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(21) 1-2020-03175

(57) Sang ché dé cap dén thiét bi va phwong phap ma hoéa tin hiéu thong tin, hé thong
mi hoa va giai ma, phuong phap ma hoa dong bit. Thiét bi (10, 60a, 110) dé m3 hoéa tin
hiéu théng tin bao gdm nhiéu khung. Thiét bi c6 thé bao gdm bd wdc luong thi nhat (11)
duoc tao cdu hinh dé thu dugc uée lugng thtr nhét (14, T1), ude lugng thir nhét 1a wéc
lwong cua do tré tan sb co ban cho khung hién thoi (13). Thiét bi c6 thé bao gdm bo wdc
lwong thir hai (12) dwgc tao cdu hinh dé thu duoc wée luong thit hai (16, T2), wdc luong
tht hai 1a uéc lugng khéc ctia do tré tan s co ban cho khung hién tho1i (13). Bo lya chon
(17) ¢6 thé duoc tao cu hinh dé chon (S103) gia tri duoc lwa chon (19, Thest) bang cach
thue hién phép lya chon gitta wdc luong thir nhat (14, T1) va udc lugng thir hai (16, T2)
trén co so cc sd do twong quan thir nhat va tht hai (23, 25). B6 udc luong thir hai (12)
¢ thé duoc tao diéu kién boi do tré tan sb co ban (51, 19”) duogc lya chon tai khung
trude dé thu duoc ude luong thir hai (16, T2) cho khung hién thoi (13). BO Iya chon (17)
¢6 thé duoc tao cau hinh dé thuc hién phép so sanh gitta: phién ban dugc giam ti 18 (24)
ctia s6 do twong quan thr nhat (23) dugc két hop v6i khung hién thoi (13) va thu duoc
tai do tré twong tmg v&i uwdc lugng thir nhét (14, T1); va sé do twong quan thi hai (25)
dugc két hop voi khung hién thoi (13) va thu duoc tai do tré twong tng v6i uwdc lugng
thtr hai (16, T2). Theo do, c6 kha nang lga chon udc lugng thi nhat (14, Ty) khi uéc
luong twong quan thir hai (25) nhé hon phién ban duogc giam ti 18 (24) cta sé do twong
quan thir nhét (23), va/hodc lua chon udc lugng tht hai (16, T2) khi s6 do tuong quan
th hai (25) 16n hon phién ban dugc giam ti 1& (24) cta udc luong tuong quan thir nhat
(23). it nhat mot trong s6 cac sd do twong quan nhat va thir hai (23, 25) ¢6 thé 1a s6 do
tu twong quan va/hodc s do tu twong quan duoc chuin hoa.
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Linh vuc ky thuit dugc dé cap

Céc vi du ctia cac phuong phdp va thiét bi & day dugc dé xudt, c6 kha ning thuc
hién quy trinh phat hién tAn s6 co ban ¢6 dd phirc thép, vi du, dé ma hoa loc sau dai

han, (long term postfiltering, LTPF).

Vi du, cac vi du c6 thé lua chon do tré tan s co ban cho tin hiéu thong tin, vi
du, tin hidu 4m thanh, vi du, dé thyc hién LTPF.
Tinh trang ky thuit ciia sang ché

Céc bo mi hoa-giai ma am thanh dua trén bién ddi noi chung dwa vao nhiéu Am
lién séng hai khi x& 1 cac tin hiéu Am thanh song hai, cu thé 1a tai do tré thip va tdc
do bit thép. Nhiéu 4m lién séng hai nay thuong dugc nhan biét nhu thanh phén la rat
kho chiu, viéc giam dang ké hiéu suit ctua bd ma hoéa-gidi md am thanh trén co s

bién ddi khi duoc ude lwong mot cach chu quan trén vat liéu am thanh ¢6 @m cao.

Loc sau dai han (long term postfiltering - LTPF) la cong cu dé ma héa 4m thanh
trén co s& bién ddi tro gitp khi gidm nhiéu lién séng hai nay. Diéu nay phu thudc vao
bo loc sau ma duoc st dung trén tin hiéu mién thoi gian sau khi gidi ma bién d6i. Bo
loc sau nay vé co ban 14 bd loc dap Gmg xung v6 han (infinite impulse response - IIR)
véi dap ung tan sd twong tu rang lugc dugc diéu khién béi hai tham sb; do tré tan sb

co ban va @6 khuéch dai.

Pé kha nang hoat dong t5t hon, cac tham 6 bo loc sau (do tré tan sd co ban
va/hodc do khuéch dai) duoc ude luong tai phia bé ma hoa va dugc ma hoa trong
dong bit khi d khuéch dai khong bing 0. Truong hop do khuéch dai bang 0 dwoc tao
tin hiéu voi mot bit va twong Gmg voi bd loc sau vo hiéu héa, dugce st dung khi tin
hiéu khong chtra phan song hai.

LTPF duoc dua vao dau tién trong tiéu chuan EVS 3GPP [1] va sau d6 duoc
tich hop v6i tiéu chun Am thanh 3D MPEG-H [2]. Céc bang sing ché twong ung 13
[3] va [4].
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Thuét toan phat hién tan sd co ban udc lugng mot dd tré tAn sb6 co ban mdi
khung. Thuong didu nay duoc thuc hién tai toc d¢ 1dy mau thip (vi dy, 6,4kHz) dé
gidm d6 phic. Nén d& xut mot céch Iy tuéng sy wée luong chinh xéc, on dinh, va

lién tuc.

Khi duge str dung dé ma héa LTPF, didu quan trong 13 c6 dudng vién tan s co
ban lién tuc, néu khong mot s6 thanh phan la khong én dinh c6 thé nghe thay trong
tin hiéu dau ra dugc loc LTPF. Khong c6 tan sb co ban dung FO (vi duy, béng cach co
bdi s6 ctia n6) 1a kém quan trong, vi didu nay khong dan dén thanh phan la x4u nhung

thay vao d6 dan dén su suy giam nhe hiéu qua LTPF.

Pic diém quan trong khac cta thuat toan phat hién tAn b co ban 1a do phitc vé
tinh toan. Khi dugc thuc thi trong bd méa hoda-giai ma am thanh, cac thiét bi ning
luong thép dich hodc thdm chi cac thiét bi ning lugng siéu thip, d6 phirc tinh todn

cta nd nén cang thap cang tot.

Cé vi du ctia bd ma héa LTPF ma co thé dugc tim thiy trong mién cong cong.
Diéu nay duoc md ta trong tiéu chuan EVS 3GPP [1]. Su thuc thi nay dang str dung
thuat toan phét hién tan s6 co ban duge md ta trong phan 5.1.10 ctia thong s6 k¥ thuat
tiéu chuin. Thuat todn phat hién tn sb co ban nay c6 hiéu suit cao va lam viéc tdt
v6i LTPF vi thuét toan nay mang lai duong vién tan sb co ban lién tuc va on dinh.

Tuy nhién, han ché chinh cta thuit toan nay 1a d6 phtc tuwong d6i cao.

Thim chi ching chua tirng dwoc st dung dé ma hoa LTPF, nhitng thuat toan
phat hién tAn s co ban hién c6 khac c6 thé theo 1y thuyét duge sir dung cho LTPF.
Mot vi du 13 YIN [6], thuat toan phat hién tin s6 co ban thudng duge nhan biét nhu
mdt trong sb thuat toan chinh xac nhét. Tuy nhién, YIN rat phire tap, thim chi phirc
tap dang ké so v6i thuat toan trong tai liéu [1].

Vi du khac ddng duoc nhic dén 1a thuat todn phat hién tan s co ban dugc s
dung trong tiéu chudn AMR-WB 3GPP [7], ma ¢6 do phtrc thip hon déng ke so véi
thuat todn trong tai liéu [1], nhung ciing la thanh qua t¢, thut toan cy thé dua ra

duong vién tan s6 co ban on dinh va lién tuc thép.

Tai liéu tham khéo
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[2] ISO/IEC 23008-3:2015; Information technology -- High efficiency coding and
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[3] Ravelli et al. “Apparatus and method for processing an audio signal using a

harmonic post-filter." U.S. Patent Application No. 2017/0140769 Al. 18 May. 2017.
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[7] 3GPP TS 26.190; Speech codec speech processing functions; Adaptive Multi-
Rate - Wideband (AMR-WB) speech codec; Transcoding functions.

Tuy nhién, c6 mét sb tredng hop, ma uée luong do tré tAn s6 co ban nén duoc
cai thién.

Céc thuat toan phat hién tan s6 co ban d6 phirc thap hién thoi (nhw thudt toan
trong tai liéu [7] c6 hiéu nang khong thoa min LTPF, cu thé doi v6i cac tinh higu
phirc, nhu am nhac phtrc diéu. Dudng vién tin s co ban c6 thé khong on dinh, tham
chi trong sudt cac Am tinh. Pidu nay c6 thé do cuc dai cuc bd ctia ham tu hiéu chinh
duoc gan trong so.

Do do, c6 nhu ciu thu dugc cac udce luong do tré tin sb co ban ma t6t hon thich

rng v6i cac tin hiéu phuec, c6 do phic gibng hodc thap hon so véi tinh trang ky thuét.
Ban chit ky thuit clia sing ché

Theo céc vi dy, sang ché dé xuat thiét bji ma hoa tin hiéu thong tin bao gébm

nhiéu khung, thiét bi bao gém:
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bd uwdc lugng th nhét duoc tao cAu hinh dé thu duogc uéc luong thi nhét, uéc

lugng thtr nhét 1a udc luong ctia do tré tan s6 co ban cho khung hién thoi;

bd wdc lugng thit hai duoc tao cAu hinh dé thu duoc udc luong thir hai, wdce

luong thir hai 1a wéc luong khéc cua do trd tAn s6 co ban cho khung hién thoi,

bo lua chon dugc tao cAu hinh dé chon gia tri dugc lya chon béng cach thuc
hién phép lya chon giita wdc luong thi nhét va udc luong thir hai trén co s& cac sd

do tuong quan thur nhat va thir hai,

trong d6 bd ude lwgng thir hai dugc tao dicu kién boi do tré tn so co ban dugc

lua chon tai khung trudce dé thu duoc uwée lugng thit hai cho khung hién thoi,
dac trung ¢ diém b6 lua chon duoc tao cAu hinh dé:
thuc hién phép so sanh gitra:

phién ban dugc gidm ti 1€ cua s6 do twong quan thir nhat duoc két hop voi khung

hién thoi va dugc thu tai do tré twong ung voi udce luong thi nhét; va

s6 do twong quan th hai dugc két hop véi khung hién thoi va thu dugc tai do

tré twong ung voi udce lugng thi hai,

& lua chon wéc lugng thir nhit khi sb do twong quan thtt hai nho hon phién ban

dugc giam ti 1€ clia s& do twong quan thir nhét, va/hodc

@8 Tua chon uéc luong khi sé do twong quan thtr hai 16n hon phién ban dugc

giam ti 1& ctia s6 do twong quan thu nhat,

trong do it nhat mot trong sb sé do twong quan thu nhét va thir hai 14 s6 do tu

twong quan va/hodc sé do tw twong quan duoc chuin héa.

Theo céc vi du, sang ché dé xuét thiét bi ma hoa tin hiéu thong tin bao gbém

nhiéu khung thanh dong bit, thiét bi bao gom:
b6 phén phat hién bao gdm:

bo ude lwong thit nhit duoc tao cAu hinh dé thu duge ude luong thir nhat, uée

lwong thtr nhat 1 wée lwong ciia d9 tré tan sd co ban cho khung hién thoi;
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bd udc luong thtr hai dugc tao cAu hinh dé thu duoc uéc luong thi hai, udc
luong tht hai 13 uéc luong do tré tan sd co ban cho khung hién thoi, trong dé uéc
luong thtr hai duoc tao diéu kién boi do trd tAn s co ban duoc lya chon tai khung
trude dé thu duoc ude luong thit hai cho khung hién thoi,

b lua chon dugc tao cAu hinh dé chon gia tri duoc lya chon bang cach thuc
hién phép lya chon gifta wdc luong thi nhét va uéc luong thit hai trén co so it nhét
mot s6 do twong quan, trong d6 b lya chon dugce tao cAu hinh dé thuc hién phép so
sanh gifta:

s6 do twong quan tht hai dugc két hop véi khung hién thoi va thu duoc tai do
tré twong ung véi wéc lugng thir hai; va

ngudng lua chon d¢ tré tAn s co ban,

dé lua chon wéc lwgng thi hai khi s6 do twong quan thtt hai 16n hon ngudng lua

chon dd tré tan sd co ban; va/hodc

& lua chon wdc lugng thir nhat khi s6 do twong quan thtr hai nho hon ngudng

luwa chon dd tré tan so co ban; va

cong cu loc sau dai han (long-term post filtering - LTPF) duoc tao céu hinh dé
ma hoa dir liéu co ich dé thyuc hién LTPF tai bd giai ma, dir liéu co ich dé thuc hién
LTPF bao g61n gia tri dugc lua chon.

Theo cac vi du, sang ché dé& xuét thiét bi ma hoa tin hiéu thong tin bao gém
nhiéu khung, thiét bi bao gom:

bd uwdc luong thi nhét duoc tao cAu hinh dé thu duoc udc lugng thit nhét, uéc
lugng thtr nhét 1a udc luong cta do trd tan s6 co ban cho khung hién thoi;

bd udc lugng tht hai dugc tao cAu hinh dé thu duoc uwédc luong tht hai, udc
luong thur hai 13 wéc lugng khac cua do tré tan sb co ban cho khung hién thoi,

bd lua chon dugc tao cAu hinh dé chon gié tri dugc lya chon béng cach thuc
hién phép lva chon gitta wéc luong thi nhat va wéc luong thit hai trén co so it nhét

mdt s6 do twong quan,
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trong d6 bd wdc lugng thir hai duoc tao diéu kién boi do tré tan sO co ban dugc

lua chon tai khung trudce dé thu duoc uée luong thir hai cho khung hién thoi.
Theo c4c vi du, bd lya chon duge tao ciu hinh dé thuc hién phép so sanh gitta:

s6 do tuong quan th hai dugc két hop véi khung hién thoi va thu duoc tai do

tré tuong ung voi udce lugng thir hai; va
ngudng lua chon d§ tre tan so co bén,

dé lva chon u6e lugng thir hai khi s6 do twong quan thtr hai 16n hon ngudng lua

chon dd tré tan so6 co ban; va/hoac

dé lya chon wdc luong thir nhét khi s6 do twong quan thir hai nhd hon ngudng

lua chon d tré tan s6 co ban.
Theo cac vi du, bd lua chon dugc tao cau hinh dé thuc hién phép so sanh gifra:

s6 do twong quan thir nhét duge két hop voi khung hién thoi va thu duoc tai do

tré twong tmg voi ude luong thi nhat; va

s& do twong quan tht hai duoc két hop véi khung hién thoi va thu duoc tai do

tré twong ng voi udce luong thi hai,

dé lya chon u6c lwong thir nhat khi s6 do twong quan thi thir nhit it nhat 16n

hon s6 do trong quan thtr hai, va/hodc

@8 lua chon wéc luong thi hai khi s6 do twong quan thr thir nhat it nhat nhé hon

s6 do twong quan thir hai.

Theo cac vi du, b0 lwa chon duogc tao cau hinh dé:

thue hién phép so sanh gitra:

phién ban duoc giam ti 1¢ cua s6 do tuong quan thir nhat duoc két hop véi khung
hién thoi va duoc thu tai d6 tré twong Gng véi wdc lwong thir nhét; va

s6 do twong quan thir hai dugc két hop véi khung hién thoi va thu dugc tai do

tré twong ung voi udce lugng thi hai,
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dé lua chon udc luong thir nhét khi s6 do twong quan tht hai nho hon phién ban
dugc gidm ti 1€ cua s6 do tuong quan thir nhét, va/hoic

dé lva chon uéc luong khi s6 do twong quan thir hai 16n hon phién ban dugc
giam ti 1€ cua s6 do twong quan thtt nhat, |

Theo cac vi dy, trong do it nhat mot trong s s6 do twong quan thi nhat va thir
hai 12 s6 do tu twong quan va/hodc s6 do tu twong quan dugce chuan hoa.

Bo ma hoa bién ddi dé tao ra phép biéu dién ctia tin hiéu thong tin hodc phién
ban di duoc xur Iy cua tin hi¢u ndy co thé dwoc thuc thi.

