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(57) Sang ché dé& cap dén bo giai md 4m thanh duoc tao cAu hinh dé tao ra tin hiéu 4m
thanh tir dong bit va phuong phdp tao ra tin hi¢u am thanh tir dong bit. B giai ma am
thanh bao gdm: médun giai ma bang 15i duoc tao cdu hinh dé suy ra tin hiéu 4m thanh
biang 16i duoc giai ma truc tiép tir dong bit; médun mé rong bang théng duge tao cdu hinh
dé suy ra tin hiéu 4m thanh mé rong bang thong duge giai ma theo tham s tir tin hiéu am
thanh bang 151 va tu dong bit, trong do tin hiéu am thanh mo rong bang thong dya trén tin
hiéu mién tan s6 co it nhat mot dai tan; va bd t6 hop duoc tao cAu hinh dé t6 hop tin hiéu
am thanh bang 15i v6i tin hiéu 4m thanh m& rong bang thong dé tao ra tin hiéu 4m thanh;
trong d6 mdédun mé rong bang thong bao gdm modun diéu chinh ning lugng duge tao céu
hinh theo cach ma trong khung 4m thanh hién thoi trong d6 sy mat mat khung am thanh
xay ra, nang lugng tin hi¢u duoc diéu chinh cho khung am thanh hién thoi cho it nhat mot
dai tan dugc thiét 1ap dua trén hé s6 khuéch dai hién thoi cho khung am thanh hién thoi,
trong d6 hé s6 khuéch dai hién thoi dugc suy ra tir hé s6 khuéch dai tir khung 4m thanh c6
trudce hoac tir dong bit, va dua trén nang luong tin hiéu dugc udc lugng cho it nhéat mot dai
tan, trong d6 nang luong tin hi¢u dugc udc lugng dugc suy ra tur phé cua khung am thanh
hién thoi cta tin hi¢u &m thanh bang 16i.
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Linh vie ky thuit dwoce dé cap

Sang che d€ cép dén bd gidi ma &m thanh dugc tao cau hinh dé tao ra tin hi€u

am thanh tir dong bit va phuong phap tao ra tin hi¢u 4m thanh tir dong bit.
Tinh trang k¥ thuit cia sang ché

T4i tao dai phd (Spectral Band Replication - SBR), giéng cac k¥ thuat mo rong
bang thong khac, 12 bién phap dé ma hoa va giai ma cac phan dai tin cao ciia cic tin
hi¢u 4m thanh trén dinh cta giai doan bd ma hoa 16i. SBR dugc chuan hoa trong tai
liéu tham khao [ISO09] va dugc st dung cung véi AAC trong dinh dang MPEG-4 HE-
AAC, ma dugc sir dung céc ti€u chuin ap dung khac nhau, vi du 3GPP [3GP12a],
DAB+ [EBU10] va DRM [EBU12].

Vi¢c gidi md SBR theo tinh trang k¥ thuét cung v61 AAC duge mo ta trong tai
li€u tham khao [ISO09, chuong 4, 6, 18].

Fig.1 minh hoa bd giai ma SBR theo tinh trang k¥ thuit ma bao gdm gian loc
phan tich va gian loc téng hop, bd tao gidi ma dir liéu SBR va b tao HF va bd diéu
chinh HF:

» Trong giai ma SBR theo tinh trang k§ thuat, d4u ra cia bd ma hoa 16 1a phép
bidu dién duoc loc théng thip cua tin hiéu ban dau. Pay 1a du vao Xpem in cho gian loc
phan tich QMF cua b giai ma SBR.

« Piu ra cta gian loc XQMF ana ndy dugc chuyén dén bo tao HF, trong d6 phép va

xay ra. Phép va vé co ban 1a sy sao chép cua pho dai thap 1én thanh céc dai cao.

* Phd duoc va XuF parched 18p tirc dugce dua dén bd diéu chinh HF, cung véi thong
tin phd cta cac dai cao (cac dudng bao), thu duge tir viéc giai ma dit lieu SBR. Thong
tin dudng bao s& dugc giai ma Huffman, sau d6 dugc giai ma khac nhau va cudi cing
dugc khir lugng tir hoa dé thu dugc dir liéu dudng bao (xem Fig.2). Dit lidu dudng bao
thu dugc 13 tap hop cac hé s ti 16 ma bao trum lugng thoi gian nhit dinh, vi dy, toan
bd khung cua céc phén ctia né. Bo diu chinh HF diéu chinh mot cach thich hop céc

ndng lugng cua céc dai cao dugc va dé lam phu hop tot nhat c6 thé véi cac nang lugng
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dai cao ban diu & phia bd ma héa cho mdi bang k. Phwong trinh 1 va Fig.2 1am ro diéu
nay:
gsbr[ K] = Eref[K]/Egstave[1]
Eadj [k] = Egst[k] x gsor[k] (D
trong d6
Erer [K] biéu thi nang lugng cho mdt bang k, duge truyén dan & dang duoc ma
hoa trong dong bit SBR;
Ekst[k] biéu thi nang lugng tir mot dai cao k, dugc va bdi bo tao HF;
Egrstavg [1] biéu thi nang lugng dai cao duoc 14y trung binh bén trong mot dai hé
sd ti 18 I, dugc xéac dinh 12 khoang cua cac dai gitra dai bat diu Kian va dai két thuc
Ktop ;

k!_;tw

1
EE‘.stAvg nl= N_l Z Egt Ck]
k=k!sm-t (2)
Eagj [k] biéu thi nang lwong tir mot dai cao k, duge didu chinh béi bo diéu chinh
HF, st dung do khuéch dai sbr;
gsbr[k] biéu thi mot hé s6 khuéch dai, thu duoc tir phép chia dugc thé hién trong
phuong trinh (1).

« Gian loc QMF tdng hop giai mi cac miu QMF duogc xir Iy
xHF_diéu chinh d&n xpcm_ra 4m thanh PCM.

Néu pho duoc khoi phuc khong c6 nhiéu 4m, ma di cé mit trong cac dai cao
ban dau nhung khong dugce va bdi bo tao HF, c6 kha nang dé thém mat so nhiéu 4m bo

sung v6i san nhiéu 4m nhét dinh Q cho timg dai k.

QK = Energy adetitional _Noise[k] 3)

Hon nita, SBR theo tinh trang k§ thuat cho phép dé di chuyén cac bién khung
SBR trong cac gi6i han nhét dinh va trong nhiéu dudng bao trén ting khung.
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Viéc giai ma SBR cung véi CELP/HVXC dugc mo ta trong tai li€éu tham khao
[EBU12, chuong 5.6.2.2]. B§ gidi ma CELP/HVXC+SBR trong DRM lién quan chat
ch& véi viéc gidi ma SBR theo tinh trang k§ thudt trong HEAAC, dugc mo ta trong
chuong 1.1.1. V& co ban, Fig.1 4p dung.

Viéc gidi ma cia thong tin duong bao duge 1am thich ing véi cac dic tinh phd
cua cac tin hi€u giéng tiéng no6i, nhu duge mod ta trong tai li¢u tham khao [EBU12,
chuong 5.6.2.2.4].

Trong giai md AMR-WB chinh tic, viéc kich thich dai cao thu dwgc bang cach
tao ra nhiéu 4m tring umei(n). Nang luong cua kich thich dai cao duoc thiét 14p bang

v6i ning luong cta kich thich dai thip ua(n),

c6 nghia la

upnz(n) = upm(n) | (4)
Cubi ciing viée kich thich dai cao duoc tim ra bai
upp(n) = gup - unpa(n) (5)

trong d6 &xs 1a h¢ so khuéch dai.

O ché do 23,85 kildbit/gidy, &us duge gidi ma tir chi s khuéch dai duoc nhan
(thong tin phu).

O céac ché d6 6,60, 8,85, 12,65, 14,25, 15,85, 18,25, 19,85 va 23,05 kilobit/gidy,
gus dugc ude luong bing cach sir dung thong tin giong noéi bi chin béi [0,1, 1,0]. Tha
nhét, 49 nghiéng ctia tdng hop e duwgc tim ra

63

> Bpp(n) - Spp(n—1)

oy ;
el = ; R.G)

trong d6 S duoc loc théng cao téng hop tiéng noéi dai thip hon Swe1ze(m) voi

tan sd gidi han bang 400Hz. gup sau d6 dugc tim ra boi



26186

gup = wsp -gsp + (1 —wsp) - gpe (7)

trong d6 gsp = 1—eqi 1 d6 khuéch dai cho tin hiéu tiéng noi, gsc = 1,25 gsp 12 do
khuéch dai cho tin hiéu nhifu 4m nén, va wsp 12 ham trong s6 duoc thiét lap dén 1, khi
viéc phét hién hoat dong cua giong nobi (voice activity detection - VAD) bat, va dugc
thiét 1ap dén 0 khi VAD tét. gup bi chin giita [0,1, 1,0]. Trong trudng hop cac doan
duoc phat thanh tiéng trong d6 ning lwong thip c6 mit & cac tan sb cao, eqy tién dén 1
din dén do khuéch dai thdp hon gus. Viéc nay lam gidm ning luong cua nhiu 4m

duoc tao ra trong trudng hop cic doan duge phat thanh tiéng.
Sau d6 bd loc téng hgp LP cua dai cao Aus(z) dugce suy ra tr bo loc téng hop
LP cua dai thdp dugc gan trong sb:

Aup(z)= A (%)

trong d6 A(Z) 1a bd loc tdng hop LP dugc ndi suy. A(z)dd duge tinh toan phén
tich tin hidu véi tdc d6 14y miu bang 12,8 kHz nhung liic nay n6 duge sir dung cho tin
hi¢u 16 kHz. Viéc ndy c6 nghia 1a bang tir 5,1 dén 5,6 kHz trong mién 12,8 kHz s&
duogc anh xa dén tir 6,4 dén 7,0 kHz trong mién 16 kHz.

uns(n) sau d6 duoc loc thong qua Anp(z). Dau ra cua viée tong hop dai cao nay
sup(n) duoc loc thong qua bd loc thong giai FIR Hup(z), ma c6 thdng dai tir 6 dén 7
kHz. Cudi cung, sus dugc thém vao tiéng néi duoc tdng hop dé tao thanh tin hiéu tiéng

nodi dau ra dugc tong hop.

