(12) BAN MO TA SANG CHE THUOC BANG POC QUYEN SANG CHE

o comnsesmoemmeroe O MMM A
CUC SO HUU TRi TUE
1-0034102

(51  GI10L 19/022; GIOL 19/22; GIOL 19/02 (13) B
(21) 1-2018-01734 (22) 23/09/2016
(86) PCT/EP2016/072739 23/09/2016 (87) WO 2017/050993 A1 30/03/2017
(30) PCT/EP2015/072186 25/09/2015 EP; PCT/EP2015/080334 17/03/2018 EP
(45) 25/11/2022 416 (43) 25/06/2018 363A

(73) Fraunhofer-Gesellschaft zur Foerderung der angewandten Forschung e.V. (DE)
Hansastrasse 27c, 80686 Muenchen, Germany

(72) HELMRICH, Christian (DE); EDLER, Bernd (DE); SCHWEGLER, Tobias (DE);
SCHUH, Florian (DE).

(74) CONG TY LUAT TRACH NHIEM HUU HAN AMBYS HA NOI (AMBYS
HANOI)

(54) BO GIAI MA VA PHUONG PHAP GIAI MA NHIEU MAU AM THANH MIEN
QUANG PHO, BO MA HOA VA PHUONG PHAP MA HOA NHIEU MAU AM
THANH MIEN THOI GIAN, HE THONG GIAI MA VA MA HOA

(57) Sang ché dé xuat bo giai mi va phuong phap giai ma nhiéu mau am thanh mién quang
phd, bd ma hoa va phuong phap ma hoa nhiéu mau am thanh mién thoi gian, hé théng giai
ma va mé hoa. B giai mé bao gém moédun giai ma thir nhat (110) dé tao ra nhom thir nhat
va nhom thtr hai gom cac mau Am thanh trung gian mién thoi gian tir cac mAu am thanh
mién quang pho Hon nira, b giai mé bao gom b chong lap-cong (130) dé chong lap -cong
nhom thu nhat gdém cac mau am thanh trung gian mién thoi gian voi phép chong lap 1én
hon 5% va toi da 50% véi nhom thtr hai gom cac mau Am thanh trung gian mién thoi gian.
Hon nita, B$ giai mé bao g6m modun giai ma thir hai (120) dé tao ra nhom thtr ba va nhom
thir tu gdm cac mau am thanh trung glan mién thoi gian tir cic mau 4m thanh mién quang
phd. Hon ntta, by giai méd bao gom giao dién dau ra (140). B6 chong lap-cong (130) duogc
tao céu hinh dé chong lap- cong it nhat nhom thir ba gom cac miu am thanh trung gian
mién thoi gian voi phep chdng lap 16n hon 60% va nhoé hon 100% vé1 nhom thir tu gom
cac mau 4m thanh trung gian mién thoi gian. Hon nira, bo chong lap -cong (130) duoc tao
ciu hinh dé chong lap-cong it nhat nhom thr hai va nhém thir ba gdm cic mAu am thanh
trung gian mién thoi gian, hodc dé chong lip-cong it nhat nhom thr tw va nhom thir nhét
gom cAc mau am thanh trung gian mién thoi gian.
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Linh vue k§ thuit dwoc dé cap

Séng ché dé cap dén ma hoéa, xir Iy va giai ma tin hiéu 4m thanh, va, cu thé, dé
cap dén bo mi héa, bd giai ma va phuong phéap dbi thich tng tin hiéu c6 ti 1é chdng
14p trong phép m3 héa bién d6i 4m thanh.
Tinh trang k¥ thuit ciia sang ché

Trong sudt 20 nim qua, cu thé do su phat trién cta Lép MPEG-1 3 (MPEG-1
Layer 3 - MP3) va cac b ma hda-gidi ma AC-2 (Dolby Digital), phép ma héa am
thanh cdm quan d3 dua chi yéu vao phép bién ddi cosin roi rac cai bién (modified
discrete cosine transform - MDCT), duoc gidi thiéu béi Princen va cong su. (xem [1],
[2]) va dugc diéu tra thém, dudi tén phép bién ddi dugc chdng lap didu bién
(modulated lapped transform - MLT), boi Malvar (xem [3]), dbi v6i phép lwong ti héa
quang phd bao toan dang song. Phép nghich dao ctia phép bién dbi nay, cho phd co
chiéu dai M X! cho chi sé khung i, c6 thé dugc viét nhu

M—1

r(n) = \z—j Z XI(k) wx(% (?z - %) (A — %))
fe=0 (1)

. . N T G, N
v61 0<n< N va N la chiéu dai ctra so6. Vi Mz?’

ti 1é chong 14p 13 50%. Trong c4c tiéu chun gin day vé thong sd k¥ thuat ma héa
4m thanh tién tién (Advanced Audio Coding - AAC) MPEG-2 (xem [4], [5]), khai
niém nay da dugc mé rong dé ciing cho phép cong cu tham s nhu dién day nhidu 4m
trong mién MDCT. Khung &m thanh 3D MPEG-H (xem [6], [7]), vi du, dua ra phép
m3 héa mién bién ddi ban tham s6, vi du, chirc nang dién déy nhiéu 4m cua c4c vach
pho phia trén mot sb tan sb; dién day 4m 1ap thé cho phép ma héa am 1ap thé két hop
bén tham ~ .

1 tham s6 (xem [8], [ thong minh (Intelligcent Ga
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Filling - IGF) cho phép m¢ rong bang thong (xem [10]).
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Trong [9], su két hop cua IGF va dién diy am 14p thé, duoc goi 14 phép thé biang
quang phd (spectral band substitution - SBS) trong [8], dugc hd trg boi phép chuyén
hach bién d6i cho dau vao véi su chénh 16ch pha lién kénh khong déng ké, duoc thé
hién dé dem lai chét lugng Am thanh tot cho hau hét cac tin hiéu. Tuy nhién, trén cac
phan doan hai hoa tin hiéu chuin dirng, hiéu sudt chii quan 13 thip hon hiéu suét cuia
cau hinh 4m thanh 3D do tré cao/phirc thay thé st dung phép lip bing quang phd
(spectral band replication - SBR) va &m bao quanh MPEG “4m 14ap thé thdng nhit”
trong mién QMF gia. Giai thich cho trang thai ndy 13 d6 phan giai tdn s6 cao hon cia
cac MDCT dugc st dung trong cAu hinh sau: tai toc d6 mau du ra d3 cho 48 kHz, cac
phép bién ddi 161 kich thude M vén hanh trén phép tron giam dugc ha miu 24-kHz va
cac tin hiéu du, nhan d6i chiéu dai khung.

