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(57) Sang ché dé cap den bd giai md 4m thanh, thiét bj va phuong phap dé tao ra phién ban
dugc rat gon cla clra s6 tong hop ciia bo giai ma am thanh, phuwong phép giai mé tin hi¢u
am thanh. Phién ban dugc rat gon cua thu tuc giai md 4m thanh c6 thé hiéu qua hon
va/hodc dat dugc sy duy tri phu hop dugc cai thién néu ctra s6 téng hop dugc st dung dé
giai ma am thanh it gon 1a phién ban rit gon ciia cira s tong hop tham chiéu chua trong
thi tuc giai ma am thanh khong duoc rit gon bang cach ldy mau giam boi thira sé 1dy miu
giam ma tdc d6 1y mau giam va téc d6 1ay miu gbe 1éch nhau, va duoc 14y miu giam st
dung phép noi suy theo phan doan trong cac phan doan 4 d¢ dai khung.
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Linh vwe ky thuat dwoc dé cap

Sang ché d& cap dén khia canh gidi ma duoc rat gon.
Tinh trang k§ thuit ciia sang ché

M2 héa 4m thanh tién tién (Advanced Audio Coding — AAC) db tré thip duoc
ting cuong (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). Di v6i mot sb tng dung, vi du su truyén nhép mdi clia 4m thanh, d6 tré thip hon
déu nhau 13 dang mong muén. AAC-ELD d3 cung cip lya chon niy bing cach hoat
dong & cac tdc do léy mau cao hon, vi du 96kHz, va do d6 cung cép cac ché @6 hoat
dong vai do tré thip hon ngang bing, vi du 7,5ms. Tuy nhién, ché do hoat dong nay di
kém v&i do phire tap cao khong can thiét do tdc dd 1dy miu cao.

Giai phap cho van dé nay 14 4p dung phién ban dugc rt gon clia gian loc va do
d6, két xudt tin hiéu Am thanh & tdc d6 14y mAu thip hon, vi du 48kHz thay vi 96kHz.
Hoat dong rat gon da 1a mot phﬁn ctia AAC-ELD nhu dugc ké thira tir bd ma hoa-giai
ma MPEG-4 AAC-LD, ma déng vai tro 1a co sé& cho AAC-ELD.

Tuy nhién, cau héi van con 13 1am cach nao dé tim kiém phién ban duogc rit gon
cta gian loc cu thé. Tuc 13, su khong chic chin duy nhét 13 cach cac hé sb ctra sd dugc
suy ra trong khi cho phép kiém tra sy phu hop 13 rang cua cac ché @6 hoat dong dugc
rat gon cua b giadi ma AAC-ELD.

Trong ph?m sau day, cac nguyén tdc vé ché do hoat dong duogc rat gon cua cac
bd ma hoa-giai ma AAC-(E)LD s& duge mo ta.

Ché d6 hoat dong rat gon hodc AAC-LD dugc mo ta 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 tng vé6i cac hé théng sir dung tdc d6 14y mau thip hon) nhu
sau:

“Trong céc tng dung nhét dinh, c6 thé can thiét dé tich hop by gidi ma do tré
thip vao hé thdng am thanh chay & téc d6 14y mau thip hon (vi du 16kHz) trong khi

tbc d6 14y mau danh nghia cuia trong tai dong bit 13 cao hon nhiéu (vi dy 48kHz, tvong
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tmg v6i d6 tré bd ma héa-giai ma thuat toan 1 x4p xi 20ms). Trong cac trudng hop
nay, 12 thuan loi dé giai ma ddu ra cua bd ma héa-giai ma do tré thap truc tiép & toc do
1Ay mAu muc tiéu hon 1a sit dung hoat dong chuyén d6i tbc do 14y mau bd sung sau khi
giai ma.

Diéu nay c6 thé duoc 1am gin dung béi su rit gon thich hop cia ca hai, kich
thude khung va tbe do 14y mau, boi mot sé thira sé nguyén (vi du 2, 3), din dén do
phan giai thoi gian/tin sé giéng nhau ctia bd ma hoéa-giai ma. Vi du, dau ra ctia b ma
hoa-giai ma co thé duoc tao ra & téc do léy mau 16kHz thay vi tbc do léy mau danh
nghia 48kHz bing cach gift lai mot phin ba thip nhét (tic 13 480/3 = 160) ciia hé sb
phé truée gian loc tdng hop va giam kich thudc bién ddi nghich dao téi mot phan ba
(tirc 1a kich thudc cira s6 960/3 = 320).

Két qua 13, viéc giai ma cho cac tdc d6 14y mau thdp hon lam giam ca yéu ciu
v& bd nhd va yéu céu tinh toan, nhung c6 thé khong dem lai chinh xac dau ra gidng
nhu giai m3 bang théng ddy du, theo sau béi gidi han bang va chuyén ddi téc d6 mau.

Luu y réng viéc giai ma & tbc do léy mau thép hon, nhu dugc mo td & trén,
khoéng anh hudng dén viée giai thich cac mirc, ma dé& cap dén tdc d6 1iy miu danh
nghia cla trong tai dong bit d6 tré thap AAC.”

Luu ¥ ring AAC-LD lam viéc voi khung 1am viéc bién ddi cosin roi rac cai
bién (modified discrete cosine transform — MDCT) tiéu chuén va hai dang cira sd, tirc
13 ctra sb hinh sin va cira sb chdng l4p thép. Ca hai cira s6 dugc mo ta ddy da boi cac
cong thirc va do do, cac hé sb cira sb cho cac d6 dai bién dbi bat ky co thé duoc xac
dinh.

So sanh véi AAC-LD, bd ma hda-gidi ma AAC-ELD thé hién hai khac biét
chinh:

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

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

SBR d6 tré thap)

Thuét toan bién ddi cosin rdi rac cai bién nghich ddo (inverse MDCT —
IMDCT) sir dung cira s6 MDCT do tré thip duwoc mo ta trong 4.6.20.2 trong tai lidu
tham khao [1], ma rit gidng phién ban IMDCT tiéu chuén sit dung, vi du cira sd hinh
sin. Céc hé sb clia cac cira s6 MDCT d6 tré thip (kich thudc khung 480 va 512 mau)
duoc cho trong bang 4.A.15 va 4.A.16 trong tai liéu tham khao [1]. Luu ¥ 14 cac hé sd
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khoéng thé duoc xac dinh boi cong thirc, nhu cac hé s6 1a két qua cda thuét toan tdi wu
héa. Fig.9 thé hién so d6 vé hinh dang cira sb dbi voi kich thuée khung 512.

Trong trudng hop coéng cu SBR d6 tré thip (low delay SBR - LD-SBR) dugc str
dung két hop véi bd ma héa AAC-ELD, céc gian loc cia médun LD-SBR ciing dugc
rit gon. Piu nay dam bao ring médun SBR hoat dong véi cing d6 phan giai tin sb va
do d6, khong yéu céu su thich Gtng hon nao.

Do do, sy mo6 ta & trén bdc 10 réng ¢6 nhu ciu dé rat gon cac hoat dong giai ma
nhu, vi du, rat gon phép giai mi tai AAC-ELD. S& 1 kha thi dé im ra cac hé sb cho
ham cira sd téng hop rut gon 1an nira, nhung day la nhiém vu ndng né, doi hoi luu trix
bd sung dé luu tri phién ban duoc rat gon va két xuit sy kiém tra phi hop giita phép
giai ma khong rat gon va giai ma rat gon phirc tap hon hoic, tir quan diém khac, khong
tuan theo cach rit gon duoc yéu ciu trong, vi du, AAC-ELD. Phu thudc vao ti 18 rit
gon, tuc 13 ti 18 gitra tbe d6 14y miu gbc va tbe d6 14y miu rat gon, c6 thé suy ra ham
cira sb tong hop rat gon mét cach don gian bang cach 1y méu giam, trc 13 chon ra moi
hé s6 cira sd thir hai, thir ba... ctia ham ctra s6 tong hop gdc, nhung thi tuc nay khong
dan dén sy phu hop ddy du cta phép giai ma khong rat gon va giai mi rat gon, mot
cach tuong ung. Viéc sit dung céac tha tuc thdp phan phic tap hon duge ap dung cho
ham ctra sb tdng hop, din dén d6 léch khéng chip nhan duoc tir hinh dang ham ctra s6
tbng hop gbc. Do d6, c6 nhu cau trong tinh trang k§ thuat dbi véi khai niém gidi ma
rut gon dugc céi 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 chit ky thuit ciia sdng ché

Muc dich cua sang ché 13 cung cép so dd giai ma Am thanh ma cho phép giai ma
rut gon dugc cai thién.

Muc dich nay dat dugc boi dbi tuong cua cac diém yéu cau bao hd doc lap.

Sang ché dya trén viéc tim ra réng phién ban dugc rut gon cda thu tuc giadi ma
Am thanh c6 thé hiéu qua hon va/hodc dat dugc su duy tri phu hgp dugce cai thién néu
ctra sb téng hop dugce st dung dé giai ma am thanh dugc rat gon 1a phién ban dugc rut

gon cia cira sb tong hop tham chiéu chira trong thu tuc giai ma 4m thanh khong duoc
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rt gon bang cach 14y mAu giam béi thira s6 14y miu giam ma tdc d6 1y miu duoc ldy
mau giam va téc d6 14y mau gdc 1éch nhau, va dugc 14y mau giam st dung phép ndi
suy theo phan doan trong cic phan doan bang 1/4 @6 dai khung.

MO ta vén tit cac hinh vé

Céac khia canh c6 lgi cta sang ché 13 dbi tugng cua cac diém yéu cau bao hod phu
thudc. Cac phuong 4n uu tién clia sang ché duge mo ta dudi day dwa vao cac hinh vé
di kém, trong do:

Fig.1 1a so @6 gian lwoc minh hoa c4c yéu ciu khoi phuc hoan hao can dugc
tuan theo khi gidi ma rat gon dé bao toan sy khoi phuc hoan héo.

Fig.2 thé hién so dd khdi cua bd giai mi Am thanh dé giai ma rat gon theo
phuong 4n cla sang ché;

Fig.3 14 so dd gian lugc minh hoa, trong nira phia trén, cach ma tin hiéu am
thanh d3 duogc ma héa tai tdc d6 14y mau gdc thanh dong dit liéu va, trong nira duédi
dugc phan tach khoi nira trén bdi dudng nét dut nam ngang, hoat ddng giai ma rat gon
dé khoi phuc tin hiéu 4m thanh tir dong dit liéu tai toc do 14y mau giam hoic rat gon,
dé minh hoa ché d6 hoat dong ctia bo giai ma Am thanh cua Fig.2;

Fig.4 1a so dd gian lugc minh hoa sy Kkét hop cta bd tao ctra s6 va bo khir rang
cua mién thoi gian cua Fig.2;

Fig.5 minh hoa viéc thuc thi c6 kha ndng dé dat dugc su khoi phuc theo Fig.4
sit dung phép xtr 1y dic biét ctia cac phan cé trong sd bang khong cia céc phan thoi
gian dugc diéu bién phd thanh thoi gian;

Fig.6 1 so db gian luvgc minh hoa phép 14y mau giam dé thu duoc cira sb tong
hop duogc 14y mau giam;

Fig.7 1a so dd khéi minh hoa hoat dong rat gon cia AAC-ELD gém cong cu
SBR d0 tré thap;

Fig.8 thé hién so dd khdi cua bd gidi mi am thanh dé giai ma rit gon theo
phuong an trong do6 bd diéu bién, bo tao cira sd va bd khtr duge thuc hién trong phép
thuc thi nang; va

Fig.9 1a so d6 vé cac hé sb ctra sb cua ctra s6 do tré thap theo AAC-ELD cho
kich thuéc khung 512 miu nhu vi du vé ctra s6 tong hop tham chiéu can dugc ldy mau

giam.
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M5 ta chi tiét sang ché

Phan mb ta sau day bat ddu voi sy minh hoa ciia phuong an dé giai ma rat gon
d6i voi bd ma hoa-giai md AAC-ELD. Tic 13, phdn mé ta sau day bt dau véi phuong
4n ma c6 thé tao ra ché do duogc rat gon cho AAC-ELD. Phan mb ta nay déng thoi tao
thanh mot dang giai thich vé sy thic ddy duéi cac phuong 4n ciia sang ché nay. Sau
day, su mé ta duoc khai quat, do d6 din dén sy mod ta vé bd giai ma Am thanh va
phwong phép giai mé am thanh theo phwong 4n ciia sang ché.

Nhu duge mo ta trong phan gidi thidu vé& dac diém k¥ thuat ciia sang ché, AAC-
ELD st dung cac cira s6 MDCT d6 tré thap. DPé tao ra cac phién ban dugc rat gon cia
chung, tirc 1a céc ctra sb do tré thép duogc rat gon, dé xuit duoc gidi thich sau day dé
tao thanh ché d6 rut gon cho AAC-ELD str dung thuat toan ndi suy ham ndi truc theo
phén doan ma duy tri dédc tinh kh6i phuc hoan hao (perfect reconstruction - PR) cua
cira s6 LD-MDCT véi dd chinh x4c cao. Do d6, thuat toan cho phép tao ra cac hé sb
ctra s6 & dang truc tiép, nhu dugc mé ta trong ISO/IEC 14496-3:2009, ciing nhur dang
nang, nhu dugc mé ta trong tai liéu tham khéo [2], theo cach twong thich. Piéu niy ¢
nghia 14 ca hai cach thuc hién tao ra dau ra 16 bit phu hop.