Trong AMR-WB+ tin hiéu HF duoc hop thanh ngoai céc thanh phén tin sd &
trén (fs/4) cta tin hiéu dau vao. Dé biéu din tin hiéu HF ¢ tdc d6 thap, cach tiép can
md rong bang thong (bandwidth extension - BWE) dugc st dung. Trong BWE, thong
tin nang luong dugc dua dén bd giadi ma ¢ dang dudong bao phd va ning luong khung,
nhung két chu tot cua tin hiéu dugc ngoai suy & by giai ma tir tin hi€u kich thich (duoc

gidi ma) dugc nhén trong tin hi¢u LF.

Phé cua tin hiéu duoc ldy mau giam sur c6 thé duge xem nhu phién ban dugc
ubn gép cla dai cao tan trudc khi iy mau giam. Phép phén tich LP duoc thuc hién
trén sur (n) dé thu duge tip hop cac hé s6, ma tao md hinh dudng bao phd cua tin hiéu

ndy. Cu thé, vai tham sb 1a can thiét hon trong tin hiéu LE. O day, b loc thi 8 dugc sir



26186

dung. Cac hé s§ LP sau d6 dugc chuyén ddi thanh phép biéu dién ISP va dugc luong

tir hoa dé truyén dén.

Viéc téng hop cua tin hiéu HF thuc hién loai co cdu md& rong biang thong
(BWE) va sir dung mot s6 dit lidu tir bd giai ma LF. Day su phat trién cua co cdu BWE
dugc st dung trong bd giai ma tiéng n6i AMR-WB (xem & trén). Bo giai ma HF dugc
trinh bay chi tiét trén Fig.3.

Tin hiéu HF dugc téng hop trong 2 budc:
1. Tinh toan kich thich HF;
2. Tinh toén tin hiéu HF tir kich thich HF.

Kich thich HF thu duoc bang cach tao hinh tin hiéu kich thich LF trong mién
thoi gian véi cac hé sb vo hudng (hodc cac dd khuéch dai) trén co s& khung con mau-
64. Viéc kich thich HF nay dugc xir 1y sau dé 1am giam "su dn 20" cua diu ra, va sau
d6 duge loc bdi bd loc tdng hop du bao tuyén tinh HF 1/Agr (z). Két qua con duogc xtr
Iy sau dé 1am nhin cac bién thién ning lugng. D4i vai thong tin khéc xin dwa vao tai
liéu tham khao [3GP09].

Viéc che gidu sy méit mat goi dit lidu trong SBR két hop vai AAC duge chi o
trong 3GPP TS 26.402 trong tai liéu tham khao [3GP12a, chuong 5.2] va sau d6 da
dugc st dung lai trong DRM trong tai liéu tham khdo [EBU12, chuong 5.6.3.1] va
DAB trong tai liéu tham khao [EBU10, chuong A2].

Trong trudng hop mat mat khung, s6 lugng cac dudng bao trén mdi khung dugc
thiét 1ap dén mot va dir lidu dudng bao dugc nhan c6 gia tri cudi cing duge sir dung lai

va dugc lam giam vé ning lwong bai ti 16 khong ddi cho mdi khung bi che giu.

Dit liéu dudng bao thu dugce sau d6 dugce dua vao trong quy trinh gidi ma thong
thudng trong d6 bd didu chinh HF st dung chung dé tinh toan cac d6 khuéch dai, ma
dugc st dung dé diéu chinh céac dai cao dugc va ngoai bd tao HF. Phén con lai cta

phép gidi ma SBR x4y ra nhu thuong 1¢.

Hon nita, céc gia tri denta nén nhifu Am dugc ma hoa duoc thiét lap dén khong
ma d& cho nén nhidu 4m dugc giai ma denta van con tinh. Tai lic két thic cla quy
trinh giai ma, c6 nghia 1 ning lugng ciia nén nhifu 4m c6 sau nang lugng cia tin hidu
HF.
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Hon nita, cac c¢o hi€u cho cac ham sin bo sung dugc lam rd.

Viéc che giéu SBR theo tinh trang k¥ thuét thuc hién cén than viéc thu hoi. N6
¢6 mit dé su chuyén tiép nhin tir tin hiéu bi che gidu dén tin hidu dugc giai ma ding
trong cac gioi han khoang tréng ning lwong ma cé thé thu duoc tir cic bién khung

khong phu hop.

Viéc che gidu SBR theo tinh trang k¥ thuét ciing véi CELP/HVXC dugc mo ta
trong tai liéu tham khao [EBU12, chuong 5.6.3.2] va dugc phac thio mdt cach vin tit

nhu sau:

Bét ctr khi ndo mdt khung bi hong duoc phat hién, tip hop céc gi tri dit lidu
dugc xac dinh trude s€ duge ap dung cho bd gidi ma SBR. Diéu nay mang lai "duong
bao phd dai cao tinh & mirc phat lai twong dbi thap, thé hién su chuyén huéng vé tan sd
cao hon" trong tai li€u tham khao [EBU12, muc 5.6.3.2]. O day, viéc che gidu SBR
chén mot sb loai nhiéu 4m d& chiu, ma n6 khong dugc danh cho sy giam am trong
mién SBR. Pidu nay ngan tai ngudi nghe khéi am thanh phat ra tiéng 16n va giir 4n

tuong vé bang thong khong ddi.

Viéc che gidu theo tinh trang k§ thuat cia BWE cuia G.718 dugc mo ta trong tai
liéu tham khao [ITUO08, 7.11.1.7.1] va dugc phac thio mot cach van tit nhu sau:

O ché do tré thip, chi danh riéng cho 16p 1 va 2, viéc che gidu dai tin sb cao tir
6000 dén 7000Hz duoc thuc hién mét cach hidu qua gidng nhu khi khong xéay ra hién
tuong xoa khung. Hoat dong cta bd gidi ma kénh sach cho céc 16p 1, 2 va 3 nhu sau:
viéc mé rong bang théng mi dwoc dp dung. Phd trong dai tir 6400 dén 7000Hz dugc
14p ddy bang tin hiéu nhidu tring, dugc chia ty 1& chinh x4c trong mién kich thich
(nang lugng cla dai cao phai phu hgp véi nang lugng dai thdp). Sau dé, n6 dugc téng
hop vai mdt bd loc cod nguén géc tr trong sb tur cung mdt bo loc téng hop LP nhu
duoc sir dung trong mién 12,8 kHz. Déi véi cac 16p 4 va 5, khong c6 phin mé rong

bang thong nao dugc thyuc hién, vi cac 16p d6 bao pht toan dai tan 1én téi 8kHz.

Trong hoat dong mdc dinh viéc xt ly véi do phure tap it duge thuc hién dé khoi
phuc dai tdn cao cua tin hiéu dugc téng hop & tan sb léy mau 16kHz. Pau tién, viéc
kich thich dai tin cao dugc dinh ti 18, u”’sg (n), bi lam suy giam tuyén tinh toan khung
nhu
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uI}H(n) = u}fm{r‘x) cgau{n), for n =’0, ..., 319 {9

trong d6 chidu dai khung 13 320 mau va ga(n) 1a hé sb suy giam ma duoc tao ra
bdi

1.0-73,

(n) =1.0— .
Gart(1) n 90

for n=40,...,319 (10}

Trong phuong trinh trén, B 13 do khuéch dai 4m d6 trung binh. Do khuéch dai
ndy la cung d6 khuéch dai nhu duogc sir dung trong khi che gidu bang mi thich tng.
Sau d6, bd nhd cta bd loc thong dai trong khoang tan sb tir 6000 dén 7000Hz duoc suy
giam sir dung gax(n), nhu duogc suy ra trong phwong trinh 10, dé ngin chin cic gian
doan bAt ky. Cubi cung, tin hi¢u kich thich tan sb cao, u’”’ (n), dugce loc qua bd loc
téng hop. Tin hiéu dugc téng hop sau d6 dugc thém cho su tdng hop bi che gidu & tin

s6 1dy miu 16kHz.

Viéc che gidu theo tinh trang k§ thuét ctia viéc mé rong bang théng mu trong
AMR-WB dugc phéc thao trong tai liéu tham khao [3GP12b,6.2.4] va dugc tom tat

mdt cach vén tat & day:

Khi khung bi mét hojic bi mit mét phén, tham s6 khuéch dai dai cao khong
dugc nhan va viéc ude luong cho do khuéch dai dai cao duoc st dung dé thay thé.
Viéc nay c6 nghia 13 trong trudng hop cac khung tiéng néi kém/bi mat, viéc khoi phuc

dai cao hoat dong theo ciing cach cho tit ca cac phurong thirc khac nhau.

Trong trudong hop khung bi mét, bd loc tong hop dai cao LP dugc suy ra nhu
thudng 18 tir cac hé s6 LPC tir bang 16i. Ngoai 16 duy nhédt d6 1a cac hé sb ti 16 LPC
khong dugc giai ma tir dong bit, ma dugc ngoai suy st dung cach tiép cén che gidu
AMR-WB chinh tic.

Viéc che gidu theo tinh trang ky thuat clia viéc mé& rong bing théng trong
AMR-WB+ dugc phéac thao trong tai liéu tham khao [3GP09, 6.2] va dugc tom t4t mot

cach vén tit & day:

Trong trudong hop mat mat géi dir lidu, dir liéu diéu khién ma 13 & trong dé bo
giai ma HF duogc tao ra tir vécto bd chi thi khung x4u BFI = (bfi0, bfil, bfi2, bfi3). Cac
bfi

dir liéu “*ifar BFIgam ndy 13, va sb lugng cac khung con dé ndi suy ISF. Ban chét

ctia cc dit lidu ndy duoc xéac dinh cu thé hon duéi day:

-8
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bftistis 13 coy hiéu nhi phan biéu thi mit mét cta cac tham s ISF. Vi cic tham
s6 ISF cho tin hiéu HF ludn dugc truyén din trong goi dit liéu thir nhat (chtra bang con
thtr nhit) hodc 1a HF20, 40 hodc 80, cd hiéu mét mat ludn duge thiét 1ap dén bo chi thi
bfi ciia khung con thir nhit (bfi0). N6 chita dung dung cho biéu thi ciia cac dd khuéch
dai HF bj mét. Néu goi dit liéuw/khung con thtr nhét ciia ché do hién thoi bi méat (HF20,
40 hoic 80) d6 khuéch dai bi mét va cin phai dugc che gidu.

