,5valo.

Cén duoc luu ¥ rang bo giai ma cua Fig.2 va Fig.3 hodc phép diéu bién bt ky
cia ching dugc néu & day, c6 thé duge thyc thi dé thuc hién phép chuyén tiép phd
thanh thoi gian st dung phép thwe thi ndng cia MDCT d¢ trd thdp nhu nhu dugc din
dat trong, vi du, EP 2 378 516 B1.

Fig.8 minh hoa viéc thyc thi cia b giai ma st dung khai niém ning. B diéu
bién S/T 16 thyc hién theo vi du DCT-IV nghich ddo va duoc thé hién nhu ¢ sau day
bdi cac khdi biéu dién su ghép chudi ctia bd tao cilra s6 18 va bo khir ring cua mién
thoi gian 20. Trong vi du cta Fig.8, E 1a 2, tirc 1a E=2.

B didu bién 16 bao gdm bd chuyén d6i tin sé/thoi gian bién ddi cosin roi rac
loai-iv nghich dao. Thay vi xuét ra cac chudi (E+2)N/F phén theo thoi gian dai 52 thi
chi xuét ra cac phin theo thoi gian 52 c6 d6 dai 2-N/F, tit ca dugc suy ra tir chudi N/F
phd dai 46, cac phin dugc rit ngan 52 niy tuong img v6i nhan DCT, tirc 14 2-N/F miu
méi nhét ctia cac phan dwgc mb ta trudc.

B0 tao ctra s6 18 c6 tac dung nhu dugc mo ta trude va tao ra phan theo thoi gian
duoc tao cira sb 60 cho timg phan theo thoi gian 52, nhung né chi hoat dong trén nhan
DCT. Pé dat dwgc muc dich ndy, bd tao cira s6 18 str dung ham cira s6 i v6i
i=0...2N/F-1, c6 kich thuéc nhan. Mbi quan hé gitta w; véi i=0...(E+2)-N/F-1 dugce
mo ta sau day, chi nhu la mdi quan hé giita cac hé s6 nang dugc dé cap sau day va wi
v61i=0 ...(E+2)-N/F-1.

Viéc st dung thuét ngit duge ap dung & trén, quy trinh dugc mod ta cho dén nay
mang lai:

Zkn = On* Xkn voin=0,...,2M-1 ,
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vé6i viée x4c dinh lai M = N/F, sao cho M tuong ing véi kich thude khung duge
biéu dién trong mién duoc rit gon va sir dung thuét ngit ciia cac hinh v& tir Fig.2 dén
Fig.6, tuy nhién, zin va Xk s& chi chita cic miu clia phan theo thdi gian duoc tao cira

s0 va phan theo thdi gian chua duge tao cira sb trong nhan DCT c6 kich thude 2-M va ,

>~

tuong g theo thdi gian véi cidc miu E-N/F...(E+2)-N/F-1 trén Fig.4. Tirc 13, n 13 s6

>~

nguyén biéu thi chi s6 miu va w, 12 hé s6 ham cira s6 gia tri thyc twong tng véi chi sd
mAu n.

Quy trinh chdng lap/cong ctia bd khir 20 hoat dong theo cach khac so véi mé ta
& trén. Quy trinh nay tao ra cic phdn theo thoi gian trung gian mk(0),...mx(M-1) dua
trén phuong trinh hodc biéu thirc

Mkn = Zkn T Zk-1,n+M voin=0,....M-1

Trong viéc thyc thi cta Fig.8, thiét bi con bao gém bd nang 80 ma cb thé duogc
nodi suy nhuy mot phan cia bd didu bién 16 va bo tao cira sb 18 vi bd ning 80 bu cho
viée 14 bd diéu bién va b tao cira sd gidi han viée xit Iy ciia chiing t&i nhan DCT thay
vi xir Iy sy mé réng cta cac ham didu bién va cira s6 téng hop vuot ciué nhan vé phia
trede ma sy mé réng dwoce dua vao dé b cho phén bang khéng 56. Bing cach str dung
khung 1am viéc ctia cic bd 1am tré va cac bd nhan 82 va cac bd cong 84, bd nang 80
tao ra cac phan theo thoi gian duoc khoi phuc cudi cing cia cac khung c6 d dai M
trong céc cip cta cac khung lién nhau dya trén phuong trinh hodc biéu thic

Uk,n =Mk + ln-M/2* Mic-1,M-1-n véin=M/2,...M-1,
va
Uk,n=Mk,n + IM-1-n* OULk-1,M-1-n voi n=0,...,M/2-1 ,
trong d6 1o v&in = 0...M-1 1a hé s c6 gia tri thuc twong tng véi ctra sb tong
hop dugc rit gon theo cach dugc mé ta chi tiét hon dudi day.

N6i cach khac, @i voi sy chong 14p duoc mé trong ctia E khung vao trong cic
khung truoc, chi M phép toan nhan-cong bd sung dugc yéu ciu, nhu c6 thé duge thiy
trong khung 1am viéc cua cac bd loc 80. Cac phép toan nay doéi khi cling dwgc tham
chiéu dén nhu "cac ma tran do tr& bang khong". i khi, cac phép toan ndy ciing dugc
biét dén nhu “cac budc nang". Viéc thyc thi hiéu quéa duogc thé hién trén Fig.8 co thé
dudi mét sd trudng hop hidu qua hon nhu viée thyc thi don gian. Pé 15 rang hon, phu

thudc vao viée thyc thi cu thé, viéc thuc thi hiéu qua hon nay c6 thé din dén tiét kim
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M phép toan, nhur trudng hop thuc thi don gian cho M phép toan, c6 thé nén thuc hién,
nhu viée thuc thi duoc thé hién trén Fig.9, yéu cau theo nguyén tic, 2M phép toan
trong khung lam viéc cua mddun 820 va M phép toan trong khung lam viéc cta b loc
830.