Phép noi suy ciia cira s6 MDCT d6 tré thdp duoc thuc hién nhu sau:

Noéi chung, phép ndi suy ham ndi truc s& duge st dung dé tao ra cac hé sb cura
s6 duoc rut gon dé duy tri dép ung tin sb va hau hét dic tinh khoi phuc hoan hao
(quanh 170dB SNR). Phép néi suy can cé sy rang budc trong cac phan doan nhét dinh
dé duy tri dic tinh khéi phuc hoan hao. Déi voi cac hé s ctra s6 ¢ bao ham nhan DCT

ctia phép bién d6i (xem Fig.1, ¢(1024)..c(2048)), yéu cau rang budc sau day,

1=|{sgn-cli) - c@2N —1—D+cN+0) - ciN-1—1))| voie=0.N/2-1 (1)

trong d6 N 14 kich thudc khung. Mot sé cach thuc hién c6 thé st dung cac ky

hiéu khac dé tdi t6i vu héa d6 phirc tap, & ddy, dugc ky hiéu boi sgn. Yéu ciu trong (1)

c6 thé dugc minh hoa béi Fig.1. Nén nhd rang don gian 13 ngay cé trong trudng hop

F=2, tic 1a Iéy nira tbc d0 mau, dé lai moi hé sb ctra sd thur hai cia cira sb téng hop
tham chiéu dé thu dugc cira s6 tong hop duoc rit gon khéng dép tmg yéu cau.

Céc hé sb {0y ..c(2v — 1) duoc liét ké doc theo dang hinh thoi. /4 s khéng

trong cac hé sb cira sb, ma dap tng duoc cho sy giam do tré cta gian loc, dugc danh

dau str dung miii tén nét dam. Fig.1 1a sy phu thudc cia cac hé so do su tao n€p chira
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trong MDCT va ca cac diém ma phép noi suy cin rang budc dé tranh su phu thudc
khong mong mubn bét ky .

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

- Ngoéi ra, thuat toan ndi suy can ngung moi /4 hé s6 do cac sb khong dugc

chén. Piéu ndy dam bao ring cac sb khong dugc duy tri va 16i ndi suy khong phd

bién ma duy tri PR.

Rang budc thir hai khéng chi yéu ciu cho phan doan chira cac sé khong ma con
yéu ciu cho cac phan doan khac. Biét ring mot s hé sé trong nhan DCT khong duoc
x4c dinh béi thuat toan t6i wu héa ma duge x4c dinh bai cong thirc (1) dé cho phép PR,
mot vai diém gian doan trong dang cira sd c6 thé dugc giai thich, vi du quanh
¢(1536+128) trén Fig.1. Bé giam thiéu 16i PR, phép ndi suy can ngimg & cac diém nay,
ma xuét hién trong ludi N /4.

Vi 1y do nay, kich thu6c phan doan /4 duge chon cho phép ndi suy ham nbi truc
theo phéan doan dé tao ra céac hé sb cira sd dugce rat gon. Cac hé sb cira sb nguén lu6n
duoc cho boi cac hé sb duoc st dung cho & =512, ciing cho céc hoat dong rit gon din
dén cac kich thuéc khung 13 & = 240 hodc & = 120. Thudt toan co ban dugc tém tat

mot cach rit ngin gon trong phan sau ddy nhu md MATLAB:

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

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 ([0: (sb-1)],W((i-1)*sb+(1: (sb))),xn)];
end;

Vi ham nbi truc c6 thé khong hoan toan tat dinh, thuit toan hoan chinh dugc cu
thé héa mot cach chinh x4c trong phan sau day, ma c6 thé dwoc néu ra trong ISO/IEC
14496-3:2009, dé tao thanh ché do rat gon dugc cai thién trong AAC-ELD.

Néi cach khac, phan sau day cung cép dé xudt vé cach dé y tuong duge néu &
trén c6 thé dugc ap dung cho ER AAC ELD, tirc 13 vé cach dé bo giai ma d6 phirc tap
thip c6 thé giai ma dong bit ER AAC ELD dugc mé héa ¢ téc d6 dir liéu thir nhét tai
tbc do dir liéu thi hai thdp hon téc do dir liéu thir nhat. Tuy nhién, nhin manh 13 viéc
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xé4c dinh N nhu duge sit dung trong phan sau day tuén thu tiéu chuan. O day, N twong
g v6i chidu dai ciia nhan DCT trong khi & phin trudc, trong cac diém yéu cau bao
hd, va cac phuong an tdng quat duoc mo ta sau day, N tuong tmg véi @6 dai khung, cu
thé 12 d6 dai chong 1ap 14n nhau cla cac nhan DCT, tirc 1a nira d§ dai nhan DCT. Theo
d6, trong khi N duoc biéu thi 1a 512 & trén ddy, vi du, s& dugc biéu thi 1a 1024 trong
phén sau day.
Céc doan sau day dugc dé xuit dé bao gdm 14496-3:2009 théng qua sira doi.
A.0 Thich tmg vé6i cac hé théng sir dung cac tde d6 14y mau thdp hon
Péi véi céc tng dung nhat dinh, ER AAC LD c6 thé thay ddi tbc d6 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 ty st dung cira s6 MDCT d6 tré thip va cong cu LD-SBR.
Trong truong hop AAC-ELD hoat dong v6i cong cu LD-SBR, thtra sb rat gon dugc
gi6i han t6i cac bdi s cta 2. Khong c6 LD-SBR, kich thuéce khung rat gon can 13 sb
nguyeén.
A.1 Rit gon ctra s6 MDCT d6 tré thip

Ctra s6 LD-MDCT wip d6i v6i N=1024 dugc rat gon béi thira s6 F sir dung phép
ndi suy ham ndi truc theo phan doan. S6 luong cia cac sd khong din trudc trong cac
hé sd cira b, tirc 1 N/8, x4c dinh kich thudc phan doan. Cac hé sb cira s6 dugc rit gon
wip_q dugce sit dung cho MDCT nghich ddo nhu dugc mo ta trong 4.6.20.2 nhung véi
do dai cira s duoc rut gon Ng= N/F. Luu y 13 thuat toan cling co thé tao ra cc hé sb

nang duoc rut gon cia 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 */

/* loop over segments */
for (b = 0; b < num segments; Db++) {
/* 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; 1i++)
r[(i] -= m[i - 1] * r[i1i - 1];
for(i = 7; i < n - 4; i++)
r[i] -= 0.267949194 * r[i - 1];

/* calculate coefficients c */
cln - 2] =r[n - 3] / 6;

cln - 3] = (r[n - 4] - c[n - 2]) * 0.25;

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

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

cl[1] = r[0] * m[O];

c[0] 2 * c[1l] - c[2];

c[n-1] 2 * ¢cn - 2] - c[n - 31;

/* 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] - cl[idx]) / 3:
bi = (y[idx + 1] - y[idx]) - (cl[idx + 1] + 2 * c[idx]) / 3;
/* calculate downscaled values and store in tmp */
tmp (k] = y[idx] + 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 cta cong cu SBR d tré thip
Trong trudng hop cong cu SBR do tré thip dugc st dung két hop véi ELD,
cong cu nay c6 thé duoc rat gon t6i tdc do mau thdp hon, it nhét 13 dé rit gon cac thira

s0-1a bdi sO cua 2. Thira so rut gon F di€u khién so lugng céc bang duoc sir dung cho
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gian loc phan tich va tong hgp CLDFB. Hai doan sau ddy mo ta gian loc phan tich va
tong hop CLDFB duoc rat gon, xem 4.6.19.4.
4.6.20.5.2.1 Gian loc CLDFB phén tich dugc rut gon

e Xac dinh s luong bang CLDFB riit gon B = 32/F.

Dich chuyén cic mau trong mang x béi B vi tri. B mau cii nhit bi loai bd va B
mau méi duoc luu trit trong cac vi tri tir 0 dén B-1.

Nhan céc mu clia mang x boi hé sb ctra s6 ¢i dé co duoc mang z. Cac hé sb ctra
s6 i thu duoc boi phép ndi suy tuyén tinh ciia cac hé sd ¢, tic 1a qua phuong trinh:

eili) = % [e(2F - i+ 1+p) +c(2F -i+p)], 0=i<(10B), p= m;(— -0, 5"&

Céc hé sb cira sb cia ¢ c6 thé dugc tim thdy trong Bang 4.A.90.

Tinh téng cac miu dé tao ra mang phan t 28 w:
und=znd+zn + 2B+ zin + 4B+ zin + 6B) + z(in + 8B), o0=n < i2B)

Tinh to4n & mau bing con m&i bdi phép toan ma tran Ma, trong do:

Cim (erE{Ze—(35-131y [ 0=k =
M(F,n) =2-exp (5 Mﬂg ‘ j), [ 0sk<5

Trong phuong trinh, €Xp{ biéu thi ham mil phic va ; 1a don vi 4o.
4.6.20.5.2.2 Gian loc CLDFB tong hop dugc rit gon

Xéc dinh s6 luong bang CLDFB rit gon B = 64/F.

Dich chuyén cac mAau trong mang ¥ béi 28 vi tri. 28 mau cii nhét bi loai bo.

& mau bing con cé gia tri phirc duwoc nhan véi ma trin N, trong do:

< B
<73

arfa. % 1 ol Rs s {Zan—{E-13]
Nik,n) =— - exp; )
YT s X 25

.'\ | ,v\

Trong phuong trinh, eXp&) biéu thi ham mil phirc vaJ 1a don vi 0. Phan thuc
ctia d4u ra tir phép toan nay duoc luu trit trong cac vi tri 0 dén 28 — 1 clia mang ».
Trich ra cac miu tir » dé tao ra mang phan tir 105 g.

g(ZB i é’f) = ’i;?(:‘i*B -1+ gﬂ [g =71 <4
g(2B-n+B+kj=v(4B-n+3B+k)’ l0sk<B

-10-
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Nhan cic mau ctia mang g bdi hé so cira s6 ¢i dé c6 dugec mang w. Cac hé so
ctra sO ci thu dugc boi phép ndi suy tuyen tinh cia cac hé so ¢, tic 1a qua phuong
trinh:

E

i) =2[c2F - i +14p) +c(2F-i+p)], 0<:i<{10B),p= w(% ~05)

Céc hé sb ctra sb ¢ c6 thé dugc tim thiy trong Bang 4.A.90.

Tinh toan & mau dau ra méi béi phép tinh tong ciia cAc miu tir mang w theo
izg

output{n) = Z wiBl +n), 0=n<B

i—p

Luuy réng viée thiét lap F =2 cung cép gian loc téng hop duoc rut gon theo
4.6.19.4.3. Do d6, dé xir Iy dong bit LD-SBR duoc rat gon vdi thira s6 rit gon bd sung
F F cén duge nhan véi 2. |
4.6.20.5.2.3 gian loc CLDFB c6 gié tri thuc dugc rut gon

Viéc rat gon CLDFB c6 thé ciing dugc 4p dung cho cac phién ban cé gid tri
thue cua ché d6 SBR cong suét thdp. P& minh hoa, vui 10ng xem xét 4.6.19.5.

Déi v6i gian loc phan tich va tong hop 6 gia tri thue duoc rit gon, theo dbi
phin mo ta trong 4.6.20.5.2.1 va 4.6.20.2.2 va trao ddi bd diéu bién exp() trong M béi
bo diéu bién cos().

A.3 Phan tich MDCT do tré thép

Phan phu nay mo ta gian loc MDCT do tré thép duoc st dung trong bd ma hoa
AAC ELD. Thuit toan MDCT 18i hdu nhu khéng thay ddi, nhung véi cira s6 dai hon,
sao cho n dugc chay tir -N dén N-1 (thay vi tir 0 dén N-1)

Hé 6 phd, Xix, dugc xac dinh nhu sau:

w-1

h 2, N L e -
Xop=—2- zimeos| —=(n+ng) (K +=]] votosk<n/2
L ’ N X 2

A
n=—N% ’

trong do:
zin = chuoi dau vao duoc tao cira so
N = chisdomau
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K = chisdhé séphd
chi s6 khéi
d0 dai ctra so
np = (-N/2+1)/2

'z —
I

Do dai cra sd6 N (dua trén cura s6 hinh sin) 1a 1024 hodc 960.

Do dai cira sb cua ctra sb do tré thip 13 2*N. Viéc tao cira s6 duge md rong vé
trude theo cach sau:

Z, = Wp(N-1-n)-x',,

d6i véi n=-N,...,N-1, vdi cira sb tdng hop w duoc str dung nhu ctra s6 phan tich bang
cach nghich déo thur tu.
A.4 Téng hop MDCT d9 tré thip

Gian loc téng hop dugc bién ddi so voi thuét toan IMDCT tiéu chudn sir dung
ctra s6 hinh sin theo thtr tw dé chdp nhan gian loc d6 tré thip. Thuat toan IMDCT 16i
hiu nhu khong thay d6i, nhung véi cira sé dai hon, sao cho n chay 1én d&én 2N-1 (hon
13 1én d@én N-1).