Viéc che gidu cua cac vécto HF ISF 1a rét gibng véi viéc che gidu ISF cho cic
ISF 16i. Y dinh chinh 12 @& st dung lai vécto ISF tét cubi cing, nhung chuyén dbi n6
hudéng dén vécto ISF trung binh (trong d6 vécto ISF trung binh duoc tao chudi ngoai

tuyén):

isfyli] =0.9-isfyli] + 0.1 - mean_isf hfli] (11)

Cac d6 khuéch dai BWE (8o, . . ., Fub1) duge ude luong theo mi ngudn sau
day (trong ma :F1> d6 khuéch dai_q[i]; 2.807458 1a hiang sb ctia bo giai ma).
/* st dung cac do khuéch dai cii duge chuyén khong déng ké hudng dén cac
khoang gitra */
*past_q=(0.9f*(*past_q + 20.0f)) - 20.0f;
for (i=0; i<4; i++) {
gain_q[i] = *past_q + 2.807458f;
)
tmp = 0.0;
for (i=0; i<4; i++) {
tmp += gain_q[i];
}
*past_q = 0.25f%tmp - 2.807458f;

pé suy ra "cac do khuéch dai dé phu hop véi do 16n & fs/4” cung thuét todn nhu
trong phép gidi ma kénh sach dugc thuc hién, nhung v&i ngoai 1€ 1a cac ISF cho HF
va/hodc phin LF c6 thé da dugc che gidu. Tét ca cac budc sau ddy gidng phép ndi suy
dB tuyén tinh, viéc ldy tong va ap dung cac do khuéch dai 1 giéng nhu trong trudng
hop kénh sach.
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Pé suy ra su kich thich, bién phép gidng nhau dwgc ap dung nhu trong khung

duoc nhan dung, trong d6 viéc kich thich dai thip hon dugc st dung sau khi:
* n6 da duoc ngiu nhién héa
* n6 da dugc khuéch dai trong mién thoi gian véi cac do khuéch dai khung con
* n6 da dugc tao hinh trong mién tin sb v6i bd loc LP
« ning luwong da dugc 1am bing qua thoi gian
Sau do viéc téng hop dugc thyc hién theo hinh 3.

Bai viét cta hoi thao AES 6789: Schneider, Krauss va Ehret trong tai li¢u tham
khéo [SKE06] mb ta k§ thuét che gidu ma sir dung lai dir liéu duong bao SBR c6 gia
tri cudi cung. Néu ¢6 nhiéu hon mét khung SBR bi mat, viéc giam dan cudng d duoc
ap dung. "Nguyén tic co ban 1a dé khoa mot cach don gian cac gia tri duong bao SBR
co gia tri da biét cudi cung cho dén khi viéc xtr Iy SBR c¢6 thé dugc tiép tuc véi dir liéu
duoc truyén din mai. Ngoai ra viée giam dan cuong do dugc thuc hién néu co nhidu
hon mot khung SBR khong giai ma duoc.

Bai viét cta hoi thio AES 6962: Sang-Uk Ryu va Kenneth Rose trong tai liéu
tham khao [RR06] mé ta k¥ thuat che gidu ma u6c lugng thong tin tham sd, st dung
dit liéu SBR tir khung c6 trudc va khung tiép theo. Cac dudng bao dai cao duge udc
lugng mot cach thich tng tir sy phat trién clia ning lugng trong cic khung xung
quanh.

Céac khai niém che gidu mit mat g6i dit licu co thé tao ra tin hiéu 4m thanh bi
suy giam vé cam gi4c trong khi mat mat goéi dit liéu.

Tai li€u tham khao
[3GP09] 3GPP; Technical Specification Group Services and System Aspects,

Extended adaptivemulti-rate - wideband (AMR-WB+) codec, 3GPP TS 26.290, 3rd
Generation PartnershipProject, 2009.

[3GP12a]  General audio codec audio processing functions; Enhanced aacPlus
general audiocodec; additional decoder tools (release 11), 3GPP TS 26.402, 3rd
Generation Partnership Project, Sep 2012.
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[3GP12b]  Speech codec speech processing functions; adaptive multi-rate -
wideband (AMRWB)speech codec; error concealment of erroneous or lost frames,
3GPP TS 26.191, 3rdGeneration Partnership Project, Sep 2012.

[EBU10] EBU/ETSI JTC Broadcast, Digital audio broadcasting (DAB); transport
of advancedaudio coding (AAC) audio, ETSI TS 102 563, European Broadcasting
Union, May 2010.

[EBU12] Digital radio mondiale (DRM); system specification, ETSI ES 201 980,
ETSLJun 2012.

[ISO09] ISO/IEC JTC1/SC29/WG11, Information technology — coding of audio-
visual objects— part 3: Audio, ISO/IEC IS 14496-3, International Organization for
Standardization,2009.

[ITUOY] ITU-T, G.718: Frame error robust narrow-band and wideband embedded
variable bit-ratecoding of speech and audio from 8-32 kbit/s, Recommendation ITU-T
G.718, TelecommunicationStandardization Sector of ITU, Jun 2008.

[RRO6] Sang-Uk Ryu and Kenneth Rose, Frame loss concealment for audio
decoders employingspectral band replication, Convention Paper 6962, Electrical and

Computer Engineering,University of California, Oct 2006, AES.

[SKE06] Andreas Schneider, Kurt Krauss, and Andreas Ehret, Evaluation of real-
time transportprotocol configurations using aacplus, Convention paper 6789, AES,
May 2006,Presented at the 120th Convention 2006 May 20-23.

Ban chit k§ thuit ciia sang ché

Muc dich ctia sang ché dé dé xuét bo gidi ma am thanh va phuong phap c6 khai
niém che giéu méAt mat g61 dit liéu duoc cai thién.

Muc dich nay cé thé dat dugc bdi bd gidi ma am thanh duogc tao cAu hinh dé tao
ra tin hiéu 4m thanh tir dong bit chira cac khung 4m thanh, bd giai ma bao gdm:

modun giai ma bang 161 dugc tao cAu hinh dé suy ra tin hiéu &m thanh bang 16i

duogc giai ma tryc tiép tir dong bit;

modun mé réng bang théng dugc tao ciu hinh dé suy ra tin hiéu 4m thanh m&

rong bing thong dugc giai ma theo tham sb tir tin hiéu 4m thanh bing 15i va tir dong
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bit, trong d6 tin hiéu 4m thanh m& rdng bang thong duwa trén tin hiéu mién tin sb co it
nhét mot dai tan; va
bo tb hop duogc tao cu hinh dé td hop tin hi¢u 4m thanh béang 15i véi tin hi¢u

am thanh mé& rong bang thong dé tao thanh tin hiéu am thanh;

trong d6 mddun mé rong bing thong bao gdm mébdun didu chinh nang luong
duogc tao cAu hinh theo cach ma trong khung 4m thanh hién thoi ma sy mét mat khung
am thanh xay ra, va nang lugng tin hi¢u dugc diéu chinh cho khung 4m thanh hién thoi
d6i v6i it nhat mot dai tin duoc thiét 14p

dua trén hé sé khuéch dai hién thoi d6i v6i khung 4m thanh hién thoi, trong do6
hé sb khuéch dai hién thoi duoc suy ra tir hé s6 khuéch dai tir khung 4m thanh c6 trude

hodc tir dong bit, va

dua trén ndng lugng tin hi¢u dugc udce lugng cho it nhit mot dai tn, trong do
nang luong tin hiéu dugc ude lugng duoc suy ra tir phd cia khung 4m thanh hién thoi

cta tin hi¢u am thanh bang 15i.

B0 giai ma am thanh theo sang ché lién két mddun mé rong biang théng voi
modun giai ma bang 16i trong cac gidi han nang lugng hodc, nodi cach khac, ddm bao
ring médun mé rong bang thong tiép theo mddun giai ma bang 16i theo ning lugng

trong khi che gidu, cho dit mddun giai ma bang 15i lam gi di nia.

Su cai tién voi cach tiép can nay 14 - trong trudng hop che gidu - viée tao ra dai
cao khong dugc lam thich tng hoan toan véi céc nang lugng dudng bao nao nita. Véi
k¥ thuat khoa do khuéch dai, cac nang luong dai cao dugc lam thich tng véi cac nang
lwong dai thip trong khi che gidu va do d6 khong con chi dua trén dir liéu dugc truyén
dan trong khung t&t cudi ciing. Viéc tién hanh ndy mang dén y tuéng sir dung thong tin

dai thap cho viéc khoi phuc dai cao.

Véi cach tiép can nay, khong dit lidu bd sung nao (vi du hé sé giam dén cudng
d6) can dé duoc truyén tir bd ma hoa 16 t6i b ma hoa mé rong bang thong. Viée nay
lam cho k¥ thuat c6 thé 4p dung dugc dé dang cho bd ma hoa bat ky véi viéc mé rong
bang thong, dic biét véi SBR, trong dé viéc tinh todn 4o khuéch dai vdn da duoc thuc
hién (phuong trinh 1).
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Viéc che gidu cua bd gidi ma 4m thanh theo sang ché ti€én hanh viéc xem xét do
doc giam am ctia médun gidi mi bang 16i. Pidu ndy din dén cach xir ly duge mong doi

cta viéc giam dan cuong do toan bo:

Céc tinh hudng trong d6 ning luong cuia cac dai tan clia médun giai ma bang 16
giam dan cuong do cham hon ning luong cua cac dai tdn cia moédun mé rong bang
thong, s& trd nén rd rang va gy ra 4n tugng khong déng c6 vé tin hiéu gisi han dai tan,
dugc tranh.

Hon nita, cic tinh hudng trong d6 cac ning lugng trong cac dai tin cia mddun
giai ma bang 16i 1am giam din cudng d6 nhanh hon cac niang lugng cia cac dai tan cla
mddun mé rong bang théng, ma s& tao ra cac gia Am bdi vi cac dai tn cia mddun mé
rong biang thong dugc khuéch dai qua nhidu, khi dugc so sanh véi cac dai tin cua
modun gidi mé bang 101, cling dwgc ngén ngira.

Trai v6i b gidi ma khong gidm 4m c6 md rong bang thong voi cdc mirc nang
luong dugc xac dinh trude (nhu vi du bo gidi ma CELP/HVXC+SBR), ma chi bao
toan do nghiéng phé cua loai tin hiéu nhét dinh, 1am cho bd gidi m3 am thanh theo
sang ché doc lap véi céac déc tinh phé cua cdc tin hi€u, sao cho su gidm sut dugc giai

ma vé cadm giac cua tin hi¢u 4m thanh dugc ngén ngira.