Phép mé hoa 4m thanh 3D trén co s& SBS, vi @6 tré, do phuc, va cac loi ich d6
phan giai theo thoi gian [8] clia minh, biéu dién nhiéu lwa chon it nhat cho cac tin hiéu
don am va d6i 4m, va mong mudn cai thién thiét ké cia minh 0 trong khi van duy tri
chiéu dai khung - sao cho hiéu suét c6 thé phtl hop véi hidu sudt ctia cdu hinh trén co
s& QMF tham chi trén nhac cu don va céc ban ghi 4m khac. Giai phap c6 thé ton tai
cho hiéu suét quang phd ting trén cac phan doan tin hiéu chuan dimg 13 phép bién ddi
dugc chong dugc kéo dai (extended lapped transform - ELT) duoc dé xuét boi Malvar
(xem [11], [12]), ma phién ban nghich dao (tong hop) cta Malvar gidng véi (1), ngoai

trouviéc 0<n<L vo1 L>4M .

Do d6, cong thirc (1) biéu thi MLT nghich do ciing nhu ELT nghich dao. Diém
khic biét duy nhét d6 1a trong truong hop MLT nghich dao »n duoc x4c dinh cho
0<n<N,vidy, véi N=2-M, va trong truong hop ELT nghich dao, n dugc xac dinh

cho 0<n<L,vidu, voi L>4M .

Dang tiéc 13, nhu dwoc thé hién dudi day, ti 16 chdng 14p ctia ELT 1a it nhét 75%
thay vi ti 1& chong ldp cia MDCT 1a 50%, ma thuong din dén thanh phan la c6 thé
nghe duoc cho cac phan dang song chuyén tiép nhu tiéng trbng danh hodc su bét dau
4m. Hon nita, cac giai phap thuc té dé chan su chuyén d6 dai gitta cac ELT ¢6 do dai
khac nhau — hodc gitta ELT va MLT — tuong tu v6i k¥ thudt duge 4p dung trong cac

bd mé hoa-giai md MDCT mdt c4ch chinh x4c cac khung chuyén tiép nay, van chua
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duoc thé hién va chi cong trinh trén 1y thuyét d duoc cong bd (xem, vi du, [13], [14],
[15], [16], [17]).
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Muc dich ciia sang ché

Muc dich cua sang ché 13 dé xuit cac khai niém duoc cai thién dé ma hoa, xur ly
va gidl ma tin hiéu am thanh. Muc dich cia sang ché dat duoc bsi bd giai ma theo
diém 1, bd ma hoa theo diém 26, hé théng theo diém 52, phuong phap theo diém 55,
phwong phép theo diém 56 va chuong trinh may tinh theo diém 57.

Ban chét k§ thuit ciia sing ché

B giai md dé giai ma nhiéu mAiu am thanh mién quang phd duoc @@ xuét. Bo
giai ma bao gdm modun giai mi thi nhit d& tao ra nhém th nhit va nhém thi hai
gdm cac mau 4m thanh trung gian mién thoi gian tir cAc mau Am thanh mién quang
phd. Hon nita, bo giai ma bao gdm bd chdng lip-cong dé chdng 1ap-cong nhém thir
nhit gdbm cdc mau 4m thanh trung gian mién thoi gian véi phép chdng 14p 16n hon 5%
va toi da 50% v6i nhém thit hai gdm c4c mAu am thanh trung gian mién thdi gian. Hon
nita, Bo giai ma bao gdm modun giai mi tht hai dé tao ra nhém tha ba va nhém tht tu
gdm cac miu 4m thanh trung gian mién thoi gian tir c4c mAu 4m thanh mién quang
phé. Hon nira, by giai ma bao g@)m giao dién dau ra. BO chéng lép—céng duoc tao cAu
hinh dé chong 1ip-cong it nhit nhém ther ba gdém cac miu am thanh trung gian mién
thoi gian véi phép chong 14p 16n hon 60% va nhé hon 100% véi nhém thit tu gdm céc
mau am thanh trung gian mién thoi gian. Hon nita, bd chong 14p-cong dugc tao ciu
hinh dé chéng l4p-cong it nhit nhém thtr hai va nhém tht ba gdm cac miu 4m thanh
trung gian mién thoi gian, hodc dé chdng l4p-cong it nhit nhém ther tw va nhém thu

nhit gdbm céc mau am thanh trung gian mién thoi gian.

Cu thé, b giai ma dé giai m3 nhidu mAu Am thanh mién quang phd duoc dé xuét.
B0 gidi ma bao gdm modun giai ma thir nhét dé giai mi nhém thir nhat gdm cac miu
4m thanh mién quang phd bing cach tao ra nhém thir nhét gdm cac mau 4m thanh
trung gian mién thoi gian tir cdc miu 4m thanh mién quang phd ctia nhém thir nhét
gbm cic mau 4m thanh mién quang phd, va dé giai méa nhom thtr hai gdm cic mau 4m

thanh mién quang phd bang cach tao ra nhém tht hai gdm cic miu am thanh trung
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gian mién thoi gian to cdc mau am thanh mién quang phd cia nhdém thir hai gom céac

mAu 4m thanh mién quang phd.