2= . {27 . f 1 3
Yin =7 Z speclillk] cos (gi‘-ﬂ + gk {A + ;) vdi0=n< 2N
Ea ;{:c‘ . ¥ % &»!.

trong do:

chi sé mau

chi s0 cua )

chi s6 hé s6 phé

d6 dai ctra sd/hai 1an d6 dai khung
(-N/2+1)/2

BZ~—b
Il

v6éi N =960 hodc 1024.
Viéc tao cira s6 va chong 1ap-cong duoc tién hanh theo cach sau:
Ctra 6 ¢4 d6 dai N duogc thay thé béi cira s ¢6 do dai 2N véi nhiéu chong lap
hon & trude, va it chdng 14p hon vé sau (cac gia tri N/8 thuc té 13 khong).
Tao cira s6 cho ctra sb do tré thép:
Ziw = Wi (1) - x;,

Trong dé cura sb hién tai c6 d6 dai 1a 2N, do d6 n=0,...,2N-1.

-12-
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Chong 14p va cong:

Outi,n = Zi,n + Z, N + Zi—2,n+N + Z4 N
x—l,n-l—z— r—3,n+N+7

v61 0<=n<N/2

O day, cac doan dugc dé xuit dé duoc néu trong 14496-3:2009 thong qua dau
sira dbi.

Duong nhién, phan mé ta & trén vé ché d6 rat gon cé kha ning cho AAC-ELD
chi biéu dién mét phuong 4n cia sang ché va mét sb cai bién 1a kha thi. N6i chung, cac
phuong 4n cta sang ché khong dugc gidi han dén bo giai ma 4m thanh thuc hién phién
ban dugc rit gon cua giai md AAC-ELD. Néi cach khéc, cac phuong 4n clia sang ché
c6 thé, vi du, duoc suy ra béng cach thuc hién bd gidi ma am thanh co thé thuc hién
quy trinh bién ddi nghich dao chi theo cach dugc rit gon ma khong mang hoic sir
dung céac nhiém vu khéc cu thé cia AAC-ELD khac nhau nhu, vi du, truyén dua trén
hé sb ti 16 duong bao phd, loc tao hinh nhiéu am theo thdi gian (temporal noise
shaping - TNS), sao chép bérig phd (spectral band replication - SBR) hoic tuwong tu.

Sau d6, phuong 4n tdng quat hon cho b giai ma am thanh dwgc mo ta. Vi du
dugc néu & trén cho bd gidi ma am thanh AAC-ELD hd tro ché d6 duge rat gon dugc
mé ta & trén, do d6 c6 thé biu dién sy thuc hién ciia bd giai ma 4m thanh dugc mo ta
sau d6. Cu thé, bd gidi ma dugc gidi thich sau dé duoc thé hién trén Fig.2 trong khi
Fig.3 minh hoa c4c budc thuc hién bdi by gidi ma cua Fig.2.

Bo giai ma 4m thanh cua Fig.2, ma thuong duoc bidu thi st dung ky hiéu tham
chiéu 10, bao gém bd nhan 12, bd doat 14, bd didu bién phd thanh thoi gian 16, bd tao
ctra s& 18 va bd khir ring cua mién thoi gian 20, tit ca duoc ndi theo chudi véi nhau
theo thir tu theo ddi ctia ching. Sy twong tic va chirc ning clia cac khéi 12 dén 20 ctia
bd giai ma 4m thanh 10 dugc mo ta trong phan sau day dwa vao Fig.3. Nhu dugc mo ta
& dau cla phén mo ta sang ché, cac khdi tir 12 dén 20 c6 thé duge thuc hién trong phﬁn
mém, phan cing cé thé 14p trinh hodc phan cimg nhu & dang chuong trinh may tinh,
FPGA hoac may tinh dugc ldp trinh thich hgp, cac bd vi xtr Iy dugce 1ap trinh hodc
mach tich hop tng dung cu thé véi cac khdi 12 dén 20 biéu dién cac thi tuc con tuong
ung, cac dudong din mach hoic tuong tu.

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

duoc tao cAu hinh dé, va cac phén tr cia bg gidi ma am thanh 10 dugc tao cAu hinh dé
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két hop mot cach thich hop dé giai ma tin hiéu 4m thanh 22 tir dong dit liéu 24 véi luu
¥ 12 bd giai ma 4m thanh 10 giai ma tin hiéu 22 tai tdc do 14y mau 131/F téc d6 14y mau
ma tai d6 tin hiéu 4m thanh 22 d4 dugc mi héa bién ddi 24 tai phia ma héa. Vi du, F
c6 thé 13 s hitu ti 16n hon mot. B giai ma 4m thanh c6 thé dugc tao két cdu dé hoat
dong & cac thura sb rut gon khac nhau hodc bién thién F hodc & thira sb cb dinh. Cac
cach khac duoc mo ta chi tiét hon dudi day.

Céch ma trong d6 tin hiéu am thanh 22 duoc m3 hoa bién d6i & toc d6 ma hoa
hoac tdc do léy mau géc thanh dong dit liéu dugc minh hoa trén Fig.3 & nira phia trén.
Tai 26 cua Fig.3 minh hoa cac hé sb phd st dung cac hdp hodc hinh vudng nho 28
duogc sép xép theo kibu thoi gian phd doc theo truc thdi gian 30 ma 14n luot chay theo
chidu ngang trén Fig.3, va truc tin sé 32 ma chay theo chidu doc trén Fig.3. Céc hé s6
phé 28 duogc truyén trong dong dit liéu 24. Cach ma trong d6 cac hé s6 phd 28 d thu
duoc, va do d6 cach ma thong qua d6 cac hé sb phd 28 biéu dién tin hiéu 4m thanh 22,
dugc minh hoa trén Fig.3 tai 34, ma minh hoa cho mot phén truc thoi gian 30 cach ma
cac hé sb phd 28 thude v, hodc biéu dién phan thoi gian twong ing, d3 thu dugc tir tin
hiéu 4m thanh.

Cu thé, cac hé sb 28 nhu duoc truyén trong dong dit liéu 24 13 cac hé s cia
phép bién ddi dugc chdng ctia tin hidu 4m thanh 22 sao cho tin hiéu 4m thanh 22, duoc
lay méu & téc d6 14y mau gbc hodc tbc do 14y mau ma héa, duge phan chia thanh cac
khung lién tiép hoic khong chdng 14p thoi gian truc tiép c6 dd dai dugc dinh trude N,
trong d6 cac hé sé phd N duoc truyén trong dong dit liéu 24 cho tig khung 36. Tirc
13, cac hé sb bién dbi 28 thu dugc tir tin hiéu 4m thanh 22 st dung phép bién dbi chong
dugc 1y mAu t6i han. Trong su biéu dién anh phd theo thoi gian phd 26, ting cot ciia
chudi theo thoi gian trong sb cac cot cia cac hé sé phd 28 phu hop véi mdt khung
turong tng trong sd cac khung 36 cua chudi cac khung. N hé sé phd 28 thu duge cho
khung tuong tng 36 boi phép bién ddi phan tich theo phd hoic phép didu bién thoi
gian thanh phd, tuy nhién cac ham diéu bién ma kéo dai theo thoi gian khéng chi bat
chéo khung 36 ma thudc vé cac hé sb phé thu duoc 28, ma con bit chéo E + 1 khung
dung trude, trong d6 E c6 thé 13 sb nguyén bét ky hodc sé nguyén duge danh sb chin
bt ky 16n hon khéng. Tic 13, cac hé sb phd 28 ciia mot cot ctia anh phd tai 26 ma
thudc vé khung 36 nhat dinh thu duoc bang cach 4p dung phép bién ddi 1én cira s6 bién

d6i, ma ngoai khung twong timg bao gdm E + 1 khung nim trong truéc dy twong tng
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v6i khung hién thoi. Phép khai trién phd clia cac mAu ciia tin hiéu 4m thanh trong cira
sb bién ddi 38 nay, ma dugc minh hoa trén Fig.3 cho cdt cac hé sb bién dbi 28 thudc
vé khung giita 36 cia phén duoc thé hién tai 34 dat dugc st dung ham ctra ) phan
tich don thirc d6 tré thip 40 ma cac miu phd trong cira s6 bién ddi 38 dwgc gan trong
s6 trude khi cing thy thudc vao MDCT hoic MDST hodc phép bién ddi khai trién phd
khac. D& giam do tré phia bd ma héa, cira sb phén tich 40 bao gdm khoang bang khong
42 tai ddu dan trude theo thoi gian ciia né sao cho bd mi héa khong can doi phan
tuong ng clia cac miu méi nhat trong khung hién thoi 36 @é tinh toan cac hé sb phd
28 cho khung hién thoi 36 nay. Tic 13, trong khoang bang khong 42 ham ctra s6 d6 tré
thap 40 13 khéng hoic c¢6 cac hé s6 ctra s6 bang khong sao cho cac mau 4m thanh ciing
duoc dinh vi ciia khung hién thoi 36, do trong s6 cira sd 40, khong déng gbép vao cac
hé sb bién d6i 28 dugc truyén cho khung d6 va dong dit lidu 24. Tac 13, tém tit cac
van dé & trén, cac hé sd bién d6i 28 thude vé khung hién thoi 36 thu duge béng cach
tao cira sd va khai trién phd cta cac miu cua tin hidu 4m thanh trong cira sb bién d6i
38 ma bao gdm khung hién thoi ciing nhu cac khung ding trudc theo thoi gian va
chdng 14p theo thoi gian véi cac cira sb bién dbi twong tmg duge sir dung dé xac dinh
céc hé sb phé 28 thudc vé cac khung 1an cén theo thoi gian.

Truéc khi bt du lai viéc mo ta bd giai ma am thanh 10, can duge luu y réng su
mo ta cua viée truyén cc hé sb phd 28 trong dong dir liéu 24 nhu duge cung cip dén
nay da dugc don gian hda véi cach ma trong d6 cac hé ) phé 28 duogc lugng tir hda
hodc dugc ma héa thanh dong dit 1li€u 24 va/hodc cach ma trong d6 tin hi€u am thanh
22 da dugc xir 1y trude trude khi dua tin hiéu am thanh sang phép bién ddi chong. Vi
du, bo ma héa am thanh c6 tin hi¢u 4m thanh ¢ ma héa bién ddi tin hiéu 4m thanh 22
thanh dong dir liéu 24 c6 thé duoc diéu khién théng qua md hinh tdm thinh hoc hozc
c6 thé str dung mo hinh tAm thinh hoc dé giit nhidu 4m lwong tir héa va luong tir héa
cac hé sb phd 28 khong thé nhan biét cho ngudi nghe va/hodc dudi ham ngudng che,
do d6 x4c dinh cac thira s§ dinh ti 16 cho cac biang phd ma st dung cac hé sd phd duge
luong t& hoa va duogc truyén 28 duoc dinh ti 18. Cac thira sb dinh ti 18 cling s€ dugc
bao hi€u trong dong dir liéu 24. Theo cach khac, by ma hdéa &m thanh co thé 13 loai
kich thich ma héa bién d6i (TCX - transform coded excitation) ctia bd ma héa. Sau do,
tin hiéu 4m thanh s& phai trai qua phép loc phén tich du bao tuyén tinh truéc khi tao
thanh su biéu din thoi gian phd 26 cia cac hé sb phd 28 bang cach ap dung phép bién
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d6i chdng 1én tin hiéu kich thich, tirc 13 tin hiéu du du bao tuyén tinh. Vi du, cac hé sb
du bao tuyén tinh ciing c¢6 thé dugc bao hiéu trong dong dit lidu 24, va phép luong tir
héa ddng déu c6 thé duoc ap dung dé thu dugc cac hé sb phd 28.

Hon nira, phﬁn mé ta dugc dua ra cho dén nay cling da dugc don gidn hoa ddi
v6i d6 dai khung cta khung 36 va/hodc dbi vai ham cira sé do tré thip 40. Trong thuc
té, tin hidu 4m thanh 22 c6 thé d3 duoc ma héa thanh dong dir liéu 24 theo cach sir
dung kich thuéc khung bién ddi va/hoidc cac cira sd 40 khac nhau. Tuy nhién, phan mo
ta dugc dua ra trong phan sau ddy tap trung trén mot ctra sd 40 va mot do dai khung,
di phdn mé ta sau day c6 thé dé dang duoc mo rong tdi trudng hop trong d6 bd mi
héa entropy thay d6i cac tham sb niy trong sudt qua trinh ma héa tin hiéu 4m thanh
thanh dong dit liéu.