Ky thuat dugc dé& xuit c6 thé dugc st dung v6i phuong phap mé rong bang
thong (bandwidth extension - BWE) bt ky trén dinh ciia modun giai ma bang 151 (bd
ma hoa 13i trong phan sau day). Hau hét k§ thuit mé rong bing thong dua trén do
khuéch dai trén mdi bang gitta murc nang luong ban ddu véi muic nang lwong thu duge
sau khi sao chép phd 16i. K§ thuat dugc dé xudt khong lam viée trén céc ning luong
cia khung am thanh c6 trudc, nhu tinh trang k¥ thudt lam, ma lam viéc trén cac do

khuéch dai ctia khung 4m thanh c6 trude.

Khi khung &m thanh bi mat hodc khong doc duge (hodc ndi cach khac, néu su
mét mét khung 4m thanh xay ra) cac d6 khuéch dai tir khung t&t cudi cing duoc dua
vao trong quy trinh giai ma thong thudng ciia mddun giai ma biang 161, ma diéu chinh
cac ning lugng clia cic dai tan ciia médun ma rong bing thong (xem phuong trinh 1).
N6 tao thanh viéc che gidu. Viéc giam din cuong do bat ky, duge ap dung trén moédun
giai ma bang 15i bang viéc che gidu modun gidi ma bang 151, s& duoc 4p dung mot cach
tw dong voi cac ning lugng ciia cac dai tin cia médun mé rong bang thong bing cach

khoa ti 18 niang lugng giita dai thap va dai cao.
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Tin hiéu mién tan sd c6 it nhit mot dai tdn c6 thé, vi du, 14 tin hiéu kich thich dy
béo tuyén tinh dugc kich thich tir ma dai sb (tin hi¢u kich thich algebraic code-excited
linear prediction - ACELP).

Trong mdt s6 phuwong 4n moédun mé rong bang thong bao gdm modun cung cip
hé s6 khuéch dai dwgc tao cdu hinh dé chuyén tiép dén hé sd khuéch dai hién thoi it
nhét trong khung 4m thanh hién thoi trong d6 su mit mat khung 4m thanh xay ra véi

mddun diéu chinh ning lugng.

Trong phuong an duoc vu tién mddun cung cp hé s6 khuéch dai duoc tao cdu
hinh theo cich ma trong khung am thanh hién thoi trong d6 sy mét mat khung 4m
thanh xay ra hé sb khuéch dai hién thoi 12 hé sb khuéch dai cua khung &m thanh c6

trudce.

Phuong 4n nay voO hi€u hoa hoan toan viéc giam dan cudng dd dugce chira trong
moOdun gidi m3 mé rong bang thong chi bang viéc khoa cac dd khuéch dai dugce suy ra

cho duong bao cudi cliing trong khung tét cudi cing:

.‘?{iﬂe k] = Qf[;?ur}j [%] (12)

Eﬁldj [k] = Eﬂst [}‘] ¥ Gbuwe [k]
trong d6 Eag; [k] biéu thi ning luong tir mot déi tdn k cia mddun mé rong bing
thong, duoc diéu chinh dé thé hién sy phan bd ning lugng ban du tét nhit c6 thé;

. ; . A A’ A’ . 2 ~A . by 1 . Z M A
g 0, gbue (K1 bidu thi hé so6 khuéch dai ctia khung hién thoi; va S 11T thi hé

s6 khuéch dai ctia khung c6 trude.

Trong phuong é4n dugc uvu tién khic médun cung cép hé sb khuéch dai dugc tao
c4u hinh theo cach ma trong khung 4m thanh hién thoi trong d6 su mat mat khung xay
ra hé s6 khuéch dai hién thoi duge tinh toan tir hé sd khuéch dai caa khung am thanh

c6 trudce va tir 16p tin hién cta khung 4m thanh c6 trudce.

Phuong &n nay st dung bd phan loai tin hi¢u dé tinh toan cac do khuéch dai dua

trén d9 khuéch dai cii va con thich Gng trén 16p tin hiéu ctia khung dugc nhén tir trudce.

ol = 7 (ol ) 13)

EAdj[ﬂ.} = Epua[k]* gouwelk]
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In—11 . [n-1l .2 . N X A N A A A .
trong do f (gbws +Csig ) biéu thi ham sd, phu thudc vao hé so khuéch dai

-1 A . N 1A gt 1A cBE A . .
gbw cia khung 4m thanh ¢6 trudc va 16p tin hi€u sig ~cla khung 4m thanh ¢6 trudce.
Céc 16p tin hiéu c6 thé lién quan dén cac 16p cla cac 4m thanh tiéng no6i nhu: vét can
tr& (vGi cac 16p phu: dung, 4m tic xat, phu am x4at), &m vang (cac 16p phu nay: am

miii, &m tiép cdn vO, nguyén dm), am bén, 4m rung.

Trong phuong an dugc wu tién modun cung cip hé s khuéch dai dugc tao chu
hinh d& tinh toan s luong cac khung 4m thanh tiép theo trong d6 céc mét mat khung
am thanh xay ra va dugc tao cAu hinh dé thuc hién quy trinh ha thép hé sb khuéch dai
trong trudmg hop sb lugng cac khung 4m thanh tiép theo trong d6 cac mét mat khung

am thanh xay ra vugt qua s6 lwong duoc xac dinh trude.

Néu phu am x4t xay ra ngay trudc khi mAt mat khung bung ra (cic mit mat da
khung trong céc khung 4m thanh tiép theo), viéc giam dan cuong d6 mic dinh vén co
ctia mddun giai ma bang 13i c¢6 thé 1a qua chdm dé dam bao cho 4m thanh dé chiu va tu
nhién khi két hop véi viéc khoa do khuéch dai. Két qua dugc nhan biét tir van dé nay
c6 thé 12 phu 4m x4t duoc kéo dai véi ning lugng qua 16n trong cac dai tn ciia modun
mé rong bang thong. Dbi véi 1y do nay viée kidm tra cac mit mat da khung c6 thé
duoc thuc hién. Néu viéc kiém tra nay la xac thuc quy trinh ha thép hé sb khuéch dai

¢6 thé duoc thyuc hién.

Trong phuong an dugc uu ti€n, quy trinh ha thip hé s6 khuéch dai bao gdm
bude ha thap hé sé khuéch dai hién thoi bing cach chia hé s6 khuéch dai hién thoi cho
s6 thir nhét trong truong hop hé s6 khuéch dai hién thoi vuot qua ngudng th nhét.
Bing cac tinh ning nay trén cac do khuéch dai ma vuot qua ngudng thi nhit (ma co
thé duge xac dinh theo kinh nghiém) dugc ha thap.

Trong phuong an dugc uu tién quy trinh ha thip hé s6 khuéch dai bao gdbm
budc ha thap hé sb khuéch dai hién thoi bang cach chia hé sé khuéch dai hién thoi cho
s& thit hai ma 16n hon sb thir nhét trong truong hop hé s6 khuéch dai hién thoi vuot
qua ngudng th hai ma 16n hon ngudng thir nhét. Cac tinh nang nay dam béo ring viéc
lam gidm céc do khuéch dai cuc ky 16n tham chi nhanh hon. Tht ca cac d6 khuéch dai

vuot qua ngudng tha hai s€ dugce lam gidm nhanh hon.

Trong mot sb trudng hop quy trinh ha thdp hé sb khuéch dai bao gdbm budc thiét

1ap hé s6 khuéch dai hién thoi dén ngudng thir nhit trong truong hop ngudng hién thoi
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sau khi ha thip 13 thip hon ngudng thir nhit. Bing cac tinh ning nay cac do khuéch

dai dugc lam giam dugc ngin ngira dé ha thip xudng bén dudi ngudng thi nhit.
Mot vi du c6 thé duoc théy trong ma gia 1:
/*d6 khuéch dai gidi han trong truong hop su mat mat da khung */

#DEFINE BWE_GAINDEC 10
if (previousFrameErrorFlag && (gain[k] > BWE_GAINDEC) ) {
/* gains exceeding the first threshold 50 times will be decreased faster */
if (gain[k] > 50* BWE_GAINDEC ) {
gain[k] /=6;
}
else {

gain[k] /=4;

/* prevent gains from falling below BWE GAINDEC */
if (gain[k] < BWE_GAINDEC) {
gain[k] = BWE_GAINDEC;

trong d6 previousFrameErrorFlag 1a co hi€u, ma biéu thi néu sy mit mat da
khung c6 mit, BWE_GAINDEC biéu thi ngudng tht nhét, 50* BWE_GAINDEC biéu
thi ngudng thtr hai va d6 khuéch dai [k] biéu thi hé sé khuéch dai hién thoi cho dai tan
k.

Trong mot sé phuong 4n mbédun mé rong bing théng bao gdm modun bod tao
nhiu 4m dugc tao cAu hinh dé bd sung nhiu 4m cho it nhit mot dai tan, trong do
khung 4m thanh hién thdi ma sy mét mat khung 4m thanh xay ra ti 1& ciia nang luong
tin hiéu v6i nang lwong nhidu 4m thudc it nhit trén dai tin cia khung 4m thanh c6

truéc duoc sit dung dé tinh toan ning luong nhidu 4m cta khung 4m thanh hién thoi.

Trong trudng hop cé dic trung san nhiéu (tic 1a cac thanh phan nhifu 4m b

sung dé gitt lai tinh dn cua tin hiéu ban déu) dugc thuc hién trong mé rdng bang thong,
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day 1a viéc cin thiét dé 1am theo y twdng khoa d6 khuéch dai cling huéng dén mirc
nhidu. Pé dat dugc diéu ndy, cdc muc ning lugng san nhifu cua cac khung khong bi
che gidu dugc chuyén dbi thanh ti 1& nhidu am, 1am thanh phép tinh ning luong cta
cac dai tAn cia modun mé rong bang théng. Ti 18 s& duoc luu gitt dén viing dém va s&
12 co s& cho mirc nhiu am trong trudng hop che gidu. Uu diém chinh 14 viéc lién két
t6t hon cia san nhiéu véi ning lugng cta bd ma héa 16i do viéc tinh toan ti 1¢ nhiu
am _co trude [k].
M gia 2 thé hién diéu nay:

for (k=bands) {

if !(frameErrorFlag) {

prev_noise[k] = nrgHighband[k] / noiseLevel[k];
}

else {

noiseLevel[k] = nrgHighband[k] / prev_noise[k];

trong d6 frameErrorFlag 1a cd hi€u biéu thi néu sy mat mat khung 13 c6 mat va
prev_noise[k] 12 ti 1¢ gitra ning lugng nrgHighband[k] ctia dai tan k v6i mic nhidu am

noiseLevel[k] cta dai tan [k].