Theo céc vi du, bd udc luong thir hai dugc tao ciu hinh dé:

thu dwoc wde lwong thi hai bang cach tim kiém d6 tré ma toi da héa ham tuong
quan thir hai trong khodng con ma chira 4o tré tin s6 co ban duogc lua chon cho khung
trude.

Theo cac vi du, khoang con thtr hai chira cac do tré véi khoang cach nhé hon
ngudng $6 @6 tré duoc dinh trude tir do tré tan sb6 co ban duoc lua chon tir khung

trudec.
Theo céc vi du, bd udc lugng thur hai duge tao cAu hinh dé:

tim kiém gia tri ti da trong s6 cac gia tri ham tuong quan thi hai dé két hop
wéc luong tha hai véi @6 tré duoc két hop véi gia tri ti da trong sO céc gia tri ham

tuong quan thur hai.
Theo cac vi du, bo wdc luong thi nhat duoc tao cAu hinh aé:

thu duoc udc luong thir nhit nhu d6 8 ma téi da héa ham higu chinh thir nhét
duoc két hop voi khung hién thoi.

Theo céc vi du, ham twong quan thir nhat dugc giéi han dén cac do tré trong
khoang con thir nhat.

Theo céc vi du, khoang con thtr nhét chira sd cac d6 tré 16n hon khoang con thir
hai, va/hoac it nhat mot sb do tré trong khoang con thtr hai nam trong khoang con thir

nhit.
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Theo cac vi duy, bo udc lugng thir nhét duoc tao cAu hinh dé:

gan trong sO céac gia tri do twong quan cua ham twong quan thi nhat st dung

ham gan trong s6 giam mot cach don diéu ma t6i da héa ham twong quan thit nht.

Theo céc vi du, it nhAt mot trong s6 ham trong quan thi hai va thir nht 13 ham

tu tuong quan va/hodc ham ti twong quan dugc chuin hoéa.

Theo cac vi du, bd udc lugng thir nhét dugc tao cAu hinh dé udc lugng thir nhét

T, b?mg cach thuc hién tai it nhét mot s6 phép toédn sau day:

T, = argmax R, (k)

k=kmin--Kmax

Ry, (k) = R(k)W(k) for k= kmin--kmax

(k - kmin)
k=1—-05———7"—< k =k k
w(k) Koo — Koin) for min- - Kmax

N-1
R(k) = Z x(Mx(m—k) for k= kminkmax
n=0

w(k) 1a ham gan trong 80, Kpin VA kmax duoc két hop voi do tré t6i thiéu va do
tr8 t6i da, R 1a gié tri do tu twong quan dugc ude lugng trén co so tin hiéu thong tin
hodc phién ban dugc xtt Iy cua gid tri nay va N 1a do dai khung.

Theo céac vi du, bd udc luong thir hai duoc tao cAu hinh dé wéc luong thir hai T,
béng cach thuc hién:

T, = argmax R(k)

k=K in +Kmax
7 k;nin = max(kmianprev - 6), k';nax = min(kmax'Tprev +6), Tprev 1a uéde hrong
dwoc lua chon trong khung trude do, va § 1a khoang cach tt Tyrep, kmin VA Kinax duoc
kbt hop voi d6 tré toi thidu va do tré toi da.
Theo cac vi dy, bd lva chon dugc tao cau hinh dé thyc hién su lya chon tr udc
lwong d6 tré tan sO co ban Ty, VE

T, ifnormcorr(x, N,T,) < anormcorr(x, N, T;)

o =ffs iTnom
curr = |T, otherwise
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vl T, 1a udc lugng thir nhét, T, 13 udc luong thir hai, x 14 gia tri cta tin hiéu
thong tin hodc phién ban dugc xir Iy cha gia tri nay, normcorr(x, N, T) la s6 do hiéu
chinh duoc chuan hoa cua tin higu x c6 chiéu dai N tai d0 tré T, a 12 hé s6 giam ti 1€.

Theo cac vi du, sang ché dé xuit, xuodi dong dén bd lwa chon , céng cu loc sau
dai han (long term postfiltering - LTPF) dé diéu khién bo loc sau dai han tai thiét b
g1ai ma.

Theo céc vi du, tin hiéu thong tin 1a tin hi¢u am thanh.

Theo cac vi du, thiét bi dugc tao cAu hinh dé thu duoc sé do tuong quan thtr
nhét nhu s§ do do hai hoa ctia khung hién thoi va s6 do tuong quan thir hai nhu s6 do
d6 hai hoa cua khung hién thoi gidi han & khoang con dugce dinh nghia cho khung
trudce.

Theo cac vi du, thiét bi dugc tao cAu hinh dé thu duogc cac s6 do tuong quan thir
nhat va tht hai st dung ham twong quan 1én dén ham gén trong sb.

Theo cac vi du, thiét bi duoc tao cAu hinh dé thu duoc s6 do teong quan thi
nhat nhu phién ban dugc chuan héa ctia wéc lugng thir nhét 1én dén ham gén trong

r
A

SO.

Theo céc vi du, thiét bi duoc tao cAu hinh dé thu duge sé do tuong quan thur hai

nhu phién ban duoc chuan hoa cua uéce lugng thir hai.

Theo c4c vi du, dé xuat hé thong bao gom phia bd ma hoa va phia bd giai ma,
phia b ma héa nhu néu trén, phia b giai ma bao gom cdng cu loc sau dai han dugc

diéu khién trén co s6 wdc luong do tré tan so co ban dugce lua chon béi bo lya chon.

Theo céc vi du, sang ché d& xuat phurong phap xac dinh d6 tré tan s6 co ban cho

tin hiéu duoc chia thanh cac khung, phuong phép bao gom:
thue hién phép udce luong thir nhét cho khung hién thoi;
thuc hién phép uwdc lugng thtr hai cho khung hién thoi; va

luya chon gilra wéc lugng thu nhét thu duoc tai phép udc luong thu nhit va udc

luong tht hai thu duoc tai udc lugng thtr hai trén co s& it nhat mot sé do tuong quan,
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trong d6 thuc hién phép wdce lugng thir hai thu duge trén co s& két qua ctia budc

lua chon duoc thyc hién tai khung trude.

Theo cé4c vi du, phuong phap co thé bao gdm st dung do tré duoc lva chon cho

viéc loc sau dai han (long term postfiltering - LTPF).

Theo céc vi du, phuong phap co thé bao g@)m st dung do tré duoc lua chon cho

viée che gidu ton hao goi (packet lost concealment - PLC).

Theo céc vi du, sdng ché dé xuit phuong phép xéac dinh d6 tré tn s6 co ban cho

tin hiéu duoc chia thanh cac khung, phuwong phap bao gbm:

thue hién phép udc luong thir nhét cho khung hién thoi;

thuc hién phép udc luong thir hai cho khung hién thoi; va

lua chon gitra udc luong thir nhét thu duoc tai phép udc lugng thu nhit va udc
lwong thir hai thu dugc tai uéc luong thu hai trén co s& cac s6 do tuong quan,

trong d6 thuc hién phép ude lwong thir hai thu duge trén co so két qua ctia budc
lua chon duoc thuc hién tai khung trude,

dic trung & diém lya chon bao gdm thyc hién phép so sanh gitra:

phién ban dugc giam ti 1€ cua s6 do twong quan thir nhat duoc két hop véi khung
hién thoi va duoc thu tai do tré twong tng voi udc luong thir nhit; va

s6 do tuong quan thtt hai dugc két hop v6i khung hién thoi va thu duoc tai do
tré tuong Ung voéi udce lugng thir hai; va

lva chon wdc lugng thir nhét khi u6c luong twong quan thr hai nho hon phién
ban dugc giam ti 1€ cua s6 do twong quan thi nhét, va/hodc lua chon uéc lugng thu
hai khi sb do tuwong quan thir hai 16n hon phién ban dugc giam ti 16 cua uoc lugng
tuwong quan thu nhit,

trong do it nh4t mot trong so s6 do twong quan tha nhét va thtr hai 13 sb do tu
twong quan va/hoac s6 do tu twong quan duge chuén hoa.

Theo cac vi du, sang ché dé xuét phuong phap ma héa dong bit cho tin hiéu

duoc chia thanh cac khung, phuong phap bao gom:
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thuc hién phép udc lugng thu nhét cho khung hién thoi;
thuc hién phép wéce lugng thir hai cho khung hién thoi; va

lya chon gitra wdc lugng thu nhét thu dugc tai phép uéc lugng thir nhit va wéc

luong thit hai thu duge tai ude lugng thir hai trén co so it nhét mot s6 do twong quan,

trong d6 thuc hién phép udc lwgng thir hai thu dugc trén co so két qua ctia budc

lwa chon dugc thuc hién tai khung trude,
trong do6 lya chon bao g6m thuc hién phép so sanh gitra:

s6 do twong quan tht hai dugc két hop v6i khung hién thoi va thu duoc tai do

tré twong tng vaoi ude luong thir hai; va
ngudng lya chon do tre tan s6 co ban,

lua chon udc luong thir hai khi uwéc lugng twong quan thir hai 16n hon ngudng
lua chon dd tré tan s co ban va/hodc lua chon wdc luong thir nhét khi sé do tuong

quan thtt hai thap hon ngudng lya chon do tré tan s6 co ban; va

phuong phép con bao gém ma hoa dit liéu c6 ich dé thuc hién LTPF tai bo giai

ma gia tri duoc lya chon.

Theo céc vi dy, sang ché dé xuit chuong trinh bao gdm cac 1énh ma, khi duoc
thuc hién béi bo xir 1y, khién bo xtr Iy thuc hién bt ky phuong phép trén day hodc

sau day.
M t4 vin tit cdc hinh vé
Céc hinh v€ Fig.1a va Fig.2 thé hién céc thiét bi theo cac vi du.
Fig.1b thé hién phuong phép theo vi du.
Fig.3 va Fig.4 thé hién cdc phuong phép theo céc vi du.
Céc hinh v& Fig.5 va Fig.5(1)-Fig.5(4) thé hién cac so do ham twong quan.
Fig.6 thé hién hé thng theo vi du.
Céc hinh v& Fig.7 va Fig.8 thé hién thiét bi theo sang ché.

Fig.9 thé hién vi du thuét todn tai bd gidi ma.

11
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Mo té chi tiet sang ché
Cac vi du ve lua chon va ude luong

Céc vi du vé céc quy trinh, hé thé)ng phat hién do phuc thép, vi du, dé mé hoa

va/hodc giai ma LTPF dugc trinh bay.

Tin hiéu thong tin co6 thé duoc boc 16 trong mién thoi gian, TD, nhu chudi cac
mau (vi du, x(n) thu dugc tai cac néc thoi gian roi rac khac nhau (n). Phép biéu dién
TD ¢6 thé bao gém nhiéu khung, mdi khung duge két hop voi nhiéu mau. Cac khung
¢6 thé duoc thiy dudi dang chudi nay sau chudi kia, dé khung hién thoi ding truée
theo thoi gian khung sau, va ding sau theo thoi gian sau khung truge. Co thé 1am
phép toan lap di ldp lai, dé cac thuét toan duoc thyc hién trén khung trude duoc lap

lai cho khung hién thoi.

Trong phép lap duoc két hop voi khung hién thoi, c6 thé thyc hién it nht mot
56 thudt toan (vi du, uéc luong thir hai) ma duge tao diéu kién boi Iya chon dugce thuc
hién tai su lap lai dugce két hop véi khung trude d6. Do do, lich sur tin higu tai khung
trude duoc xem xét, vi dy, dé lua chon do tré tan s6 co ban s& duoc s dung bdi bd

giai ma dé thuc hién phép loc sau dai han (long term postfiltering - LTPF).
5.1 Két cdu va ham chung theo cac vi du

Fig.1a thé hién mot phén ctia thiét bi 10 dé ma hoa tin hiéu thong tin. Thiét bi
10 ¢6 thé bao gém b6 udc lugng thir nhét 11 duoc tao cAu hinh dé thuc hién quy trinh
uée luong thi nhét dé thu dugc ude lugng thir nhat 14 (T1) cho khung hién thoi 13.
Thiét bi 10 ¢6 thé bao gdm bé udc lugng thir hai 12 duge tao ciu hinh dé thuc hién
quy trinh wéc lugng thir hai dé thu duoc wéc lwong thir hai 16 (T2) cho khung hién
thoi 13. Thiét bi 10 c6 thé bao gdm bé Iura chon 17 dugc tao cau hinh dé thyc hién su
lwa chon 18 gitta wéc luong thur nhét 14 va udc luong thir hai 16 trén co so it nhat
mdt s6 do twong quan (phéan tir dugc bidu dién boi cong tic 17a dugc didu khién béi
ph?m tir 17). Udc luge (cudi cing) dau ra 19 (Test) duroc lya chon gitta ude luong thi
nhét 14 va udc luong tht hai 16 va co thé, vi du, dugc cung cép cho bo giai ma, vi
du, dé thuc hién LTPF. Uéc lugng (cuéi cung) dau ra 19 s& duoc st dung nhu do tré

tan s6 co ban cho LTPF.

12
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Udc luong cudi cung (gia tri dugc lya chon) 19 ¢ thé cling dugc nhip vao bd
dang ky 19’ va dugc st dung, khi thyc hién phép lap trén khung tiép theo, nhu dau
vao 197 (Tprev) dén bd ude luong thi hai 12 xét vé su lua chon duoc vén hanh truéc
d6. Pbi v6i mdi khung 13, bd udc luong thir hai 12 thu dugc ude luong thtr hai 16

trén co s& udc lwgng cudi cing trude do 197 cho khung trude.

Fig.1b thé hién phuong phéap 100 (vi du, dé xac dinh do trd tan s6 co ban cubi
cung s& duge sir dung cho LPTF) cho tin higu dugc chia thanh cac khung. Phuong
phép bao gbm thuc hién phép ude luong thi nhit (phép wéce luong dd tré tan s6 co
ban) cho khung hién thoi tai bude S101. Phuong phap bao gbm thue hién phép udce
luong thtr hai cho khung hién thoi tai bude S102, phép ude luong thir hai dua trén su
lua chon duoc van hanh tai khung trude (vi du, do tré tAn s co ban cudi cung dugc
chon cho LTPF tai khung trugc). Phuong phap bao gdm lwa chon gilta uéc luong thir

nhét 14 va udc luong thit hai 16 trén co s¢ it nhat mot s6 do tuong quan tai S103.

Tiép theo, tai budc S104, cac khung duge cép nhat: khung ma da ting la “khung
hién thoi” try thanh “khung trudce”, trong khi khung (tiép theo) m&i tro thanh “khung

hién thoi” méi. Sau khi cép nhat, phwong phap c6 thé 1ap lai.

Fig.2 thé hién phan ciia thiét bi 10 (ma 6 thé 1a gidng véi thiét bi trén Fig.1a)
dé ma hoa tin hiéu thong tin. Trong bd lwa chon 17, bo do thr nhit 21 c6 thé do phép
trong quan thur nhét (vi du, phép tuong quan duoc chuin hoéa) 23 duoc két hop voi
khung hién thoi 13 (vi dy, phép tu twong quan duoc chuén hoa cia uéc lugng thu
nhét T1). Bo do thir hai 22 ¢6 thé do phép twong quan thtr hai (vi du, phép tuong quan
duoc chuan hoa) 25 dugc két hop véi khung hién thoT 13 (vi du, phép tu twong quan
duoc chuin hoa ctia udc luong thit hai T»). Phép tu twong quan dugc chuin hoa thtr
nhat 23 co thé duge giam ti 18 tai bo dinh ti 18 26 bang gid tri dwoc dinh trude o ma
c6 thé, vi du, gid tri nam trong khoang gitra 0,8 va 0,9, cu thé hon nam trong khoang
0,84 dén 0,86, va c6 thé 1a 0,85. Phép tuong quan tht hai (vi dy, phép tuong quan
dwoc chudn héa) 25 duge két hop véi khung hién thi 13 6 thé duge so sanh véi
phép tuong quan thir nhét dugc dinh ti 1& 24, vi dy, (trong cac vi du, bo dinh ti 18 26
1a tiy chon va phép tuong quan th nhét khong dugc dinh ti 1¢). Bo lua chon 18 gilra

uée luong thir nhat 14 (T1) va ude lugng thir hai 16 (T2) dva trén phép so sanh dugc
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thuc hién tai bo so sanh 27. Khi phép twong quan thir hai 25 16n hon phép tuwong quan
thtr nhat duoc dinh ti 1& 24, udc luong thi hai 16 dugc chon nhu thong tin do tré tin
s6 co ban nhu uéc luong dau ra duogc lua chon 19 (Tres=T2) s& dugc cung cép dén bo
giai ma (vi du, s€ dugc st dung nhu do tré tin s6 co ban cho LTPF). Khi phép twong
quan thtr har 25 thip hon phép tuong quan thir nhit duoc dinh ti 1& 24, wéc lugng thir
nhét (T1) duge chon nhu thong tin do tré tan s0 co ban 19 (Tres=T1) s& duge cung cip
dén bo giai ma.
5.2 U6c lugng thir nhat

Céac thuat toan ctia bo udc lugng thir nhét 11 ma c6 thé duoc sir dung, trong cic
vi du, dé cung cép udc luong thi nhét 14 trén co s& khung hién thoi 13 dugc thio
luan. Phuong phap 30 duoc thé hién trén Fig.3.