Quay lai bd giai ma am thanh 10 ciia Fig.2 va phan mé ta clia bd gidi md 4m
thanh 10, by nhén 12 nhén dong dit liéu 24 va do dé nhén, cho tirng khung 36, N hé sb
phé 28, tic 1a cot twong ng cua cac hé ) phé 28 duoc thé hién trén Fig.3. Cén dugc
nhéc lai ring d6 dai theo thoi gian cia cac khung 36, duoc do trong cac mau cia tin
hiéu hoic tdc d6 Iéy mau géc hoic toc do léy mau m3 héa, 14 N, nhu dugc biéu thi trén
Fig.3 tai 34, nhung bd giai ma 4m thanh 10 cia Fig.2 duoc tao ciu hinh dé giai ma tin
hiéu 4m thanh 22 tai téc d6 14y mAu giam. Bo giai ma 4m thanh 10 hd trg, vi du, chi
chtc ndng giai ma rut gon dugc mo ta sau day. Theo cach khac, b gidi ma am thanh
10 s€& c6 kha nang khéi phuc tin hi¢u dm thanh tai tdc do léy mau géc hodc toc do léy
mau mi héa, nhung ¢6 thé duoc chuyén ddi gitra ché d6 giai ma rat gon va ché do giai
m3 khéng rat gon véi ché do giai ma rit gon tring khép v6i ché do cia bo gidi ma am
thanh 10 ctia phép van hanh nhu dugc gidi thich sau ddy. Vi dy, bd ma héa dm thanh
10 ¢6 thé duoc chuyén d6i thanh ché d6 giai ma rat gon trong trudng hop muc ic quy
yéu, kha ning mai truong tai tao giam hodc tuong tw. Bat cir khi nao trudng hop thay
d6i bo giai ma am thanh 10 c6 thé, vi du, chuyén ddi tré lai tir ché do giai ma rat gon
sang ché do giai ma khéng rat gon. Trong bat ky truong hop ndo, theo quy trinh giai
ma rut gon cua bg gidi ma 10 nhu dugc mo ta sau day, tin hi€u 4am thanh 22 dugc khoi
phuc tai toc do léy mau ma tai d6 khung 36 cé, & tdc do léy mau giam, do dai ngén
hon dugc do trong cac mau cta tdc do Iéy mau giam nay, cu thé 12 6 dai ctia N/F mau

tai toc d¢ lay mau gidm.
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D4u ra ciia bd nhan 12 13 chubi cia N hé sb phd, cu thé 1a mét tap hop ciia N hé
s6 phd, tirc 13 mot cot trén Fig.3, trén mbi khung 36. P4 dugc néu ra tir phin mé ta vén
tit & trén ciia quy trinh ma héa bién d6i dé tao thanh dong dit liéu 24 ma bd nhan 12 c6
thé ap dung cac nhiém vi khac nhau trong viéc thu dugc N hé sb phé trén moi khung
36. Vi dy, bo nhan 12 ¢6 thé sir dung phép giai ma entropy dé doc cac hé sé phd 28 tir
dong dir licu 24. B) nhén 12 ciing cé thé tao hinh theo phé cac hé sb phé duoc doc tir
dong dit li€u véi céc thira sb dinh ti 1& dugc cung cép trong dong dir liéu va/hodc cac
thira s dinh ti 1& duoc suy ra boi cac hé s6 du bao tuyén tinh duoc truyén trong dong
dit liéu 24. Vi dy, bd nhan 12 c6 thé thu dugc cac thira s dinh ti 1& tir dong dit liéu 24,
cu thé 1a trén co s& mbi khung va mdi khung con, va st dung cac thira sb dinh ti 16 nay
dé dinh ti 1& cac thira sé dinh ti 18 dugc truyén trong dong dit liéu 24. Ngoai ra, bd
nhan 12 c6 thé suy ra cac thira sb dinh ti 18 tir cac hé sb du bao tuyén tinh duoc truyén
trong dong dit liéu 24, cho ting khung 36, va st dung cac thira sb dinh ti 16 nay dé
dinh ti 1& cac hé sd phd duoc truyén 28. Mot cach tiy chon, bd nhan 12 ¢ thé thuc
hién viéc dién diy khoang tréng dé dién diy theo cach téng hop cac phan dugc luong
tr héa bang khong trong cac tdp hop ctia N hé sb phd 18 trén mdi khung. Ngoai ra
hodc theo cach khéc, bd nhan 12 c6 thé ap dung bo loc téng hop TNS Ién hé s6 bo loc
TNS duoc truyén trén mdi khung dé hd tro viéc khoi phuc céac hé $6 phé 28 tir dong dit
liéu v6i cac hé sb TNS ciing dugc truyén trong dong dir liéu 24. Chi cac nhiém vu ¢6
kha ndng dugc néu ctia b nhan 12 s& duoc hiéu nhu danh sach khong loai trir ciia cac
s6 do c6 kha ning va bd nhan 12 c6 thé thuc hién nhiém vy nita va nhiém vu khac c6
lién quan dén viéc doc cac hé sé phd 28 tir dong dir liéu 24.

Do d6 bd doat 14 nhén tir bd nhan 12 anh phd 26 cta cac hé s6 phd 28 va doat,
cho timg khung 36, doan tan sb thip 44 ctia N hé s phd cua khung 36 tuong tng, cu
thé 1a N/F hé s phd tin sb thip nhat.

Ttc 14, bd diéu bién phé sang thoi gian 16 nhan tir bd doat 14 dong hodc chudi
46 cia N/F hé sb phd 28 trén mdi khung 36, twong tng v6i 14t tAn sb thip ngoai anh
phé 26, duoc ghi theo phd vao cac hé sb phd tan sb thap nhét dwoc minh hoa sir dung
chi s6 "0" trén Fig.3 va mé rong cho dén cac hé s6 phd ctia chi s6 N/F — 1.

Bo diéu bién phd sang thoi gian 16 dua, dbi vi mdi khung 36, doan tan sb thip
44 twong mg cuia cac hé sd phod 28 t6i phép bién d6i nghich dao 48 ¢ cac ham diéu

bién c6 @6 dai (E+2)-N/F kéo dai theo thoi gian trén khung twong tmg va E+1 khung
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dting truée nhu dugc dinh hoa tai 50 trén Fig.3, béng cach do thu duoc phﬁn theo thoi
gian c6 do dai (E+2)-N/F, ttrc 1a phén doan thoi gian chua duoc tao clra sb 52. Tuc 13,
bd didu bién phd sang thoi gian c6 thé thu dugce phan doan thoi gian theo thoi gian 13
(E+2)-N/F méiu cua tdc d6 14y mAu giam béi ham diéu bién 14y trong sé va tdng véi
cung do dai st dung, vi du, cong thirc thi nhét cia doan thay thé dugc dé xuit A.4
duoc bidu thi & trén. N/F mAu méi nhit cia phan doan thoi gian 52 thudc vé khung
hién thoi 36. Cac ham diéu bién c6 thé, nhu duge biéu thi, vi dy, 1 cac ham cosin
trong trudng hop phép bién dbi nghich dao 14 MDCT nghich dao, hoic cic ham sin
trong trudng hop phép bién dbi nghich dao 14 MDCT nghich dao.

Do d6, b tao cira sd 52 nhén, d6i voi timg khung, phan theo thoi gian 52, N/F
mau tai dau dan trude cla n6 twong Ung theo thoi gian véi khung tuong tng trong khi
cac mAu khéac cua phin theo thoi gian 52 twong tmg thudc vé cac khung dimg trudc
theo thoi gian twong tmg. B tao cira sb 18 tao cira s6, cho tirng khung 36, phan theo
thoi gian 52 st dung ctra s6 tdng hop don thic 54 ¢ d6 dai (E+2)-N/F bao gdm phan
bang khong 56 c¢6 d6 dai 1/4-N/F tai ddu dan trude ciia nd, tic 13 1/F-N/F hé sb cira s6
c6 gia tri bing khong, va c6 dinh 58 trong khoang theo thoi gian ké tiép, theo thoi
gian, phan bang khong 56, tirc 14 khoang theo thodi gian ctia phan theo thoi gian 52
khong dugc bao ham bdi phin bing khong 52. Khoang theo thoi gian sau d6 cé thé
duoc goi 1a phﬁn khac khong cia cira s6 58 va c6 d0 dai 7/4-N/F dugc do trong cac
mau c6 tbc do 1y miu giam, tirc 13 7/4-N/F hé sb cira s6. Bo tao cira s6 18 14y trong
s6, vi du, phéan theo thoi gian 53, sit dung cira s6 58. Phép 13y trong sé hodc phép nhan
58 nay cua timng phén theo thoi gian véi ctra s6 54 din dén phén theo thoi gian dugc
tao ctra s6 60, mot phin cho timg khung 36 va tring khép vé6i phan theo thoi gian
trong tng 52 theo nhu d6 phu theo thoi gian dugc quan tdm. Trong doan A.4 duoc dé
xut & trén, viéc xtr Iy phép tao cira s6 ma c6 thé dugc st dung béi cira s6 18 duge mod
ta boi cong thire lién quan zix vOi Xin, trong d6 xin trong Ung véi cac phan theo thoi
gian 52 duoc néu trén chua dugc tao cira s6 Va zia twong ng véi cac phan theo thoi
gian duoc tao cira s6 60 v6i i biéu thi chubi khung/cira sd va n biéu thi, trong timg
phén theo thoi gian 52/60, cic mau hoic gia tri ciia cac phan twong tmg 52/60 theo tbe
d6 14y mau giam.

Do dé, bd khir rang cua mién thoi gian 20 nhén ti bd tao ctra sb6 18 chudi cac

phén theo thoi gian dugc tao ctra b 60, cu thé 13 mot chudi trén mdi khung 36. BQ khtr
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20 dua cac phan theo thoi gian duogc tao cira s6 60 cla cac khung 36 téi quy trinh
chdng 14p-cong 62 bang cach ghi timg phan theo thoi gian duoc tao cira sd 60 véi cac
gia tri N/F dan trudc ciia né dé trung khdp voi khung 36 twong tmg. Bing phép do
nay, doan & dau ké tiép c6 d6 dai (E + 1)/(E + 2) ctia phan theo thoi gian duoc tao clra
s6 60 ctia khung hién thoi, tirc 13 phan con lai ¢6 d6 dai (E + 1)- N/F, chéng 1ap véi
phin diu bing dai bang twong ung cia phin theo thdi gian cua khung lién trudec.
Trong cong thirc, bd khir rdng cua mién thoi gian 20 co thé hoat dong nhu dugc thé
hién trong coéng thirc cudi ciing cta phién ban dugc dé xuét & trén cia doan A.4, trong
d6 outi, twong g voi cac mau Am thanh cua tin hiéu 4m thanh dugc khdi phuc 22 tai
tbc d6 1dy mau giam.

Quy trinh tao cira sd 58 va chong 1ip-cong 62 nhu duoc thuc hién bdi bd tao
ctra s& 18 va bo khir ring cua mién thoi gian 20 duoc minh hoa chi tiét hon dudi day
dua vao Fig.4. Fig.4 st dung ca thuit ngit dugc &4p dung trong doan A.4 dugc dé xudt
& trén va cac ky hiéu tham chiéu dugc 4p dung trén Fig.3 va Fig.4. Xo,0 t0 Xo,E+2)N/F-1
biéu dién phan theo phan thoi gian thir khong 52 thu duoc béi bo diéu bién thoi gian
sang phd 16 cho khung thir khong 36. Chi s thi nhat ctia x biéu thi cac khung 36 doc
theo thtr tu theo thoi gian, va chi sé tht hai ciia x chi dAn cac mu cia khung doc theo
th tu theo thoi gian, budc lién mau thudc vé toc do mau giam. Sau do, trén Fig.4, wo
dén we+2)}nr-1 biéu thi cac hé sb cira sd cua cira sb 54. Tuong tu chi sb tht hai cua x,
tirc 13 phén theo thoi gian 52 nhu dugc xuét ra boi b diéu bién 16, chi sé cia w 13 sao
cho chi sb 0 trong Gng v6i gid tri mAu cii nhit va chi s6 (E+2)-N/F-1 twong tng voi
gia tri miu méi nhét khi cira s6 54 dugc ap dung cho phan theo thodi gian 52 twong
ung. Bo tao ctra s6 18 tao ctra sb ph?m theo thoi gian 52 sir dung ctra s6 54 dé thu dugc
phan theo thoi gian dugc tao cira s6 60 sao cho zoo to Zo(E+2)ynF-1, ma biéu thi phén
theo thoi gian dugc tao clira s6 60 cho khung thir 0, thu dugc theo zo0 = xo00 * Wo, ...,
Z0,(E+2)'N/F-1 = X0,(E+2)N/F-1 * W(E+2)-NEF-1. Cac chi s6 cta z co cung nghia nhu dbi voi x.-
Theo cach nay, b diéu bién 16 va bo tao ctra sd 18 co tac dung cho tirng khung dugc
chi bo béi chi s thir nhét 13 x va z. Bo khir 20 tinh tong E + 2 phan theo thoi gian
duoc tao cira s6 60 cua E + 2 khung lién nhau véi do 1éch cidc mau cia céc phén theo
thoi gian dugce tao ctra s6 60 tuong Ung véi nhau b1 mot khung, tic 1a bdi sb lugng
cac mau trén mdi khung 36, cu thé 13 N/F, @ thu dugc cdc miu u ciia mot khung hién

thoi, & day 14 w0 ... wEenNE-1). Ngodi ra, & ddy, chi sé thir nhit ciia u biéu thi sb
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luong khung va chi sb thir hai chi dn cac mAu cta khung nay doc theo thir tu theo thoi
gian. B9 khir ghép céc khung duogc khoi phuc thu dugc sao cho cac mau cua tin hiéu
4m thanh dugc khoi phuc 22 trong cac khung lién tiép 36 theo sau nhau theo u.g+1)0 ...
U-(E+1),N/F-1, U-E,0, ... WEN/F-1, U-(E-1),0, ... . BO khir 22 tinh toan tung mau cua tin hiéu 4am
thanh 22 trong khung thit «(E+1) theo u.g+1)0 = 20,0 + Z-INF + ... Z-(E+1),(E+])N/F, -.., U-
(E+1)N/F-1 = ZON/F-1 T Z-12:N/F-1 + ... + Z(E+1),E+2)N/F-1, t0C 1a tinh té)ng (et2) ) hang trén
cac mau u ctiia khung hién thoi.