Trong phuong 4n dugc uvu tién bd giai ma am thanh bao gdbm mddun phan tich
phé duge tao cAu hinh dé xac 14p phd cta khung 4m thanh hién thoi cta tin hiéu 4m
thanh bang 15i va dé suy ra ning luong tin hidu dugc uéc lugng cho khung hi¢n thoi
cho it nhit mot dai tin tir phd cia khung 4m thanh hién thoi cta tin hiéu a4m thanh
béng 16i.

Trong mot sé phuong an mddun cung cép hé sb khuéch dai dugc tao cdu hinh
theo cach ma, trong truong hop ma khung am thanh hién thoi, trong d6 su mit mat
khung am thanh khoéng xay ra, roi tiép theo trén khung 4m thanh c6 truée, trong do6 su
mét mat khung 4m thanh xay ra, hé sb6 khuéch dai dugc nhan cho khung 4m thanh hién
thoi dugc st dung cho khung hién thoi, néu do tré giita cac khung 4m thanh cia
modun mo rong bang thong ddi v6i cac khung 4m thanh cia modun giai ma bang 15i

nhé hon ngudng tré, con hé sb khuéch dai tir khung am thanh c6 truéc dugce st dung
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cho khung hién thoi, néu @9 tré giita cac khung am thanh cia médun mé rong bing

thong d6i véi cac khung 4m thanh ctia modun giai ma bang 18i 16n hon ngudng tré.

Cung vé6i su che gidu, trong luu y dic biét vé moédun mé rong bang thong cin
dugc tra dé tao khung. Cac khung 4m thanh cia modun mé rong biang thong va céc
khung 4m thanh ctia moédun giai ma bang 15i thuong khéng dugc sip hang chinh xac
nhung c6 thé ¢6 do tré nhit dinh. Vi vay diéu c6 thé xay ra 1a mot goi dir liéu bi mét
chira dit liéu mé rong bang thong dugc 1am tré, ¢ lién quan dén tin hiéu 161 ¢6 trong
cung goi dir liéu.

Két qua trong trudong hop nay 1a géi dir lidu tdt thir nhat sau khi mit mat c6 thé
chira dit liéu mé rong dé tao thanh cac phan cta cac dai tin ciia médun mé rong bing
thong thudc khung am thanh cia modun giai ma bang 16i ¢6 trudc, ma da dugc che
gidu trong bd giai ma.

Dbi véi Iy do nay, viéc tao khung cin duwoc xem xét trong khi thu hdi, phu
thudc vao céac ddc tinh twong ing cia 161 va modun gidi ma va moédun mé rdng bang
théng. Piéu nay c6 thé c6 nghia dé xir Iy khung 4m thanh thir nhit hodc cic phan ciia
né trong médun mé rdng biang thong nhu do sai va khong ap dung cac do khuéch dai
méi nhét ngay 14p tirc ma giit cac do khuéch dai bi khoa tir khung 4m thanh thtr nhét

cho mdt khung bd sung.

D thé nao di niva dé giit cac do khuéch dai duoc khoa cho khung tét thir nhit
phu thudc vao do tré. Viéc dp dung trén thuc nghiém cho cdc bd ma hoa-gidi ma véi
cac do tré khac nhau duoc thé hién 1¢i ich khac nhau cho cac bd ma hoa-giai ma vai
cac do tré khac nhau. Pbi véi cac bd ma hoa-gidi ma ¢ cac d6 tré kha nho (vi du 1
mili gidy), t6t hon 13 sir dung cac d6 khuéch dai méi nhat cho khung am thanh tét thir
nhat.

Trong phuong an dugc vu tién moédun mé rong bang thong bao gdm modun bo
tao tin hiéu duoc tao ciu hinh dé tao thanh tin hiéu mién tan sb chua xur ly co it nhét
mot dai tAn, ma dugc chuyén tiép dén modun di€u chinh ndng lugng, dya trén tin hiéu

am thanh bédng 161 va dong bit.

Trong phuong an dugc uu tién mddun mé rong bing thong bao gdbm modun
téng hop tin hi¢u dugc tao ciu hinh dé tao ra tin hiéu 4m thanh mé rOng bang thong tur

tin hiéu mién tan so.
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Muc dich cta sang ché c6 thé dat dugc bing phuong phép tao ra tin hiéu &m
thanh tir dong bit chira cac khung 4m thanh. Phuong phap bao gbm cac budc:

suy ra tin hi¢u &m thanh bang 161 dugc giai ma truc tiép tir dong bit;

suy ra tin hiéu 4&m thanh m¢& rdng bang thong dugc gidi ma theo tham sd tir tin
hiéu 4m thanh bang 16i va tir dong bit, trong d6 tin hiéu 4am thanh m& rong bing thong
dua trén tin hiéu mién tin sb c6 it nhat mot dai tan, va

td hop tin hiéu 4m thanh bing 13i vé6i tin hiéu &m thanh mé rong bang thong dé
tao ra tin hiéu am thanh;

t6 hop tin hiéu 4m thanh bang 15i véi tin hiéu 4m thanh m& rong bang thong daé
tao ra tin hiéu am thanh;

trong d6 khung am thanh hién thoi ma su mAit mat khung 4m thanh xay ra, va
ning luong tin hiéu duge didu chinh cho khung 4m thanh hién thoi cho it nhét mot dai
thn dugc thiét 1ap

dua trén hé s6 khuéch dai hién thoi ddi véi khung 4m thanh hién thoi, trong d6
hé s6 khuéch dai hién thoi dugce suy ra tir hé s6 khuéch dai tir khung 4m thanh c6 truée
hodc tir dong bit, va

dua trén nang lugng tinh hiéu dugce udc lugng cho it nhét mot dai tan, trong d6
ndng luong tin hi€u dugc udc lugng duge suy ra tir phd cta khung 4m thanh hién thoi
cda tin hi¢u 4m thanh béng 13i.

Muc dich cta sang ché ¢ thé con dat duge boi chuong trinh may tinh dé thuc
hién, khi chay trén may tinh hodc bd xtr ly, phuong phap dugc md ta & trén.
MO ta viin tit cac hinh vé

Céc phuong an dugce uu tién cia sang ché s& dugc thao luan véi cac hinh vé
keém theo, trong do:

Fig.1 minh hoa b gidi ma SBR theo tinh trang k¥ thuat

Fig.2 minh hoa gidi m@ SBR: viéc tao ra va didu chinh cua tin hiéu SBR ngoai

thong tin duong bao dugc ma hoa va tin hi¢u cia by ma hoa 16i

Fig.3 minh hoa mé rong bang thong trong AMR-WB va b giai ma theo tinh
trang k¥ thuat

-19-



26186

Fig.4 minh hoa phuong an cta bd gidi ma 4m thanh theo sang ché & dang so dd;

va

Fig.5 minh hoa viéc tao khung thudc phuong an cua bg gidi ma dm thanh theo
sang ché.
MO ta chi tiét sang ché

Fig.4 minh hoa phuong 4n cua bd gidi ma am thanh 1 theo sing ché & dang so
d6. Bo giai md 4m thanh 1 dugc tao cAu hinh dé tao ra tin hiéu 4m thanh (audio signal
- AS) tir dong bit (bitstream - BS) chira cac khung 4m thanh (audio frames - AF). B0

giai ma 4m thanh 1 bao gdm:

modun giai ma bang 161 dugc tao cAu hinh dé suy ra tin hi¢u am thanh bang 1561

(core band audio signal - CBS) dwoc giai ma truc tiép tir dong bit BS;

mddun md rong bing théng 2 duge két cdu dé suy ra tin hiéu 4m thanh mé rong
bang thong (bandwidth extension audio signal - BES) dugc gidi ma theo tham s tir tin
hiéu 4m thanh bang 16i CBS va tir dong bit BS, trong d6 tin hiéu 4m thanh m¢ rng
bang thong BES dua trén tin hiéu mién tan sb (frequency domain signal - FDS) ¢6 it

nhét mot dai tin (frequency band - FB); va

b6 td hop 4 dugce tao cAu hinh dé t6 hop tin hiéu 4m thanh bang 16i CBS véi tin
hiéu 4&m thanh m& rong bang thong BES dé tao thanh tin hiéu 4m thanh AS;

trong d6 mddun mé rong bang thong 3 bao gdbm méddun diéu chinh nang lugng
5 dugc tao cdu hinh theo cach ma trong khung Am thanh hién thdi AF2 ma sy méat mat
khung 4m thanh (audio frame loss - AFL) xay ra, va nédng lugng tin hi¢u dugc diéu
chinh cho khung am thanh hién thoi AF2 cho it nhit mét dai tn FB duoc thiét 1ap

dua trén hé sb khuéch dai hién thoi (current gain factor - CGF) d6i v6i khung
am thanh hién thoi AF2, trong d6 hé s khuéch dai hién thoi CGF dugc suy ra tir hé s&
khuéch dai tir khung am thanh c6 truéc AF1 hoic tir dong bit BS, va

duva trén nang lugng tin hi¢u dugc udce luong EE ddi voi it nhat mot dai tin FB,
trong d6 nang lugng tin hiu dugc udc luong EE duoc suy ra tur phd cta khung 4m
thanh hién thoi AF2 cia tin hiéu 4m thanh béang 161 CBS.

B giai ma 4m thanh 1 theo sang ché lién két mddun mé rong bang thong 3 véi

mddun gidi ma bang 16i trong cac gidi han ndng luong hodc, noéi cach khac, ddm bao
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rang mddun mé& rong bang thong 3 ndi tiép mbdun giai ma bing 16i theo ning lugng
trong khi che gidu, di modun giai ma bang 15i 2 1am gi di nita.

Sw cai tién v6i cach tiép can nay 1a - trong trudng hop che gidu - viéce tao ra dai
cao dugc lam thich ing khong hoan toan védi cac nang lugng dudong bao nao nita. Véi
k¥ thuat khoa do khuéch dai, cac ning luong dai cao dugc lam thich tmg véi cic ning
lwong dai thip trong khi che gidu va do d6 khong chi dua trén dit liéu dugc truyén dan
trong khung t&t cubi ciing AF1. Viéc tién hanh nay thuc hién y tuéng dé st dung thong

tin dai thip hozc viéc khoi phuc dai cao.

V6i cach tiép can nay, khong dir liéu bd sung nao (vi du hé sb giam dan cuong
d6) can dé dugc truyén tir bd ma hoa 15i 2 t6i bd ma héa mé rong bang thong 3. Viec
nay lam cho k¥ thuat c6 thé 4p dung dugc d& dang cho bo ma hoa 1 bat ky voi viéc ma
rong bang thong 3, nhét 12 v6i SBR, trong d6 viéc tinh toan do khuéch dai vén da dugc
thuc hién (phuong trinh 1).