Budc 1. Giai doan thir nhat 1dy méu lai (budc S31)
Tin hiéu dau vao x(n) tai tde do léy mau F duoc léy mau lai tai téc do léy mau thép
hon F; (vi du, F; = 12.8 kHz). Viéc léy mAu lai ¢6 thé duoc thuc thi sir dung, vi du,
phuong phap liy mau ting cd dién va 1dy mau giam thong thap. Budc nay 14 tiy chon
trong mot sb vi du.

Budc 2. Loc thdng cao (bude S21)
Tin hiéu duoc léy mau lai sau d6 duoc loc thong cao str dung, vi du, bd loc IIR 2 1énh
véi tin s6 cit 3dB tai. Tin hiéu thu dwoc duoc ghi chi x; (n). Bude ndy 1a tiy chon
trong mot s6 vi du.

Bude 3. Giai doan thir hai 1y mau lai (bude S33)
Tin hiéu x, (n) con duoc 14y miu giam boi thira s8 2, sir dung, vi du, bd loc thong thap
FIR 4 1énh dugc theo sau boi sb thap phan. Tin hiéu thu dugc tai toc d6 1dy mau F, =

F,/2 (vi du, F, = 6.4 kHz) dugc luu ¥ x,(n). Budc ndy 1a tuy chon trong mot s6 vi du.
Budc 4. Phép tinh toan tu tuong quan (budc S34)

Quy trinh ty twong quan c6 thé duoc thuc hién. Vi du, phép tu twong quan cd

thé dwoc xt 1y trén x, (n)boi

R(T) = g;(% x,(M)x,(n—T), T = Tnins - » Tmax

14
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vGi N 14 kich thude khung. Tpim V& Tray 1a céc gia tri cuc tiéu va cuc dai dé truy
hoi d6 trd thn s6 co ban (Vi du Tmin = 32 VA Tay = 228). Tiyin V& Tax d0 d6 ¢6 thé cu
thanh céac cao do cua khoang thi nhét trong d6 udc lugng thir nhat (do tré tAn s6 co

ban ctia khung hién thoi) ¢6 thé duge tim ra.

Budc 5. Phép gan trong s6 tu twong quan (budc S35)

Phép tu twong quan co thé duoc gan trong s6 @é nhin manh cac do tré tan s co
ban thip hon

R, (T) = R(Mw(T), T = Thins > Tmax

véi w(T) 1a ham giam (vi du, ham giam mot cach don diéu, vi dy, dugce cho bo1

W(T) =1—05—Tmind o T

(Tmax _Tmin) ’

Budc 6. Phép ude lugng thir nhat (budc S36)

Uéc luong the nhat T, 13 gia tri ma tdi da hoa phép tu twong quan duge gan

trong so:

T, = argmax R,,(T)

T=Tmin,»Tmax
U6c luong thir nhat T, c6 theé duge cung cap nhu dau ra 14 ctia bd udc luong

thir nhat. Picu nay cé thé 1a ude lugng ctia do tré tan s co ban cho khung dang co.

R(T) (hodc phién ban dugc gan trong s6 ctia minh R, (T)) 13 vi du ctia ham tuong
quan thir nhat ma gia tri cyc dai duge két hop véi ude lugng do tré tan sb co ban thi

nhéat 14 (T)).
5.3 Ué6c lugng thir hai

Céc thuat toan cta bd udc luong tha hai 12 (va/hodc bude S102) ma c6 thé duoc
str dung, vi du, dé cung cap udc lwong thtt hai 16 trén co sé khung hién thoi 13 va
udc luong (déu ra) duoc lya chon trude do 197 (dd tré budce thu duoc cho khung
trrge) duge thdo ludn tai day. Phuong phap 40 dugc thé hién trén Fig.4. Udc luong
thit hai 16 c6 thé khac véi ude luong thir nhét 14. Hon nita, d0 tré tan s6 co ban dugc
udce lwong co thé khac, trong mot s6 vi du, tir do tré tan s6 co ban nhu duoc udc luong

trude do.
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Vién dan dén Fig.5, theo céc vi du, tai budc S41, phép tim kiém duoc giéi han
& nhom cac do tré duogc gidi han, ma ¢ trong khoang con thu hai 52 cu thé. Viéc tim
kidm duoc dua trén do tré 51 ma twong Ung vdéi gia tri dugc lua chon (truge do) 19”.
Viéc tim kiém duoc gi6i han & cac dd tré, trong khoang con thir hai 52, ma nam trong
gia tri 6 (ma co thé, vi du, duoc chon trong $6,2,3,4,5,6,7,8,9, 10 hodc cac s6 tu
nhién duong khac, trong mot s6 vi du, 8 co thé 1a phén tram do dai cua khung, dé,
néu khung c6 N mau, & 1a phn trim gita 1% va 30%, cu thé 15% va 25%, cua N). 8

c6 thé 1a ngudng s6 dd tré duoc dinh trude hodc ph?m tram dugc dinh trude,

Theo cac vi du, tai bude S42, cic gid tri tu twong quan trong khoang con 52

duoc tinh toan, vi du, bﬁng bd do thi hai 22.

Theo cac vi du, tai budc S42, gia tri cyc dai trong sd céc két qua cia phép tu
tuong quan dugc truy hdi. Udc lugng thir hai T, 1a gia tri ma t61 da hoa trong ving
xung quanh d¢ tré tu cta khung hién thoi trong s6 cac do tré trong khoang con thu

hai duoc dat gitta gid tri dugce lya chon trude do 197, vi du:

T, = argmax R(T)
T=Tprey=8.Tprev+5

trong do Tye, 1a d0 trd tAn sb co ban cubi cing 51 (19”) nhu dugc lya chon trude
do6 (b6i bo lya chon 17) va 6 hang s6 (vi du, § = 4) ma dinh nghia khoang con 52. Gid
tri T, ¢6 thé duoc cung cAp nhu dau ra 16 cta bd ude luong thir hai 12.

Péng chu ¥, ude luong 14 va wée luong thir hai 16 ¢6 thé khac biét dang ké voi
nhau.

R(T) (mién cua gia tri nay dugc gidi han gitra Tprev-8 va Tprevtd) 1a vi du cua
ham twong quan tht hai ma gié tri cyc dai ctia ham nay duogc két hop v&i udc luong

d6 tré tan sb co ban thi hai 16 (T2).
5.4 Cac phép do tuong quan thir nhit va thit hai

B6 do thir nhat 21 va/hodc bd do thi hai 22 ¢6 thé thyc hién céc phép do tuong
quan. B6 do thu nhét 21 va/hodc bo do tha hai 22 ¢6 thé thuc hién cdc phép do tu
twong quan. Cac phép do twong quan va/hodc tu twong quan ¢6 thé dugc chudn hoa.

Vi du, dugc dé xuat & day.
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normcorr(T) co thé 1a phép twong quan dugc chuin hoa cua tin hiéu x tai d6 tré
tAn s6 co ban T
oo x(mx(n —T)
(B @i =)

Do d6, phép do twong thi nhét 23 ¢6 thé 1a normcorr(T1), trong d6 Ti 1a u6e

normcorr(T) =

lwong thir nhat 14, va phép do twong quan tht hai 25 ¢6 thé 1a normcorr(T2), trong do

T, 14 u6c lugng thu hai 16.

Pang chu ¥, phép do twong quan tht nhat 23 1a gia tri duoc chuén hoéa R(T1)
(hodc Ry(T})), trong khi phép do twong quan thir hai 25 1a gia tri duoc chudn hoa ctia
R(T2).

5.5 Phép so sanh voi ngudng

Sau day co thé dua ra vi du lam thé nao dé so sanh phép tuong quan dé thuc
hién phép lua chon. Vi du dugc cung cAp boi cong thirc sau déy:

T = {Tl if normecorr(T,) < anormcorr(T;)
best ™| T, otherwise

anormecorr(T;) cO thé duoc coi nhu ngudng lya chon do tré thn sd co ban 24;
néu normeorr(T,) < anormcorr(T,), bd lua chon chon T;, néu khong bo Iwa chon chon
T,. Gi4 tri Tyes: (hodc thong tin duge két hop voi gid tri) do d6 co thé 1a gid tri d4u ra
duoc lua chon 19 (nhu Ti hodc Tz) va dugc cung cép dén bo gidi ma (vi du, cho
LTPF) va gia tri nay s& dugc st dung, nhu 197, bdi bo wdce luong thur hai 12 dé thu

duoc wéce lugng thi hai 16.
5.6 Phuong phéap 40

Phuong phap 40, dugc két hop v6i phuong phap 30, ting hi¢u suat dbi voi k¥
thuat chi dua trén phuong phap 30.

Vi do phtre bd sung nho, c6 thé cai thién dang ké hiéu suit bang cach tao ra

dudng vién tan s6 co ban 6n dinh va lién tuc hon.

Phuong phéap 40 tim ra cuc dai thir hai cho ham ty twong quan. bay khong phai

14 cuc dai toan cuc nhu phuong phép 30, ma la cyc dai cuc bo trong ving xung quanh
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ctia d6 tré tin sb co ban cua khung trude do. Do tr3 tAn s8 co ban thir hai ndy, néu
duoc lua chon, tao ra dudng vién tin sé co ban bang phang va lién tyc. Tuy nhién,
chiing ta khong lua chon do tr& tAn s6 co ban thtr hai ndy trong tat ca cac truomg hop.
Néu c6 su thay d6i mong mudn trong tan s6 co s6, vi du, tot hon 1a gitt cyc dai toan

cuc.

Phép lya chon cubdi cung liéu lya chon do tr3 tin s6 co ban thir nhat 7, 14 duge
tim ra voi phuong phép 30 hodc do tré thn sO co ban tht hai T, 16 dugc tim ra v6i
phuong phap 40. Quyét dinh ndy dua trén sb do tinh chu ki. Chung ta chon phép
tuong quan duogc chuén hoa nhu s do cia tinh chu ki. $6 do 13 1 néu tin hiéu c6 chu
ki hoan hao va la 0 néu tin hiéu khong tudn hoan. Do tré tAn s6 co ban thir hai T, sau
d6 dugc chon néu phép tuong quan dugce chuén hoa twong tng cta do tré nay cao
hon phép tuong quan duoc chun héa ctia d6 tré tan s6 co ban thi nhét T, , duoc dinh
ti 16 boi tham sd @. Tham sd nay a < 1 khién quyét dinh con suén sé hon bang cach
lua chon T, (16) ngay ca khi phép twong quan dugc chudn hoa ctia d6 tr nay thip
hon mdt chut so véi phép tuong quan dugc chuan hoa cia do tré tin sd co ban thir

nhit 7, (14).
5.7 Céc caAn nhic vé ky thudt
Viée tham khao duoc thuc hién dén cac hinh vé Fig.5(1) dén Fig.5(4).

Vi du ctia wdc lugng thir nhat duge thé hién trén Fig.5(1): da chon d6 tré tan so6
co ban ma tuong Urng vai cuc dai cua ham ty twong quan.

Dua trén thuc té rang phép tu twong quan cta tin hig¢u séng hai (voi tin s co
ban di cho) thu duoc dinh tai vi trf ctia do tré tan sO co ban va tat ca boi so cua do tré
tan sO co ban nay.

Dé tranh lya chon dinh twong Ung v6i boi sd cua dd tré tan sO co ban, ham tu
twong quan dugc gan trong so, nhu trén Fig.5(2), dat it sy nhan manh 18n cac dd tré

tan sé co ban cao hon. Diéu nay 14 vi du duoc str dung trong tai liéu [7].

Cuc dai toan cuc cta phép tu twong quan dugc gan trong sb sau d6 duoc gia

dinh 1a twong tmg v6i d6 tre budce cua tin hidu.
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Nhin chung, phép uéc luong thir nhét lam viée modt cach hai long: dicu nay

khién tan sb co ban chinh x4c trong da so cdc khung.

Phép wéc luong thir nht c6 loi ich 12 do phite twong ddi thap néu s6 cac df tre

ctia ham tu twong quan (khoang con thir nhét) 13 twong d6i thap.

Fig.5(1) thé hién phép tu twong quan (khong dugc gan trong s0) cua tin hiéu

dau vao.

C6 5 dinh: dinh tht nhat 53 tuong ing véi do tré tan s6 co ban, va cac dinh khac

tuong tmg véi cac boi s0 537 cia dg tré tan so co ban.

Viéc 14y cuc dai toan cuc cua phép tu trong quan (khong dugc gan trong $0) s€
dua ra do trd tAn s6 co ban sai trong truong hgp nay: s& chon bdi s6 ciia do tré tan so

co ban, trong truong hop nay, gip 4 13n do tré tan s6 co ban ding.

Tuy nhién, cuc dai toan cuc cua phép tw tuong quan dugc gan trong s6 (Fig.5(2))

la do tré tan so6 co ban dung.

Phép udc lugng thur nhét van hanh trong mot vai truong hop. Tuy nhién, c6 mot

s6 trudng hop ma tao ra wde lugng khong 6n dinh.

Mot trong s6 cac truong hop nay 12 tin hiéu 4m nhac phirc diéu ma chua hén
hop mot vai am voi cac tan s6 co ban khac nhau. Trong trudong hop nay, kho dé trich
tAn s6 co ban don tir tin hidu da tan s6 co ban. B udc lugng thi nhét 11 trong trudng
hop do co thé uéc luong trong mot khung tAn s co ban cua mot trong sd nhiéu 4m
(hodc tham chi ¢6 thé 1a bdi sb cita n6) va trong khung tiép theo c6 kha nang tan s
co ban ctia &m khac (hodc boi s6 cia n6). Vay nén ngay ca khi tin hiéu 6n dinh (tan
sé co ban cua cac am khac nhau khong thay d6i tir mot khung sang khung tiép theo),
tAn s co ban dugc phat hién béi uée lrong thir nhit ¢6 thé khong on dinh (tan s co

ban thay doi dang ké tir mot khung sang khung tiép theo).

Hanh vi khong 6n dinh nay 1a vén d& 16n cho LTPF. Khi tan s6 co ban duge st
dung cho LTPF, diéu quan trong 1a c6 dudng vién tan sé co ban lién tuc, néu khong

mdt s6 thanh phén la c6 thé nghe thdy trong tin hiéu déau ra duoc loc LTPF.

Fig.5(3) va Fig.5(4) minh hoa véan dé nay.
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Fig.5(3) thé hién phép tu twong quan dugc gan trong s6 va cuc dai cia phép nay
trong khung cta tin hiéu da tAn sb co ban 6n dinh. P tré tan sb co ban 197 duoc truy

hdi chinh xé4c tai “20” twong (g voi dinh 54.
Fig.5(4) thé hién tuong tu trong khung tiép theo.

Trong trudng hop nay, ba dinh thir nhét 54, 547, va 54°” ¢6 bién do rat gan.
Vay nén céac thay ddi rat nho gitra hai khung lién tiép c6 thé thay d6i dang ké cuc dai

toan cuc va dd tré tan so co ban duoc wdc lugng.

Giai phap dugc sir dung trong sang ché giai quyet cac van dé khong on dinh
nay.

Giai phap theo sdng ché lya chon, ngoai do tré tan so co ban dugc két hop voi
dinh trong khung, d6 tré tan s6 co ban ma gan véi d tré tan sO co ban cua khung

trudc.