Fig.5 minh hoa su khai thac ¢ kha ndng cua thuc té 13, trong sb cac miu duge
tao ctra sd déng gép vao cac mau am thanh u ciia khung —(E + 1), mdt khung tuong
ng v&i, hodic d3 duoc tao cira sd st dung, phin biang khong 56 cia cira sb 54, cu thé
12 Z-(B+1),(E+7/4) NFF ... Z-E+1),E+2)yNF-1 duge dinh gid tri 13 khong. Do dé, thay vi thu dugc
tdt ca N/F miu trong khung thir -(E+1) 36 cua tin hiéu 4m thanh u st dung E+2 s6
hang, bo khir 20 c6 thé tinh toan ddu mot phin tu dan trudc cua nd, cu thé 13 u
(E+1).(E+74)NFF ... U(E+1),E2)nF1 chi sit dung E+1 s6 hang theo .1y, e+7/4yNF = 203/4-NF
+ Z-1,7/4-N/F + s + Z-E,(E+3/4)-N/F, ey
U-(E+1),(E+2) N/F-1 = ZONF-1 + Z-12N/F-1 + ... + ZEE+)NF-1. Theo cach nay, b tao ctra sb
tham chi c6 thé bo sét, mot cach hiéu qua, viéc thuc hién cta phép gan trong sb 58 dbi
v6i phan bang khong 56. Do d6, cic mAu U (E+1),E+74)NF ... U(E+D),E+2)NF1 cia khung
thit —(E+1) hién thoi , thu duge sit dung chi E+1 s hang, trong khi u.e1),E1yNF ... U
E+1).E+7/4 N1 S8 thu duge st dung E+2 s hang.

Do do, theo cach dugc néu ¢ trén, bo giai ma am thanh 10 cua Fig.2 tai tao, theo
cach dugc rut gon, tin hi€u &m thanh dugc ma hoéa thanh dong dit li€u 24. Pé dat dugc
muc dich ndy, bd giai ma am thanh 10 sir dung ham cira s6 54 ma ban than né 13 phién
ban duoc 14y mau giam cia ctra s6 tong hop tham chiéu c6 d dai (E+2)-N. Nhu dugc
giai thich ddi voi Fig.6, phién ban dugc 1dy mau giam nay, tic 1a cira s 54, thu duoc
bang cach ldy mau giam cira sd téng hop tham chiéu béi thira sé F, ttc 12 thira sb 14y
mAu giam, st dung phép ndi suy theo phan doan, cu thé 13 trong cac phan doan cé dd
dai 1/4-N khi dugc do trong ché @6 chua duge rat gon, trong cac phan doan c6 do dai
1/4-N/F trong ché d6 dugc ldy miu giam, trong cic phan doan ctia cac phan tu cia do
dai khung ctia khung 36, duoc do theo thdi gian va duge biéu dién doc lap véi toc do
14y mau. Trong 4-(E+2) phép néi suy, do d6, duoc thuc hién, do d6 mang lai 4-(E+2)

14n 1/4-N/F phan doan dai ma, dugc ghép, biéu dién phién ban dwoc ldy miu giam cua
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cira sb tdng hop tham chiéu c6 d6 dai (E+2)-N. Xem Fig.6 dé minh hoa. Fig.6 thé hién
cira s6 tong hop 54 ma 1a don thirc va dugc st dung bdi bd giai ma 4m thanh 10 phu
hop véi thi tuc giai m3 am thanh dugc 14y mau giam dudi cira s6 tong hop tham chiéu
70 ma cira s6 nay c6 d6 dai (E+2)-N. Tic 13, bang thu tuc 14y mau giam 72 din tir ctra
sb tong hop tham chiéu 70 dén ctra sb tong hop 54 duoc sir dung thuc su boi bo giai
ma am thanh 10 cho viéc gidi ma duogc Iéy mau giam, ) lugng cac hé sb cira s duoc
giam boi thira sé F. Trén Fig.6, thuat ngit cua Fig.5 va Fig.6 da duoc gitt nguyén, tic
13 w dugc st dung dé biéu thi cira s6 phién ban dugc 14y mau giam 54, trong khi w’ d3
duogc st dung dé bidu thi cac hé sb ctra sd ciia cira s6 téng hop tham chiéu 70.

Nhu vira duge dé cap, dé thuc hién phép 14y mau giam 72, cira s6 téng hop
tham chiéu 70 duoc xir 1y trong cic phin doan 74 c6 cung do dai. Vé sb lugng, c6
(E+2)-4 phan doan 74 nay. Puoc do trong tdc d6 14y mau gdc, tirc 12 sb lugng cac hé
s6 cira s6 cua cira sd tong hop tham chiéu 70, timg phan doan 74 13 1/4-N hé sb bfra s6
w’ dai, va dugc do trong tbc d6 14y mau giam va téc d6 14y miu dugc ldy mau giam,
tirng phan doan 74 13 1/4-N/F hé sb cira sd w dai.

Duong nhién 13, c6 thé thuc hién phép 14y miu giam 72 cho tirng hé s6 cira sd
duoc 14y miu giam w; trung khép ngiu nhién véi bat ky hé sb cira s6 w{ nao cua clra
s6 tbng hop tham chiéu 70 bang cach thiét 14p don gian wi = w; vO1 thoi gian mau cla
wi trung v6i thoi gian mau cta w, va/hodc boi phép ndi suy tuyén tinh cac hé sb cira
s6 wi bét k¥ hién c6, theo thdi gian, gifta hai hé sb cira s6 w/ Vvaw/., bl phép ndi suy
tuyén tinh, nhung thu tuc nay s& dan dén phép gan dung kém cua ciia sd tong hop tham
chiéu 70, tirc 12 cira s6 tdng hop 54 dugc sir dung béi bd giai ma 4m thanh 10 dé phép
giai mi duogc ldy mau giam s& biéu dién phép gan dung kém cia ctra s6 téng hop tham
chiéu 70, do d6 khong théa mén yéu cdu dam bao sy kiém tra phi hop ciia phép giai
ma dugc rut gon tuong Gng voi phép giai ma khong dugce rat gon cua tin hi€u am
thanh tir dong dir liéu 24. Do d6, phép ldy miu giam 72 gdm thi tuc ndi suy ma theo
do ph:;fm 16n hé sb wi cua ctra s6 dugc léy mau giam 54, cu thé 13 cic hé sb duge dinh
vi 1éch khoi bién ctia cac phan doan 74, phu thudc vao cach cda tha tuc léy mau giam
72 trén nhiéu hon hai hé s6 ctra s6 w’ ciia cira s6 tham chiéu 70. Cu thé, trong khi phén
16m hé sb ctra s6 wi cta ctra sd duogc Iéy mau gidm 54 phu thudc vao nhiéu hon hai hé

sO ctra sO w; cua ctra s6 tham chi€u 70 d€ lam tang chat lugng cua két qua ndi suy/lay
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mAu giam, tirc 13 chét lugng gin ding, cho moi hé sb cira s6 wi ctia phién ban dugc lay
mAu giam 54 né giit ding ring hé sb cira sb wi khong phu thude vao cac hé s6 cra s6
w; thude vé céc phan doan 74 khéc nhau. Hon nita, thu tuc léy mau giam 72 13 thd tuc
ndi suy theo phan doan.

Vi du, ctra s6 tdng hop 54 c6 thé 13 sy ndi chudi ciia cac ham ndi truc cé do dai
1/4-N/F. Céc ham ndi truc bac ba c6 thé duoc str dung. Vi du ndy d3 dwoc néu & trén
trong doan A.1 trong d6 vong lip for-next ngoai dugc lip theo chudi qua cic phan
doan 74 trong d6, trong timg phan doan 74, phép 14y miu gidm hozc phép noi suy 72
gém td hop toan hoc ctia cac hé s6 cira sd lién tiép w’ trong phan doan 74 hién thoi tai,
vi du, hé sb tht nhit cho ménh dé tiép theo trong doan “tinh toan vecto r can dé tinh
cac hé sb ¢”. Tuy nhién, phép ndi suy dwoc 4p dung trong cac phan doan c6 thé ciing
duogc chon theo cach khac nhau. Tirc 13, phép noi suy khong bi giéi han & cac ham ndi
truc hodc cdc ham nbi truc bac ba. Hon nita, phép nodi suy tuyén tinh hodc phuong
phap ndi suy khac bat ky ciing c6 thé duoc sir dung. Trong truong hop bat ky, viéc
thuc hién theo phan doan ctia phép noi suy s& dan dén viéc tinh toan cic mau cia cira
s6 tdng hop dugc rut gon, tirc 14 cic miu ngodi cing cua cic phan doan cua cira sb
téng hop dugc rat gon, 1an cén phan doan khac, dé khong phu thudc vao cac hé s6 cura
sb ctia cira s6 tong hop tham chiéu hién c6 trong cac phan doan khac nhau.

C6 thé 12 bd tao cira s6 18 thu dugc ctra sb tong hop dugc ldy miu gidm 54 tir
viée luu trir trong d6 cac hé sb cira sb wi cia cira s6 tong hop dugc 1dy mau giam 54
nay da duoc luu trit sau khi d3 thu dugc str dung phép 14y mau giam 72. Ngoai ra, nhu
dwgc minh hoa trén Fig.2, bd giai mi am thanh 10 c¢6 thé bao gdbm bo 1dy mAu giam
theo phan doan 76 thuc hién phép 14y mau giam 72 cua Fig.6 trén co s clra s6 tbng
hop tham chiéu 70.

Cén duoc luu ¥ ring bd giai m3 4m thanh 10 ctia Fig.2 c6 thé dugc tao cau hinh
dé mang chi mot thira s6 14y mau giam c6 dinh F hodc c6 thé mang cac gi tri khac.
Trong trudmg hop d6, bo giai m3 4m thanh 10 c6 thé twong Gmg vé6i gia tri dau vao cho
F nhu dugc minh hoa trén Fig.2 tai 78. Bo doat 14, vi dy, c6 thé tuong Ung voi gia tri
F nay dé doat duoc, nhu dugc dé cap ¢ trén, N/F gia tri phé trén moi phé cua khung.
Theo cach twong tw, bd 14y miu giam theo phan doan tuy chon 76 ciing ¢ thé tuong
ng v6i gia tri F nay hoat dong nhu dugc biéu thi & trén. B6 diéu bién S/T 16 c6 thé

twong Ung v6i F dé, vi du, suy ra theo cach tinh toan cc phién ban duoc rit gon/dugc
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lay mau giam cua cac ham diéu bién, phién ban dwgc rit gon/duoc ldy miu giam
tuong tng véi cac phién ban duge sir dung trong ché do hoat dong khong dugc rat gon
trong d6 phép khoi phuc din dén téc d6 miu 4m thanh diy di.

Duong nhién, bo didu bién 16 ciing s& dap ung véi ddu vao F 78, nhu bd diéu
bién 16 s& sir dung cac phién ban duoc 14y mau giam thich hop cia cac ham diéu bién
va ching gitr ding cho b tao cira s6 18 va bod khir 20 dbi véi sy thich tmg cua do dai
thuc té cua cac khung trong tdc do 14y miu giam hodc téc d6 1dy mau duoc 1y mau
giam.

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

Can dugc luu ¥ ring bd giai md cua Fig.2 va Fig.3 hodc phép diéu bién bit ky
ctia chiing dugc néu & dy, c6 thé dugc thuc thi dé thuc hién phép chuyén tiép phd
thanh thoi gian st dung phép thuc thi nang cia MDCT d6 tré thdp nhu nhu dugc din
dat trong, vi du, EP 2 378 516 B1.

Fig.8 minh hoa viéc thuc thi cia bo gidi ma str dung khai ni¢ém nang. B diéu
bién S/T 16 thuc hién theo vi du DCT-IV nghich dao va dugc thé hién nhu & sau day
boi cac khbi biéu dién sy ghép chudi cta bd tao ctra sd 18 va bo khir rang cua mién
thot gian 20. Trong vi du cua Fig.8, E 1a 2, tic 1a E=2.

Bo diéu bién 16 bao gdm bd chuyén ddi tin s6/thoi gian bién dbi cosin roi rac
loai-iv nghich dao. Thay vi xuét ra cic chudi (E+2)N/F phan theo thoi gian dai 52 thi
chi xuét ra cac phin theo thoi gian 52 ¢6 d6 dai 2-N/F, tt ca dugc suy ra tir chudi N/F
phd dai 46, cac phan duoc rit ngin 52 nay twong tng v6i nhan DCT, tirc 12 2-N/F mau
m&i nhat clia cac phan dugc mo ta trude.

B6 tao ctra sd 18 ¢ tac dung nhu dugc mé ta trude va tao ra phﬁn theo thoi gian
duoc tao cira sé 60 cho tung phén theo thoi gian 52, nhung n6 chi hoat dong trén nhan
DCT. Pé dat dugc muc dich nay, bd tao cira sd 18 sitr dung ham cira sd w; véi
i=0...2N/F-1, ¢6 kich thuéc nhan. Mébi quan h¢ gitta w; véi i=0...(E+2)-N/F-1 dugc
mo ta sau ddy, chi nhu 1a mébi quan hé giita cac hé sd nang dugc dé cp sau day va wi
v6ii=0 ...(E+2)-N/F-1.