Hon nita, bd giai ma bao gdm bd chdng ldp-cong, trong d6 bo chéng lap-cong
duoc tao cau hinh dé thuc hién phép chong l4p-cong chinh xac hai nhém gdm cac mau
am thanh trung gian mién thoi gian, chinh x4c hai nhém néu trén 12 nhém tht nhét va
nhém thtr hai gdm c4c mau 4m thanh trung gian mién thoi gian, trong d6 bd chéng lap-
cong duoc tao cau hinh dé chong 1ap-cong chinh x4c hai nhém da néu véi phép chong
l4p 12 16n hon 5% va téi da 12 50%, trong d6 phép chdng l4p-cong néu trén ctia chinh
x4c hai nhém da néu dan dén viéc tao ra nhiéu mau dau ra Am thanh mién thoi gian thur
nhét cta tin hiéu 4m thanh.

Hon nita, bo gidi md bao gdm modun gidi mi thir hai dé gidi ma nhém th ba
gdm cac mau Am thanh mién quang phd bang cach tao ra nhém thtr ba gdm cac mau
4m thanh trung gian mién thoi gian tir c4c miu 4m thanh mién quang phd cta nhém
thir ba gdm c4c mau 4m thanh mién quang phd, va dé gidi m3 nhém thir tu gdm céc
miu 4m thanh mién quang phd bang cach tao ra nhém thtr tw gdm cdc mAiu a4m thanh
trung gian mién thoi gian tir cAc mau 4m thanh mién quang phé clia nhém thi tu gdm

cac miu 4m thanh mién quang pho.

Hon nita, bd giai ma bao gém giao dién dau ra dé xudt ra nhiéu miu dau ra &m
thanh mién thoi gian thir nhat ciia tin hiéu 4m thanh, nhiéu mAu dau ra 4m thanh mién
thoi gian tht hai cia tin hiéu 4m thanh va nhiéu mau déu ra 4m thanh mién thoi gian
thir ba cia tin hiéu 4m thanh,

Bo chéng lép-ccf)ng duoc tao cAu hinh dé thu dugc nhiéu miu ddu ra Am thanh
mién thoi gian st dung phép chdng l4p-cong it nhit nhém thit ba gdm c4c miu 4m
thanh trung gian mién thoi gian véi phép chong l4p 16n hon 60% va nhé hon 100% véi

nhém thir tw gdm cac mau 4m thanh trung gian mién thoi gian.

Hon nfta, bo chéng lép-ccf)ng duoc tao ciu hinh dé thu duoc nhiéu mau du ra Am
thanh mién thoi gian st dung phép chdng 1ap-cong it nhat nhém tht hai gdm cac méu
4m thanh trung gian mién thoi gian v6i nhém tht ba gdm cdc mAu 4m thanh trung gian
mién thoi gian, hodc trong d6 bo chéng 1§p-c€)ng duoc tao ciu hinh dé thu dwoc nhiéu

mau dau ra 4m thanh mién thoi gian tht ba st dung phép chong 1ip-cong it nhit nhém
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thr tw g0m cdc mau am thanh trung gian mién thoi gian v6i nhém thir nhat gdm céc
mau Am thanh trung gian mién thoi gian.

Hon nita, bd ma héa dé ma hoéa nhiéu mau am thanh mién thoi gian cua tin hiéu
4m thanh bang c4ch tao ra nhiéu nhém gdm c4dc miu 4m thanh mién quang phd tir

nhiéu nhém gdom cic mau 4m thanh mién thoi gian dugc dé xuat.

Bo ma hoéa bao gdbm modun ma héa thir nhat dé tao ra nhém thir nhat gdm cac
nhém mAu 4m thanh mién quang phé tir nhém thir nhit gdm céc nhém mau 4m thanh
mién thoi gian, va dé tao ra nhém thir hai gdm c4c nhém miu 4m thanh mién quang
phd tir nhém thtr hai gdm cac nhom mau am thanh mién thoi gian, trong d6 nhém thu
nhit gdbm cac mau 4m thanh mién thoi gian va nhém thtr hai gdm cdc mAu Am thanh
mién thoi gian nim 1an cén trong thoi gian trong nhém gém c4c miu 4m thanh mién
thoi gian, trong d6 nhém thir nhit gdm cac mau am thanh mién thoi gian bao gdm
nhiéu hon 5% va téi da 50% mAau 4m thanh ctia nhém thu hai gdm c4c miu Am thanh
mién thoi gian, va trong d6 nhém thi hai gdm cdc mAu 4m thanh mién thoi gian bao
gdm nhiéu hon 5% va t6i da 50% mau 4m thanh ciia nhém thir nhat gdm c4c mAu am

thanh mién thoi gian.

Hon nita, bd ma hoa bao gém mddun ma héa thir hai dé tao ra nhém thtr ba gém
cac nhém mau am thanh mién quang phd tir nhém thi ba gdm c4c nhém mau 4m thanh
mién thoi gian, va dé tao ra nhém thu tu gdm cac nhém mAu 4m thanh mién quang phd
tir nhém th tw gdm cac nhém mau 4m thanh mién thoi gian, trong d6 nhém tht ba
gdm cac mau am thanh mién thoi gian bao gbm 16n hon 60% va nhd hon 100% mau
4m thanh cta nhém thir tr gdm cdc mau am thanh mién thoi gian, va trong d6 nhom
thtr twr gdm cac miu am thanh mién thoi gian bao gdm nhidu hon 60% va nhé hon
100% mau am thanh ctia nhém thtr ba gdm cac mau 4m thanh mién thoi gian.

Hon nita, bd mi héa bao gdm moédun dau ra dé& xuit ra nhom thir nhat gbm céc
méau 4m thanh mién quang phd, nhém thtr hai gdm c4c mau 4m thanh mién quang pho,
nhém thir ba gdm cac miu 4m thanh mién quang phd, va nhém tht tu g6m cac mau
am thanh mién quang ph.

Nhém thr ba gdm cdc mau 4m thanh mién thoi gian bao gdm cdc mAu Am thanh

ctia nhém thr hai gdm cdc mAu 4m thanh mién thoi gian, hodc trong d6 nhém thtr tu
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gdm cdc mau 4m thanh mién thoi gian bao gom c4c miu 4m thanh ctia nhém thir nhat

g0m cac mau am thanh mién thoi gian.