Vi dy, Fig.5(3) twong tmg véi khung trude va Fig.5(4) twong ing v6i khung
hién thoi. Cac tac gid sang ché dy dinh xac nhan liéu co tdt hon dé lua chon trong
khung hién thoi do tré tin s6 co ban quanh 20 (tic 13, do tré tan s6 co ban 19” hoic
Tprev clia khung truge) va khong phai do tré tan s co ban dwoc dua ra boi bd udce

lugng thu nhét 11.

Pé lam duoc diéu ndy, phép udc lugng thu hai dugce thue hién (vi du, bdi bd
ude luong thir hai 12) bang cach udc lugng do tré tin s co ban thtr hai T> ma ti da
hoéa ham tuy twong quan quanh khoang con 52 do tré tan s6 co ban cta khung trudc
(Tpre - 8, Torew + 8). Trong trudng hop cta Fig.5(4), do tré tan s6 co ban thir hai T
nay c6 thé 1a 20 (do tré tAn s6 co ban tht nhat 1a 40). (Ngay ca néu trong trudong hop
nay, T2 =Tprev, diéu nay khong phai quy tdc tao ra. Nhin chung, Tprev - 8 < T2 < Tprev
+ 8). Dang luu y, trong cac vi du nay, dé uéc lugng T phép tu tuong quan khong
dugc gan trong s0.

Tuy nhién, cac tac gia sang ché khong mudn lya chon trong tat ca cac truong
hop d6 tr& tn sb co ban thit hai Ta. Céc tic gia sang ché muén lua chon do tré tan sd
co ban thit nhat T) hodc db tré tan sb co ban thi hai T, dya trén mot sb tiéu chi. Tiéu

chi nay dua trén phép tuong quan dugc chuén hoa (normalized correlation - NC), vi

20

20/70



42488

du, nhu duogc do bdi bd Iva chon 17, ma thuong duoc xem la s6 do tbt vé viée chu ki
s& 1a tin hiéu nhu thé ndo tai mot $6 do tré tan s6 co ban cu thé (NC 1a 0 nghia la

khong c6 chu ki nao, NC 1a 1 nghia la chu ki hoan héo).
Khi d6 c6 mot sb truong hop:

- Néu NC ctia wéc luong thtr hai T2 cao hon NC cta uée lwgng thi nhit Ty: cac
tac gia sang ché co thé dam bao rang udc luong thir hai Ta tot hon ude luong thu nhét
Ty, vi udc luong thur hai To c6 NC t6t hon va tao ra quyét dinh 6n dinh (tAn s6 co ban
ctia khung trudce va tan s6 co ban cua khung hién thoi rat gan), dé cac tic gia sang

ché ¢6 thé lua chon mot cach an toan.

- Néu NC cua wée luong thir hai T2 thap hon nhiéu so voi NC ctia udc lugng
tht nhat: diéu nay biéu thi rang tin sb co ban 19” cua khung trude khong twong ung
v6i bat ki chu ki nao trong khung hién thdi, tin hiéu khong dn dinh va tan s6 co ban
da thay di, vay nén diéu nay khong hop 1y khi giit tin s6 co ban 19” cia khung trudce
d6 va dé cd tao ra quyét dinh 6n dinh. Trong trudng hop ndy, ude lugng thir hai Tz bi

1o di va udce lugng thir nhét T; duoc lua chon.

- Néu NC cua udc luong the hai Tz hoi thip hon so véi NC cia wéce lugng tha
nhit T;: NC ctia c& hai u6c luong T va T2 gan nhau va céc tac gid sang ché trong
truomg hop do thich udc luong ma tao ra quyét dinh 6n dinh (tic 13, uc luong thi
hai T2) ngay ca khi c6 NC hoi sai. Tham s6 a (a<1) duogc sir dung cho truong hop do:
cho phép lua chon ude lugng thir hai T2 ngay cd khi c6 NC hoi thap hon. Viéc chinh
tham s6 o cho phép céc tac gia sang ché thién viéc lya chon vé phia wéc luong thir
nhét T) hodc udc lugng thir hai To: gié tri thdp hon nghia 1a uéc lugng thit hai s& duoc
lrra chon thuong xuyén hon (=quyét dinh s& 6n dinh hon). 0,85 (hodc gid tri gitra 0,8
va 0,9) 14 sy cin bang tdt: lua chon wéc luong thir hai T di thudng xuyén dé quyét

dinh du 6n dinh cho LTPF.

Céc budce bd sung duge cung cép trén dinh ctia phép wdc lugng thi nhat (phép
ude wong va lua chon thit hai) c6 do phtrc rét thdp. Do do, sang ché theo dé xuat c6

d6 phic rét thap.

6. Cac vi du cua cac hé thong ma héa/giai ma
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Fig.6 thé hién so dd khéi lien quan dén cac thuat toan mé héa/gidi md. So do
thé hidn hé théng 60 bao gdm bd ma hoa 60a (ma c6 thé bao gdm thiét bj 10) va bo
gidi md 60b. B6 ma héa 60a thu duge tin hiéu thong tin dau vao 61 ma c6 thé 13 tin
hiéu Am thanh va/hodc co thé duoc chia ra gitta cic khung, nhu khung hién thoi 13
va khung trudce) va chuén bi dong bit 63. Bo giai ma 60b thu dong bit 63 (vi dy, theo
céch khong day, sir dung Bluetooth) dé tao ra tin hiéu dau ra 68 (vi duy, tin hiéu am

thanh).

Bo mi hoa 60a cb thé tao ra, sit dung bo md hoa bién ddi 62, phép biéu dién
mién tin sb 63a (hodc phién ban dugc xu ly cua phép biéu dién nay) cla tin hiéu
thong tin 61 va cung cap cho bo giai ma 60b trong dong bit 63. B9 giai mé 60b ¢o thé
bao gdm bo giai ma bién ddi dé thu tin hidu dau ra 64a.

Bo ma hoa 60a c6 thé tao ra bd phan phét hién 65, dit lidu c6 ich dé thyc hién
LTPF tai b giai ma 60b. Dir liéu nay co thé bao gém udce luong do tré tan sd co ban
(vi du, 19) vi/hoic thong tin d6 khuéch dai. Cac dit ligu ndy c6 thé duge mi hoa trong
dong bit 63 nhu dit liéu 63b trong céc truong diéu khién. Dit lidu 63b (ma c6 thé bao
gém udc luong cuéicfmg 19 ctia dd tré tan s6 co ban) co thé duoc duoc chuén bi boi
bd ma hoa LTPF 66 (ma, trong mot s6 vi du, co thé quyét dinh liéu ¢6 ma hoa dit liéu
63b). Dit liéu ny c6 thé dugc sir dung boi bo giai mad LTPF 67 ma c6 thé s dung
chiing cho tin hiéu dau ra 64a tir by gidi ma bién ddi 64 dé thu duoc tin hidu dau ra

68.
7. Céac vi du cho LTPF
7.1 Céc tham sb (vi du, cac tham s6 LTPF tai bd ma hoa

Céc vi du ciia cac phép tinh ctia céc tham s& LTPF (hodc céc loai tham s6 khéc)

duoc cung cp & day.
Vi du chun bi théng tin cho LTPF duoc dé xuét trong phan con tiép theo.
7.2.1. Lay mau lai

Vi du vé ki thuat léy mau lai (ty chon) duge théo luén ¢ day (cac ki thudt khac

¢6 thé dugc str dung).
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Tin hidu diu vao tai téc d 1y mAu f, c6 thé dugc 1y miu lai dén toc do lay
mau cb dinh 1a 12,8kHz. Phép lay mau lai dugc thuc hién sir dung phuong phép khong
14y mau + loc thong thap + 1dy mau giam ma c6 thé duoc tao cong thire nhu sau

120

x128(0) = PY 7 0% ([%”J + k=) heq(Pk—15nmod P)  for n=0.127
P

voi| | bao gdm gia tri dwoc trao ddi (Pugc 1am tron dén sé nguyén sau day), x(n) 1a

192kHz

— 1a thira

tin hiéu diu vao, x;,5(n) 13 tin hiéu duoc 1dy miu lai tai 12,8kHz, P =

$6 léy mau ting va hg, 12 phan hdi xung cua bd loc thong thép FIR duoc cho bdi

he . (n) = {tab_resamp_ﬁlter[n +119] ,if—120 <n <120
o 0 , otherwise

Vi du, tab_resamp _filter dugc cung cap trong bang sau:

23/70

double tab_resamp_filter[239] = {
-2.043055832879108e-05, -4.463458936757081e-05, -7.163663994481459¢-05,
-1.001011132655914¢e-04, -1.283728480660395¢-04, -1.545438297704662¢-04,
-1.765445671257668e-04, -1.922569599584802e-04, -1.996438192500382¢-04,
-1.968886856400547¢e-04, -1.825383318834690e-04, -1.556394266046803¢-04,
-1.158603651792638e-04, -6.358930335348977e-05, +2.810064795067786e-19,
+7.292180213001337e-05, +1.523970757644272¢-04, +2.349207769898906¢-04,
+3.163786496265269e-04, +3.922117380894736¢-04, +4.576238491064392¢-04,
+5.078242936704864e-04, +5.382955231045915e-04, +5.450729176175875e-04,
+5.250221548270982e-04, +4.760984242947349¢-04, +3.975713799264791e-04,
+2.902002172907180e-04, +1.563446669975615¢-04, -5.818801416923580e-19,
-1.732527127898052¢-04, -3.563859653300760e-04, -5.411552308801147¢-04,

-7.184140229675020e-04, -8.785052315963854e-04, -1.011714513697282¢-03,
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-1.108767055632304e-03, -1.161345220483996e-03, -1.162601694464620e-03,
-1.107640974148221e-03, -9.939415631563015e-04, -8.216921898513225¢-04,
-5.940177657925908e-04, -3.170746535382728e-04, +9.746950818779534e-19,
+3.452937604228947e-04, +7.044808705458705¢e-04, +1.061334465662964¢-03,
+1.398374734488549e-03, +1.697630799350524e-03, +1.941486748731660e-03,
+2.113575906669355e-03, +2.199682452179964¢-03, +2.188606246517629¢-03,
+2.072945458973295e-03, +1.849752491313908e-03, +1.521021876908738¢-03,
+1.093974255016849¢-03, +5.811080624426164¢e-04, -1.422482656398999¢-18,
-6.271537303228204e-04, -1.274251404913447¢-03, -1.912238389850182¢-03,
-2.510269249380764¢-03, -3.037038298629825e-03, -3.462226871101535¢-03,
-3.758006719596473¢-03, -3.900532466948409¢-03, -3.871352309895838¢-03,
-3.658665583679722e-03, -3.258358512646846¢e-03, -2.674755551508349¢-03,
-1.921033054368456¢-03, -1.019254326838640e-03, +1.869623690895593¢-18,
+1.098415446732263e-03, +2.231131973532823e-03, +3.348309272768835¢-03,
+4.397022774386510e-03, +5.323426722644900e-03, +6.075105310368700e-03,
+6.603520247552113e-03, +6.866453987193027e-03, +6.830342695906946¢-03,
+6.472392343549424e-03, +5.782375213956374e-03, +4.764012726389739¢-03,
+3.435863514113467e-03, +1.831652835406657¢-03, -2.251898372838663¢-18,
-1.996476188279370e-03, -4.082668858919100e-03, -6.173080374929424¢-03,
-8.174448945974208e-03, -9.988823864332691e-03, -1.151698705819990e-02,
-1.266210056063963e-02, -1.333344579518481e-02, -1.345011199343934¢-02,
-1.294448809639154e-02, -1.176541543002924e-02, -9.880867320401294¢-03,
-7.280036402392082¢-03, -3.974730209151807e-03, +2.509617777250391e-18,

+4.586044219717467¢-03, +9.703248998383679¢-03, +1.525124770818010e-02,
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+2.111205854013017e-02, +2.715337236094137e-02, +3.323242450843114e-02,
+3.920032029020130e-02, +4.490666443426786¢e-02, +5.020433088017846¢-02,
+5.495420172681558e-02, +5.902970324375908e-02, +6.232097270672976¢-02,
+6.473850225260731e-02, +6.621612450840858e-02, +6.671322871619612¢-02,
+6.621612450840858e-02, +6.473850225260731e-02, +6.232097270672976¢-02,
+5.902970324375908¢-02, +5.495420172681558e-02, +5.020433088017846¢-02,
+4.490666443426786€-02, +3.920032029020130e-02, +3.323242450843114¢-02,
+2.715337236094137e-02, +2.111205854013017e-02, +1.525124770818010e-02,
+9.703248998383679¢-03, +4.586044219717467¢-03, +2.509617777250391e-18,
-3.974730209151807¢-03, -7.280036402392082¢-03, -9.880867320401294¢-03,
-1.176541543002924¢-02, -1.294448809639154¢-02, -1.345011199343934¢-02,
-1.333344579518481e-02, -1.266210056063963e-02, -1.151698705819990e-02,
-0.988823864332691e-03, -8.174448945974208e-03, -6.173080374929424¢-03,
-4.082668858919100e-03, -1.996476188279370e-03, -2.251898372838663¢-18,
+1.831652835406657e-03, +3.435863514113467¢-03, +4.764012726389739¢-03,
+5.782375213956374e-03, +6.472392343549424¢-03, +6.830342695906946¢-03,
+6.866453987193027e-03, +6.603520247552113e-03, +6.075105310368700e-03,
+5.323426722644900e-03, +4.397022774386510e-03, +3.348309272768835¢e-03,
+2.231131973532823¢-03, +1.098415446732263e-03, +1.869623690895593¢-18,
-1.019254326838640e-03, -1.921033054368456e-03, -2.674755551508349¢e-03,
-3.258358512646846e-03, -3.658665583679722¢-03, -3.871352309895838¢-03,
-3.900532466948409¢-03, -3.758006719596473e-03, -3.462226871101535¢-03,
-3.037038298629825e-03, -2.510269249380764¢-03, -1.912238389850182¢-03,

-1.274251404913447e-03, -6.271537303228204e-04, -1.422482656398999¢-18,
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+5.811080624426164e-04, +1.093974255016849¢-03, +1.521021876908738e-03,
+1.849752491313908e-03, +2.072945458973295¢-03, +2.188606246517629¢-03,
+2.199682452179964e-03, +2.113575906669355¢-03, +1.941486748731660e-03,
+1.697630799350524¢-03, +1.398374734488549¢-03, +1.061334465662964¢-03,
+7.044808705458705¢-04, +3.452937604228947¢-04, +9.746950818779534¢-19,
-3.170746535382728e-04, -5.940177657925908e-04, -8.216921898513225e-04,
-9.939415631563015e-04, -1.107640974148221e-03, -1.162601694464620e-03,
-1.161345220483996e-03, -1.108767055632304¢-03, -1.011714513697282¢-03,
-8.785052315963854e-04, -7.184140229675020e-04, -5.411552308801147¢-04,
-3.563859653300760e-04, -1.732527127898052¢-04, -5.818801416923580e-19,
+1.563446669975615e-04, +2.902002172907180e-04, +3.975713799264791¢-04,
+4.760984242947349¢e-04, +5.250221548270982¢-04, +5.450729176175875¢-04,
+5.382955231045915e-04, +5.078242936704864¢-04, +4.576238491064392¢-04,
+3.922117380894736e-04, +3.163786496265269¢-04, +2.349207769898906¢-04,
+1.523970757644272e-04, +7.292180213001337¢-05, +2.810064795067786¢-19,
-6.358930335348977e-05, -1.158603651792638e-04, -1.556394266046803¢-04,
-1.825383318834690e-04, -1.968886856400547¢e-04, -1.996438192500382¢-04,
-1.922569599584802e-04, -1.765445671257668e-04, -1.545438297704662¢-04,
-1.283728480660395e-04, -1.001011132655914e-04, -7.163663994481459¢-05,

-4.463458936757081e-05, -2.043055832879108¢-05};

7.2.2. Loc thong cao

Vi du cua ki thuat loc thong cao (tuy chon) dugc thao ludn sau day (cdc ki thuat

khéc c6 thé duoc sir dung).
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Tin hiéu duoc léy mau lai cé thé dugc loc thong cao str dung bo loc IIR 2 1énh
ma ham chuyén ctia b loc ndy co thé dugc dua ra boi

Heo(2) = 0.9827947082978771 — 1.965589416595754z~* + 0.9827947082978771z 2
50(2) = 1 —1.9652933726226904z"1 + 0.965885460568817722

7.2.3. Phat hién tan s6 co ban

Vi du v& ki thut phat hién tin s co ban dugc thao luén ¢ day (cdc ki thudt khac
6 thé duoc str dung).