Viéc sir dung thuit ngit dugc ap dung ¢ trén, quy trinh dugc mo ta cho dén nay
mang lai:

Zkn = On' Xkn véin=0,....2M-1 ,
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v6i viée xac dinh lai M = N/F, sao cho M tuong ting v6i kich thudc khung duoc
biéu dién trong mién dugc rit gon va sit dung thuét ngir ciia cac hinh vé tir Fig.2 dén
Fig.6, tuy nhién, zxn VA Xkn & chi chita cdc miu cua phan theo thoi gian dugc tao cira
s6 va phan theo thoi gian chwa duoc tao ctra s6 trong nhan DCT c¢6 kich thuée 2-M va
twrong tmg theo thoi gian v6i cac mau E-N/F...(E+2)-N/F-1 trén Fig.4. Tuc 13, n 13 s6
nguyén biu thi chi sé mau va o, 13 hé sb ham cira s6 gia tri thuc twong tng véi chi sb
mau n.

Quy trinh chéng 14p/cong ciia bd khir 20 hoat dong theo cach khac so v6i mo ta
& trén. Quy trinh ndy tao ra cac phan theo thoi gian trung gian my(0),...mx(M-1) dua
trén phuong trinh hoic biéu thirc

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

Trong viéc thuc thi cia Fig.8, thiét bi con bao gém bd nang 80 ma co thé duoc
ndi suy nhu mot phan ciia bd diéu bién 16 va bod tao cira sd 18 vi bo nang 80 bu cho
viéc 12 b diéu bién va bo tao cira sd giéi han viée xir Iy cua chung téi nhan DCT thay
vi xtr Iy su mé& rong ciia cac ham didu bién va cira sd tong hop vuot qua nhan vé phia
trudc ma su mé rong duoc dua vao dé bu cho phan bang khong 56. Bang cach sir dung
khung 1am viéc ctia cac bo 1am tré va cac bd nhan 82 va cic bd cong 84, bd nang 80
tao ra cic phin theo thoi gian dugc khoi phuc cudi ciing cia cac khung c6 do dai M
trong cé4c cip cia cac khung lién nhau dya trén phuong trinh hodc biéu thirc

Uk,n =Mkn + In-wzr Mk-1,M-1-n voin=M/2,....M-1,

Uk,n=Mk,n + IM-1-n* OUtk-1,M-1-n voi n=0,....M/2-1
trong d6 I, véin = 0...M-1 12 hé sb c6 gia tri thuc tuong tng véi cira sb tong
hop duoc rat gon theo cach duoc mé ta chi tiét hon dudi day.

Noi cach khac, dbi v6i su chdng ldp duoc mé trong ciia E khung vao trong cac
khung truoc, chi M phép toan nhan-cong bd sung dugc yéu cau, nhu c6 thé dugc thiy
trong khung lam viéc cuia cac b loc 80. Cac phép todn nay doéi khi cling dugc tham
chiéu dén nhu "cac ma tran do tré bang khong". Poi khi, cac phép toan nay ciing duoc
biét dén nhu “céc budc nang". Viéc thuc thi hiéu quéa dugc thé hién trén Fig.8 co thé
du6i mot sb trudong hop hidu qua hon nhu viée thuc thi don gian. Pé r6 rang hon, phu

thudc vao viée thuc thi cu thé, viéc thuc thi hidu qua hon nay c6 thé din dén tiét kiém
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M phép toan, nhur trudmg hop thuc thi don gian cho M phép toan, c¢é thé nén thuc hién,
nhur viéc thuc thi dugc thé hién trén Fig.9, yéu cu theo nguyén tic, 2M phép toan
trong khung lam viéc cia modun 820 va M phép toan trong khung lam viéc ctia bd loc
830.

DPéi véi su phu thudc clia o, v6i n=0...2M-1 va I, véi n = 0...M-1 vao ctra sb
tong hop wi v6i i = 0...(E+2)M-1 (dugc nhic lai 13 & day E=2), cong thirc sau ddy mo
ta mdi quan hé gitra chiing vé6i viéc chuyén vi cac chi sé ky hidu dugc st dung cho dén

nay vao trong ngodc don sau bién so twong ung:

w{z}:i(i— 1 —n_}-i{M —1—1n) wiMEn)

w (g + 1) =1in) - ii? + n) T (%E * n)

wiM +0)= 1 {E -1-n)-wlM+n)
SM SM
W( >+ i)=-ln)- m(_f +n) |

wiZM+D=-wM+n)-1M-1-n)- wia)
(5l A '3M 3 ;M- M s
w(—+ z): —m(\T —l-n.) ~1(5 +n)- .m{_gipn)

2 >
wi(3M £i)=—win)
(m Ve w0t 10
Wil— + 1) = M +n)
7 + J M +n
o a 2’1{
vol bn=0..——1

2

Luu ¥ 13 cira s6 wi chira cac gia tri dinh trén phia bén phai trong cong thuc nay,
tic 13 gifta cAc chi sb 23 va 44 — 1. Cong thirc trén lién quan dén cac hé sb I, véin =
0...M-1 vd ©on n = 0,...,.2M-1 v&i cac hé s6 wa v6i n = 0...(E+2)M-1 cua cira sb tdng
hop dugc it gon. Nhu 6 thé thiy, 1, véi n = 0...M-1 thuc té chi phu thudc vao % hé
sb cua cira s6 téng hop duoc rit gon, cu thé 1a phu thudc vao wy véin=0...(E+1)M-1,
trong khi @, n=0,...,2M-1 phu thudc vao tht ca wa v6in=0.. (E+2)M-1.

Nhu duoc néu trén, c6 thé 13 bd tao ctra sb 18 thu duoc cua sb téng hop duoc
14y mau giam 54 wa v6in = 0...(E+2)M-1 tir viéc luu trir trong d6 cac hé sb cira s6 wi
clia cira sb tong hop dugc ldy mau giam 54 nay di dugc luu trit sau khi da thu dugc st
dung phép léy mau giam 72, va trong do cac hé s6 cira s dugc doc dé tinh toan cac hé

s6 1 véin=0...M-1 vd onn=0,..., 2M-1 sir dung mdi twong quan trén, nhung theo
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cach khac, bo tao cira sd 18 c6 thé truy tim céac hé s6lhvéin=0..M-1vioan=
0,..., 2M-1, do d6 dugc tinh toan tir cira s6 tong hop duoc 14y mau giam trude, tir viéc
lvu trit mot cach truc tiép. Ngoai ra, nhu dugc néu & trén, b gidi ma am thanh 10 co
thé bao gdm bd 14y mau giam theo phan doan 76 thuc hién phép liy mau giam 72 cua
Fig.6 trén co s& cua cira sb tdng hop tham chiéu 70, bang cach d6 thu dugc wa véin =
0...(E+2)M-1 trén co sé ma b tao clra sb 18 tinh toan cac hé sb I, véin=0...M-1 va
onn=0,..., 2M-1 st dung mdi twong quan/cong thirc néu trén. Ngay ca khi sir dung
phép thuc thi nang, nhidu hon mét gia tri cho F ¢6 thé dugc chap nhan.

Tém tit ngén gon phép thuc thi nang, cing thu dugc bd giai ma 4m thanh 10
duoc tao cAu hinh d& giai ma tin hidu 4m thanh 22 tai tbc d6 14y mau thi nhit tir dong
dir 1iéu 24 ma tin hiéu Am thanh duoc m3 héa bién dbi thanh tai tdc d6 14y mau thir hai,
téc d6 14y mAu thu nhat 13 1/F tbe d6 14y mAu thir hai, bd giai m3 4m thanh 10 bao gdbm
bd nhan 12 ma nhan, trén mdi khung c6 d6 dai N ctia tin hiéu 4m thanh, N hé sb phé
28, bd doat 14 ma doat dugc cho mdi khung, doan tn sb thép c6 do dai N/F ngoai cac
hé s& phd N 28, bd diéu bién phd sang thoi gian 16 duoc tao cdu hinh dé dua, dbi véi
ting khung 36, doan tan s thip t6i phép bién ddi nghich d4o cé cac ham didu bién c6
d6 dai 2-N/F kéo dai theo thoi gian qua khung twong tng va khung dimg truée dé thu
duoc ph?m theo thoi gian c6 d¢ dai 2-N/F, va b) tao cura s 18 ma tao cira sb, cho tung
- khung 36, phin theo thoi gian Xkn theo zin = On- Xka d6i v6i n = 0,..., 2M-1 @ thu
duoc phin theo thoi gian dugc tao cira s6 zxn v6i n = 0...2M-1. B khir ring cwa mién
thoi gian 20 tao ra cac phan theo thoi gian trung gian my(0),...m(M-1) theo min = Zkn
+ Zk1pm VOIn =0,... . M-1. Cudi cung, bo nang 80 tinh toan cac khung uxx cta tin hiéu
am thanh v6i n = 0...M-1 theo ukn = mn + lnme2: Mi1,M10 V6 n = M/2,..., M-1, va
Uk,n = Mi,n + IM-1-n° OUtk-1, M-1-0 VO1 0=0,...,M/2-1, trong d6 1, v6i n = 0...M-1 1a cac hé¢
sd nang trong d6 phép bién ddi nghich dao 18 MDCT nghich dao hoic MDST nghich
dao, va trong d6 1, véin = 0...M-1 va ®n n =0,..., 2M-1 phu thudc vao cac hé s6 wn
v6in = 0...(E+2)M-1 cua cira sb tdng hop, va cira sb tdng hop 13 phién ban duoc 1iy
mAu giam cia cira sd tong hop tham chiéu cé d6 dai 4-N, duoc 13y mau giam boi thira
s6 F boi phép noi suy theo phan doan trong cac phan doan c6 d6 dai 1/4-N.

ba duoc néu ra tur phén md ta & trén cua su dé xuét cho viéc mé rong cua AAC-

ELD d6i v6i ché d6 giai m3 rit gon ma bo giai ma am thanh cua Fig.2 cé thé dugc
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kém theo v6i cong cu SBR dd tré thép. Vi du, phén sau day néu cach ma by ma hda
AAC-ELD m¢ rdng dé hd trg ché do rat gon duoc d& xuét & trén, s& hoat dong khi str
dung c6ng cu SBR d6 tré thap. Nhu d dwoc dé cap trong phan gioi thidu cia ban mo
ta sang ché, trong trudng hop cong cu SBR d6 tré thip duoc sir dung két hop véi bd
mi héa AAC-ELD, c4c gian loc cia moédun SBR d6 tré thip ciing duoc rit gon. Diéu
nay dam bao ring mddun SBR hoat ddng vdi cling d6 phén giai tin sb va do d6, khong
yéu ciu su thich tmg hon nao. Fig.7 t6m tit dudong truyén tin hiéu cia bd giai ma
AAC-ELD hoat dong & 96 kHz, vé6i kich thudc khung 13 480 mau, trong ché 46 SBR
duoc 14y mAu giam va véi thira sé rit gon F 13 2.

Trén Fig.7, dong bit téi nhu dugc xir 1y bdi chudi cac khdi, cu thé 13 bo giai ma
AAC, khdi LD-MDCT nghich d4o, khéi phan tich CLDEB, bd giai m3 SBR va khéi
téng hop gian loc do tré thip phiic tap (complex low delay filter bank - CLDEB).
Dong bit bang v6i dong dir liéu 24 dugc mé ta trude dbi voi cac hinh vé tir Fig.3 dén
Fig.6, nhung dugc kém thém boi cac dit liéu SBR theo tham sb hd trg viéc dinh dang
phd cua sy sao chép phd ctia bing mé rong phd mé rong tin sb phd cia tin hiéu am
thanh thu duoc bang viéc giai ma 4m thanh dugc rat gon tai dau ra cia khéi MDCT d6
tré the"ip nghich ddo, viéc tao hinh phé) dugc thuc hién boi bd giai ma SBR. Cu thé, bo
gidi ma AAC tim kiém tt ca cac phin tir ¢t phép cén thiét bing cach phén tich va giai
mi entropy thich hop. Bo giai md AAC c6 thé tring khdp mot phin véi bo nhan 12
clia bo gidi ma Am thanh 10 ma, trén Fig.7, duoc thé hién boi khdi MDCT d6 tré thap
nghich dao. Trén Fig.7, vi du 1a F bang 2. Tic 13, khéi MDCT @6 tré thap nghich dao
cua Fig.7 xuét ra nhu vi du cho tin hiéu 4m thanh dugc khoéi phuc 22 cua Fig.2, tin
hiéu thoi gian 48kHz duoc 14y miu giam & nira tdc d6 ma tai d6 tin hiéu 4m thanh
dugc ma héa trude tién thanh dong bit t6i. Khéi phan tich CLDFB chia nhé tin hiéu
thoi gian 48 kHz nay, tirc 1a tin hi¢u am thanh thu dugc bdi phép giai ma am thanh
dugc rat gon, thanh N bang, & ddy N = 16, va bd giai ma SBR tinh toan cac hé s6 dinh
dang lai cho céc bang nay, theo d6 dinh dang lai N bang duogc diéu khién théng qua dir
liéu SBR trong dong bit dau vao dén dau vao cia bo giai md AAC, va khdi téng hop
CLDFB chuyén tiép lai tir mién phd sang mién thoi gian véi viée thu duoc, do d6, tin
hiéu mé rong tan sb cao s& dugc thém vao céc tin hiéu &m thanh duoc gidi ma ban dau

dugc xut ra voi khéi MDCT d6 tré thip nghich déo.
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Luu ¥ 13 su hoat d6ng chuan ctia SBR sir dung CLDFB 32 bing. Thuét toan noi

suy cho cac hé s cira s6 CLDFB 32 bing Ciz= di dugc cho trong 4.6.19.4.1 trong tai
liéu tham khao [1],

Clg,lt) = E[cmizi + 1)+ cg, 121 10], 0=i < 320,

trong d6 ces 12 cac hé sb cira s6 ciia clra s6 64 bang d3 cho trong bang 4.A.90
‘trong tai liéu tham khao [1]. Céng thirc nay cé thé con dugc tong quat hoa dé ciing

dinh nghia cac hé sd cira s6 cho s6 lwong bang it hon B
€ipl)=-[ce,@F -i+14p 4 (2F i 4Pl 0=i<@0B)p =int (;EE —05)

trong d6 F biéu thi thira sé rit gon 13 F = 32/8. Vi dinh nghia nay vé cac hé sb
clra s6, gian loc phan tich va tdng hop CLDFB c6 thé hoan toan dugc md ta nhu duogc
néu trong doan vi du A.2 néu trén.