Déi véi sy phu thude ctia on véi n=0...2M-1 va I, v6in = 0...M-1 véo cira sd
téng hop wivéii=0...(E+2)M-1 (duoc nhic lai 1a & ddy E=2), cong thirc sau diy mo
ta mbi quan hé gifta chung vé6i viée chuyén vi cac chi sb ky hiéu dugc sit dung cho dén

nay vao trong ngoac don sau bién so turong Ung:

M ,
wi{i) = l(f— i —nj-l(M -1 —nj- wM+n)

M M 3 31 3
vy‘{,i-!_l):llll)] 'I(E’*‘ Il)-w{»%%—n)
) MM \ ‘
wiM+iy= 1 (— -1- n) s M+ n
‘BM Ao rc M
W (—-27—+1J— - .Uz}vw(T-}-n)

wiz2M+D=-wM+ni -1lM-1-n} wh)
F(SM N 3M )1 M. (M \
W +1.)-—w{\—2—+11! - (—+n)- ol +n

% 2 2 ’
wiEM + D =-win)
(711:{ N (}LI .
w ) = WM+
5 -1—!) WM +n)

vei Ln=20 E -1
2

Luu ¥ 13 ctra s6 wi chita cac gia tri dinh trén phia bén phai trong cong thirc ndy,
tirc 12 giita cac chi s 24 va 44 — 1. Cong thirc trén lién quan dén céc hé s6 1, véin =
0..M-1va @nn=0,...,2M-1 v&i cac hé s§ wa v6in = 0...(E+2)M-1 cia cira s6 tong
hop duogc rat gon. Nhu c6 thé the‘iy, lo v&in=0...M-1 thuc té chi phu thudc vao % hé
s6 cua cira s tong hop duoc rat gon, cyu thé 1a phu thudce vao wy véin = 0...(E+1)M-1,
trong khi @, n=0,...,2M-1 phu thudc vao tit ca wy v6in=0...(E+2)M-1.

Nhu duoc néu trén, cb thé 12 bd tao cira sd 18 thu dwge cira s tdng hop dugc
ldy mAu giam 54 wn v6in =0...(E+2)M-1 tir viéc luu trit trong d6 cac hé s6 ctra s6 wi
cta cira sb téng hop duoc 1dy miu giam 54 nay da duoc luu trit sau khi di thu dugc st
dung phép Iéy mau gidm 72, va trong d6 cac hé s6 cira sb duoc doc dé tinh toan cac hé

$6 I, véin=0...M-1va @nn=0,..., 2M-1 st dung mdi twong quan trén, nhung theo
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cach khéc, bd tao clra sb 18 co thé truy tim cac hé 6 Lhvéin=0..M-1vioan=
0,..., 2M-1, do d6 dugc tinh toan tir ctra ) téng hop dugc léy mau gidm trudc, tir viéc
lvu trit mot cach truc tiép. Ngoai ra, nhu duge néu ¢ trén, by gidi ma am thanh 10 co6
thé bao gdm bd 14y miu giam theo phan doan 76 thuc hién phép 14y mau giam 72 cia
Fig.6 trén co s& cua ctra s6 tdng hop tham chiéu 70, bang cach d6 thu duoc wa véin =
0...(E+2)M-1 trén co sé ma bd tao cira sb 18 tinh toan cac hé s6 Iy véin = 0...M-1 va
onn = 0,..., 2M-1 sit dung mdi twong quan/coéng thirc néu trén. Ngay ca khi st dung
phép thuc thi nang, nhiéu hon mot gia trj cho F ¢6 thé duge chip nhan.

Toém tit ngfm gon phép thyc thi nang, cung thu dugc b gidi ma 4m thanh 10
duge tao cAu hinh dé giai ma tin hi¢u am thanh 22 tai tbc 4o le‘iy mAu thir nhit tr dong
dit lidu 24 ma tin hiéu 4m thanh duge ma hoa bién ddi thanh tai tbc d¢ 14y mau thir hai,
tdc d6 14y mau thir nhét 1a 1/F tdc d6 14y mAu thir hai, bd gidi md 4m thanh 10 bao gém
bd nhan 12 ma nhén, trén mdi khung c6 do dai N cua tin hiéu 4m thanh, N hé s6 phd
28, bd doat 14 ma doat dugce cho mdi khung, doan tan s6 thép cd @0 dai N/F ngoai cac
hé s phd N 28, bd diéu bién phd sang thoi gian 16 dugc tao céu hinh dé dua, dbi véi
timg khung 36, doan tan s thip t&i phép bién ddi nghich dao ¢ cac ham diéu bién co
do dai 2-N/F kéo dai theo thoi gian qua khung tuong ung va khung ding trude dé thu
dugc phén theo thoi gian c6 d6 dai 2-N/F, va b tao cira sb 18 ma tao cira sd, cho timg
khung 36, phin theo thdi gian xkn theo zkn = 0n Xkn ddi v6i n = 0,..., 2M-1 dé thu
duogc phan theo thoi gian dugce tao cira s6 zknv6in = 0...2M-1. Bo khir ring cua mién
thoi gian 20 tao ra cac phan theo thoi gian trung gian mi(0),...m(M-1) theo min = Zkn
+ Zx-10em VOI N =0,... , M-1. Cubi cung, bd ning 80 tinh toan cac khung ukn cta tin hi¢u
am thanh véi n = 0...M-1 theo ugn = Mkn + In-mes Mi1,M-1-0 VO 1 = M/2,..., M-1, va
Uk,n = Mion + IMe1n OUtke1, M-1-0 VO1 n=0,...,M/2-1, trong d6 1, véi n = 0...M-1 1a cac hé
s6 nang trong d6 phép bién dbi nghich dao 1a MDCT nghich dao hodc MDST nghich
déo, va trong d6 1, véin = 0...M-1 va @, n = 0,..., 2M-1 phuy thudc vao céc hé 6 Wn
v6in = 0...(E+2)M-1 cua cira sb tdng hop, va cira sd téng hop 13 phién ban duge lay
mAu gidm ctia ctra sb tdng hop tham chiéu c6 d¢ dai 4-N, dugce 13y mau giam boi thira
s6 F bai phép ndi suy theo phan doan trong céc phan doan c6 d dai 1/4-N.