Hon nita, hé thong dugc dé xuat. He thdng bao gdm bd ma hoa theo mot trong sd
cac phuong 4n néu trén, va b giai ma theo mot trong s cac phuong an néu trén. Bo
m3 héa duge tao ciu hinh dé mi héa nhiéu miu 4m thanh mién thoi gian cua tin hiéu
am thanh bang cach tao ra nhiéu mau am thanh mién quang phd. Hon nita, bd giai ma
dugc tao ciu hinh dé nhén nhidu miu 4m thanh mién quang phé tr b6 ma hoa. Hon

nita, bd gidi ma dugc tao cau hinh d€ gidi ma nhiéu miu 4m thanh mién quang phd.

Hon nita, phuong phap giai ma nhiéu miu am thanh mién quang phd dugc dé

xuat. Phuong phap bao gdm:

- Giai mi nhém thtr nhit gdbm c4c miu 4m thanh mién quang phd bang cach tao
ra nhém thtt nhit gdm cac miu 4m thanh trung gian mién thoi gian tir cdc mAu am
thanh mién quang phd cta nhém thir nhit gbm cac mau am thanh mién quang phd, va
gidi m3 nhom thir hai gdm cdc miu 4m thanh mién quang phd bang cach tao ra nhém
thtt hai gdm cac mAu 4m thanh trung gian mién thdi gian ciia nhém thir hai gdm cac

mAu 4m thanh mién quang phé.

- Chdng l4p-cong chinh x4c hai nhém gdm c4ac miu am thanh trung gian mién
thoi gian, chinh x4c hai nhém néu trén 13 nhém thir nhat va nhém thi hai gdm cac mau
am thanh trung gian mién thoi gian, trong d6 chinh x4c hai nhém néu trén duoc chdng
lap-cong v6i phép chong 14p 14 16n hon 5% va téi da 1a 50%, trong d6 phép chdng 14p-
cong néu trén cia chinh xac hai nhém da néu dan dén viéc tao ra nhiéu miu diu ra Am

thanh mién thoi gian thir nhat cia tin hiéu 4m thanh.

- Giai m3 nhém thit ba gdm c4c miu am thanh mién quang pho bang cach tao ra
nhém thir ba gdbm cac miu 4m thanh trung gian mién thoi gian tir cac miu 4m thanh
mién quang phd ctia nhoém thir ba gdm céc miu 4m thanh mién quang phd, va giai ma
nhém thir tr gdbm c4c miu 4m thanh mién quang phd bang cach tao ra nhém thi tu
gdm cac mau am thanh trung gian mién thoi gian ctia nhém tht tu gdm cdc mau 4m

thanh mién quang phd.
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- Xuat ra nhiéu mAu dau ra 4m thanh mién thoi gian the nhét cua tin hiéu am
thanh, nhiéu mau dau ra 4m thanh mién thoi gian tht hai cia tin hiéu 4m thanh va

nhiéu mau dau ra 4m thanh mién thoi gian tht ba cta tin hiéu 4m thanh,

- Thu dugc nhidu miu ddu ra 4m thanh mién thoi gian st dung phép chong lap-
cong it nhit nhém thir ba gdm cdc miu 4m thanh trung gian mién thoi gian véi phép
chdng 14p 16n hon 60% va nhé hon 100% véi nhém thir tw gdm céc mAu Am thanh

trung gian mién thoi gian. Va:

- Thu duoc nhiéu mau du ra 4m thanh mién thoi gian st dung phép chdng 14p-
cong it nhit nhém thir hai gdm c4c mau 4m thanh trung gian mién thoi gian v6i nhom
thir ba gdm cac mau 4m thanh trung gian mién thoi gian, hodc thu duoc nhiéu miu dau
ra Am thanh mién thoi gian thir ba st dung phép chdng 14p-cong it nhat nhém the tu
gdm céc mau 4m thanh trung gian mién thoi gian véi nhém tht nhit gdm cdc mAu 4m

thanh trung gian mién thoi gian.

Hon nita, phuong phap ma héa nhidu miu 4m thanh mién thoi gian cuia tin hiéu
am thanh bang cach tao ra nhiéu nhém gdm cic miu am thanh mién quang phé tir

nhiéu nhém goém cdc mau 4&m thanh mién thoi gian dwgc dé xut. BO ma héa bao gom:

- Tao ra nhém thi nhit gdm c4c nhém méu 4m thanh mién quang phd tir nhém
thir nhit gdm cac nhém méiu am thanh mién thoi gian, va tao ra nhém thir hai gbm cac
nhém mau 4m thanh mién quang phd tir nhém ther hai gdm cdc nhém mAu 4m thanh
mién thoi gian, trong d6 nhém thr nhit gdm c4c miu 4m thanh mién thoi gian va
nhém thir hai gdbm cdc méu 4m thanh mién thoi gian ndm 1an cén trong thoi gian trong
nhém gdm cac mau 4m thanh mién thoi gian, trong d6 nhém tha nhat gdm cac mau 4m
thanh mién thoi gian bao gdm nhiéu hon 5% va t6i da 50% mAu Am thanh ctia nhém
thtr hai gdm c4c mau 4m thanh mién thoi gian, va trong d6 nhém tht hai gdm cac miu
am thanh mién thoi gian bao gom nhiéu hon 5% va tdi da 50% mAu 4m thanh cta
nhém thir nhat gdm cac mau 4m thanh mién thoi gian.

- Tao ra nhém thtt ba gdm cdc nhém méu 4m thanh mién quang phd tir nhém
thir ba gdm c4c nhém mau am thanh mién thoi gian, va tao ra nhém thir tu g0m céc
nhém mau 4m thanh mién quang phd tir nhém ther tu gdm céc nhém mau Am thanh

mién thoi gian, trong d6 nhém thir ba gom cdc mau 4m thanh mién thoi gian bao gdm
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16n hon 60% va nhé hon 100% mau 4m thanh ctia nhém thir tu gdm cac miu 4m thanh
mién thoi gian, va trong d6 nhém thir tr gdm cic mau 4m thanh mién thoi gian bao
gdm nhiéu hon 60% va nhé hon 100% méau 4m thanh ciia nhém thir ba gdm cdc miu

4m thanh mién thoi gian.