Tin hiéu x4, 5(n) cO thé (tiy chon) duoc l4y mau gidm boi thira sb 2 str dung

4

X6.4(n) == 2 X12.8(2n + k— S)hz(k) for n = 0..63
k=0

v6ih, = {0.1236796411180537, 0.2353512128364889, 0.2819382920909148,
0.2353512128364889, 0.1236796411180537}.

Phép tu tuong quan cua x4 4(n) cO thé duoc tinh toan bai

63
Re.4(k) = Z X6.4(Mxe s —K) for k =Kpin.. Kmax

n=0
VOi Kypin = 17 VA Kpay = 114 1a cac do tré cuc tiéu va cuc dai ma dinh nghia
khoang con thtt nhat (céc gié tri cho kpinVa Kpay €0 thé dwoc cung cép).
Phép tu tuwong quan cd thé duoc gan trong s6 str dung
RY4(k) = Rga(w(k) for k= Kmin- - Kmax
v61 w(k) duge dinh nghia nhu sau

(k = kmin)

—~ min/ = Kppin. - K
(kmax - kmin) for k kmm max

w(k) =1-05

Ubc luong thit nhét 14 cta do tré tin s6 co ban T, c6 thé la do tré ma t6i da hoa
phép tu tuong quan dugc gan trong s6

T, = argmax Rg,(Kk)

k=Kmin -Kmax
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Use luong thir hai 16 ciia d6 tré thn sb co ban T, ¢ thé 1a d9 tré ma t6i da hoa
phép tu tuong quan khong dugc gan trong s4 trong ving xung quanh cua do tré tan
s6 co ban (19”) duoc udce luong trong khung trudce

T, = argmax Rg4(k)
k=k]

/
minKmax

VOl Kipin = maxKmin Torev = 4)5> Kmax = min(Kmax, Tprev +4) Va Tprey 12 dO tré tan

s6 co ban cudicung trong khung trudce (va sy lya chon do do duoc tao diéu kién boi

dd tré tan s6 co ban dugc lya chon trude do).

Uéc luong cudi cling 19 ctia do tré tan so co ban trong khung hién thoi 13 ¢6
thé duoc dua ra boi

T = {Tl if normcorr(xg 4, 64, T,) < 0.85.normeorr(Xg 4, 64, T1)
cwrr ™ |'T, otherwise

v&i normcorr(x, L, T) 1a phép twong quan duoc chudn hoa ctia tin hiéu x c6 do dai
Ltai do tré T
L-1
ox(m)x(n =T
normcorr(x, L, T) = n=o X(n)x( )

Jgh;sxz (m) TLzix?(n—T)

Mdi phép twong quan dugc chudn héa 23 hodc 25 ¢6 thé it nhat 1a mot trong s6

cac phép do thu duge boi bo do tin hiéu thu nhat hodc thir hai 21 hodc 22.
7.2.4. Dong bit LTPF

Trong mot $6 vi du, bit thi nhét clia céc tin hiéu dong bit LTPF tao tin hiéu su

c6 mit cta tham s d0 tré tan s6 co ban trong dong bit. Piéu nay thu dugc bai

pitch_present = {1 [EROrMCON (s, 6% Teurr) > 0.6

(Thay vi 14 0,6, ngudng khac, vi du, gifta 0,4 va 0,8, hodc 0,5 va 0,7, hoac 0,55
va 0,65 c6 thé duoc str dung, vi du.)

Néu pitch_present bang 0, khong con bit ndo dugc ma hoa, dan dén trong dong
bit LTPF chi c6 mot bit.
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Néu pitch_present bﬁng 1, hai tham s6 nita duoc ma hoa, mot tham $b do tré tan
s6 co ban duoc ma hoa trén 9 bit, va mot bit dé tao tin hidu phép kich thich ctia LTPF.

Trong trudong hop do, dong bit LTPF dugc ciu thanh tir 11 bit.

‘ _ (1, if pitch_present = 0
nbitsires _{11 ,otherwise

7.2.5. Céc tham sb do tré tdn s6 co ban LTPF

Vi du dé thu dugc cac tham s6 do tré tan sb co ban LTPF duoc thdo luin sau

day (cac ki thuat khac co thé dugc st dung).
Phan nguyén ctia tham s6 d0 tré tan s6 co ban LTPF c6 thé duge cho boi

ltpf pitch int= argmax Ripg(k)

k=K}in - Kihax
voi
127

Ripg(k) = Z X12.8(M)xX128(M — k)

n=0

va k[, = max(32, 2Teurr — 4), Kinax = min(228, 2T¢yrr + 4).
Phén phén sb cta do tré tAn sb co ban LTPF khi d6 c¢6 thé duoc cho béi

0 if pitch_int = 157
argmax interp(Rq,g,pitch_int,d) if 157 > pitch_int = 127
d=-2,0,2

argmax interp(Rq, g,pitch_int,d) if 127 > pitch_int>32
d=-3..3

argmax interp(Rq, g,pitch_int,d) if pitch_int = 32
d=0..3

pitch_fr =

véi
interp(R, T, d) = Z R(T + K)h, (4k — d)
k=-4
va h, la dap Gmg xung ctia bo loc thong thap FIR dugc cho boi

tab_ltpf_interp_R(n + 15) ,if—16 <n <16
0 , otherwise

hy(n) = |

tab_ltpf_interp_R cO thé, vi du:

double tab_ltpf interp R[31] = {
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0 874561161519444e-03, -3.001251025861499¢-03, +2.745471654059321e-03
+1.535727698935322¢-02, +2.868234046665657¢-02, +2.950385026557377¢-02
+4.598334491135473e-03, -4.729632459043440¢-02, -1.058359163062837e-01
-1.303050213607112e-01, -7.544046357555201e-02, +8.357885725250529¢-02
+3301825710764459¢-01, +6.032970076366158e-01, +8.174886856243178¢-01
+8.986382851273982¢-01, +8.174886856243178e-01, +6.032970076366158e-01
+3.301825710764459¢-01, +8.357885725250529¢-02, -7.544046357555201e-02
-1.303050213607112e-01, -1.058359163062837¢-01, -4.729632459043440¢-02
+4.598334491135473e-03, +2.950385026557377¢-02, +2.868234046665657¢-02

+1.535727698935322e-02, +2.745471654059321e-03, -3.001251025861499¢-03

-2.874561161519444e-03};

Néu pitch_fr < 0 khi d6 c4 pitch_int va pitch_fr duoc bién 61 theo

pitch_int = pitch_int — 1
pitch_fr = pitch_fr + 4

Cubi cung, chi s0 tham s6 tan sO co ban duoc cho boi

pitch_int + 283 if pitch_int > 157

pitch_index = {Zpitchint +EE 4 196 if157 > pitch_int 2 127

4pitch_int + pitch_fr — 128 if 127 > pitch_int
7.2.6 Bit kich hoat LTPF
Phép tuong quan dugc chuén hoa duoc tinh todn thi nhét nhu sau

127 x;(n, 0)x;(n — pitch_int,pitch_fr)

nc =
J Y127 x;2(n, 0) ¥:2% x;2(n — pitch_int,pitch_fr)

vO1

x;(n, d) = Z X108 + KR (4k — d)
k=—-2
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va h; 1a dap ing xung cua bd loc thong thap FIR dugc cho boi

hy(n) = {tab_ltpf_interp_lekS(n +7) ,if—-8<n<8
o , otherwise

v6i tab_ltpf interp_x12k8 dugc cho bai:

double tab_ltpf interp_x12k8[15] = {
+6.698858366939680e-03, +3.967114782344967e-02, +1.069991860896389¢-01
+2.098804630681809¢-01, +3.356906254147840e-01, +4.592209296082350e-01
+5.500750019177116e-01, +5.835275754221211e-01, +5.500750019177116e-01

+4.592209296082350e-01, +3.356906254147840e-01, +2.098804630681809¢-01

+1.069991860896389¢-01, +3.967114782344967¢e-02, +6.698858366939680¢e-03 };

Bit kich hoat LTPF khi d¢é duogc thiét lap theo:
if (
(mem_ltpf_active==0 && mem_nc>0.94 && nc>0.94) |
(mem_ltpf active==1 && nc>0.9) ||
(mem_ltpf active==1 && abs(pitch-mem_pitch)<2 && (nc-mem_nc)>-0.1 &&
nc>0.84)
)
{
Itpf active = 1;
}

else

{

Itpf active = 0;

v6i mem_ltpf active 14 gia tri cta ltpf active trong khung truée (s& 1a 0 néu
pitch_present=0 trong khung trudc), mem_nc 1a gi4 tri cua nc trong khung truge (s€

[A 0 néu pitch present=0 trong khung trudc), pitch=pitch_int+pitch_fr/4 va
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mem_pitch 1a gia tri cua tAn s6 co ban trong khung trude (s€1a 0 néu pitch_present=0

trong khung trudce).
7.3 LTPF tai bd giai ma

Tin hiéu dugc gidi ma trong mién tan s6 (frequency domain - FD), vi duy, sau
khi téng hop phép bién d6i cosin roi rac cai bién (Modified Discrete Cosine
Transformation - MDCT), tong hop phép bién ddi sin roi rac cai bién (Modified
Discrete Sine Transformation - MDST), hoac tong hop dua trén phép bién dbi khac,
6 thé duoc loc sau trong mién thoi gian st dung bo loc IIR ma cac tham s6 ¢6 thé
phu thude vao dit liéu dong bit LTPF “pitch_index” va “Itpf_active”. Dé tranh su gian
doan khi cac tham s6 thay d6i tir mot khung sang khung tiép theo, co cdu chuyén tiép

¢6 thé duge 4p dung cho phan tu thi nhét cia khung hién thoi.

Trong cac vi dy, bo loc IIR LTPF ¢6 thé duoc thuc thi st dung

Lnum Lden
—~ o R . Ly
X]tpf(n) =) - Z “num (%(n — k) + z Cden (k, pfr)Xltpf (n ~ Pint T ‘% - k)
k=0 k=0

trong do &(n) 1a tin hiéu dau vao bo loc (tie 13, tin hiéu dugc gidi ma sau phép

téng hop MDCT) va xjpe(n) 1a tin hiéu dau vao bo loc.

Phan nguyén pine va phén phan s6 pg, clia d6 tré tin sé co ban LTPF c6 thé duge
tinh to4n nhu sau. Do tré tAn s co ban thir nhét tai 12,8kHz dugc phuc hdi st dung

(pitch_index — 283 ifpitch_index = 440

pitch_index . . .
[-_—Z——J — 63 if440 > pitch_index = 380

[pitch_index J
4

pitch_int =

+32 if380 > pitch_index

0 if pitch_index > 440
pitch_fr = [2 * pitch_index — 4 * pitch_int + 508 1f440> pitch_index = 380
pitch_index — 4 * pitch_int + 128 if 380 > pitch_index

4 . . itch_fr
pitch = pitch_int + %‘——1
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Do tré tan s6 co ban co thé sau d6 duoc dinh ti 18 dén toc dd lay mau dau ra f;

va duoc chuyén thanh cac phan so nguyén va phan so st dung

. _ . S
pltchfS = pitch * 12800

Pup = nint (pitchfS * 4)

Pint = l%BJ

Pfr = Pup — 4 * Pint
trong do f; la tbc do lay mau.
Céc hé $6 bd 10¢ cpym () VA cgen(k pgr) €O thé dugc tinh todn nhu sau
Coum (K) = 0.85 * gain_ltpf » tab_ltpf num_fs[gain_ind][k] ~ fork = 0..Lnum
Caen(K Pgr) = gain_ltpf = tab_ltpf_den fs[pg][k]  fork = 0..Lgen
véi

f,
= 155
den = Max 4,4000

Lium = Lgen — 2

va gain_ltpf va gain_ind ¢ thé thu dugc theo

fs_idx = min(4,(f,/8000-1));
if (nbits < 320 + fs_idx*80)
{

gain_ltpf = 0.4;

gain_ind = 0;
}
else if (nbits <400 + fs_idx*80)
{

gain_ltpf = 0.35;

gain_ind = 1;
}
else if (nbits < 480 + fs_1dx*80)
{
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gain_ltpf=0.3;
gain_ind = 2;
}
else if (nbits < 560 + fs_1dx*80)
{
gain_ltpf=0.25;
gain_ind = 3;
}
else
{
gain_ltpf' = 0;
}

va cc bang tab_Itpf num_fs[gain_ind][k] va tab_ltpf den_fs[p, ][k] duoc dinh trudce.

Céc vi du cta tab_ltpf num_fs[gain_ind][k] dugc cung cap ¢ day (thay vi “fs”,

toc do lay mau duoc chi rd):

double tab_ltpf num_8000[4][3] = {
(6.023618207009578e-01,4.197609261363617¢-01,-1.883424527883687¢-02},
{5.994768582584314e-01,4.197609261363620e-01,-1.594928283631041¢-02},
{5.967764663733787e-01,4.197609261363617¢-01,-1.324889095125780e-02},
(5.942410120098895¢-01,4.197609261363618¢-01,-1.071343658776831e-02} };

double tab_ltpf num_16000[4][3] = {
{6.023618207009578¢-01,4.197609261363617e-01,-1.883424527883687¢-02},
{5.9947685825843146-01,4.1976092613636206—01,-1.5949282836310416—02},
{5.967764663733787e-01,4.197609261363617e-01,-1.324889095125780e-02},
(5.942410120098895e-01,4.197609261363618e-01,-1.071343658776831e-02} };

double tab_lItpf num_24000[4][5] = {
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{3.989695588963494e-01,5.142508607708275¢-01,1.0043829661 57454e-01,-
1.278893956818042¢-02,-1.572280075461383e-03},

{3.948634911286333¢-01,5.123819208048688¢-01,1.043 194926386267e-01,-
1.091999960222166e-02,-1.347408330627317¢-03},

{3.909844475885914e-01,5. 106053522688359¢-01,1.079832524685944e-01,-
9.143431066188848¢-03,-1.132124620551895¢-03},

{3.873093888199928¢-01,5.089122083363975¢-01,1.1 14517380217371e-01,-
7.450287133750717e-03,-9.255514050963111e-04} };

double tab_ltpf num_32000[4][7] = {

{2.982379446702096¢-01,4.652809203721290e-01,2.105997428614279¢-
01,3.766780380806063¢-02,-1.015696155796564¢-02,-2.535880996101096¢-03 -
3.182946168719958e-04},

{2.943834154510240e-01,4.619294002718798¢-01,2.12946577009 1844e-
01,4.066175002688857¢-02,-8.693272297010050e-03,-2.178307114679820e-03 -
2.742888063983188e-04},

{2.907439213122688e-01,4.587461910960279¢-01,2.151456974108970¢-
01,4.350104772529774e-02,-7.295495347716925¢e-03,-1.834395637237086¢-03,-
2.316920186482416e-04},

{2.872975852589158e-01,4.557148886861379¢-01,2.17212695091140Le-
01,4.620088878229615e-02,-5.957463802125952e-03,-1.502934284345198e-03-
1.903851911308866e-04} };

double tab_ltpf num_48000[4][11] = {

{1.981363739883217e-01,3.524494903964904e-01,2.513695269649414e-
01,1.424146237314458e-01,5.704731023952599¢-02,9.293366241586384¢-03 -
7.226025368953745¢-03,-3.172679890356356¢-03,-1.121835963567014¢-03,-
2.902957238400140e-04,-4.270815593769240e-05},

{1.950709426598375¢-01,3.484660408341632¢-01,2.509988459466574e-
01,1.441167412482088e-01,5.928947317677285e-02,1.10892382745223 1¢-02.-
6.192908108653504e-03,-2.726705509251737¢-03,-9.667125826217151e-04,-
2.508100923165204e-04,-3.699938766131869¢-05},
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{1.921810055196015¢-01,3.4469455610915 13e-01,2.506220094626024¢-
01,1.457102447664837¢-01,6.141132133664525¢-02,1.279941396562798¢-02,-
5.203721087886321e-03,-2.297324511109085¢-03,-8.165608133217555¢-04,-

2.123855748277408e-04,-3.141271330981649¢-05},

{1.894485314175868e-01,3.411139251108252e-01,2.50240687689436 L e-
01,1.472065631098081e-01,6.342477229539051e-02,1.443203434150312¢-02,-
4.254449144657098¢-03,-1.883081472613493¢-03,-6.709619060722140e-04,-