ba duoc néu ra tur ph?ln mo ta & trén cla sy dé xuét cho viéc mé rong ctia AAC-

ELD dbi véi ché do giai ma rat gon ma b giai md am thanh cua Fig.2 c6 thé dugc
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kém theo v6i cong cu SBR d6 tré thip. Vi dy, phan sau diy néu cich ma b mi héa
AAC-ELD mé rong dé hd trg ché d6 rat gon dugc d& xut & trén, s& hoat dong khi sir
dung cong cu SBR d6 tré thip. Nhu di dugc d& cap trong phan gi6i thiéu cia ban mo
ta sang ché, trong truedng hop cong cu SBR dé tré thap duoc sir dung két hop véi bd
ma héa AAC-ELD, cac gian lgc cia médun SBR d6 tré thép cling dugc rut gon. Diéu
ndy dam bao ring médun SBR hoat dong vdi cing d6 phan giai tan sd va do d6, khong
yéu céu sy thich ung hon nao. Fig.7 tom tit duong truyén tin hidu cta bd giai ma
AAC-ELD hoat dong & 96 kHz, véi kich thude khung 1a 480 mau, trong ché d6 SBR
dwoc lay mau giam va véi thira s6 rat gon F 1 2.

Trén Fig.7, dong bit t&i nhw duoe xir Iy bdi chudi cac khéi, cu thé 13 bd giai ma
AAC, khdi LD-MDCT nghich déo, khdi phan tich CLDFB, b giai ma SBR va khdi
téng hop gian loc d tré thip phirc tap (complex low delay filter bank - CLDFB).
Dong bit bing v6i dong dit lidu 24 dwoc mé ta trude dbi véi cac hinh vé tir Fig.3 dén
Fig.6, nhung dugc kém thém bdi cac dit ligu SBR theo tham s6 hd trg viéc dinh dang
phd cia su sao chép phé ciia bing mé rdng phd mé rong tan s6 phd cia tin hidu 4m
thanh thu duogc béng viéc giai md am thanh duoc rat gon tai d4u ra cta khdi MDCT d6
tr& thap nghich dao, viéc tao hinh phd dugc thuc hién boi b giai ma SBR. Cu thé, bd
giai md AAC tim kiém tat ca cac phan tir ¢t phap can thiét bang cach phan tich va gidi
md entropy thich hop. B gidi md AAC c6 thé tring khép mot phan v&i bo nhan 12
cua bd gidi ma am thanh 10 ma, trén Fig.7, dugc thé hién boi khdi MDCT do tré thip
nghich ddo. Trén Fig.7, vi du 13 F bing 2. Tirc 14, khdi MDCT d6 tr thip nghich ddo
ctia Fig.7 xuit ra nhu vi du cho tin hiéu 4m thanh duoc khoi phyc 22 cta Fig.2, tin
hi€u thoi gian 48kHz duogc 1éy mau giam & nia tdc d6 ma tai d6 tin hiéu 4m thanh
dugc mi hoa trude tién thanh dong bit tdi. Khdi phin tich CLDFB chia nh¢ tin hiéu
thoi gian 48 kHz nay, tic 13 tin hiéu 4m thanh thu dugc béi phép gidi ma 4m thanh
duoc rat gon, thanh N biang, & ddy N = 16, va by giadi ma SBR tinh toan cic hé sb dinh
dang lai cho cac biang nay, theo d6 dinh dang lai N bang duoc diéu khién thong qua dit
liéu SBR trong dong bit diu vao dén du vao ciia bd giai md AAC, va khéi tong hop
CLDFB chuyén tiép lai tir mién phd sang mién thoi gian véi viée thu dugc, do do, tin
hiéu mé rong tan sb cao s& duoc thém vao céc tin hiéu 4m thanh dugc giai mi ban dau

duoc xuit ra voi khdi MDCT d¢ tré thap nghich déo.
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Luu ¥ 13 sy hoat d6ng chuan ctia SBR st dung CLDFB 32 bang. Thut toan ndi
suy cho céc hé sb cira s6 CLDFB 32 bing iz d3 dugc cho trong 4.6.19.4.1 trong tai
liéu tham khao [1],

. - 1 I3 2 g v
Cig,{l} = ‘-2-[66‘(21 + 1)+ c5,0200], 0=I= 320,

trong d6 ces 13 cac hé sb cira sb clia cira s6 64 bang da cho trong bang 4.A.90
trong tai liéu tham khao [1]. Cong thirc nay co thé con dugc tdng quat hoa dé ciing

dinh nghta cac hé sb cira sb cho s lugng bang it hon B
.o 1 . , . , , . 464
ciglt) = E[cm(zF L+ 14+ g, 2F 1+l 0=i<{l0B)p =int (EE— {).5)

trong d6 F biéu thi thira sd rat gon 14 F = 32/B. Vi dinh nghia nay vé céc hé sd
cira s, gian loc phan tich va tdng hop CLDFB c6 thé hoan toan duge md ta nhu dugce
néu trong doan vi du A.2 néu trén.

Do @6, céac vi du trén cung cép mot sb dinh nghia con thiéu cho bo ma hoa-giai
m3 AAC-ELD @dé lam thich tng bd ma héa-gidi ma véi céc hé théng c6 toc do miu
thdp hon. Cac dinh nghia ndy c6 thé dugc néu trong tiéu chuan ISO/IEC 14496-
3:2000.