Viéc che giau ctia bd gidi ma am thanh 1 theo sang ché dua vao viéc xem xét do
dbc giam dan cia modun giai ma bang 16i 2. N6 din dén cach xit ly dugc mong doi

cua viéc gidm dan cudng do ndi chung:

Céac tinh huong trong d6 ndng lugng cia céc dai tan FB cia modun gidi ma
bang 16i 2 giam dan cuong do cham hon nang lugng cua cac dai tan FB clia modun mé
rong bang thong 3, s€ trd nén rd rang va gay ra an tuong khong dang c6 vé tin hi¢u

gidi han dai tan, dugc tranh.

Hon nita, cac tinh hudng trong d6 cac ning luong trong cac dai tan FB cia
modun giai ma bang 15i 2 1am giam din cudng d6 nhanh hon cac ning lugng cla cac
dai tin FB cia modun mé rong biang thong 3, ma s& tao ra cac gia Am bai vi cac dai tin
FB ciia médun mé rong bang thong 3 dugce khuéch dai qua nhidu, khi duge so sanh voi
cac dai tin FB ctia modun giai ma bang 16i 2, ciing dugc ngin ngira.

Tréai v6i b giai mad khong gidm 4m cé mé rong bang thong véi mire ndng lugng
dugc xéc dinh trudc (vi du bd gidi md CELP/HVXC+SBR), ma chi bdo toan do
nghiéng phd ciia loai tin hi¢u nhét dinh, b giai ma 4m thanh 1 theo sang ché lam viéc
ddc 1ap vai céc dic tinh phé clia céc tin hi€u, sao cho sy gidm stt dugc giai ma vé cam

giac cua tin hi¢u am thanh AS dugc ngén ngura.
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Ky fhuaflt dugc d& xuét c6 thé duoc s dung véi phwong phap md rong bing
thong (bandwidth extension - BWE) bt ky trén dinh ctia modun giai mi bing 16i 2
(sau day 12 bd ma hoa 13i). Hau hét ky thudt mé rong bang thong dua trén do khuéch
dai trén mdi dai giira cac mirc ning lwong ban dau voi cic muc nang lugng thu duoc
sau khi sao chép phd 16i. K§ thuit dugc dé xuét khong lam viée trén cac ning luong
cua khung 4m thanh c6 trudc nhu k§ thuét trude do, ma lam vige trén cac do khuéch

dai cia khung 4m thanh c6 truéc AF1.

Khi khung 4m thanh AF2 bj mét hoic khong c6 kha ning doc dwoc (hodc noi
cach khac, néu su mit mat khung 4m thanh AFL xay ra) cac do khuéch dai tir khung
t6t cubi ciing dugc dua vao trong quy trinh giai ma thong thudng ciia modun giai ma
bang 15i 2, ma diéu chinh cic ning luong cia cac dai tin FB clia mddun mé rong biang
thong 3 (xem phuong trinh 1). N6 tao thanh viéc che gidu. Viéc giam din cudng do bat
ky, duge ap dung trén modun giai ma bang 15i 2 bang viéc che gidu médun giai ma
bang 16i, s& dugc 4p dung mot cach tu dong cho cac ning luong clia cac dai tin FB cla
modun mo& rong bing théng 3 bang cach khoa ti 18 nang luong gitta dai thap va dai

cao.

Trong mdt s6 phuong an, médun md rong bang thong 3 bao gdm modun cung
cap hé sb khuéch dai 6 dugc tao ciu hinh dé chuyén tiép hé sb khuéch dai hién thoi
CGF it nhét trong khung 4m thanh hién thoi AF2 trong d6 sy mit mat khung 4m thanh

AFL xay ra dén médun didu chinh nang luong 5.

Trong phuong an dugc uu tién modun cung cép hé sé khuéch dai 6 duoc tao
c4u hinh theo cach ma trong khung 4m thanh hién thoi AF2 trong d6 su mét mét khung
4m thanh AFL xay ra hé sd khuéch dai hién thoi CGF 1a hé sé khuéch dai ciia khung

am thanh co trude AF1.

Phuong 4n nay vo hi€u hoa hoan toan viéc gidm dan cuong d6 dugc chira trong
mddun gidi ma mé rong bang thong 3 chi bang viéc khoa cac d§ khuech dai dugce suy

ra cho dudng bao cudi cung trong khung tot cudi cung.

Trong phuong &4n dugc uu ti€én khac, médun cung cép hé s khuéch dai 6 duoc
tao cAu hinh theo cach ma trong khung 4m thanh hién thoi AF2 trong d6 sy mit mat
khung AFL xay ra hé s6 khuéch dai hién thoi CGS dugc tinh toan tir hé sé khuéch dai

cua khung am thanh c6 trugce va tir 16p tin hi¢u ctia khung am thanh cé trude.
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Phuong 4n nay st dung bd phan loai tin hi€u dé tinh toan cac do khuéch dai
GCS dya trén cac do khuéch dai cii va con thich ung trén 16p tin hiéu ctia khung dugc
nhan tir trudc AF1. Cac 16p tin hiu c6 thé lién quan dén cac 16p cta cac am thanh
tiéng no6i nhu: vat can trd (v6i cac 16p phu: dimg, am tic xat, phu 4m xat), 4m vang

(cc 16p phu nay: 4m mfii, 4m tiép cin vd, nguyén 4m), Am bén, 4m rung.

Trong phuong an duogc uu tién, modun cung cip hé sé khuéch dai 6 dugc tao
ciu hinh dé tinh toan s luong cac khung 4m thanh tiép theo trong d6 cic mét mat
khung 4m thanh AFL x4y ra va duoc tao cdu hinh dé thyc hién quy trinh ha thip hé sé
khuéch dai trong truong hop sb luong cac khung 4m thanh tiép theo trong d6 cic mét

mat khung 4m thanh AFL xay ra vuot qué s luong duoc xac dinh trude.

Néu phu 4m x4t xay ra ngay trude khi mat mat khung bung ra (cac mit mat da
khung AFL trong cic khung 4m thanh tiép theo AF), viéc giam dan cudong do mic
dinh vén c6 ctia mddun giai ma bang 13i 2 ¢6 thé 1a qua chdm dé dam bao 4m thanh d&
chiu va tu nhién khi két hop véi viéc khoa do khuéch dai. Két qua dugc nhan biét cua
van dé nay c6 thé 1a phu 4m xat dugc kéo dai voi ning lugng qua nhiéu trong cac dai
tan FB cia modun mé rong bang thong 3. D6i véi 1y do nay viée kiém tra cac mit mat
da khung AFL ¢6 thé duoc thuc hién. Néu viéc kiém tra nay xac thuc 1a co, quy trinh
ha thép hé s khuéch dai c6 thé duge thuc hién.

Trong phuong an dwgc wu tién, quy trinh ha thip hé sé khuéch dai bao gdm
budc ha thdp hé sé khuéch dai hién thoi bing cach chia hé sé khuéch dai hién thoi cho
sb thir nhét trong trudong hgp hé s6 khuéch dai hién thoi vuot qué ngudng thi nhét.
Bing c4c tinh ning nay trén cac d6 khuéch dai ma vuot qua nguong thir nhit (ma co

thé dugc x4ac dinh theo kinh nghi¢m) dugc ha thép.

Trong phuong an dwgc wu tién, quy trinh ha thip hé sé khuéch dai bao gdm
budc ha thdp hé sb khuéch dai hién thoi bing cach chia hé sé khuéch dai hién thoi cho
sd thir hai ma 16n hon sb thir nhét trong trudng hop hé sé khuéch dai hién thoi vuot
qué ngudng thir hai. Cac tinh ning ndy dam bao rang cic do khuéch dai cuc ky 16n
giam tham chi nhanh hon. T4t ca cac d6 khuéch dai vuot qua ngudng thir hai s& gidm

nhanh hon.

Trong mét sd phuong 4an, quy trinh ha thdp hé s6 khuéch dai bao gdm budc

thiét 1ap hé sd khuéch dai hién thoi dén ngudng thu nhit trong trudng hop ngudng
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hién thdi sau khi ha thip thi & du6i ngudng tht nhit. Bing cac tinh ning nay cac do

khuéch dai dugc lam giam dugc ngan chan viéc giam xuong dudi ngudng th nhat.

Trong mét s6 phuong an, mddun mé rong bang théng 3 bao gdbm modun bo tao
nhidu 4m 7 dugc tao cdu hinh dé bd sung nhiéu 4m NOI cho it nhit mot dai tdn FB,
trong d6 trong khung 4m thanh hién thoi AF2 ma su mat mat khung 4m thanh AFL
xay ra ti 1¢ ctia nang luong tin hiéu vé6i ning lugng nhiu 4m cia it nhit mot dai tin FB
ctia khung 4m thanh c6 truéc AF1 duoc sir dung dé tinh toan nang luong nhifu 4m cia
khung 4m thanh hién thoi AF2.

Trong truong hop c6 tinh ning san nhiéu (tic 1a cic thanh phan nhifu 4m b
sung dé giir lai tinh 6n ciia tin hiéu ban diu) duoc thuc hién trong md rong béang thong
3, day 1a viéc can thiét dé 1am theo y tudng khoa do khuéch dai ciing huéng dén san
nhiéu. Pé dat dugc didu ndy, cac mirc ning luong san nhidu cia cac khung khong bi
che gidu duoc chuyén ddi sang ti 18 nhidu am, dwa vao trong phép tinh néng lugng cla
cac dai tAn ctia modun mé rdng bang thoéng. Ti 18 s& dugc luu giit dén ving dém va sé
1a co s& cho mitc nhidu Am trong truong hop che gidu. Uu diém chinh 1a viéc ghép san

nhiéu véi nang lugng bd ma hoa 161 tdt hon do viée tinh toan ti 18.

Trong phuong 4n dugc uu tién, by gidi ma 4m thanh 1 bao gdbm médun phan
tich phé 8 dugc tao ciu hinh dé xac lap phé ctia khung am thanh hi¢n thoi AF2 cida tin
hiéu 4m thanh bang 15i CBS va dé suy ra nang luong tin hiéu dugc uéc lugng EE cho
khung hién thoi AF2 ddi véi it nhat mot dai tin FB tir phd cta khung am thanh hién
thoi AF2 cua tin hi¢u am thanh bang 161 CBS.