1.749363341966872e-04,-2.593864735284285e-05} };

Céc vi du cua tab_ltpf den_fs [pfr] [k] duoc cung cap & day (thay vi “fs”, tdc dod

lay mau dugc chi rd):

double tab_ltpf den_8000[4][5] = {

{0.000000000000000e+00, 2.098804630681809¢-01,
2.098804630681809¢-01, 0.000000000000000e+00},

{0.000000000000000¢+00, 1.069991860896389¢-01,
3.356906254147840e-01, 6.698858366939680¢e-03},

{0.000000000000000e+00, 3.967114782344967¢-02,
4.592209296082350e-01, 3.967114782344967e-02},

{0.000000000000000e+00, 6.698858366939680e-03,
5.500750019177116e-01, 1.069991860896389¢-01} };

double_tab_ltpf den_16000[4][5] = {

{0.000000000000000e+00, 2.098804630681809¢e-01,
2.098804630681809¢e-01, 0.000000000000000e+00},

{0.000000000000000e+00, 1.069991860896389%¢-01,
3.356906254147840e-01, 6.698858366939680e-03 },

{0.000000000000000e+00, 3.967114782344967e-02,
4.592209296082350e-01, 3.967114782344967¢-02},

{0.000000000000000e+00, 6.698858366939680e-03,
5.500750019177116e-01, 1.069991860896389¢-01} };

double_tab_ltpf den_24000[4][7] = {

5.835275754221211e-01,

5.500750019177116e-01,

4.592209296082350e-01,

3.356906254147840e-01,

5.835275754221211e-01,

5.500750019177116e-01,

4.592209296082350e-01,

3.356906254147840e-01,
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{0.000000000000000e+00,
3.713909428901578e-01,
0.000000000000000e+00},

{0.000000000000000e+00,
3.626411726581452¢-01,
4.263543712369752e-03},

{0.000000000000000e+00,
3.374259553990717e-01,
1.535746784963907e-02},

£0.000000000000000e-+00,
2.986750548992179¢-01,
3.459272174099855e-02} };

6.322231627323796¢-02,
2.507309606013235¢-01,

3.459272174099855¢-02,
2.986750548992179¢-01,

1.535746784963907e-02,
3.374259553990717e-01,

4.263543712369752e-03,
3.626411726581452¢e-01,

double_tab_ltpf den 32000[4][9] = {

{0.0000000000600000e+00,
2.212024028097570e-01,

2.900401878228730e-02,
2.723909472446145¢-01,

2.507309606013235e-01,
6.322231627323796e-02,

1.986515602645028e-01,
1.013092873505928e-01,

1.474344878058222¢-01,
1.474344878058222e-01,

1.013092873505928e-01,

1.986515602645028e-01,

1.129857420560927¢-01,
2.212024028097570e-01,

1.129857420560927e-01, 2.900401878228730¢e-02, 0.000000000000000e+00},

{0.000000000000000e+00,
1.961407762232199¢-01,

1.703153418385261e-02,
2.689237982237257¢-01,

8.722503785537784e-02,
2.424999102756389e-01,

1.405773364650031e-01, 4.474877169485788¢-02, 3.127030243100724¢-03},

{0.000000000000000e+00,
1.687676705918012e-01,

8.563673748488349¢-03,
2.587445937795505e-01,

6.426222944493845e-02,
2.587445937795505¢-01,

1.687676705918012e-01, 6.426222944493845¢-02, 8.563673748488349¢-03 },

{0.000000000000000e+00,
1.405773364650031e-01,

3.127030243100724e-03,
2.424999102756389¢-01,

4.474877169485788e-02,
2.689237982237257e-01,

1.961407762232199¢-01, 8.722503785537784¢-02, 1.703153418385261e-02} };

double_tab_ltpf den_48000[4][13] = {

{0.000000000000000e+00,
7.6764014680999064¢-02,
1.776771417779109e-01,

1.082359386659387¢-02,
1.241530577501703e-01,
1.627596438300696¢-01,
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7.676401468099964e-02,
0.000000000000000e+00},

{0.000000000000000e+00,
6.547044935127551e-02,
1.767122381341857e-01,
8.851425011427483e-02,
2.039721956502016e-03},

{0.000000000000000e+00,
5.482735584552816e-02,
1.738439838565869¢-01,
1.004971444643720e-01,
4.146998467444788e-03 },

{0.000000000000000e+00,
4.499353848562444¢-02,
1.691507213057663¢e-01,
1.124647986743299¢-01,
7.041404930459358e-03} }

42488

3.608969221303979¢-02,

7.041404930459358e-03,
1.124647986743299¢-01,
1.691507213057663e-01,
4.499353848562444e-02,

4.146998467444788e-03,
1.004971444643720e-01,
1.738439838565869¢-01,
5.482735584552816e-02,

2.039721956502016¢-03,
8.851425011427483¢-02,
1.767122381341857¢-01,
6.547044935127551e-02,

1.082359386659387¢-02,

2.819702319820420e-02,
1.548418956489015e-01,
1.352901577989766¢-01,
1.557613714732002e-02,

2.135757310741917e-02,
1.456060342830002¢-01,
1.456060342830002e-01,
2.135757310741917e-02,

1.557613714732002e-02,
1.352901577989766¢-01,
1.548418956489015¢e-01,
2.819702319820420e-02,
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Vién dan dén viée xir Iy chuyén ti€p, nam trueong hop khac nhau dugc xem xét.

Trudng hop thir nhét: Itpf active = 0 va mem_ltpf active =0

Xiepe(n) = X(n) forn=0..

_F
4

Truong hop thir hai: ltpf active =1 va mem_ ltpf active =0

Lnum

ORNOES DY

_4_ k=0

Lden

F
fi =0..—
orn 4

den

% _ L
Crum (K)Z(n — k) + Z Cden (K, Pr)Xiepe (n ~ Pint — k)
k=0

Truong hop tht ba: Itpf active =0 va mem_ Itpf_active = 1
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Xiepe(n) =
-~ Lhum -~ Lden —~ Lden
*(n) - (1 - -_—) [Shoum cmem(i)g(n — k) + Syl el (k, pie™ iy (n — pRE™ + 757 ~ k)|
4

N
forn = 0..TF

Vo1 chgm | cem - pymem 3 piem 13 cac tham sb bo loc duge tinh toan trong khung
trudc.
Truong hop thir tu: Itpf active = 1 va mem_ltpf active = 1 va pip = pipe™ va

mem

Pfr = Pfr

Lnum Lgen . Lden
Kt () = R0 = ) cnum (O =K) + oo P (n = P + =52 = )

k=0 k=0
F
f =0..—
orn 4
Truong hop thit ndm: ltpf active = 1 va mem_ltpf_active = 1 va (pine # pinc
hodc pg # pir™™)
Xiepr (1) =

s Lnum s Lden —~ 1 Lden
X(n) — <1 - é) [Zk=0 cmem()R(n — k) + X285 cgen (K Pire ) XTeps (n — ping™ + iz— - k)]
4

N
forn = 0..—4—F

Xiepe(n) =

— ! n Lhum 7~ Lden —~ Lgen
Xltpf (n) ~ Np [Zk=0 Chum (k)xltpf/ (n - k) + Zki% Cden (k, pfr)xltpf (n — Pint T d2 - k)]
4

N
forn=0..—=
4

v41 Ny 12 s0 luong cac mau trong mot khung.

7.4 Céc loi ich khac
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Nhu ¢6 thé duoc hiéu, giai phap theo céc vi du néu trén 1a 1o rang do6i voi bo
giai md. Khdng can tao tin hiéu bo giai ma, vi dy, rang udc lugng thir nhat hoac udc

luong th hai da duoc lua chon.
Theo d6, khong c6 tai trong tang trong dong bit 63.

Hon nira, khéng c6 nhu cau cai bién cac bo giai ma dé thich tng véi quy trinh
méi duoc thuc thi tai bd ma hoa. B6 ma hoa khong cAn biét sang ché da duoc thuc
thi. Do d6, sang ché cho phép ting kha nang twong thich véi cac hé thong ké thira.

8. Che gidu ton hao goi

P trd tAn s6 co ban Thest (19) thu duge bai thiét bi 10, 60a, hoac 110 néu trén
06 thé duge sir dung, tai bd giai ma (vi dy, 60b) dé thuc thi phép che gidu ton hao goi
(packet loss concealment - PLC) (d& biét nhu che gidu 18i). PLC dugc st dung trong
bd mi hda-giai ma am thanh dé che gidu ton hao hoic cac goi hong trong sudt phép
truyén dan tir bo ma hoa dén bo giai mi. Trong tinh trang ki thuét, PLC ¢ thé duoc
thue thi tai phia bd giai ma va ngoai suy tin hi¢u duoc giai ma trong mién bién doi

hodc trong mién thot gian.

Do tré tan s6 co ban co thé 1a tham so chinh dwoc sir dung trong PLC trén co s&
tAn s6 co ban. Tham sd ¢6 thé duoc wéc luong tai phia bd ma hoa va dugc mé hoa
thanh dong bit. Trong trudng hop nay, do tré tan sO co ban ctia khung tot cudi cung

duoc st dung dé che gidu khung ton hao hién thoi.
Khung hong khong cung cép dau ra c6 thé nghe duoc chinh x4c va ¢6 thé bi bo.

Péi véi mbi khung dugc gidi ma tai bo gidi ma, do hop 1é c6 thé duge kiém tra.
Vi du, mdi khung c6 thé c6 truomg mang ma du theo chu ki (cyclical redundancy code
- CRC) ma dugc kiém tra béng cach thuc hién cdc thudt toan dugc dinh trude duoc
cung cép boi thuat toan dugce dinh trude. Quy trinh ¢o thé duoc lap lai dé kiém tra
liéu két qua duoc tinh todn twong tng véi gid tri trén truong CRC. Néu khung khong
duoc giai ma mot cach phu hop (vi du, vé su can trg trong phép truyén dan), gia dinh
rang mot s6 161 cling anh hudng khung. Do do, néu sy kiém tra cung cip két qua cia
phép giai ma khong chinh xac, khung duoc gitt dugc ma héa khong thich hop (khong
hop 1€, bi hong).
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Khi khung duoc thira nhén 1a dugc giai ma khong thich hop, chién luoc che gidu
c6 thé duge st dung dé cung cép dau ra c6 thé nghe duoc: néu khong, co thé nghe
thiy didu gi d6 nhu 15 ¢6 thé nghe dugc nhidu. Do d6, can thiét tim ra dang khung ma
“dién day khoang trong” dugc duy tri m& boi khung am thanh duogc giai ma khong
thich hop. Muc dich cta quy trinh che giéu ton hao khung 1a dé che gidu hiéu qua cua

khung khong kha dung hodc bi hong dé giai ma.
8.1 Cac chién lugc dé che gidu

Quy trinh che gidu t6n hao khung co thé bao gdbm cac phuong phap che gidu
cho céc loai tin hiéu khac nhau. Sy van hanh bd ma hoa-giai ma kha thi nhét trong
cac tinh hudng 16i dé bi hu véi cac t6n hao khung c6 thé thu dugc qua viéc lya chon
phuong phap thich hop nhét. Mot trong s6 cac phuong phap che gidu tdn hao goi co

thé, vi du, phép che gidu mién thoi gian TCX.
8.2 Che gidu mién thoi gian TCX

Phuong phap che gidu mién thoi gian TCX 1a ki thuat PLC trén co sO tin sb co
ban van hanh trong mién thoi gian. Thich hop nhét cho céc tin hiéu voi két cau séng
hai chu yéu. Vi du ctia quy trinh 1a nhw sau: tin hiéu duoc téng hop cua cac khung
dugc gidi ma cudi cing duoc loc nghich ddo voi bo loc LP nhu duge mo ta trong
Phan 8.2.1 dé thu duoc tin hiéu theo chu ki nhu dugc md ta trong Phan 8.2.2. Tin
hiéu ngau nhién dugc tao ra bai bd tao ngau nhién véi sy phan bb gin nhu ddng déu
trong Phan 8.2.3. Hai tin hiéu kich thich duoc cong téng dé tao ra téng tin hiéu kich
thich nhu dugc mo ta trong Phan 8.2.4, ma duoc giam dan cuong do mot cach thich
ung véi thua s6 suy giam dugc mo ta trong Phin 8.2.6 va cudicting duoc loc voi bd
loc LP dé thu duoc tin hiéu thoi gian duge che gidu duoc téng hop. Néu LTPF da
duoc st dung trong khung t6t cudi cing, LTPF ¢6 thé cling dwgc st dung trén tin
hiéu thoi gian dugc che gidu duoc tdng hop nhu duge mo ta trong Phén 8.3. Dé chong
14p pht hop v6i khung t6t sau khung ton hao, tin hiéu triét tiéu rdng cua trong mién

thot gian dugce tao ra trong Phén 8.2.5.

8.2.1 Tinh toan tham s6 LPC
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Phuong phap che gidu mién thoi gian TCX van hanh trong mién kich thich.
Ham tu tuong quan co thé duoc tinh toan trén 80 bang mién tan sé cach déu. Ning

lugng duge chinh tang véi thua s6 chinh tang u

fs 7
8000 | 0,62

16000 | 0,72

24000 | 0,82

32000 | 0,92

48000 | 0,92

Ham tu twong quan la do tré dugc tao clra sO st dung clra s sau

1 (1201‘[i

2
Wiag(1) = exp S\ 7 ) ], fori=1..16
S

trude khi duoc bién ddi thanh mién thoi gian st dung DFT dugce xép chdng déu
nghich ddo. Cubi cung, thuat toan Levinson Durbin c6 thé duogc st dung dé thu duoc

bd loc LP, a.(k), cho khung dugc che giéu. Vi du duoc cung cép nhu sau:

42/70

e = R.(0)
a®(0) =1
fork = 1to Ny, do

_ — IRz a* TR (k-n)
e

rc
ak(0) =1
forn=1tok —1do

ak(n) = a¥t(n) + rc.a* *(k —n)
a®(k) =rc

e=(1-rc%e

B loc LP ¢6 thé dugc tinh toan chi trong khung tdn hao thtr nhit sau khung tot

va duy tri trong cac khung t6n hao tiép theo.

8.2.2 K&t cdu cta phan theo chu ki cua phép kich thich
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Céc mau thoi gian dugc gidi ma Ni, + Te +g cudi cing duge chinh tang dau tién
v6i thira s6 chinh tang tir Phan 8.2.1 st dung bd loc

Hpre—emph(z) =1- Pz—l

dé thu duoc tin hiéu Xpre (K), trong do T la gia tri do trd tAn s6 co ban pitch_int
hodc pitch_int + 1 néu pitch_fr > 0. C4c gia tri pitch_int va pitch_fr 1a cac gia tri do tré
tAn sb co ban dugc truyén dan trong dong bit.

Tin hiéu duge chinh tang, xpre(K), con dugc loc vé1 bd loc LP nghich dédo duoc
tinh toan dé thu dwoc tin hiéu kich thich trudc excy (k). Pé tao thanh tin hiéu kich
thich, exc, (k), ddi voi khung bi ton hao hign thoi, excp,(k) duge sao chép Iap lai voi Te

nhu sau

excp (K) = excpy (E — Te + k), fork=0..N—1

trong do E twong tmg voi mau cudi cing trong exc) (k). Néu thira s6 do on dinh
0 thdp hon 1, chu ki tAn s6 co ban thi nhat cua excp (k) 1a thong thip thu nhét dugc
loc véi b loc dap tmg xung hitu han (finite impulse response - FIR) pha tuyén tinh

11 nhanh dugc md ta trong bang sau day

43/70

f. Cac hé s6 bd loc FIR thong thap
8000 - | {0.0053, 0.0000, -0.0440, 0.0000, 0.2637, 0.5500, 0.2637, 0.0000, -
16000 0.0440, 0.0000, 0.0053}
24000 - | {-0.0053, -0.0037, -0.0140, 0.0180, 0.2668, 0.4991, 0.2668, 0.0180, -
48000 0.0140, -0.0037, -0.0053}

Do khuéch dai ctia tan s6 co ban, gp, co thé duoc tinh toan nhu sau

. Z:ﬁ) Xpre(NL +k)- Xpre(NL + T + k)

P
Z}ljf(‘) Xpre (NL + k>2

Néu pitch_fr = 0 thi g, = gj. Néu khong, d6 khuéch dai thtr hai ctia tin sb co

ban, g}, c6 thé dugc tinh toan nhu sau
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SN2 s ore (NL+14K) Xpre (NL+T+K)
N
T3 pre(Np+1+K)?