Do d6, trong phdn mé ta & trén, khong ké dén nhiing diéu khac, d3 duoc md ta
la:

B0 gidi md Am thanh c6 thé dugc tao cdu hinh dé giai ma tin hi¢u &m thanh tai
tbc @5 14y mAu thir nhét tir dong dir liéu ma tin hiéu 4m thanh dugc ma héa bién ddi
thanh tai td¢ d0 14y mau thir hai, tbc d6 14y mAu thi nhat 13 1/F tbc do 14y méu thir hai,
bd giai ma am thanh bao gém: bd nhan duge tao cdu hinh dé nhan, trén mdi khung c6
d6 dai N cuda tin hiéu am thanh, N hé ) phé; bd doat dugc tao cdu hinh dé doat dugc
cho tirng khung, doan tan sb thép c6 d6 dai N/F trong s6 N hé s6 phé; bo diéu bién phé
sang thoi gian dugc tao ciu hinh dé dua, d6i v6i timg khung, doan tan sb thip téi phép
bién ddi nghich dao cé cic ham diéu bién c6 d dai (E+2)'N/F kéo dai theo thoi gian
qua khung twrong Ung va E+1 khung ding trudce dé thu dugc phan theo thoi gian ¢6 do
dai (E+2)-N/F; bd tao ctra s6 duoc tao cAu hinh dé tao ctra sb, cho tung khung, phﬁn
theo thoi gian st dung clra s6 tbng hop don thirc ¢6 d§ dai (E+2)-N/F bao gdém phin
bang khong c6 d6 dai 1/4-N/F tai dau din trude ctia n6 va cé dinh trong khoang theo

thdi gian cia cira sO tong hop don thirc, khoang theo thdi gian nbdi tiép phan bang
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khong va c6 d6 dai 7/4-N/F dé bo tao ctra sd thu duoc phan theo thoi gian duoc tao cira
s6 ¢6 d6 dai (E+2)'N/F; va bo khir ring cua mién thoi gian dugc tao cdu hinh ¢ dua
phin theo thdi gian dwgc tao cira sd ciia cac khung sang quy trinh chdng ldp va cong
dé doan & diu ké tiép c6 do dai (E+1)/(E+2) cua phin theo thoi gian dwogc tao cira sb
ctia khung hién thoi chdng 14p ddu dan trude c6 d6 dai (E+1)/(E+2) clia phan theo thoi
gian dugc tao ctra sb cia khung ding trude, trong d6 phép bién ddi nghich dao la
MDCT nghich d4o hosic MDST nghich dao, va trong d6 cira sé tong hop don thirc 13
phién ban dwoc 14y mau gidm cia cira sé tdng hop don thic tham chiéu co do dai
(E+2)-N, duoc tao cira sd boi thira s F bang phép noi suy theo phan doan trong cac
phén doan c6 d dai 1/4-N/F.

B giai md 4m thanh theo phwong 4n, trong d6 cira s6 tong hop don thirc 13 su
ndi chudi clia cac ham ndi truc c6 d6 dai 1/4-N/F.

B0 gidi ma dm thanh theo phuong an, trong do ctra sb téng hop don thic 1a sy
ndi chudi cia cac ham nbi truc bac ba c6 d6 dai 1/4-N/F.

Bo gidi ma am thanh theo phuong 4n bat ky trong sd cic phwong 4n néu trén,
trong do E=2.

BO giai m3 4m thanh theo phuong 4n bét ki trong s6 cac phuong an néu trén,
trong d6 phép bién ddi nghich dao 1a MDCT nghich dao.

B giai md 4m thanh theo phuong 4n bat ki trong s cac phwong an néu trén,
trong d6 nhiéu hon 80% khéi lwong cira s6 tong hop don thirc duge chira trong khodng
theo thoi gian ndi tiép phan bang khong va cé d6 dai 7/4-N/F.,

Bo gidi m3 4m thanh theo phwong 4n bat ki trong sb cac phuong an néu trén,
trong d6 bd giai ma am thanh duoc tao cAu hinh dé thyc hién phép noi suy hodc dé suy
ra ctra sO tong hop don thire tir viée luu trit.

Bo gidi mi am thanh theo phwong 4n bét ki trong s6 cdc phwong 4n néu trén,
trong d6 bd giai ma am thanh duoc tao cu hinh dé mang cac gia tri khac nhau cho F.

B gidi mi 4m thanh theo phuong 4n bat ki trong s6 cac phwong 4n néu trén,
trong d6 F nim trong khoang 1,5 va 10, bao gdm ca 1,5 va 10.

Phuong phap duoc thuc hién boi bd giai md am thanh theo phuong an bét ki
trong sb cac phuong an néu trén.

Chuwong trinh may tinh ¢6 ma chuong trinh dé thyc hién, khi chay trén mdy tinh,

phuong phap theo phuong an.
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Xét dén thuat ngit "cé chidu dai ...", can luu ¥ rang thuat ngit nay dugc hiéu 1a
phép do chidu dai ctia miu. Xét dén do dai cua phin bang khong va cic phan doan, can
lwu ¥ ring do dai co thé cb gia tri nguyén. Ngodi ra, do dai c6 thé 1 gia tri khong
nguyeén.

Pbi voi khoang theo thoi gian ma trong d6 dinh duoc dinh vi tri, duogc luu ¥
ring Fig.1 thé hién dinh nay ciing nhu khoang theo thoi gian d& minh hoa cho vi du
clia cira sO téng hop don thirc tham chiéu v&i E=2 va N=512: dinh c6 cuc dai cia nd &
mau gin ding s6 1408 va khoang theo thoi gian kéo dai tir mau s§ 1024 dén mau sb
1920. Do d6, khoang theo thoi gian 1a 7/8 ctia d§ dai nhan DCT.

Déi véi thuat ngit "phién ban duoc 1dy mau giam", duoc luu ¥ rang trong phin
mé ta & trén, thay vi thudt nglt nay thi co6 thé st dung thuat ngir "phién ban dugc rit
gon" dé thay thé.

Déi v6i thust ngit "khdi lwong clia ham trong khoang nhit dinh", duoc luu v 1a
khdi lvong cta ham s& biéu thi tich phan x4c dinh ctia ham twong ung trong khoéng
tuong tng.