Do d6, cac vi du trén cung cip mot sé dinh nghia con thiéu cho bd m3 héa-giai
m3 AAC-ELD @ 1am thich tmg bd ma héa-giai mi voi cac hé thdng c6 toc do miu
thp hon. Cac dinh nghia nay c6 thé dugc néu trong tiéu chuin ISO/IEC 14496-
3:2009.

Do d6, trong phan md ta & trén, khong ké dén nhitng diéu khac, d3 dugc mo ta
la:

B giai mi 4m thanh c6 thé duoc tao cAu hinh dé giai ma tin hiéu 4m thanh tai
tbc d6 14y mau thir nhét tir dong dit liéu ma tin hiéu 4m thanh dugc mi héa bién dbi
thanh tai tbc do 14y mau thir hai, tbc d6 14y mau ther nhit 13 1/F tbc d6 14y mAu thir hai,
b gidi ma Am thanh bao gém: bd nhan duoc tao ciu hinh dé nhén, trén mdi khung c6
d6 dai N cua tin hiéu 4m thanh, N hé s6 phd; bo doat duoc tao cdu hinh dé doat dugc
cho tirng khung, doan tan sb the”ip c6 do dai N/F trong s6 N hé s6 phé; bo diéu bién phé
sang thoi gian dugc tao cAu hinh dé dua, d6i véi ting khung, doan tan s6 thép té1 phép
bién d6i nghich dao c6 cac ham didu bién c6 d6 dai (E+2)-N/F kéo dai theo thoi gian
qua khung twong tng va E+1 khung dung trudc dé thu duge phan theo thoi gian c6 do
dai (E+2)-N/F; b0 tao ctra s6 duoc tao cAu hinh dé tao cta sb, cho tirng khung, phén
theo thoi gian sir dung cira s6 tong hop don thirc ¢6 do dai (E+2)-N/F bao gdm phin
bang khong ¢ do dai 1/4-N/F tai dau dan trude clia nd va c6 dinh trong khoang theo

thoi gian cia cira s6 téng hop don thirc, khoang theo thoi gian ndi tiép phin bing

-28-



31393

khéng va c6 do dai 7/4-N/F dé bo tao cira sd thu dugc phﬁn theo thoi gian dugc tao cira
sb c6 do dai (E+2)-N/F; va bo khir rang cua mién thoi gian dugc tao cu hinh dé dua
phan theo thoi gian dugc tao cira s6 clia cac khung sang quy trinh chdng ldp va cong
dé doan & dau ké tiép c6 do dai (E+1)/(E+2) cua phan theo thoi gian duge tao cira sb
ctia khung hién thoi chdng 14p ddu din trude cé do dai (E+1)/(E+2) cia phan theo thoi
gian dugc tao cra sd cua khung dimg trude, trong d6 phép bién dbi nghich dao 1a
MDCT nghich d4o hoic MDST nghich dao, va trong d6 cira s tong hop don thic 13
phién ban dugc 14y miu giam cia cira sd tong hop don thirc tham chiéu c6 d6 dai
(E+2)N, dugc tao cira sd boi thira sé F biang phép noi suy theo phan doan trong céc
phéan doan c6 do dai 1/4-N/F.

B0 giai mi am thanh theo phuong an, trong d6 cira s6 tong hop don thirc 13 sy
néi chudi cia c4c ham néi truc c6 @6 dai 1/4-N/F.

B6 giai mi 4m thanh theo phuong 4n, trong d6 ctra sb téng hop don thic 1a su
ndi chudi cua cac ham ndi truc bac ba cé do dai 1/4-N/F.

Bo giai mi am thanh theo phuong 4n bat ky trong s cac phuong 4an néu trén,
trong d6 E=2.

Bo giai ma am thanh theo phuong 4n bét ki trong sd cac phuong an néu trén,
trong d6 phép bién dbi nghich d4o 14 MDCT nghich dao.

B0 gidi mid 4m thanh theo phwong 4n bat ki trong sd cic phuwong 4n néu trén,
trong d6 nhiéu hon 80% khdi lugng cira sb tdng hop don thirc dugc chira trong khoang
theo thoi gian ndi tiép phan bang khéng va c¢6 d6 dai 7/4-N/F.

B0 gidi mi am thanh theo phwong 4n bat ki trong sd cic phuwong an néu trén,
trong d6 bo gidi ma 4m thanh dugc tao cdu hinh dé thyuc hién phép ndi suy hodc dé suy
ra ctra sO tong hop don thuc tir viée luu trit.

B0 gidi mi 4m thanh theo phuong 4n bét ki trong sb cac phuong 4n néu trén,
trong d6 bo gidi ma 4m thanh dugc tao ciu hinh dé mang cac gia tri khac nhau cho F.

B0 gidi ma 4m thanh theo phuong 4n bét ki trong s6 cac phuong an néu trén,
trong d6 F nam trong khoang 1,5 va 10, bao gdm ca 1,5 va 10.

Phuong phép duoc thuc hién boi bd giai ma 4m thanh theo phuwong an bat ki
trong sd cac phuong 4n néu trén.

Chuong trinh may tinh ¢6 ma chuong trinh dé thyc hién, khi chay trén may tinh,
phuong phép theo phuong an
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Xét dén thuat ngir "c6 chidu dai ...", can luu ¥ rang thut ngit nay dugc hidu 13
phép do chidu dai ciia mau. Xét dén d6 dai cia phan bang khong va cac phan doan, cin
lwu ¥ ring do dai ¢ thé c6 gia tri nguyén. Ngoai ra, do dai c6 thé 1a gia tri khong
nguyén.

Péi voi khoang theo thoi gian ma trong d6 dinh dwoc dinh vi tri, dugc luu v
rang Fig.1 thé hién dinh ndy ciing nhu khoang theo thdi gian d& minh hoa cho vi du
clia cira s6 tong hop don thic tham chiéu v6i E=2 va N=512: dinh c6 cuc dai cia né &
mau gan ding s6 1408 va khoang theo thoi gian kéo dai tir miu sb 1024 dén mau sb
1920. Do d6, khoang theo thoi gian 1a 7/8 cua do dai nhan DCT.

Dbi v6i thuat ngit "phién ban duoc 14y miu giam", dugc lvu ¥ ring trong phin
mé ta & trén, thay vi thudt ngit ndy thi c6 thé st dung thuat ngit "phién ban duogc rit
gon" dé thay thé.

Déi vé6i thuat ngir "khéi lwong ctia ham trong khoang nhét dinh", dugc luu ¥ 1a
khéi lugng ciia ham s& biéu thi tich phan xac dinh cia ham tuong Gmg trong khoang
tuong tng.

Trong truomg hop bd gidi ma am thanh mang cac gia tri khac nhau cho F, bd
giai mi 4m thanh c6 thé bao gdm phan luu trit c6 cic phién ban dugc ndi suy theo
phén doan cua cira s6 tong hop don thirc tham chiéu hodc cé thé thuc hién phép noi
suy theo phan doan cho gia tri hoat dong hién thoi cia F. Cac phién ban duogc ndi suy
theo phan doan khac nhau c6 diém chung 12 phép ndi suy khong anh hudng tiéu cuc
dén tinh gian doan tai cac duong bién phan doan. Chung cé thé, nhu duoc mo ta &
trén, 12 cac ham nbi truc.

Bing cach suy ra cira sd tong hop don thirc bai phép ndi suy theo phan doan tir
cira s6 tong hop don thirc tham chiéu nhu cira s6 dugc thé hién trén Fig.1 & trén, cac
phan doan 4-(E+2) c6 thé dugc thuc hién bai phép gin dung cia ham ndi truc nhu béi
cic ham ndi truc bac ba va bat ké phép ndi suy, tinh khong lién tiép ma co mat trong
ctra s6 tong hop don thirc tai budc 1/4-N/F do phan bang khong duoc dua vao theo

cach tong hop nhu phuong tién 1am giam d6 tré duoc bao toan.
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YEU CAU BAO HO
1. B0 gidi ma am thanh dugc tao cu hinh dé gidi ma tin hiéu am thanh & tbc do
lay mau thir nhat tir dong dit liéu ma tin hidu 4m thanh dugc ma héa bién ddi thanh &
tbc d6 14y miu tht hai, téc do ldy miu thir nhit bang 1/F tdc do ldy mau thir hai, bd

gidi m& 4m thanh bao gdm:

bd nhén dugc tao ciu hinh dé nhan N hé s phd trén mdi khung c6 d6 dai N cia
tin hiéu Am thanh;

bd doat duge tao cAu hinh dé doat duge doan tin sd thép c6 4o dai N/F trong sb

N hé s phd cho timg khung;

bd diéu bién phé sang thoi gian dugc tao cdu hinh dé dua, cho timg khung, doan
tan sd thip sang phép bién ddi nghich dio bao gdm cac ham diéu bién c6 do dai
(E+2)-N/F kéo dai theo thoi gian qua khung twong ung va E+1 khung trudc dé thu
duogc phan theo thoi gian c¢6 d6 dai (E+2)-N/F;

bo tao cira s6 duge tao ciu hinh dé tao cta sé, cho tung khung, phén theo thoi
gian sit dung ctra s6 tong hop c6 dd dai (E+2)-N/F bao gdm phan bing khong c6 do dai
1/4'N/F tai dau d?lr_l trude clia né va ¢ dinh nim trong khoang theo thoi gian cla cira
s6 t6ng hop, khoang theo thoi gian ndi tiép phan bing khong va cé d6 dai 7/4-N/F sao
cho bd tao ctra sd thu duoc phén theo thoi gian dugc tao ctra sb ¢b d6 dai (E+2)-N/F;
va

bd khir ring cua mién thoi gian dugc tao cdu hinh dé dua phan theo thoi gian
duogc tao cira s6 ciia cac khung sang quy trinh chdng 14p va cong sao cho doan & dau
ké tiép c6 do dai (E+1)/(E+2) clia phan theo thoi gian duoc tao cira sb cia khung hién
thoi chong 14p dau dan trudc c6 d6 dai (E+1)/(E+2) ctia phan theo thoi gian dugc tao

ctra sO cua khung dung trudéc,

trong d6 phép bién doi nghich ddo 1a bién doi cosin roi rac cai bién (modified
discrete cosine transform — MDCT) nghich d4do hodc bién ddi sin roi rac cai bién

(modified discrete sine transform — MDST) nghich dao, va
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trong d6 cira sd tong hop 14 phién ban dugc 14y miu giam cua ctra s6 tong hop
tham chiéu c6 do dai (E+2)-N, dugc 14y miu giam béi thira s6 F boi phép ndi suy theo

phan doan trong c4c phan doan c6 d6 dai 1/4 - N.

2. Bo giai mi 4m thanh theo diém 1, trong d6 ctra s6 téng hop 13 sy ndi chudi cia
cac ham ndi truc c6 d6 dai 1/4-NJ/F.

3. Bo giai mi 4m thanh theo diém 1, trong d6 ctra s6 téng hop 13 sy ndi chudi cta

cac ham ndi truc bac ba ¢ do dai 1/4-N/F.
4.  BO giai mi am thanh theo diém 1, trong d6 E=2.

5. BO giai mi am thanh theo diém 1, trong d6 phép bién ddi nghich dao 13 MDCT
nghich déo.

6. B0 giai m3 4m thanh theo diém 1, trong d6 nhiéu hon 80% khéi lugng ctra sd
tong hop dugc chira trong khoang theo thoi gian ndi tiép phan bing khong va c6 do dai
7/4-N/F.

7. B0 giai mi am thanh theo diém 1, trong d6 bd giai ma am thanh duoc tao ciu

hinh dé thyc hién phép ndi suy hodc dé suy ra ctra s6 tong hop tir viée luu tri.

8. B0 giai ma am thanh theo diém 1, trong d6 bo gidi ma am thanh dugc tao ciu

hinh dé mang c4c gia tri khac nhau cho F.

9. B6 giai mi 4m thanh theo diém 1, trong d6 F nam trong khoang giita 1,5 va 10,

bao gdm ca 1,5 va 10.

10. B gidi mi 4m thanh theo diém 1, trong d6 ctra s6 tong hop tham chiéu 14 don

thuec.

11. B0 gidi ma am thanh theo diém 1, trong d6 bd gidi ma am thanh duogc tao chu
hinh dé thuc hién phép noi suy theo cach ma phan 16n cac hé sb cua cira s tng hop
phu thudc vao nhiéu hon hai hé s6 cia ctra s6 tong hop tham chiéu.