Trong phuong 4n duge uu tién moédun mé rong bang thong 3 bao gdm modun
bd tao tin hiéu 9 dugc tao ciu hinh dé tao thanh tin hiéu mién tin s chua xut ly (raw
frequency domain signal - RFS) it nhét 14 c6 trén dai tin FB ma dugc chuyén tiép dén
mddun diéu chinh ning luong 5, dwa trén tin hiéu 4m thanh bing 16i CBS va dong bit
BS.

Trong phuong 4n dugc uu tién, médun mé rdng bing thong 3 bao gdm modun
tdng hop tin hidu 10 dugc tao ciu hinh dé tao ra tin hiéu 4m thanh mé rong bang thong

BES tir tin hiéu mién tan s6 FDS.

Fig.5 minh hoa viéc tao khung thugc phuong an cia bd giai ma 4m thanh 1 theo

sang cheé.
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Trong mot ) phuong 4n, médun cung cép hé sb khuéch dai 6 duoc tao cdu hinh
theo cach ma, trong trudng hop khung 4m thanh hién thoi AF2, trong d6 su mit mat
khung 4m thanh AFL khong xay ra, sau d6 s& xudt hién trén khung 4m thanh c6 trudce
AF1, trong d6 sy mét mat khung 4m thanh AFL xay ra, hé sé khuéch dai dugc nhan
cho khung am thanh hién thoi AF2 dugc sit dung cho khung hién thoi AF2, néu d tré
DEL giita cic khung 4m thanh AF ciia mddun mé rong bing thong 3 ddi voi cac
khung am thanh AF' cia mddun giai ma bang 15i 2 nhé hon ngudng tré, vi hé sb
khuéch dai tir khung a4m thanh c6 truéc AF2 duge sit dung cho khung hién thoi AF2,
néu do tré DEL giita cac khung 4m thanh AF ctia médun mé rong bang thong 3 dbi voi

c4c khung 4m thanh AF' cia modun giai ma bing 16i 3 16n hon ngudng tré.

Cung véi su che gidu, trong mddun mé rong bang théng 3 cin chu y dic biét
dén viéc tao khung. Cac khung 4m thanh AF ctia médun mé rong bang thong va cac
khung 4m thanh AF' ctia modun gii ma bang 16i 3 thuong khong duge sip hang chinh
xac nhung c6 thé c6 d6 tré DEL nhét dinh. Vi vy diéu c6 thé xay ra 1a mot goi dit liéu
bi méit chira dir liéu md rong bing thong duogc lam tré, c6 lién quan dén tin hiéu 15i

dugc chira trong cung goéi dit lidu.

Két qua trong truong hop nay 14 goi dit liéu tt thir nhét sau khi mét mat c6 thé
chira dit liéu m& rong dé tao thanh céc phén cla cac dai tAn FB cua mddun mé& rong
bang thong 3 thudc khung dm thanh ctia modun giai ma bang 16i cé trudc AF', ma da

duoc che gidu trong bd giai ma 2.

Vi ly do nay, viéc tao khung can dugc xem xét trong khi thu hoi, tuy thudc vao
cac dic tinh twong tng clia moédun gidi ma 16i va mddun mé rong bing thong. Piéu
ndy c6 thé c6 nghia 13 coi khung 4m thanh thir nhat hodc céc phén ctia né trong modun
mé rong bing thong 3 1a khong dung va khéng ap dung hé sé khuéch dai mé&i nhét
ngay 1ap tirc ma dé giir cac do khuéch dai duoc khoa tir khung 4m thanh tht nhét cho

mot khung b sung.

Viéc c6 gitt cac do khuéch dai dugc khéa cho khung tbt thir nhét hay khong phu
thudc vao do tré. Viéc ap dung thr nghiém cho cac bd ma héa-gidi ma co6 cac do tré
khac nhau cho thiy cac loi ich khac nhau cho céc bd ma hoa-giai ma c6 cac do tré
khéc nhau. Véi cic bd ma hda-giai ma c6 cac do tré kha nho (vi du 1 miligidy), tdt hon

la stir dung céc hé s6 khuéch dai méi nhét cho khung 4m thanh tét thir nhét.
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Mic du mdt vai khia canh da dugc mo ta trong pham vi cua thiét bi, ro rang la
cac khia canh nay con biéu dién sy mo ta ctia phuong phép twong tng, trong d6 khoi
hoic thiét bi twong tmg véi bude phuong phap hodc ddu hiéu cia bude phwong phap.
Tuong tu, cac khia canh dugc mo ta trong pham vi ciia budc phuong phap con bidu
dién md ta cua khébi hodc muc hodc diu hidu tuong Ung cla thiét bi tuong tng. Mot )
hoic tt ca cac budc phwong phap c6 thé duge thuc hién boi (hodc st dung) thiét bi
phan cing, twong tu vi du, bd vi xit 1y, may tinh c6 thé 1ap trinh hodc mach dién tu.
Trong mét s6 phuong 4n, mot s6 moét hoic nhidu budc phwong phap quan trong nhét

c6 thé duoc thuc hién béi thiét bi nay.

Phu thudc vao cac yéu ciu thuc hién nhit dinh, cac phuong 4n ciia sang ché c6
thé duoc thuc hién trong phin cting hoic trong phdn mém. Viéc tién hanh c6 thé dugc
thuc hién sir dung phuong tién luu trit khoéng chuyén tiép nhu phuong tién luu trit dang
sd, vi dy, dfa mém, DVD, Blu-Ray, CD, ROM, PROM, va EPROM, EEPROM hoic
b6 nhd FLASH, c6 cac tin hiéu diéu khién c6 thé doc dugc bang dién tir dugc luu trix
trén d6, ma két hop (hodc c6 kha ning két hop) voi hé thdng may tinh co thé 1ap trinh
dé phuong phap tuong tng duoc thuc hién. Do d6, phuong tién luu trit dang sb c6 thé

la doc duoc béng may tinh.

Mot s6 phuong 4n theo sang ché bao gdm vat mang dit liéu c6 céac tin hidu didu
khién c6 thé doc dugc bing dién tir, ma c6 kha nang két hop vai hé théng may tinh co
thé 14p trinh dugc, sao cho mdt trong sd cac phuong phap duge md ta & ddy duge thuc
hién.

Thong thudong, cdc phuong an theo sang ché c6 thé dugc thuc hién nhu sén
pham chuong trinh may tinh v6i ma chuong trinh, ma chuong trinh hoat dong dé thuc
hién mot trong cac phwong phéap khi san phidm chuong trinh méy tinh chay trén may
tinh. Vi dy, ma chuong trinh ¢6 thé duoc luu tri trén vat mang co thé doc duogc béng
may.

Céc phuong an khac bao gdm chwong trinh méy tinh dé thuc hién mét trong cac

phuong phép dugc md ta & ddy, dugc luu trit trén vat mang c6 thé doc dugc bing may.

Do d6, noi cach khac, phuong 4n ctia phuong phap theo sang ché 1a chuong
trinh may tinh c6 ma chuong trinh dé thuc hién mét trong cac phuong phap dugc méd

ta & day, khi chuong trinh mdy tinh chay trén may tinh.
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Do d6, phuong 4n nita cia phuong phap theo sang ché 13, vat mang dit lidu
(hoic phuong tién luu trit dang s, hodc vat ghi c6 thé doc dugce bing may tinh) bao
gbm chuong trinh may tinh da duoc ghi lai trén d6 dé thuc hién mt trong cac phuong
phap dugc md ta & ddy. Vat mang dit lidu, phuong tién luu trit s hodc phuong tién ghi

thuong 1a hitu hinh va/hodc khong tam thoi.

Do d6, phuong an nita ctia phuong phap theo sang ché 13, dong dit liéu hoic
chudi cac tin hiéu thé hién chuong trinh may tinh dé thyc hién mdt trong cac phuong
phép dugc mo td & day. Dong dit li€u hodc chudi cac tin hiéu c6 thé, vi du, dugc tao
céu hinh dé duoc chuyén thong qua su két ndi truyén théng dit liéu, vi du, thong qua

mang.

Phuong 4n nita bao gdm phuong tién xir 1y, vi du, may tinh, hodc thiét bi logic
c6 thé 13p trinh duogc tao cAu hinh dé, hoic dugc 1am thich ung dé, thuc hién mot trong

cac phuong phép duge mo ta & day.

Phuong 4n nita bao gdbm mdy tinh c¢6 chuong trinh may tinh dwgc cai dat trén

may tinh dé thuc hién mot trong cac phuong phap duoc mé ta & day.

Phuong an khac theo sang ché gdm c6 thiét bi hodc hé théng duoc tao ciu hinh
dé truyén (vi dy, bang dién tir hodc quang hoc) chuong trinh may tinh dé thyuc hién mot
trong cac phuong phap duge mo ta & day dén bo thu. Bo thu c6 thé, vi du, 1a may tinh,
thiét bi di dong, thiét bi nhé hodc twong tw. Thiét bi hoidc hé théng c6 thé, vi du, bao

gdm may chii cung cip tap tin dé truyén chuong trinh may tinh dén bd nhén.

Trong mdt s& phuong an, thiét bj 16gic c¢6 thé 1ap trinh dugce (vi du, mang cdng
6 thé 12p trinh dugc dang truong) c6 thé dugc st dung dé thuc hién mot sb hodc tit ca
cac chirc nang clia cac phuong phap duge mé ta & ddy. Theo mot sé phuong an, mang
cbng 1ap trinh duoc dang trudong c6 thé két hop vai bo vi xir Iy dé thuc hién mot trong
sd cac phuong phap dugc md ta & day. Thong thuong, cac phuong phéap wu tién duoc

thuc hién béi thiét bi phin ctng bt ky.