Trong trudng hgp bd giadi ma Am thanh mang cac gia tri khac nhau cho F, b
giai md am thanh c6 thé bao gém phan luu trit c6 cc phién ban dugc ndi suy theo
phén doan cua cfra sd tdng hop don thirc tham chiéu hodc c6 thé thuc hién phép noi
suy theo phan doan cho gia tri hoat dong hién thoi cia F. Cac phién ban dugc ndi suy
theo phan doan khac nhau c6 diém chung 13 phép ndi suy khéng anh hwong tiéu cuc
dén tinh gidn doan tai cic dudng bién phan doan. Ching c6 thé, nhu duoc mé ta &
trén, 14 cac ham nbi truc.

Béng céach suy ra cira s tong hop don thitc bdi phép ndi suy theo phan doan tir
ctra sO téng hop don thitrc tham chiéu nhu ctra s6 duoc thé hién trén Fig.1 & trén, cic
phan doan 4-(E+2) c6 thé dugc thyc hién béi phép gin ding cta ham ndi truc nhu béi
cac ham ndi truc béc ba va bét ké phép ndi suy, tinh khong lién tiép ma c6 mit trong
ctra sd téng hop don thire tai buéc 1/4-N/F do phin bang khong dugc dua vao theo
cach téng hop nhu phuong tién ldm gidm do tré dugc bao toan.

Cac phuong an khac
Phuong 4n 1. B9 gidi ma am thanh (10) dugc tao ciu hinh dé giai ma tin hiéu

am thanh (22) & téc d 1iy mAu thir nhat tr dong dit liéu (24) ma tin hiéu 4m thanh
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dwoc mi hoa bién déi thanh & téc do 14y mau thir hai, tbc d6 14y méu thir nhat bang 1/F
tdc d6 14y mau thi hai, bo gidi ma am thanh (10) bao gdm:

bd nhan (12) dugc tao cAu hinh dé nhan N hé sb phé (28) trén mdi khung c6 do
dai N cua tin hiéu am thanh,;

bd doat (14) dugc tao cAu hinh dé doat duoc doan c6 tin sb thép c6 d0 dai N/F
trong s6 N hé sé phé (28) cho ting khung;

bd diéu bién phd sang thoi gian (16) duoc tao chu hinh dé dwa, d6i véi ting
khung (36), doan c6 tin s thdp sang phép bién ddi nghich dio c6 cac ham didu bién
c6 do dai (E+2)'N/F kéo dai theo thoi gian qua khung twong ung va E+1 khung trude
dé thu duoc phan theo thoi gian c6 d6 dai (E+2)-N/F;

bd tao ctra s6 (18) duoc tao cAu hinh d tao cira sd, cho tung khung (36), phﬁn
theo thoi gian sir dung ctra s6 tdng hop c6 d6 dai (E+2)-N/F bao gdm phén bang khong
6 do dai 1/4-N/F tai ddu din trude cta nd va c6 dinh nam trong khoang theo thoi gian
cia cira sb tdng hop, khoang theo thdi gian ndi tiép phan bang khong va c6 do dai
7/4-N/F sao cho b tao cira sb thu duogc phén' theo thoi gian dugc tao ctra sb c6 do dai
(E+2)-N/F; va

b6 khit ring cua mién thoi gian (20) duoc tao cAu hinh dé dua phan theo thoi
gian duoc tao clra sd cua cac khung sang quy trinh chdng 14p va cong sao cho doan &
dAu ké tidp c6 do dai (E+1)/(E+2) ctia phin theo thoi gian dugc tao clra sb ciia khung
hién thoi chdng l4p dau din trude co d6 dai (E+1)/(E+2) clia phan theo thoi gian dugc
tao cira s6 ctia khung dung trude,

trong d6 phép bién ddi nghich ddo 14 MDCT nghich dao hoac MDST nghich
dao, va

trong d6 cira sd tong hop 13 phién ban dugc 14y mAu gidm cua cira sb tong hop
tham chiéu c6 do dai (E+2)'N, duoc 1y miu giam boi thira s& F boi phép ndi suy theo
phéan doan trong cac phan doan c6 d¢ dai 1/4 - N.

Phuong 4n 2. B9 giai ma 4m thanh (10) theo diém 1, trong d6 ctra s6 téng hop 1a
su ndi chudi ctia cac ham ndi truc c6 d dai 1/4-N/F.

Phuong 4an 3. B6 giai ma am thanh (10) theo didm 1 hoidc diém 2, trong d6 cira
) téng hop 1a sy ndi chudi ctia cac ham ndi truc bac ba c6 do dai 1/4-N/F.

Phuong 4n 4. B¢ giai ma 4m thanh (10) theo diém bat ki trong s céc diém néu

trén, trong d6 E=2.
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Phuong 4n 5.B§ giai m3 am thanh (10) theo diém bt ki trong sd céc diém néu
trén, trong d6 phép bién ddi nghich d4o 13 MDCT nghich dao. -

Phuong 4n 6. B9 giai m3 4m thanh (10) theo diém bat ki trong s6 cac diém néu
trén, trong d6 nhidu hon 80% khdi lwong cira sé tong hop dwgc chira trong khoang
theo thoi gian ndi tiép phan bang khong va c6 d6 dai 7/4-N/F.

Phuong 4n 7.B6 giai ma am thanh (10) theo diém bat ki trong s6 cac diém néu
trén, trong d6 by gidi ma am thanh (10) duogc tao cdu hinh dé thuc hién phép ndi suy
hodc dé suy ra ctra s6 tdng hop tir viéc luu tri.

Phuong 4n 8.Bo giai ma am thanh (10) theo diém bat ki trong sb cc diém néu
trén, trong d6 bd gidi mi 4m thanh (10) dwoc tao cdu hinh dé mang céac gia tri khac
nhau cho F.

Phuong an 9. B gidi ma am thanh (10) theo diém bt ki trong sb cac diém néu
trén, trong d6 F nim trong khoang giita 1,5 va 10, bao gdm ca 1,5 va 10.