- Xuat ra nhém thir nhat gém c4c miu 4m thanh mién quang phd, nhém thi hai
gdém cdc maiu 4m thanh mién quang pho, nhém thi ba gdm cac mau 4m thanh mién

quang phd, va nhém thir tv gdm cac mau 4m thanh mién quang phd.

Nhém thir ba gdm cac miu 4m thanh mién thdi gian bao gdm cac mau 4m thanh
clia nhém thir hai gom c4c miu 4m thanh mién thoi gian, hodc trong d6 nhém thir tu
gdm cac mau 4m thanh mién thoi gian bao gém cac mau Am thanh ctia nhém tht nhét

gdm cac mau 4m thanh mién thoi gian.

Hon nita, chuong trinh may tinh duoc dé xuét, trong d6 mdi chwong trinh may
tinh dugc tao céu hinh dé thuc thi mot trong sé cac phuong phap néu trén trong khi
dugc thuc hién trén may tinh hoac bd xu 1y tin hiéu, dé mdi trong sb céc phuong phéap
néu trén dugc thuc thi béi mot trong sb cac chuong trinh may tinh.

Céc bd giai mi am thanh cam quan hién thoi, tit ca cic b gidi mad nay 4p dung
phép bién dbi cosin roi rac cai bién (modified discrete cosine transform - MDCT), véi
ti 1é chdng 1ap 1 50%, ddi voi phép lugng tir hda mién tan s, cung clp chit lugng ma

héa t6t tham chi v6i tde do bit thap.

Tuy nhién, cdc phuong 4n dua trén viéc tim kiém rang cac khung tuong déi dai
duoc yéu cau cho hiéu suét tbe do thdp c6 thé chap nhan duge ciing cho dau vao song
hai chuin dimg, dan dén thoi gian cho thuét toan algorit ting va d6 phan giai ma hoa
theo thoi gian gidm.

Mot sé phuong 4n kéo dai ti 16 chong 14p trong phép m3 héa bién d6i dugc chdng
dén nhiéu hon phuong an thong thuong 50% dugc st dung trong cac bo ma hda-giai
ma am thanh hién thoi.

Theo cac phuong 4n ctia phép bién dd6i dugc chong kéo dai (extended lapped
transform - ELT) vdi ti 1& chong 1ap 75% duoc sit dung trén dau vao nhu vay. Dé duy

tri d6 phan giai thoi gian cao dé ma héa cac phan doan chuyén tiép, dinh nghia ELT
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dugc cai bién sao cho phép chuyén theo khung gitta ELT (d6i v6i chudn dung) va
phép ma héa MDCT (ddi vé6i cac ving khong tinh hodic khéng ¢ am), véi phép hiy
ring cura mién thoi gian (time-domain aliasing cancelation - TDAC) va khong ting vé
chiéu dai khung, tré nén kha thi.

Mot s6 phuong 4n dé xudt phép cai bién theo sang ché cac khéi niém ELT va
phép céi bién theo sang ché ciia cong thirc ELT, cho phép khoi phuc mot cach hoan
hao phép chuyén tiép giita cac phép bién dbi voi ti 18 chdng 1ap 50% va 75%. Trong
cac phuong phap, TDAC phu hop, gitta phép ma héa MDCT véi ti 1¢ chong 14p 13 50
va phép ma hoa ELT vai ti 1€ 75%, dat duoc.

Trong mot sb phuong é4n, ctra sd ELT mdi, theo sang ché duoc dé xut. Vi du,
trong mot s& phuong an, ham ctra s& ELT mdi, theo sang ché véi phép tir chbi bup
soéng bén / cac mirc biip séng bén dé tranh tao khung céc thanh phén la dugc dé xuit.

Theo mdt s& phuong 4n, cac phép cai bién theo sang ché c6 cac khai niém ELT
va phép cai bién theo sang ché cuia cong thirc ELT c6 thé, vi du, duge st dung trong t6
hop véi cira s6 ELT mdi, theo sang ché.

Mot s6 phuong an dé xuét so dd ma héa thich g tin hiéu 4p dung nguyén tic ti
1¢ duoc chuyén ddi. So d6 m3 héa hoan chinh dua trén théng sé k§ thust 4m thanh 3D
MPEG-H duogc dé xuét (cu thé trén thong ) k¥ thuat am thanh 3D MPEG-H, xem
[7D).

Céc phuong 4n dé xuit bo ma hoa, bd giai mé, hé théng va cac phuong phap dé
chuyén tin hiéu mét cach thich tng giita phép ma hoa MDCT, MDST va ELT duoc
tao modun cosin hogc sin. Cdc phuong 4n nhén ra phép ma héa dau vao chuyén tiép
véi dO phan giai thoi gian cao.

Céc phuong 4n dugc uu tién duge dé xuét trong cac diém phu thudc.

M5 ta vin tit cAc hinh vé

Dudi day, cdc phuong 4n ctia sang ché dugc mé ta cu thé hon vién dan dén cac

hinh vé, trong doé:

Fig.1a mo6 ta bo gidi ma theo phuong éan,
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Fig.1b mo ta b ma hoa theo phuong an,
Fig.1c mo ta hé thong theo phuong 4n,

Fig.2a minh hoa phép chdng 1ip bén nhém gdm céc mAu 4m thanh mién thoi
gian theo phuong 4n, trong d6 phép chuyén tir cic nhém ngén thanh cdc nhém dai

duoc thuc hién,

Fig.2b minh hoa phép chéng 14p sau nhém gdm cac mAu 4m thanh mién thoi gian
theo phuong 4n, trong d6 phép chuyén tir cAc nhém ngén thanh cac nhém dai duoc

thuc hién,

Fig.3a minh hoa phép chong 1ip bén nhém gdm céc miu 4m thanh mién thoi
gian theo phuong 4n, trong d6 phép chuyén tir c4c nhém dai thanh c4c nhém ngain

duoc thuc hién,

Fig.3b minh hoa phép chdng 1ip sau nhém gdm c4c mAu 4m thanh mién thoi gian
theo phuong 4n, trong d6 phép chuyén tir cAc nhém dai thanh cic nhém ngin duoc
thuc hién,