144

gp =

va g, = max(gp, gp)- Néu gy > gp sau do T, duoc giam 1 cho sy xur 1y khac.
Cudi cling, gp dugc bao bo1 0 < g, < 1.

Phép kich thich chu ki duoc tao ra, exc,(k), duogc suy gidm tung mau xuyén subt
khung bt ddu voi 1 va két thic boi thira s6 suy giam, o, dé thu duoc excy (k). DO
khuéch dai cua tan sd co ban, duge tinh toan chi trong khung t6n hao thir nhit sau
khung tt va duoc thiét 1ap 1a a d6i voi céc ton hao khung lién tiép khac.

8.2.3 K&t cAu cua phan ngau nhién ctia phép kich thich

Phén ngau nhién cua phép kich thich c6 thé duoc tao ra voi bo tao ngau nhién
v6i su phan bé gan nhu ddng déu nhu sau

excy pp (k) = extract(excy pg(k — 1) - 12821 + 16831), fork=0..N—1

trong d6 excy pg(—1) duoc khoi tao véi 24607 cho khung tht nhat duoc che giéu
bang phuong phap nay va extract() trich 16 LSB cta gia tri. Pbi véi cac khung khac,
excy pp(N — 1) duge Iuu trir va st dung nhu excy, g (—1)tiép theo.

Pé dich ohuyén nhidu nhidu hon dén tin s cao hon, tin hiéu kich thich dugc
loc thong cao véi bo loc FIR pha tuyén tinh 11 nhanh duoc md ta trong bang sau dé

co €XCp,Hp (k) .
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fs Cac hé s6 bo loc FIR théng cao
8000 -1 {0,-0.0205,-0.0651,-0.1256, -0.1792,0.8028,-0.1792,-0.1256, -0.0651,
16000 -0.0205, 0}
24000 -1 {-0.0517, -0.0587, -0.0820, -0.1024, -0.1164, 0.8786, -0.1164, -0.1024, -
48000 0.0820, -0.0587,-0.0517}

Pé dam bao rang nhiéu co the bién dan dén nhiéu &m bang day du vo1 van toc

bién dén phu thudc vao thira s6 suy giam a, phan ngau nhién cua phép kich thich,
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exc,(k), dugc tao thanh qua phép noi suy tuyén tinh ctia bang déy du, exc,rp(k), va
phién ban dugc loc thong cao, excyup(k), nhu
excy (k) = (1 — B) - excppp(K) + B excypup(k),  fork=0.. N—1
trong d6 p=1 d6i v&i khung ton hao thu nhit sau khung t6t va
B=P-1-
dbi véi ton hao khung thir hai va lién tuc, trong d6 B, 1a g ctia khung dugc che
gidu trudc do.

DPé didu chinh muc nhidu, dd khuéch dai nhiéu, gp,, dugc tinh nhu sau

2
, N2 (exch(E— N/2+1+K) =gy exch(E-N/2+1-Tc + )

gl’l: N/Z

Neéu T, = pitch_int sau Phan 8.2.2, khi d6 g, = gh. Néukhong, do khuéch dai thir
hai ctia nhidu am, g/, duoc tinh toan nhu trong phuong trinh néu trén, nhung véi T,

1a pitch_int. Sau day, g, = min(gn, gn)-

Pbi v6i quy trinh khéc, g, dugc chudn hoa thir nhét, va khi d6 duoc nhan voi

(1.1 —0.75g,) dé thu duoc g;.

Phép kich thich ngau nhién dugc tao ra, exc,(k), dugc suy giam mot cach déng
déu véi g tr mau thu nhit dén miu tht nim va theo sau tmg mau xuyén sudt khung
bit dAu voi g va két thic voi g; - « dé thu duge exc; (). Do khuéeh dai nhiéu am, g,
duoc tinh toan chi trong khung tén hao tht nhat sau khung t6t va dugc thiét lap 1a

g - o dbi voi cac tdn hao khung lién tiép khac.
8.2.4 Két cAu cua tong phép kich thich, téng hop va xtr 1y sau

Phép kich thich ngﬁu nhién, exc; (k), duoc thém vao phép kich thich theo chu ki,
excp (k), dé tao ra téng tin hiéu kich thich exc.(k). Tin hiéu dugc tong hop cudi clng
cho khung dugc che gidu thu duoc bang cach loc tdng phép kich thich v6i bo loc LP

tir Phan 8.2.1 va duogc xtr Iy sau v6i bo loc chinh giam.

8.2.5 Triét tiéu rang cua trong mién thoi gian
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Dé c6 phép chdng lap-cong phu hop trong truong hop khung tiép theo 1a khung
t6t, phﬁn triét tiéu rang cua trong mién thoi gian, xrpac(k), O thé duoc tao ra. Dbéi voi
diéu nay, N — Z mau bd sung duoc tao ra cing luc nhu duge mo ta trén day dé thu
duoc tin hiéu x(k) fork = 0...2N — Z. Trén do, phﬁn triét tiéu rang cua trong mién thoi
gian dugc tao ra boi cac bude sau:

Pidn 0 viing dém mién thoi gian duge tong hop x(k)

o 0, 0<k<Z
X(k)_{x(k—z), 7 <k <2N

Tao cia s6 %(k) vdi cra s6 MDCT wy (k)
) = wy® -R(K), 0<k<2N

Tai tao hinh tir 2N thanh N

__ (3N (3N N
—XW<-—+k)—XW< —1—k>, 0<k<—+

2
N /3N N
xw<——2—+k)—xw(—2——1—k), S sk<N

y(—+k>, 0<k<-
3N N
—y(—z——l—k>, S <k<N
y() = 3N 3N
1ok ck<
y(z > N<k<s
3N 3N
L—y<—7+k>, S <k<2N

Tao ctra sO §(k) voi ctra sO phép bieén doi cosin ro1 rac cai bién (Modified
Discrete Cosine Transformation - MDCT) duoc 14t lai (hodc phép bien doi sin roi rac

cai bién (Modified Discrete Sine Transformation - MDST) trong cac vi du khac wy (k)
xrpac(®) = wy(@N —1-k) - §(k), 0<k<2N
8.2.6 Xt 1y nhiéu ton hao khung
Tin hiéu duoc hinh thanh giam din cuong d6 dén 0. Téc do giam dan cuong do
duoc diéu khién béi thira s6 suy giam, a, ma phu thudc vao thira s6 suy giam trudc,

a_,, 4o khuéch dai cta tan so co ban, g, duoc tinh toan trén khung nhén duoc chinh
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xé4c cudi cung, so lugng cac khung duoce xo6a lién tuc, nbLostCmpt, va d6 on dinh, 6.

Quy trinh sau day co thé duoc str dung dé tinh toan thira sd suy giam, «

if (nbLostCmpt == 1)
«=/9
if (a > 0.98)
a=0.98
else if (« <0.925)
a=0.925
else if (nbLostCmpt == 2)
a=(0.63+0.350) a_,
if « <0.919
a=00919;
else if (nbLostCmpt == 3)
a=(0.652+0.3280) a_,
else if (nbLostCmpt == 4)
a=(0.674+030) a_,
else if (nbLostCmpt == 5) {
a=(0.696+0.2660) a_,
else

a=(0.725+0.22560) a_,

gp — @

Thira s6 6 (d6 6n dinh cta hai vécto thira b dinh ti 1€ lién ké cudi cing scf_, (k)
va scf_, (k) c6 thé thu duogc, vi du, nhu:

15
1

§ =125 zg}Zo(scf.mc) — scf_, (k)

trong d6 scf_, (k) va scf-,(k) la vécto thura s6 dinh ti 1& ctia hai khung lién ké
cudi cung. Thira s6 & duoc bao bodi 0 < 6 < 1, véi céc gia tri 16n hon la 6 tuong Umg
véi céc tin hiéu dn dinh hon. Piéu nay han ché dao dong niang lugng va duong bao

phé. Néu khong c6 hai vécto thira s6 dinh ti 1¢ lién ke, thira s6 6 dugc thiét 1ap 1 0,8.
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Pé ngan nglra ndng lugng cao nhanh téng, phé duoc loc thong thip voi X,(0) =

X,(0) - 0.2 va X;(1) = X,(1) - 0.5.
9. LTPF va PLC v6i thong tin do tré tAn sé co ban gidng nhau.

Fig.9 thé hién vi du chung ctia phuong phép 100° ma c6 thé duge st dung dé
van hanh bo gidi ma 60b. Tai budc S101°, phién ban dugc mi hoa cua tin hiéu ¢ thé
duoc giai mi. Trong cac vi du, khung co thé thu duoc (vi dy, qua két ndi Bluetooth)
va/hodc thu duoc tir bo phan luu trit. Do trd tn sd co ban Teest (duoc lua chon gitta

T, va T2 nhu duoc thao luén trén day co thé duoc st dung cho ca PLC va LTPF.

Tai budc $S102°, tinh hiéu luc cua khung dugc kiém tra (vi du, v6i CRC, tinh
chan 18, v.v.). Néu tinh hiéu luc ctia khung dugc thira nhan, phép che giéu dugc thuc

hién (xem sau day).

Néu khong, néu khung duoc gilt ¢6 hiéu luc, tai budc S1037, s€ duoc kiém tra
liéu thong tin tan s co ban duge mé hoa trong khung hay khong. Trong mdt sd vi du,
thong tin tn s6 co ban duoc ma hoa chi khi d§ hai hoa da dugc thira nhan la vuot
qua ngudng cu thé (ma co thé biéu thi, vi du, do hai hoa tuong dbi cao dé thuc hién

LTPF va/hodc PLC, vi du).

Néu tai S103°, thira nhan réng thong tin tan s co ban thuc su duoc ma hoa, khi
6 thong tin tAn s& co ban dugce gidi ma va dugc luu tri tai bude S104°. Néu khong,

chu ki két thiic va khung mdéi co thé duoc gidi ma tai S101°.

Tiép theo, tai budc S105°, dugc kiém tra liéu LTPF c6 dugc cho phép hay
khong. Néu duge kiém tra rang LTPF dugc cho phép, khi ¢6 LTPF dugc thuc hién
tai bude S106. Néu khong, LTPF dugc bo qua; chu ki két thuc; va khung maéi ¢o thé
duoc giai ma tai S101°.

Vién dan dén phép che gidu, phuong phap sau 6 thé duogc chia nho thanh céc
budc. Tai bude S107°, dugc kiém tra liéu thong tin tan sd co ban cua khung trude
(hoac thong tin tAn s6 co ban ciia mot trong s cac khung trude d6) duoc luu trit trong

bd nhé (tie 13, thong tin nay duge loai bo).
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Néu duoc kiém tra réng thong tin tan s6 co ban dwoc luu trlt, khi d6 phép che
gihu 13i c6 thé duge thyuc hién tai bude S108. Sy 1dp lai d6 phan giai khung MDCT
(hoic MDST) véi viée xao tron tin hiéu, va/hoac phép che giéu mién thoi gian TCX,

va/hodc ECU pha co thé duoc thuc hién.

Néu khong, néu tai S107 dugc kiém tra rang khong c6 thong tin thn s6 co ban
moéi duge luu trit (la két qua rang bo giai ma khong truyén dan do tr& tAn s6 co ban,
vi du) ki thuat che gifu khac, vé ban chét da biét va khong ngu y viée sir dung thong
tin tAn s co ban dugc cung cép bd1 bd ma hoda, cod thé duoc st dung tai bude S109°.
Mot s6 ki thuét nay co thé duoc stir dung cho viée uéc lugng thong tin tan s& co ban
va/hodc thong tin d§ hai hoa tai b giai ma. Trong mdt s6 vi du, khong c6 ki thuat che

gidu ndo c6 thé duoc thuc hién trong truong hop nay.

Sau khi thuc hién che giéu 11, chu ki két thiac; va khung méi ¢ thé duoc giai ma tai

S101°.

Luu y rang do tr3 tAn s6 co ban duoc st dung boi PLC 1a gia tri 19 (teest) duoc
chuén bi tai thiét bi 10 va/hodc 60b, trén co s& phép lya chon gitta cac uéc luong T

va Ty, nhu dugc thdo ludn trén day.
10. Céc vi du khac

Fig.7 thé hién thiét bi 110 ma c6 thé thuc thi thiét bi 10 va/hodc 60a thuc hién
it nhit mot sb budc cua cac phuong phap néu trén. Thidt bi 110 c6 thé bao gd6m bd
xu Iy 111 va bd phan vat ghi khong tam thoi 112 chia céc 1énh (vi du, chuong trinh)
ma, khi duoc thuc thi boi bd xir 1y 111, ¢6 thé khién bo xir Iy 111 thye hign phép ude
lwong thit nhat 112a (vi dy, nhu dé thyc thi bd ude lugng thu nhat 11), bd wdc lugng
thir hai 112b (vi du, nhu thuc thi by udc luong thir hai 112b (vi du, nhu dé thuc thi
b6 wdc luong tha hai 12), va/hodc phép lya chon 112¢ (vi du, nhu thyc thi bo lua
chon 18). Thiét bj 110 c6 thé bao gdm bo phan du vao 116, ma cé thé thu duoc tin
hiéu thong tin dau vao (vi dy, tin hi¢u am thanh). Thiét bi c6 thé luu trit dong bit, vi

du, trong khong gian luu trir 128.

Fig.8 thé hién thiét bi 120 ma thyc thi bd gidi ma 60b, va/hodc thuc hién loc
LTPF, vi du. Thiét bi 120 c6 thé bao gom bo xi 1y 121 va bd ghi khong tam thoi 122
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luu trit cac 1énh 122a (vi du, chuong trinh) ma, khi duoc thyc thi béi bo xu 1y 121,
¢6 thé khién bo xtr 1y 121 thue hién, khong ké dén nhimg diéu khac, thuat toan loc
LTPF, vi du, trén co s& tham sé thu dugc tir bo ma héa. Thiét bi 120 co thé bao gdm
bd phan ddu vao 126, ma c6 thé thu duge phép biéu dién duoc gidi ma cua tin hiéu
thong tin (vi dy, tin hiéu 4m thanh). Do do, bd xtr Iy 121 ¢co thé thuc hién cac xu 1y
dé thu dugc phép biu dién duge gidi ma cla tin higu thong tin. Pheép biéu dién dugc
giai ma co thé duge cung cip cho cac bd phan ngoai vi st dung bo phan dau ra 127.
B0 phéan dAu ra 127 c6 thé bao gom, vi du, bd phén truyén thong dé truyén thong dén
c4c thiét bi ngoai vi (vi du, st dung truyén thong khong déy, nhu Bluetooth) va/hodc
cac khong gian luu trit bén ngoai. B xut Iy 121 co thé luu trit phép biéu dién dugc

giai ma cua tin hiéu am thanh trong khong gian luu trir cuc bd 128.
Trong céc vi du, cac hé théng 110 va 120 co thé 1a thiét bi twong tu.

Phu thudc vao céc yéu cau thuc thi nhét dinh, cac vi du co thé duogc thuc thi
trong phan cung. Phuong an ¢6 thé duoc thuc hién s dung vat ghi luu trr s, vi du,
dfa mém, dia da nang k¥ thuat s6 (Digital Versatile Disc - DVD), dia Blu-ray, dia rut
gon (compact disc - CD), bd nhé chi doc (Read-only Memory - ROM), bd nh¢ chi
doc kha trinh (Programmable Read-only Memory - PROM), bd nhd chi doc ¢co thé
x6a va co thé lap trinh *Electrically Erasable Programmable Read-Only Memory -
EEPROM) hodc bd nhé flash, ¢6 céc tin hiéu diéu khién ¢6 thé doc bang dién tir duge
lwu trit trén d6, ma két hop (hodic c6 thé két hop) v6i hé thong may tinh khé trinh sao
cho phuong phép twong Gng dugce thuc hién. Do d6, vat ghi luu trit k¥ thuét s6 ¢ thé

doc duoc bang may tinh.