Phuong 4n 10. B gidi ma 4m thanh (10) theo diém bét ki trong sb céc diém néu
trén, trong do cira sb tdng hop tham chiéu 14 don thic.

Phuong an 11. B giai ma am thanh (10) theo diém bét ki trong s cac diém néu
trén, trong d6 bd giai md 4m thanh (10) duoc tao ciu hinh dé thyc hién phép ndi suy
theo cach ma phan 16n cac hé sb cua cira sb tdng hop phu thudc vao nhidu hon hai hé
sd cua ctra s6 tong hop tham chiéu.

Phuong 4n 12. B6 giai ma 4m thanh (10) theo diém bat ki trong s6 cac diém néu
trén, trong d6 bd giai ma am thanh (10) dwoc tao cdu hinh dé thuc hién phép ndi suy
theo cach ma timg hé sb cua cira s6 téng hop dwoc phan tach boi nhidu hon hai hé sb
tir cac duong bi€n phan doan phu thudc vao nhiéu hon hai hé sé cta cira s6 tong hop
tham chiéu.

Phuong an 13. B giadi ma am thanh (10) theo di8m bét ki trong s cac diém néu
trén, trong d6 bo tao cira s6 (18) va bd khir ring cua mién thoi gian két hop sao cho bd
tao clra sO bd qua phan bang khong trong viéc 14y trong s phan theo thoi gian sir dung
ctra s6 tong hop va bd khir ring cua mién thoi gian (20) bo qua phan khong duoc liy
trong s6 twong tmg clia phan theo thoi gian duogc tao cira s6 trong quy trinh chong lap
va cdng sao cho chi E+1 phin theo thoi gian dugc tao cira sO dugc tinh tong dé dan
dén phéan khéng duoc liy trong s twong tng ctia khung twong tng va E+2 phin duoc

tao cira sd dwoc tinh téng trong trinh nhéc cia khung tuong tng.
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Phuong 4n 14. BJ gidi ma am thanh dé tao ra phién ban duoc rit gon cla clra s6
tdng hop cua bd giai md am thanh (10) theo diém bat ki trong sb céc diém néu trén,
trong d6 E=2 dé ham cira sd tdng hop bao gdm nhén lién quan dén nira do dai 2-N/F
dugc dit trude béi trinh nhic nira d dai 2-N/F va trong d6 bo diéu bién phd thanh thoi
gian (16), bo tao cira sd (18) va bo khir ring cua mién thoi gian (20) duoc thyc thi dé
két hop trong phép thuc thi nang ma theo dé

b6 didu bién phd thanh thoi gian (16) han ché viéc dua, dbi véi timg khung (36),
doan c6 tin s thip sang phép bién ddi nghich ddo co cac ham diéu bién c6 do
dai (E+2)'N/F kéo dai theo thoi gian qua khung tuwong ung va E+1 khung ding
trude, toi nhan bién ddi trung khdp véi khung twong Ung va mot khung ding
truée dé thu dugc phdn theo thoi gian xis véi n = 0...2M-1 véi M=N/F 14 chi s6
mau va k 13 chi s khung;

bd tao cira sb (18) tao cira sb, cho timg khung (36), phén theo thoi gian X theo

Zkn= On Xkn VOin=0,..., 2M-1 dé thu duoc phﬁn theo thoi gian dugc tao cua

$6 Zkavoin=0...2M-1;

bd khir ring cua mién thoi gian (20) tao ra cic phin theo thoi gian trung gian

mk(0),...mk(M-1) theo min = Zkn + Zk-1,0+M V6in =0,..., M-1, va

bd giai md Am thanh bao gdm b nang (80) dugc tao cAu hinh dé thu dugc cac

khung ux, véin=0...M-1 theo

Uk,n = Mign T lo-w2 Mi-1,M-1-n véin=M/2,..., M-1 ,
va
Uk,n = Mi,n + IM-1-n° OUtk-1,M-1-n v4i n=0,..., M/2-1,

trong d6 I v6in =0...M-1 1a céc hé sb nang, va trong d6 I, véin=0...M-1 va
on V6in = 0,..., 2M-1 phu thudc vao céc hé sé wa véi n = 0...(E+2)M-1 cla cta sb
téng hop.

Phuong 4n 15.B¢ giai ma 4m thanh (10) dwoc tao ciu hinh dé giai ma tin hiéu
am thanh (22) v6i téc d6 14y miu thi nhat tir dong dit liéu (24) ma tin hiéu 4m thanh
duoc mi hoa bién déi thanh & téc dd 14y mAu th hai, tbe d6 14y mAu thi nhét bang 1/F
tdc do 14y mAu thtr hai, bd giai ma am thanh (10) bao gdm:

bd nhan (12) duoc tao cau hinh dé nhan N hé s6 phd (28) trén mdi khung c6 do

dai N cua tin hiéu am thanh;
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bd doat (14) dugc tao cau hinh dé doat dugc doan co tin s thap cé do dai N/F
trong s& N hé s6 phd (28) cho ting khung;

b diéu bién phd thanh thoi gian (16) dwoc tao cAu hinh dé dua, di véi ting
khung (36), doan tan s thap sang phép bién ddi nghich dao cé cic ham diéu bién c6
do dai 2-N/F kéo dai theo thoi gian qua khung twong ung va khung ding trudc dé thu
duoc phén theo thoi gian c¢6 d¢ dai 2-N/F;

bd tao cira sd (18) duogc tao ciu hinh dé tao cira sd, cho timg khung (36), phin
theo thdi gian Xkn theo zkn = @n Xk VOi n = 0,..., 2M-1 dé thu duogc phén theo thoi
gian dugc tao cira $6 zkn véin=0...2M-1;

b6 khir ring cua mién thoi gian (20) dugce tao chu hinh d8 tao ra cic phan theo
thoi gian trung gian mi(0),...mx(M-1) theo min = Zkn + Zk-1,00m V6in = 0,... . M-1, va

bd nang (80) dugc tao cAu hinh @ thu dwoc cic khung uks cta tin hiéu 4m
thanh v6in = 0...M-1 theo