Fig.4 minh hoa TDAC trong sudt phép chdng lap-cong (overlap-add - OLA)
trong phép bién ddi dugc chong, trén Fig.4 (a) dbi véi MLT, trén Fig.4 (b) dbi véi
ELT, va trén Fig.4 (c) d6i v6i MLT thong qua ELT,

Fig.5 minh hoa su chuyén tir MLT dén ELT véi cc phép bién dbi chuyén tiép
theo phuong 4n, trong d6 Fig.5 (a) thé hién su khoi phuc khong hoan hao khong chinh
xéc, trong d6 Fig.5 (b) thé hién sy khoi phuc hoan hao mong mudn, va trong dé (c¢)
minh hoa MLT qua ELT (cai bién) mong mudn,

Fig.6 minh hoa su chuyén dbi tir ELT sang MLT v6i cac phép bién ddi theo
phuong an.

Fig.7 minh hoa céc thiét ké cira s6 khoi phuc hoan hao, trén Fig.7 (a) ddi véi
MLT, trén Fig.7 (b) d6i véi ELT, va trén Fig.7 (c) ddi véi cac phép chuyén tiép theo
cac phuong an,

Fig.8 minh hoa phép lua chon ELT va MDCT theo khung thu duoc cho bén tin

hiéu dau vao theo cac phuong an,
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Fig.9 minh hoa hinh chiéu dugc phéng vao cac két qua thir nghiém nghe véi 95%

khoang tréng tu tin theo cac phuong an,
Fig.10 minh hoa nhiéu cira s6 phén tich theo phwong an,
Fig.11 minh hoa nhiéu cira s6 tong hop theo phuong én,

Fig.12 minh hoa c4c gian loc co ban véi cac phép bién dbi duoc chdng theo mot
sd phuong an cu thé, trong d6 Fig.12 (a) minh hoa MDCT/MDST, va trong d6 Fig.12
(b) minh hoa ELT,

Fig.13 minh hoa TDAC trong céac gian loc dugc xép chéng déu theo mot sd
phuong 4n cu thé, trong d6 Fig.13 (a) minh hoa Princen-Bradley, va trong d6 Fig.13
(b) minh hoa MELT-II,

Fig.14 minh hoa hach tudn theo TDAC cu thé chuyén dbi cho cic gian loc
MELT-IV theo cac phuong 4n cu thé, trong d6 Fig.14 (a) minh hoa phép diéu bién cac
phép chuyén tiép tir cosin dén sin, va trong d6 Fig.14 (b) minh hoa phép diéu bién cac

chuyén tiép tur sin dén cosin, va

Fig.15 minh hoa phép tao ctra ) phat trién, chinh xac theo cac phuong an cu thé
v6i hinh dang “bét dau-dimg” dic biét, biéu thi béi nét dat, trong subt phép chuyén
tiép tam thoi, trong d6 Fig.15 (a) minh hoa cic phép chuyén tiép tam thoi tir ti 18
chong 1ap 75% dén 50%, va trong d6 Fig.15 (b) minh hoa cac phép chuyén tiép tam
thoi tir ti 16 chong 14p 50% dén 75%.

M0 ta chi tiét sang che
Trudc khi cac phuong an cu thé duge mo ta chi tiét, cac nguyén tic cua phép ma
héa bién doi dugc chong dugc mo ta.

ELT, MLT, va MDCT, nhu duogc dé cap trén day, co thé dugc xem nhu phép
thuc hién cu thé cac cong thic bién ddi duoc chéng chung, véi cong thic (1) dé xac

dinh phép nghich ddo va véi 0 <k <M va

L1
Nilk) =) i) L\(%(n + Y (k4 %))
n=t) (2)

d6i v6i truong hop (phan tich) phia trude.
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Trong cong thirc (2), ham cos( ) d3 duoc thay thé bai phan gitr chd cs( ) dé nhin
manh rang mot ngudi cé thé ciing str dung ham sin( ) trong (1, 2) dé thu duoc cac dang
duoc didu bién sin nhu phép bién do6i sin rdi rac cai bién (modified discrete sine
transform - MDST) dugc st dung trong phép bién ddi duge chdng phuc diéu bién
(Modulated Complex Lapped Transform - MCLT) (xem [18]) va trong [8], [9].

Do d6, cs( ) 1a phan gitt chd dé biéu thi rang sin( ) hodc cos( ) ¢6 thé duoc su
dung.

Thay vi cong thic (1) d6i véi MLT nghich dao (st dung phép tong hop cia
MLT) hoidc cong thic (2) ddi véi ELT (phia trudc) (thuc hién phép phan tich cua
ELT), nhiéu cong thirc khic duoc st dung nhu céc phuong trinh bién dbi dugc chdng
khi MLT (vi du, MDCT hodc MDST) hodac ELT duogc thuc hién. Cac vi du cuia céc
phuong trinh nhu vay bay gi¢ duoc trinh bay nhu cac cong thic (2a) — (2j).

Trong tit ca cic cong thirc (2a) — (2j) va cac cong thuc (4a) — (4h) dudi day,
0<k<Mva 0<n &p dung, trong d6 X,(k) 1a mau tan s6 tai k va x,(n) 12 miu thoi
gian tai n.