12. B0 giai ma am thanh theo diém 1, trong d6 bd giai ma am thanh duogc tao ciu
hinh dé thuc hién phép ndi suy theo cach ma timg hé s cia cira sb téng hop dugc
phan tach béi nhiéu hon hai hé s6 tir cac dudng bién phan doan phu thudc vao nhiéu

hon hai hé so cua ctra s0 tong hgp tham chiu.
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13. B0 gidi ma am thanh theo diém 1, trong dé b tao ctra sb va bo khu rang cua
mién thoi gian két hop sao cho bo tao cira s6 bé qua phin bang khéng trong viée 14y
trong sé phan theo thoi gian sir dung ctra sd téng hop va bd khir rang cua mién thoi
gian bo qua phan khong duoc 1dy trong sb tuong tng cta phan theo thdi gian duoc tao
ctra s6 trong quy trinh chdng 14p va cong sao cho chi E+1 phan theo thoi gian duoc tao
ctra s6 duoc tinh téng dé din dén phin khéng dugc 14y trong s tuong tng cia khung
tuong ung va E+2 phan dugc tao cira s& dugc tinh tdng trong trinh nhic cua khung

tuong Ung.

14. B giai ma 4m thanh dé tao ra phién ban dwoc rat gon cia ctra sé téng hop cua
bd giai ma 4m thanh theo diém 1, trong 36 E=2 dé ham cira s tdng hop bao gdm nhan
lién quan dén nira do dai 2-N/F dugc dit truée boi trinh nhic nta do dai 2-N/F va
trong d6 bd didu bién phd thanh thoi gian, bd tao cira s6 va bd khir ring cura mién thoi
gian dugc thuc thi dé két hop trong phép thuc thi ning ma theo dé:
bd diéu bién phé thanh thoi gian han ché viéc dua, cho tung khung, doan tan s
thip sang phép bién d6i nghich dio bao gdm cic ham diéu bién c6 do dai
(E+2)-N/F kéo dai theo thoi gian qua khung tuong ing va E+1 khung trudc, téi
nhan bién dbi trung khép véi khung twong tmg va mot khung trude dé thu duogc
phén theo thoi gian Xk, véin = 0...2M-1 v6i M=N/F 14 chi s6 mau va k 12 chi sb
khung;
bo tao ctra sd tao cira s, cho tung khung, phﬁn theo thoi gian xin theo zin =
On* Xkn VOin = 0,..., 2M-1 dé thu duoc phan theo thoi gian dugc tao clra $O Zkn
voin=0...2M-1;
bd khir ring cua mién thoi gian tao ra cic phan theo thdi gian trung gian
my(0),...m(M-1) theo min = zkn + Zk-1,0em VOIin=0,..., M-1, va
bd giai ma am thanh bao gém bd nang dugc tao c4u hinh dé thu duoc cac khung
Uknvoin=0...M-1 theo
Ukn= Mkn + ln-M2° Mik-1,M-1-n voin=M/2,..., M-1 ,
va

Uk,n = Mi,n T IM-1-0 OUtc 1, M-1n v6in=0,..., M/2-1,
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trong d6 In v6in = 0...M-1 13 c4c hé sd nang, va trong d6 1, véin=0...M-1 va
On v6in = 0,..., 2M-1 phu thudc vao cac hé $6 wn vOin = 0...(E+2)M-1 cua ctra )

téng hop.

15.  Thiét bi tao ra phién ban dudgc rut gon cua ctra ) téng hop cua by gidi ma am *
thanh theo diém 1, trong do thiét bi duoc tao cdu hinh dé léy méu gidm ctra ) téng
hop tham chiéu c6 d6 dai (E+2).N boi thira s6 F bang phép ndi suy theo phan doan
trong 4.(E+2) phan doan cé cung d¢ dai.

16.  Phwong phap tao ra phién ban dugc rit gon ciia cira s6 téng hop ciia bd giai ma
4m thanh theo diém 1, trong d6 phuong phap bao gdm buéc ldy mau gidm cira sb téng
hop tham chiéu c6 d6 dai (E+2)-N béi thira s§ F bing phép néi suy theo phan doan
trong 4-(E+2) phan doan cé cung do dai.

17. Vit ghi Iuu trir s6 khong chuyén tiép da luu trit trén d6 chuong trinh may tinh
dé thuc hién phuong phap tao ra phién ban dugc rit gon cia cira sd téng hop cia bd
giai md am thanh theo diém 1, trong d6 phuwong phap bao gdm budc 14y miu gidm cira
s6 tong hop tham chiéu cé d6 dai (E+2)-N béi thira s6 F bang phép ndi suy theo phan
doan trong 4-(E+2) phan doan c6 cung d¢ dai, khi chuong trinh may tinh da néu duoc
chay bdi may tinh.

18.  BO giai m3 4m thanh dugc tao cdu hinh dé giai m3 tin hiéu 4m thanh & tdc d6
Jdy mau thir nhit tir dong di liéu ma tin hiéu 4m thanh duoc ma héa bién d6i thanh &
téc d6 ldy mau tht hai, toc d6 1dy miu thir nhat bang 1/F tdc d6 1y méu thir hai, bo

giai ma am thanh bao gom:

bd nhén dugc tao cau hinh d€ nhan N hé s6 pho trén mdi khung c¢6 d¢ dai N ctua

tin hi€u am thanh;

bd doat dugc tao ciu hinh dé doat duoc doan tin sb thép c6 do dai N/F trong $6

N hé sb phé cho tirng khung;

bd diéu bién phé thanh thoi gian dugc tao cAu hinh dé dua, cho ting khung,
doan tan sb thap sang phép bién d6i nghich dio bao gdm cac ham diéu bién c6 d6 dai
2°N/F kéo dai theo thdi gian qua khung twong mg va khung trudc dé thu dugc phin
theo thoi gian ¢ do dai 2-N/F;
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bo tao ctra s6 duoc tao cAu hinh dé tao cia sb, cho tung khung, phén theo thoi
gian xxn theo zin = On Xin v6in = 0,..., 2M-1 dé thu dugc phén theo thoi gian dugc

tao cra SO zkn voin=0...2M-1;
bd khir ring cua mién thoi gian dugce tao cau hinh dé tao ra cac phéan theo thoi
gian trung gian my(0),...mx(M-1) theo myn = Zikn + Zk-1,00m Vi n=0,.... M-1, va

bd nang duoc tao cau hinh dé€ thu dugc cac khung ukn, ctia tin hi€éu am thanh véi

n=0...M-1 theo
Uikn = Mign + lnM2: Mic1,M-1-n véin=M/2,... M-1,
va
Uk,n = Mi,n + IM-1-0 OULK 1, M-1-n voin=0,...,M/2-1,
trong d6 In véin =0...M-1 13 c4c hé sb nang,

trong d6 phép bién ddi nghich dao 13 MDCT nghich dao hoic MDST nghich

dao, va

trong d6 1, véin = 0...M-1 va @, v6i n = 0,..., 2M-1 phu thudc vao céc h¢ sb
wn v6i n = 0...(E+2)M-1 ciia cira sd téng hop, va cira s6 tong hop 13 phién ban duoc
lay miu giam cia cira s6 tong hop tham chiéu cé d6 dai 4N, duoc 14y miu giam boi

thira s6 F bang phép noi suy theo phan doan trong cac phan doan c6 dd dai 1/4-N.

19.  Thiét bi tao ra phién ban dugc rat gon cia cira s6 tong hop ciia bd giai ma am -
thanh theo diém 18, trong d6 thiét bi duoc tao cdu hinh dé 14y méu giam ctra sb tong
hop tham chiéu cé d6 dai (E+2)-N boi thira s F bang phép noi suy theo phan doan
trong 4-(E+2) phan doan c6 cung d¢ dai.

20.  Phuong phap tao ra phién ban duoc rit gon cua cira s6 tong hop clia bd giai ma
4m thanh theo diém 18, trong d6 phwong phap bao gdm budc ldy miu giam cira sb
tbng hop tham chiéu c6 @ dai (E+2)-N bai thira s F bang phép ndi suy theo phan

doan trong 4-(E+2) phan doan cé cung do dai.

21.  Vat ghi luu trit s6 khong chuyén tiép d3 luu trit trén d6 chuong trinh may tinh
dé thuc hién phuong phép tao ra phién ban duoc rat gon cla ctra s6 tong hop ciia bd

giai ma am thanh theo diém 18, trong d6 phuong phap bao gdm buéc ldy miu giam
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ctra sb téng hop tham chiéu c6 d6 dai (E+2)'N bai thira s& F bang phép noi suy theo
phéan doan trong 4-(E+2) phan doan cé cung d¢ dai, khi chuong trinh may tinh da néu
duoc chay bdi may tinh.

22.  Phuong phép giai mi tin hiéu 4m thanh & téc d6 14y mau thir nhit tir dong dit
liéu ma tin hiéu 4m thanh dugc mé héa bién dbi thanh & tdc do 14y mau thir hai, tdc do

14y mAu thtr nhét bang 1/F tdc d6 14y mau thir hai, phwong phap bao gdm cac budc:
nhan N hé s6 phd trén mdi khung c6 d6 dai N cua tin hiéu 4m thanh,;
doat duoc doan tan sb thép c6 do dai N/F trong s6 N hé s phé cho tung khung;

thuc hién phép diéu bién phd sang thoi gian bang cach dua, cho ting khung,
doan tan sb thip sang phép bién ddi nghich dao bao gdm cac ham diéu bién c6 do dai
(E+2)'N/F kéo dai theo thoi gian qua khung twong ung va E+1 khung trudc dé thu
dugc phan theo thoi gian c6 do dai (E+2)-N/F;

tao cira sd, cho ting khung, phén theo thoi gian sir dung ctra sd tong hop c6 dd
dai (E+2 )N/F bao gdm phén bing khong c6 d6 dai 1/4-N/F tai dau din trude clia nd
va c6 dinh ndm trong khoang theo thdi gian ciia cira s6 tong hop, khoang theo thoi
gian ndi tiép phan bing khong va cé d6 dai 7/4-N/F sao cho b tao ctlra sb thu duoc

phan theo thoi gian dugc tao ctra sd c6 @ dai (E+2)-N/F; va

thuc hién viéc khir ring cua mién thoi gian bang cach dua phan theo thoi gian
duoc tao ctra s cua cac khung sang quy trinh chdng 14p va cong sao cho doan & dau
ké tiép c6 do dai (E+1)/(E+2) cta phan theo thoi gian dugc tao cira sd ciia khung hién
thoi chdng 14p dau din trude c6 d6 dai (E+1)/(E+2) ciia phéan theo thoi gian duoc tao
clra s cia khung dtng trude,

trong d6 phép bién d6i nghich dao 14 MDCT nghich ddo hoic MDST nghich
dao, va

trong d6 cira sé tdng hop 12 phién ban dugc 14y miu giam cia cira s6 tong hop
tham chiéu c6 do dai (E+2)'N, duoc 14y mau giam béi thira sé F bang phép ndi suy
theo phan doan trong cac phan doan c6 do dai 1/4-N.
23.  Vat ghi luu trit s6 khong chuyén tiép d3 luu trit trén d6 chuong trinh may tinh
dé thuc hién phuong phép gidi ma tin hiéu am thanh & toc d6 lay mau thi nhit tir dong
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dit liéu ma tin hiéu 4m thanh dugc mi héa bién ddi thanh & toc d6 14y mau thir hai, tc

d6 14y mAu thtr nhat bang 1/F tbc d6 14y méu th hai, phwong phap bao gdm céc budc:
nhén N hé s6 phd trén mbi khung c6 d6 dai N ciia tin hiéu 4m thanh,;
doat dugc doan tan s6 thdp c6 do dai N/F trong s& N hé sb phd cho ting khung;

thue hién phép diéu bién phd sang thoi gian bing cach dwa, cho timg khung,
doan tin sb thip sang phép bién d6i nghich dao bao gdm céc ham diéu bién c6 d6 dai
(E+2)'N/F kéo dai theo thoi gian qua khung twong tng va E+1 khung truéc dé thu
duoc phan theo thoi gian c6 d dai (E+2)-N/F;

tao cira s, cho timg khung, phén theo thoi gian sir dung cira sd tong hop c6 do
dai (E+2 )-N/F bao gém phén bang khong c6 do dai 1/4-N/F tai dau din trudc ctia nd
va c6 dinh nam trong khoang theo thoi gian cua cira sd tong hop, khoang theo thoi
gian ndi tiép phan bing khéng va c6 dd dai 7/4-N/F sao cho bd tao ctra sb thu duoc
phan theo thoi gian dugc tao cira sd c6 d6 dai (E+2)-N/F; va

thue hién viéc khir ring cwa mién thoi gian bang cach dwa phan theo thoi gian
dugc tao ctra s6 cua cac khung sang quy trinh chdng 14p va cong sao cho doan & dau
ké tiép c6 d6 dai (E+1)/(E+2) ctia phan theo thoi gian dugc tao cira sd ciia khung hién
thoi chdng l4p dau dan trude c6 d6 dai (E+1)/(E+2) ciia phan theo thdi gian duoc tao
clra sb ctia khung dung trudc,

trong d6 phép bién d6i nghich dao 14 MDCT nghich dao hoic MDST nghich
dao, va

trong d6 cira sé tong hop 14 phién ban dwoc 14y mau giam cua cira sd tong hop
tham chiéu c6 d6 dai (E+2)-N, duoc 14y mau giam béi thira s& F bang phép noi suy

theo phan doan trong cac phan doan c6 do dai 1/4-N,

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