Uk,n = Min + ln-M2: Mi-1,M-1-n véin=M/2,...M-1,
va
Ukyn = Miyn T IM-1-n* OUtk-1,M-1-n v6i n=0,...,M/2-1,

trong d6 I, véin=0...M-1 1a cac h¢ s6 nang,

trong d6 phép bién dbi nghich dao 134 MDCT nghich dao hodc MDST nghich
dao, va

trong d6 1, véin = 0...M-1 va @, v6i n = 0,..., 2M-1 phu thugc vao cic hé sé
wa v6i n = 0...(E+2)M-1 cia cira sb tdng hop, va cira so téng hop 13 phién ban dugce
14y mAu giam cua cira sb tong hop tham chiéu c6 6 dai 4N, dwoc ldy mau giam béi
thira s F bai phép noi suy theo phan doan trong céc phan doan c6 do dai 1/4-N.

Phuong an 16. Thiét bi tao ra phién ban dugc rut gon cua cua sb téng hop cua
bd giai md am thanh (10) theo diém bt ki trong sb céc diém néu trén, trong d6 thiét b
dwoc tao cAu hinh dé 14y mAu gidm cta s tbng hop tham chiéu c6 do dai (E+2)-N bai
thira s F bai phép noi suy theo phan doan trong 4-(E+2) phan doan c6 cling d6 dai.

Phuong 4n 17. Phuong phép tao ra phién ban duoc rat gon cia clra s6 tong hop
cia bd giai ma am thanh (10) theo didm bat ki trong sd cac diém néu trén, trong d6

phuong phap bao gbm buéc 14y miu giam ctra s6 tong hop tham chiéu c6 do dai
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(E+2)'N béi thira s6 F bai phép noi suy theo phan doan trong 4:(E+2) phan doan cb
cung do dai.

Phuong an 18. Phuong phap giai ma tin hi€u am thanh (22) voéi tdc do 1dy miu
thir nhit tir dong dit lidu (24) ma tin hidu am thanh ma dwgc ma héa bién dbi thanh &
tdc d6 14y mAu thtt hai, téc do ldy miu thir nhét bing 1/F tdc do ldy mAu thir hai,
phuong phap bao gom:

nhan, trén mbi khung c6 d6 dai N cua tin hi¢u am thanh, N hé s6 phé (28);

doat dugc doan cb tan sb thap co do dai N/F trong s6 N hé sb phd (28) cho timg
khung;

thue hién phép didu bién phd sang thoi gian bing cach dwa, d6i véi timg khung
(36), doan c6 tin sb thap sang phép bién ddi nghich dao c6 cac ham diéu bién c6 do
dai (E+2)'N/F kéo dai theo thoi gian qua khung twong ing va E+1 khung ding trude
dé thu duoc phin theo thoi gian c6 d dai (E+2)-N/F;

tao cira sd, cho timg khung (36), phin theo thoi gian sir dung cira s6 tong hop
c6 @b dai (E+2 )-N/F bao gdm phén bing khong c6 do dai 1/4-N/F tai dau din trude
clia né va co dinh ndm trong khoang theo thoi gian clia cira s6 téng hop, khoang theo
thoi gian ndi tiép phan bang khong va c6 d6 dai 7/4-N/F sao cho bd tao cla s6 thu
dwoc phan theo thoi gian dwoc tao cira s6 c6 d6 dai (B+2)-N/F; va

thuc hién viéc khir ring cua mién thoi gian bang cach dua phan theo thoi gian
duoc tao ctra sd clia cac khung sang quy trinh chdng ldp va cong sao cho doan & dau
ké tiép c6 do dai (E+1)/(E+2) cua phén theo thoi gian dugc tao cira s6 cua khung hién
thoi chdng l4p dau din trude cb 46 dai (BE+1)/(E+2) ctua phén theo thoi gian dugc tao
ctra s6 ctia khung ding truée,

trong d6 phép bién ddi nghich dao 124 MDCT nghich dao hodc MDST nghich .
dao, va

trong d6 ctra sb tong hop 13 phién ban dugc 14y mau giam cua cira s6 téng hop
tham chiéu c6 do dai (E+2)'N, duoc léy mau giam boi thira s6 F boi phép noi suy theo
phén doan trong phan doan c6 d¢ dai 1/4-N.

Phuong 4n 19. Chuong trinh may tinh c6 ma chuong trinh dé thuc hién, khi
chay trén may tinh, phuong phap theo didm 17 hoic diém 18.
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YEU CAU BAO HO
1. B6 giai mi 4m thanh bao gdm:

b6 nhan dugc tao cdu hinh dé nhan, dbi véi timg khung cta tin hiéu am thanh,
phd tao thanh sw khai trién phé ctia phan theo thoi gian bao gdm khung twong ung va

N-1 khung trude, v6i N 14 sé nguyén;

bd doat duge tao cAu hinh dé doat dugc cho tung khung, doan tan s6 thép bé“mg

1/F, theo chiéu dai, ctia phd;

b diéu bién phd sang thoi gian dugc tao cdu hinh dé dua, dbi véi ting khung,
doan tan s thap sang phép bién dbi nghich dao dé thu dwoc sw biéu dién theo thoi gian

clia phén theo thoi gian;

bd tao cira sd duoc tao cdu hinh dé tao ctra 0, cho ting khung, su biéu dién
theo thoi gian cta phén theo thoi gian st dung cira s6 tdng hop bao gdm phin bing
khéng tai ddu din trudc ciia no va cé dinh nim trong khoang theo thoi gian cua cira s6
téng hop, ma ndi tiép phén béng khong, sao cho bd tao clra s6 thu duoc sy biéu dién

theo thoi gian dugc tao cira s6 cla phﬁn theo thoi gian; va

bo khir ring cua mién thoi gian duoc tao ciu hinh dé dua sy biéu dién theo thoi
gian duoc tao cira sb cua phan theo thoi gian cia cac khung sang quy trinh chong lip

va cong ¢ khoang céch gilra cac khung véi nhau twong ing véi d6 dai khung,

trong d6 phép bién ddi nghich déo 13 bién ddi cosin rdi rac cai bién (modified
discrete cosine transform — MDCT) nghich dédo hodc bién d6i sin roi rac cai bién
(modified discrete sine transform — MDST) nghich dao, va

trong d6 cira sb tong hop 14 phién ban dugc 14y mAu gidm cia ctra sO tong hop
tham chiéu, duoc ldy mau giam béi thira s6 F boi phép ndi suy theo phan doan trong

4-N phan doan c6 do dai phan doan béng voi nhau.