Céc phuong 4n duge mo ta bén trén chi mang tinh minh hoa cho cac nguyén ly
ctia sang ché. Can hiéu ring cac su bién thé va bién dbi cuia cac phuong an va cac chi
tiét dwgc mé ta & day s& 1 15 rang ddi véi nguoi c6 trinh d6 trong linh vye k§ thuat
tuong tng. Do d6, muc dich chi bj gi6i han béi pham vi cia cac diém yéu cdu bao hd
sap dua ra dudi ddy va khong bi gioi han boi cac chi tiét cu thé dugc bidu din bing

cach mo ta va giai thich cia cac phuong an & day.
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YEU CAU BAO HO
1. B6 giai md 4m thanh duoc tao ciu hinh dé tao ra tin hiéu 4m thanh (audio signal

- AS) tir dong bit (bitstream - BS) chita cdc khung dm thanh (audio frames - AF), bd

giai mi 4m thanh (1) bao gdm:

mddun giai ma bang 15i (2) dugc tao cAu hinh dé suy ra tin hidu 4m thanh bang

16i (core band audio signal - CBS) dugc giai ma truc tiép tir dong bit (BS);

mddun mé rong bing thong (3) duge tao ciu hinh dé suy ra tin hiéu 4m thanh mé rong
bing thong (bandwidth extension audio signal - BES) dugc giai ma theo tham s tir tin
hi€u am thanh bang 15i (CBS) va tir dong bit (BS), trong d6 tin hi¢u &m thanh m& rong
bang thong (BES) dua trén tin hiéu mién tan s (frequency domain signal - FDS) ¢6 it

nhit mét dai tin (frequency band - FB); va

b6 t6 hop (4) dugc tao cdu hinh dé t& hop tin hiéu 4m thanh bing 15i (CBS) véi
tin hiéu 4m thanh mé& rong bang thong (BES) dé tao thanh tin hidu 4m thanh (AS);

trong d6 moédun mé rong bing thong (3) bao gdm mddun didu chinh ning lugng
(5) dugc tao cu hinh theo cach ma trong khung am thanh hién thoi (AF2) trong d6 su
méat mat khung a4m thanh (audio frame loss - AFL) xay ra, va nang luong tin hiéu duoc
didu chinh cho khung am thanh hién thoi (AF2) cho it nhat mot dai tan (FB) duoc thiét
1ap:

dua trén hé sé khuéch dai hién thoi (current gain factor - CGF) cho khung 4m
thanh hién thoi (AF2), trong d6 hé sé khuéch dai hién thoi (CGF) dugc suy ra tir hé s6
khuéch dai tir khung 4m thanh c6 trude (AF1) hodc tir dong bit (BS), va

dua trén nang lugng tin hiu dugc udce luong (estimated signal energy - EE) cho
it nhat mot dai tan, trong d6 ndng lugng tin hiéu dugce ude lugng (EE) dugce suy ra tu
phd ctia khung a4m thanh hién thoi (AF2') ciia tin hiéu 4m thanh bang 151 (CBS).

2. B giai ma 4m thanh theo diém néu trén, trong d6 médun mé rong bang thong
(3) bao gdbm mddun cung cip hé sé khuéch dai (6) duoc tao ciu hinh dé chuyén tiép hé
s6 khuéch dai hién thoi (CGF) it nhét trong khung am thanh hién thoi (AF2) ma su

mAt mét khung 4m thanh (AFL) xay ra dén m6dun diéu chinh nang luong (5).
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3. Bo giai ma 4m thanh theo diém 2, trong d6 médun cung cip hé s6 khuéch dai
(6) dugc tao cAu hinh theo cich ma trong khung 4m thanh hién thoi (AF2) trong d6 su
mAt mat khung am thanh (AFL) xay ra hé sd khuéch dai hién thoi (CGF) 1a hé s6
khuéch dai ctia khung 4m thanh c6 truc (AF1).

4. B giai ma am thanh theo diém 2 hodc diém 3, trong d6 modun cung cip hé sb
khuéch dai (6) duogc tao cAu hinh theo cach ma trong khung am thanh hién thoi (AF2)
trong d6 su mét mat khung (AFL) x4y ra hé s khuéch dai hién thoi (CGF) dugc tinh
toan tir hé sb khuéch dai cua khung am thanh c6 truéc (AF1) va tir 16p tin hién cia
khung 4m thanh c¢6 trude (AF1).

5. B¢ gidi ma am thanh theo mdt trong sb cac diém tir 2 dén 4, trong d6 mddun
cung cip hé sb khuéch dai (6) duoc tao chu hinh d& tinh toan s6 lugng cic khung 4m
thanh tiép theo trong d6 cac mét mat khung am thanh (AFL) xay ra va dugc tao cdu
hinh dé thuc hién quy trinh ha thip hé sé khuéch dai trong truong hop sb luong cac
khung 4m thanh tiép theo trong d6 cac mit mat khung 4m thanh (AFL) xay ra vugt qua

s0 luong dugc xac dinh trude.

6. Bo giai md 4m thanh theo diém 5, trong d6 quy trinh ha thip hé sé khuéch dai
bao gdbm budc ha thip hé sb khuéch dai hién thoi bang cach chia hé sé khuéch dai hién
thoi cho s thir nhit trong trudng hop hé sb khuéch dai hién thoi vuot qua ngudng thu
nhét.

7. B0 giai md 4m thanh theo diém 5 hodc 6, trong d6 quy trinh ha thip hé sb
khuéch dai bao gdm budc ha thip hé sé khuéch dai hién thoi béng cach chia hé sb
khuéch dai hién thoi cho sb thtr hai ma 16n hon sb tht nhét trong truong hop hé sb

khuéch dai hién thoi vuot qua ngudng thir hai ma 16n hon ngudng thir nhét.

8. Bo giai ma 4m thanh theo mdt diém trong s6 cac diém tir 5 dén 7, trong d6 quy

trinh ha thap hé s6 khuéch dai bao gdm budc thiét 1ap hé s khuéch dai hién thoi dén

-20-



26186

ngudng thir nhét trong truong hop ngudng hién thoi sau khi ha thip thi thip hon
ngudng thir nht.

9. B0 giai ma am thanh theo mot trong s6 cac diém néu trén, trong d6 modun mé
rong biang thong (3) bao gdm mddun bd tao nhiéu am (7) dugc tao c4u hinh dé bd sung
nhidu 4m (NOI) cho it nhit mot dai tin (FB), ma trong khung am thanh hién thoi
(AF2) trong d6 su mit mat khung 4m thanh (AFL) xay ra ti 1¢ cia ning luong tin hiéu
v6i ning luong nhiu 4m thudc it nhit trén dai tn (FB) ctia khung 4m thanh cé truée
(AF1) dugc str dung dé tinh toan ning luong nhidu 4m ctia khung 4m thanh hién thoi
(AF2).

10. B giai ma 4m thanh theo mot trong sd cac diém néu trén, trong d6 bd giai ma
4m thanh (1) bao gdm mddun phan tich ph (8) dugc tao ciu hinh dé xac 1ap phd cia
khung 4m thanh hién thoi (AF2') cua tin hiéu 4m thanh bang 15i (CBS) va dé suy ra
nang lugng tin hi€u dugc udc lugng cho khung hién thoi (AF2) cho it nhét mot dai tin
(FB) tir phd cua khung 4m thanh hién thoi (AF2') cta tin hiéu 4m thanh bing 15i
(CBS).

11. B0 giai ma 4m thanh theo mdt trong s6 cac diém tir 2 dén 10, trong d6 modun
cung cip hé sé khuéch dai (6) dugc tao ciu hinh theo cach ma, trong trudng hop,
khung am thanh hién thoi, trong d6 su mét mat khung 4m thanh khong xay ra, sau d6
s& x4y ra trén khung 4m thanh c6 trudc, trong d6 su mét méat khung am thanh xay ra,
hé s khuéch dai duoc nhin cho khung am thanh hién thoi duge sir dung cho khung
hién thoi, néu d6 tré (DEL) giita cac khung 4m thanh (AF1, AF2) ctia modun mo rdng
bang thong (3) dbi véi cac khung 4m thanh (AF1, AF2') clia modun giai ma bang 16i
(2) 12 nhé hon ngudng tré, trong khi hé sb khuéch dai tir khung 4m thanh c6 trudc
dugc str dung cho khung hién thoi, néu do tré (DEL) giita cac khung 4m thanh cta
mddun mé réng bang thong dbi voi cac khung 4m thanh clia modun giai ma bing 16i

16n hon ngudng tré.
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12. B0 giai ma 4m thanh theo mdt trong s cac diém néu trén, trong d6 médun mo
rong bang thong (3) bao gdm mébdun bd tao tin hiéu (9) duge tao c4u hinh dé tao thanh
tin hiéu mién tin sé chua xir Iy (raw frequency domain signal - RFS) it nhat c6 trén dai
tin (FB), ma duoc chuyén tiép dén médun diéu chinh ning lugng (5), dua trén tin higu
am thanh bang 16i (CBS) va dong bit (BS).

13. B0 giai ma 4m thanh theo mdt trong sb cac diém néu trén, trong d6 mddun mé
rong bang thong (3) bao gdm modun tdng hop tin hidu (10) duge tao chu hinh dé tao ra

tin hiéu &m thanh mé& rong bang thong (BES) tir tin hiéu mién tan s6 (FDS).

14. Phuong phap tao ra tin hi¢u am thanh (AS) tir dong bit (BS) chira cac khung 4m
thanh (AF), phwong phap bao gdm céc budc:

suy ra tin hi¢u 4m thanh bang 16i (CBS) dugc giai ma truc tiép tir dong bit (BS);

suy ra tin hiéu am thanh mé rong bang thong (BES) dugc gidi ma theo tham 56
tir tin hi€u am thanh béang 16i (CBS) va tir dong bit (BS), trong do tin hiéu am thanh
m& rong bang thong (BES) dua trén tin hidéu mién tan sé (FDS) c¢6 it nhit mot dai tan
(FB); va

td hop tin hiéu am thanh bing 15i (CBS) v6i tin hiéu 4m thanh mé& rong bing
thong (BES) dé tao thanh tin hiéu 4m thanh (AS);

trong d6 khung 4m thanh hién thoi (AF2) trong 6 sy mat mat khung 4m thanh
(AFL) xay ra, ning lugng tin hidu dugc diéu chinh cho khung 4m thanh hién thoi
(AF2) cho it nhit mot dai tan (FB) duogc thiét lap:

dua trén hé sb khuéch dai hién thoi (CGF) cho khung 4m thanh hién thoi (AF2),
trong d6 hé sb6 khuéch dai hién thoi (CGF) duogc suy ra tr hé s khuéch dai tir khung
am thanh c6 trudc (AF1) hodc tir dong bit (BS), va

dua trén nang luong tin hi¢u dugce ude lugng cho it nhét mot dai tan (FB), trong
d6 nang luong tin hidu duge wéc lugng duge suy ra tir phd ctia khung am thanh hién
thoi (AF2'") cda tin hi¢u 4m thanh béang 161 (CBS).
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15.  Vat ghi c¢6 thé doc dugc bang may tinh chtra chuong trinh may tinh dé thuc hién
phuong phép theo diém 14, khi chay trén may tinh hodc bo xir y.
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