Noi chung, cac vi du cd thé dwogc thuc thi nhu san phim chuong trinh may tinh
véi cac 1énh chuong trinh, cac 1énh chuong trinh hoat dong dé thuc hién mot trong
cac phuong phép khi san pham chuong trinh may tinh chay trén may tinh. Céc lénh

chuong trinh c6 thé, vi dy, dugc luu tri trén vt ghi co thé doc dugc bang may.

Céc vi du khac bao gdm chuong trinh may tinh dé thuc hién mot trong s6 céac
phuong phép duge mé td & day, duoc luu tri trén vat mang co thé doc duoc bang

méy. Do do, néi cach khic, vi du cua phuong phap, chuong trinh may tinh c6 cac
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1énh chuong trinh dé thuc hién mot trong s6 cac phuong phap dugc mo ta ¢ ddy, khi

chuong trinh may tinh chay trén may tinh.

Vi du khéc cta cdc phuong phéap theo sang ché 13, vat ghi dit liéu (hodc vat ghi
lwu trit s6, vat ghi doc duge bang may tinh) gdm c6, da duge ghi lai trén do, chuong
trinh may tinh dé thuc hién mot trong cac phuong phéap duoc mo ta ¢ day. Vat ghi
mang d@ liéu, vat ghi luu trix sb hodc vat ghi duge ghi la hitu hinh va khong tam thot,

tdt hon 1a céc tin héu ma khong hiru hinh va tam thoi.

Vi du khac gém c6 phuong tién xur 1y, vi du mdy tinh, hoac thiét bi logic lap

trinh duoc, thuc hién mot trong s6 cac phuong phap duge mo ta ¢ day.

Vi du khac bao gdm méy tinh ¢6 chuong trinh may tinh dugc cai dat trén may

tinh dé thuc hién mot trong s6 cac phuong phap duge md ta ¢ day.

Vi du khac gém ¢6 thiét bi hodc hé thdng dé truyén tai (vi du, béng dién tur hoac
quang hoc) chuong trinh may tinh dé thuc hién mot trong s6 cac phuong phap duge
mo t4 & day dén bo nhan. Bo nhan c6 thé 13, vi dy, may tinh, thiét bj di dong, thiét bi
nhé hodc tuong tu. Thiét bi hoic hé théng c6 thé, vi du, bao g6n1 may chu tép tin dé

truyén tai chwong trinh may tinh dén b6 nhan.

Theo mot sb vi du, thiét bi 16gic kha trinh (vi dy, mang céng 1ap trinh dugc dang
truong) c6 thé duge sir dung dé thuc hién mot sb hodc tAt ca cac chirc ning cla céc
phuong phap dugc mo ta & day. Trong mot s6 vi du, mang cong kha trinh dang trudng
c6 thé két hop véi bd vi xur 1y dé thuc hién mot trong sb cdc phuong phép dugc mé
t4 & day. Thong thuong, cc phuong phap c6 thé duge thyc hién boi thiet bi phan
cling bt k.

Céc vi du néu trén dugc mo ta bén trén chi mang tinh minh hoa cho cac nguyén
1y dugc thao luan trén day. Cén hiéu rang cac cdi bién va bién doi ctia cdc phuong 4n
va céc chi tiét dugc mo ta ¢ day sé 1a rd rang. Do d6, muc dich cua sang ché 1a chi
duogc gi¢i han boi pham vi cua cac diém yéu cau bao ho sap duara duéi day va khong
bi gi6i han boi cac chi tidt cu thé duge biéu dién bing ban md ta va giai thich cla céc

vi du & day.
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YEU CAU BAO HQ
1. Thiét bi mi hoa tin hiéu thong tin bao gdm nhiéu khung (10, 60a, 110), thiét bi bao

A

gom:

bd uwdc lugng thir nhit (11) dugc tao cAu hinh dé thu duogc udc lugng thu nhét
(14, T1), u6c luong thir nhit 12 wéc luong do tré thn s6 co ban cho khung hién thoi
(13), trong d6 wéc lugng thir nhét (14) thu duoc nhu d§ tré (T1) ma t61 da hoa ham

tuong quan thur nhét duoc két hop véi khung hién thoi (13);

bo ude luong thi hai (12) dugc tao cAu hinh dé thu duoc udce lwgng thi hai (16,
Ta), uéc lugng thir hai 1a wéc lugng khac ctia do tré tAn s co ban cho khung hién thoi
(13), trong d6 b wée luong thi hai duoc tao diéu kién bai do trd thn s6 co ban (51,
19”) duoc Iwa chon tai khung phia trude dé thu duoc udce luong thir hai (16, T2) cho
khung hién thoi (13), trong d6 bd udc lwong thi hai (12) duoc tao cAu hinh dé thu
duoc ude lugng tht hai (16, T2) bang cach tim kiém do tr& ma t6i da hoa ham twong
quan thir hai trong khoang con thir hai (52) ma chira do tré tan sb co ban (51, 197)

duoc lya chon cho khung truéce do,

bd lya chon (17) duoc tao cAu hinh dé chon (S103) gié tri dugc lua chon (19,

Toest) bang céch thuc hién phép lya chon gitta ude luong thi nhat (14, T1) va ude
luong thtr hai (16, T2) trén co s6 cac s6 do twong quan thtr nhét va thir hai (23, 25),
trong d6 bd lya chon (17) dugc tao cAu hinh dé thuc hién phép so sanh giira:

phién ban duoc giam ti 1¢ (24) cua s6 do tu twong quan duoc chuén hoa thir nhat
(23) duoc két hop vé6i khung hién thoi (13) va duoc thu tai d6 tré twong tmg v4i wde
luong tha nhét (14, T1); va

sé do tu twong quan duoc chun hoa thit hai (25) dwoc két hop voi khung hién
thoi (13) va thu dugce tai do tré twong tmg voi udce luong thir hai (16, Ta),

dé lua chon uéc lugng thir nhét (14, Ty) khi s do tu twong quan duoc chuin
hoéa thr hai (25) nhé hon phién ban duoc gidm ti 1€ (24) cla s6 do tu tuong quan dugc

chuén hoa thr nhét (23), va/hodc
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dé lua chon wdc luong (16, T2) khi s6 do ty twong quan dugc chuan héa thir hai
(25) 16n hon phién ban duoc giam ti 1€ (24) cua s6 do tu tuong quan dugc chuin héa

tha nhat (23).
2. Thiét bi (60a) theo diém 1, thiét bi con bao gdm:

bo phat hién (10, 65) bao gdm b wde luong thir nhat, by wée lwong thir hai va
bd lua chon (17); va

cong cu loc sau dai han (long-term post filtering - LTPF) (66) dugc tao céu hinh
@& mi hoa dit liéu c6 ich dé thuc hién LTPF tai bd giai ma (60b), dir ligu c6 ich dé

thuc hién LTPF bao gém gia tri dugc lua chon (19, Thest).

3. Thiét bi theo diém 1, thiét bj con bao gdm, xudi dong dén bo lya chon (17), cong
cu loc sau dai han (long term postfiltering - LTPF) (66) dé diéu khien b loc sau dai
han (67) tai thiét bi giai ma (60b).
4. Thiét bi theo diém bat ki trong 36 cac diém néu trén, thiét bi duoc tao cAu hinh dé
so sanh do hai hoa cia gid tri dugc lua chon (19, Toest) VOl ngudng LTPF duoc dinh
trude (19, Toes)) trong truong hop d6 hai hoa cua gia tri duoc lua chon (19, Thest) 12
thip hon ngudng dugc dinh trudc.
5. Thiét bi theo diém bt ky trong s6 cac diém néu trén, trong do:

khoang con tht hai (52) chua cac do tré (T) v6i khoang cach nhé hon ngudng
s6 do tré duge dinh trude tir do trd tan sd co ban (51, 197) dugc lya chon tir khung
trude.
6. Thiét bi theo diém bat ky trong s6 cac diém néu trén, trong d6 bd udc luong thir
hai (12) dugc tao cdu hinh dé:

tim kiém gié tri t6i da trong s6 cac gia tri ham twong quan thir hai dé két hop
wée luong thi hai (16) voi do tré (T2) dugce két hop voi gia tri tbi da trong sd cac gia
tri ham twong quan thi hai.
7. Thiét bi theo diém bat ky trong s6 cac diém néu trén, trong d6 ham tuong quan thr

nhét duoc gid1 han dén cac do tré trong khoang con thir nhAt.
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8. Thiét bi theo diém 7, trong dé khoang con thit nhat chira s6 cdc do tr¢ 16n hon
khoang con thir hai (52), va/hodc it nhét mot sé do tré trong khoang con thit hai (52)
ndm trong khoang con thtr nhit.
9. Thiét b theo didm bét ky trong s& cac diém néu trén, trong d6 bd ude luong thi
nhit (11) duoc tao cAu hinh dé:

gan trong s6 cac gia tri do twong quan ctia ham tuong quan thir nhét st dung
ham gan trong s6 giam mot cach don diéu (T1) ma tdi da hoa ham twong quan thir
nhit.
10. Theo diém bét ki trong sb céc diém néu trén, trong d6 bd ude lugng thit nhét (11)
duoc tao cAu hinh dé udc luong th nhét T, béng cach thuc hién tai it nhat mot sd

phép toan sau day:

T, = argmax R, (k)

k=kmin--Kmax
Ry, (k) = R(k)W(k) for k= kmin- - Kmax
(k - kmin)

w(k)=1-0.5 k= Ky Kmax
( ) (kmax - kmin) fOT m e
N-1
R(k) = Z x(m)x(n—k) for k= kmmn.kmax
n=0

w(k) 12 ham gan trong s6, kym VA kmay duoc két hop voi do tré t61 thidu va do
trd tdi da, R 1a gia tri do tu twong quan dugc udc luong trén co s& tin hiéu thong tin
hodc phién ban duge xtr ly cta gia tri ndy va N 1a do dai khung, x 1a tin hiéu thong
tin.

11. Thiét bi theo diém bt ky trong sb cac diém néu trén, trong d6 bo udc luong th
hai (12) dugc tao cAu hinh dé thu uwéc luong thir hai T, bang cach thuc hién:

T, = argmax R(k)

k=kmin-Kmax
V61 k! o = max(Kpnin, Torev — 6)s kmax = Min(kmaz, Torev + 8)5 Tprev 1a wéc lugng
duge Iya chon trong khung trudce do, 6 la khoang cach t Tprew, kmin V2 kmax duoc két
hop dén do tré t61 thiéu va do tré t61 da, R 13 gié tri do ty twong quan dugc udc lugng

trén co s& tin hiéu thong tin hodc phién ban dugc xir Iy cua gid tri nay.
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12. Thiét bi theo diém bat ky trong s cac diém néu trén, trong d6 bd lua chon (17)

duogc tao ciu hinh dé thue hién sy lya chon tr udc lugng do tré tan so co ban T, V€

T = {Tl if normecorr(x, N, T,) < anormcorr(x, N, T;)
curr =T, otherwise

véi T, la wde lugng thi nhat, T, 1a w6c luong tht hai, x la gid tri cua tin hi¢u
thong tin hodc phién ban dugc xir Iy cua gia tri nay, normcorr(x, N, T) la s6 do hiéu

chinh duoc chuan hoa cua tin hiéu x ¢6 chiéu dai N tai dd tre T, « 1a hé s6 giam ti I€.

13. Thiét bi theo diém bAt ky trong s cac diém néu trén, trong d6 tin hiéu thong tin
12 tin hiéu dm thanh.

14. Thiét bi theo diém bét ky trong s diém néu trén, thiét bj duoc tao cdu hinh dé thu
duoc cac s6 do tu trong quan dugce chuén hoa thtr nhit va thtr hai st dung ham tuong
quan lén dén ham gan trong s0.

15. Thiét b theo diém bét ky trong sb diém néu trén, thiét bi dugc tao cdu hinh dé thu
duoc sb do tu twong quan duoc chuin héa thtr nhit nhu phién ban dugc chuén héa
cta uéce luong thir nhit 1én dén ham gan trong s0.

16. Thiét b theo diém bat ky trong s6 diém néu trén, thiét bi dugc tao cdu hinh dé thu
duoc s6 do tu twong quan dugc chudn hoa thtr hai nhu phién ban dugc chuin hoéa cta
ude luong thi hai.

17. Thiét bj theo diém bét ky trong sb diém néu trén, thiét bi con bao gdbm bd ma hoa bién
d6i (62) dugc tao cAu hinh dé tao ra phép bieu dién (63a) cua tin hi¢u thong tin (61)
hodc phién ban dugc xur 1y cua tin higu nay.

18. Hé théng ma hoa va giai md (60) bao gom phia b ma hoa (10, 60a) va phia b
gidi ma (60b), phia bd md hoa bao gdm thiét bi theo diém bit ki trong sé cac diém
néu trén, phia b gial ma bao gom cong cu loc sau dai han (67) dugc diéu khién trén
co s& ude luong do tré tAn sb co ban duoc lua chon bdi bd lua chon (17).

19. Phuong phap xéac dinh do trd tin sb co ban cho tin hiéu dugc chia thanh cac khung

(100), phuong phap bao gbm:
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thue hién phép udc lugng thir nhat cho khung hién thoi (S101) dé thu duoc uéc
lugng thtt nhat (14) nhu d6 & (T1) ma t6i da hoa ham hiéu chinh thu nhat duoc két
hop vé4i khung hién thoi (13);

thuc hién phép udc lugng thtr hai cho khung hién thoi (S102) thu duoc bang
cach tim kiém do tré (T2) ma t51 da hoa ham tuong quan tht hai trong khoang con
thir hai (52) ma chura do tré bude (51, 19”) duge lya chon cho khung trudc, trong doé
thuc hién phép ude lugng thir hai thu dugc trén co s& két qua ctia bude lya chon duoc
thuc hién tai khung trude ; va

lua chon gitta udc lugng thir nhét (14, T1) thu duoc tai phép wde luong thir nhit
va ude luong thir hai (16, T2) thu dugce tai ude luong thtt hai trén co s& cac s6 do tu
twong quan duoc chuén héa thtr nhat va th hai (S103),

trong do lua chon bao gom thure hién phép so sanh giita:

phién ban dugc giam ti I¢ (24) cua s6 do tu twong quan dugc chudn héa th nhét
(23), duoc két hop voi khung hién thoi (13) va thu duge do tré tuong Umg véi udc
luong thit nhét (14, Ty);

s6 do tu twong quan duoc chuan héa tht hai (25) dugc két hop véi khung hién
thot (13) va thu duoc tai do tré twong Ung véi ude luong thir hai (16, T2); va

lra chon wdc lugng thir nhét (14, T1) khi wéc luong tu teong quan duoc chuén
héa thu hai (25) 1a nhé hon phién ban dugc gidm ti 1€ cua s6 do tu tuong quan duoc
chuan hoa thir nhét (23), va/hodc lva chon uge lugng tht hai (16, T2) khi s6 do tur
trong quan dugc chuén héa tht hai (25) 16n hon phién ban duoc giam ti 1€ cta s6 do
tu tuong quan duoc chudn hoa tht nhat (23).
20. Phuong phép theo diém 19, phuong phép con bao gdm sur dung do tré dugc lua
chon dé loc sau dai han (long term postfiltering - LTPF).

21. Phuong phap theo diém 19 hodc 20, phuong phap con bao gbm sir dung do tré

duoc lua chon cho phép che gidu ton hao goi (packet lost concealment - PLC).

22. Phuong phap (100) ma héa dong bit cho tin higu dugc chia thanh cac khung,
phuong phép bao gom:
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thuc hién phuong phép theo diém 19 hodc 20; va

ma hoa dir liéu ¢6 ich dé thuc hién LTPF tai bd giai ma (60b), dit ligu c6 fch dé
thuc hién LTPF bao gém gi4 tri duge lua chon (19, Thest).
23. Phuong phap theo diém 22, phuong phap con bao gbm sir dung do tré duoc lua
chon cho phép che gidu ton hao gbi (packet lost concealment - PLC).
24. Vit ghi co thé doc dugc bang may tinh bao gbm chuong trinh may tinh bao gdm
c4c 1énh ma, khi duoc thyc thi boi bo xtr 1y (111), khién b6 xtr 1y thuc hién phuong
phap theo diém bat ky trong s6 cac diém tir 19 dén 21.
25. Vit ghi ¢ thé doc dugc bang may tinh bao gdm chuong trinh mdy tinh bao gbm
cac 1énh ma, khi duoc thyc thi boi bd xur 1y (111), khién bo x@r 1y thuc hién phuong
phap theo diém 22 hoic 23.
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