2. B6 gidi ma 4m thanh theo diém 1, trong d6 cira s6 téng hop 13 sy ndi chubi cna
mot ham ndi truc cho timg phan doan trong sé 4.N phan doan.

3. B6 gii m3 4m thanh theo diém 1, trong d6 ctra s6 tong hop 12 su ndi chudi cta

mot ham ndi truc bac ba cho tirng phéan doan trong s6 4N phan doan.
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4. B giai ma 4m thanh theo diém 1, trong d6 N=4.

5. BO giai md m thanh theo diém 1, trong d6 phép bién dbi nghich do 14 MDCT
nghich ddo.

6. B gi4i ma 4m thanh theo diém 1, trong d6 nhidu hon 80% khéi lugng cira sb
téng hop duge chira trong khoang theo thdi gian nbi tiép phan bing khéng va khoang
theo thdi gian ndi tiép phan bang khong dai bang 7/4 1an d6 dai khung.

7. B gidi ma am thanh theo diém 1, trong d6 bd giai md 4m thanh duoc tao ciu

hinh d thuc hién phép nédi suy hoic dé suy ra cira s tong hop tir viée huu tri.

8. Bo giai ma 4m thanh theo diém 1, trong d6 bo giai ma am thanh duoc tao ciu

hinh d& mang céc gia tri khac nhau cho F.

9. Bo giai md 4m thanh theo diém 1, trong 6 F nim trong khoang gitta 1,5 va 10,

bao gdm ca 1,5 va 10.

10. B0 giai mi 4m thanh theo diém 1, trong d6 ctra sd tong hop tham chiéu 14 don

thie.

11. B giai mi am thanh theo diém 1, trong d6 bo giai md 4m thanh dugc tao cau
hinh d8 thyc hién phép ndi suy theo cdch ma phén 16n cac hé sb clia cira sb téng hop

phu thudc vao nhi€u hon hai hé so cua ctra s6 tong hop tham chiéu.

12. B0 gidi ma am thanh theo diém 1, trong @6 bo gidi mad am thanh duoc tao cdu
hinh d& thuc hién phép ndi suy theo cach ma timg hé sd cia cira sb tong hop dugc
phan tich bdi nhiéu hon hai hé sé tir cac dudng bién phan doan phy thude vao nhiéu
hon hai hé s6 ciia cira s tong hop tham chiéu.

13. B gidi ma am thanh theo diém 1, trong d6 bd tao cura sb va bo khir rang cua
mién thoi gian két hop sao cho b tao cira s6 bo qua phén bang khong trong viéc 14y
trong s& phin theo thoi gian sir dung cira s6 tong hop va bd khtt ring cua mién thoi
gian bé qua phén khéng duogc 14y trong sb twong tmg clia phan theo thoi gian dwgc tao

ctra sb trong quy trinh chdng lap va cong.

14. Phuong phap gidi ma tin hiéu Am thanh, phuvong phap nay bao gdm céc budc:
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nhan, d6i véi timg khung cua tin hiéu am thanh, phd tao thanh sy khai trién phd
ctia phin theo thoi gian bao gdm khung tuwong tmg va N-1 khung truée, véi N 1a sd

nguyén;
doat dugc cho tirng khung, doan tan sb thép bﬁng 1/F, theo chiéu dai, cua phé;

thuc hién sy diéu bién phd sang thoi gian bing cach dua, dbi véi timg khung,
doan tAn s thip sang phép bién ddi nghich déo ¢ thu dugc sw biéu dién theo thoi gian

ctia phan theo thoi gian;

tao ctra s, cho timg khung, su biéu dién theo thdi gian clia phan theo thdi gian
stt dung cira sb téng hop bao gdm phéan bing khong tai dau dan trude cia nd va co
dinh ndm trong khoang theo thoi gian cua cira s6 tdng hop, ma nbi tiép phin bang
khong, dé thu dugc sy biéu dién theo thoi gian dugc tao cua sd cua phﬁn theo thoi
gian; va

thuc hién sy khir rang cua mién thoi gian béng cach dua sy biéu dién theo thoi
gian duoc tao cira sb ciia phan theo thoi gian ciia cic khung sang quy trinh chdng lap
va cong & khoang cach gitta cac khung vdi nhau twong ung vai do dai khung,

trong d6 phép bién ddi nghich dao 1a bién dbi cosin rdi rac cai bién (modified
discrete cosine transform — MDCT) nghich ddo hoac bién dbi sin roi rac cai bién
(modified discrete sine transform — MDST) nghich ddo, va

trong d6 cira sd tong hop 14 phién ban dugc 14y mAu gidm cua cira s6 tong hop
tham chiéu, duoc ldy miu giam béi thira s6 F boi phép noi suy theo phan doan trong
4-N phan doan c6 d9 dai phan doan bang v&i nhau.
15.  Vat ghi luu trit s6 khong chuyén tiép da luu trit trén d6 chuong trinh may tinh
dé thyc hién phuong phdp gidi mi tin hiéu 4m thanh theo diém 14,

khi chwong trinh may tinh da néu dugc chay béi may tinh.
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