Cong thuc bién d6i duogc chéng suy rong c6 thé, vi du, duoc tao cong thirc nhu
trong cong thic (2a) va (2b):

Dinh nghia phép bién dbi duoc chdng suy rong (phan tich) phia trude:

b
|

gl

it

3
X H;‘ ‘f = i?

T ‘?t }cs ( ; fh‘ -+ I?.(;} i\k —+ ;s?{}} )
} hY +F (Za)

Pinh nghia phép bién ddi duoc chdng suy rong (téng hop) nghich déo:

M7

X!k cs ( —(n +ng)(k + k) j

P 2
riny = —
P g L4

fomd

(2b)

Céc phép bién dbi duoc trong véi ti 18 chdng 1ap 50% c6 thé, vi du, duoc tao

cong thirc nhu trong cac cong thuc (2¢) — (2j):

MDCT (phén tich) phia truéc, loai 4, dugc goi la MDCT-IV, N = %
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N1 , "
= 3 i) cos(rn + 25 (4 7))
h_” ’ (2¢)

MDCT (tbng hop) nghich dao, loai 4, dugc goi 14 IMDCT-IV, x < ok

A -1 )
#i(n) = 57 Y Xi(k) cos( 7 (n+ L) (k+ 1))
(29

MDCT (phan tich) phia trude, loai 2, dugc goi la MDCT-II, N = g :

N1
i & €% ‘~'* T . A+l ,"_
X; (k) = E Cxging Co»(7 {‘_;f;s. - Z } f}
n=>0 ‘ (2e)

MDCT (téng hop) nghich dao, loai 2, duoc goi 1a IMDCT-IL, » < 3

Ad -1
Y‘ .X !5\ J L,D‘*\ 11 4+ Lu] U, |
1

Fe==l)

5
EFIR

L R

z;(n) = 3£

(2f)

MDCT (phan tich) phia trudce, loai 4, dugce goi 1a MDST-1IV, N =§ :

N1 é o
Xi(k) = wiln) sin( 7 (n+57) (k+ 7))
= ‘ 2g)

MDCT (tong hop) nghich dao, loai 4, dugc goi 1a IMDST-IV, n <§ :

M-
T 2 ¢ A+l g 149
hin) = — X! Aismf— (n+—-)k+3))
L ML LAY 27,
Form=i g (2h)

MDCT (phén tich) phia trudc, loai 2, dugc goi la MDST-II, N :é :

M1
X, (k) "T z:(n) am(—:—%n—i-—_} ﬁ—{—IJJ

¥ MU

(21)

-17-



34102

MDCT (téng hop) nghich dao, loai 2, duoc goi 1a IMDST-II, n < é :

A1 . }

Foon 2 P AT s e L 4y
;ﬁ‘;lj?,! ==3N X'k sm(—, —(n+ —=}lk+1 %}
; B Ad : , (A R,'YL" L, ERR Y & J

paard \ 2))

Céc phép bién dbi duoc chdng véi ti 18 chong 14p 75%, vi du, phép bién ddi duoc
chdng kéo dai (extended lapped transform - ELT) phia trudc hodc nghich dao cua
Malvar, ¢6 thé, vi du, duoc tao cong thirc trong ciing cach nhu cac cong thire (2¢) va
(2d),nhuvéi N=Lvan<L.

Pé dat dugc phép khoi phuc hoan hao (perfect reconstruction - PR) cua tin hiéu
dau vao s,(n) sau khi trai qua cic phép bién ddi phan tich va tong hop lan luot trong
cac cong thire (1) va (2), it nhat khi ving mit su bién dang quang phd, vi du, bdi phép
lugng t& hoa (dugc biéu thi béi ddu trong cong thtc (1)), cac cia sb w(n) dugc st
dung dé tao trong s6 dau vao phén tich kich thuéc L x,(n) = w(n)-§,(n) cling nhu dau ra
tong hop §.(n) = w(n)-x/(n). Vi §,(n) thé hién phép tao ring cwa mién thoi gian (time
domain aliasing - TDA) do dic tinh tao mAu t6i han cta phép bién d6i dugc chdng,
w(n) phai dap g cac rang budc thiét ké cu thé (xem [1], [2], [12]). Péi véi cac ELT

v6i % chin, gia str bang nhau, w(n) d6i xtimg ddi véi phép phan tich va tdng hop,

duogc cho boi

£ -1
> wlk + jMyw(k + M +2M) =6(1). 0 <1 < .
=0 (3)

Péi véi MLT, MDCT, hoic MDST (é = % =2, ba thuat ngit s& dugc st dung

thay cho nhau sau day), TDA duoc hiy bang cach to hop mot nira thoi gian thtr nhét

clia §, v6i nira thir hai cia §,_, cia khung truée d6 bang quy trinh chong 1ap va cong
(overlap-and-add - OLA). Ti 1 chong 1ap lién bién déi thu duoc 1a % =50%. Trong

truong hop ctia ELT v6i L = 4M , buéc OLA phai to hop phan tu thi nhat cia 3, véi
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phan tu thir hai cta §, ;, phan tu tht ba ctia §, ,, phan tu thtr tu cla §,_;, dé ti 16 ting
dén 221 - 759,

4

Fig.4 minh hoa su chénh léch va tiéng vang trugc truong hop x4u nhat (su trai
theo thoi gian clia cac sai s6 mi héa). Thao ludn chi tiét voi TDA va phép khoi phuc
hoan héo ¢6 thé dugc tim thay trong [15], [16], [17], [18], [19] va [20].

Cu thé, Fig.4 minh hoa TDAC trong su6t OLA trong phép bién d6i duoc chéng,
trén Fig.4 (a) d6i voi MLT, trén Fig.4 (b) di voi ELT, va trén Fig.4 (c) d6i véi MLT
thong qua ELT. Chiéu dai ctia duong dudi cac cira sb biéu thi cac tiéng vang truge tbi
da. C6 thé thiy rang, tiéng vang trudc ti da trong truomg hop ciia ELT 14 khong dai
hon trong truong hop cua MLT.

Nén luu v ring cac ELT pha tuyén tinh dugc xép chdng chin dua trén DCT-IL
hoic cac ELT chiéu dai 1& véi vi du L = 3M, cling kha thi (xem [21], 22]) va cac

phuong éan dugc mo ta dudi day cling &p dung cho cac ELT nhu vay.

Tap trung vao ELT chiéu dai 4M (% =4), cb thé quan sat réng, nhu duge thé

hién trén Fig.5 (a), phép khoi phuc hoan hao khong dat dugc trong subt sy chuyén dbi
dén va tir phép ma héa MLT vi cac phép ddi ximg TDA 1a tuong thich. Néi cach khac,
cac 0 hop chin-1¢ lién ké (xem [9], [19]) 14 vi pham gitra cac khung i—4 va i-3.

Cé4c phuong 4n sau day sé dugc md ta chi tiét.

Fig.1b minh hoa bd ma héa dé¢ ma héa nhiéu miu 4m thanh mién thoi gian cta
tin hiéu 4m thanh bang c4ch tao ra nhiéu nhém gdém cic mau 4m thanh mién quang

pho tir nhidu nhém gdm cdc mau 4m thanh mién thoi gian theo phwong éan.

Bo ma héa bao gbm mddun mi héa thir nhat 210 dé tao ra nhém thtr nhit gdm
cac nhém miu am thanh mién quang phd tir nhém thtr nhat gdbm céc nhém mau 4m
thanh mién thoi gian, va dé tao ra nhém thir hai gdm c4c nhém mAu 4m thanh mién
quang phd tir nhém thtr hai gdbm cédc nhém mau 4m thanh mién thoi gian, trong d6
nhém ther nhat gdm cic mau 4m thanh mién thoi gian va nhém tht hai gdm cac méu
am thanh mién thoi gian nim l4n c4n trong thoi gian trong nhém gdm cic mau 4m

thanh mién thoi gian, trong d6 nhém thir nhat gdm cac miu 4m thanh mién thoi gian
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bao gébm nhiéu hon 5% va t6i da 50% mau am thanh ctia nhém thw hai gdm cic miu
4m thanh mién thoi gian, va trong d6 nhém thir hai gdm cdc mau 4m thanh mién thoi
gian bao gdm nhiéu hon 5% va t6i da 50% mau 4m thanh ctia nhém thir nhit gdm céc

mau 4m thanh mién thoi gian.

Hon nita, bd m3 héa bao gdm médun mi héa thir hai 220 dé tao ra nhém thir ba
gbm cac nhém mau 4m thanh mién quang phd tir nhém th ba gdm cac nhém mau am
thanh mién thoi gian, va dé tao ra nhom thtr tu gdm cic nhém mau 4m thanh mién
quang phd tir nhém tht tw gdbm cdc nhém méau am thanh mién thoi gian, trong d6
nhém thtr ba gdm cac mau 4m thanh mién thoi gian bao gdm 16n hon 60% va nho hon
100% so v6i miu Am thanh ciia nhém thir tr gdm cic mAu 4m thanh mién thoi gian, va
trong d6 nhém thtr tr gdm cic mau 4m thanh mién thoi gian bao gdm nhidu hon 60%
va nhé hon 100% so véi mau 4m thanh ctia nhém thir ba gdm cdc miu 4m thanh mién
thoit gian.

Hon nita, bd ma héa bao gdm modun du ra 230 dé xuat ra nhém thir nhit gdm
cac mAu Am thanh mién quang phd, nhém thr hai gdbm cac miu 4m thanh mién quang
phd, nhom thir ba gdm cac mau 4m thanh mién quang phd, va nhém tht tu gdm céc

mAu 4m thanh mién quang phd.

Nhém thir ba gdm cac mau 4m thanh mién thoi gian bao gom cac mau 4m thanh
ctia nhém thir hai gdm cic miu 4m thanh mién thoi gian, hodc trong d6 nhém thi tu
gdm cac mau 4m thanh mién thoi gian bao gdm cac mau 4m thanh ctia nhém thir nhat

gdm cic mau 4m thanh mién thoi gian.

Cac phuong 4n khong ké dén nhimg diéu khac dua trén viéc tim ra ring, dbi voi
mot sb phén cta tin hiéu 4m thanh mién thoi gian, cac ctia s6 bién dbi dai hon c6 phép
chdng 14p cao hon 1a phu hop hon, trong khi d6i véi cac nhém tin hiéu khac gdm céc
phan cta tin hiéu 4m thanh mién thoi gian, cc cira s6 bién ddi ngin hon véi phép
chdng 14p thap hon 1a phit hop hon. Su chuyén ddi gitta cac cira s bién ddi khac nhau
do d6 dugc nhan biét tai thoi gian chay. Dé nhan biét phép ma héa 4m thanh ma khong
c6 cac thanh phén la c6 thé nghe dugc, phép chdng 1ap cac cira s bién dbi lan can,

tham chi khi chiéu dai ctra s6 ctia chtng thay doi.
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Trén Fig.1b, moédun m3 hoa thi nhat 210 d& m3 hoéa cac nhém nhoé hon gdm cac
méAu 4m thanh mién thoi gian ma ¢6 phép chdng l4p nho hon véi cac nhém khac gém
cac mAu Am thanh mién thoi gian. Tuy nhién, ngay ca d6i voi mddun ma héa thir nhat

210, it nhat mot sb phép chdng lép nén ton tai, yéu cau phép chdng 14p 16n hon 5%.

Mo6dun mé héa tht hai 220 13 d& mi héa cic nhém 1én hon gdm cic miu 4m
thanh mién thoi gian ma c6 phép chdng 14p 16n hon so véi cac nhém duoc xir Iy boi

modun ma héa thir nhit 210. Yéu cu phép chdng 1ap ti thiéu 12 16n hon 60%.

Fig.2a minh hoa phép chdng l4p bén nhém gdm cic miu adm thanh mién thoi
gian theo phuong 4n, trong d6 phép chuyén tir cic nhém ngin thanh cic nhém dai

dugc thuc hién.

Cu thé, mdi méu trong s6 nhém thir nhat 410 gdm cac mAu 4m thanh mién thoi
gian, nhém thtr hai 420 gdm cic miu 4m thanh mién thoi gian, nhém thir ba 430 gém
cac miu 4m thanh mién thoi gian va nhém thir tu 440 gdm cac maiu 4m thanh mién
thoi gian dugc mé ta thanh so d6 bang khéi tuong tmg. Cac dudng nét dut gitp nhan

biét ving chong l4p.

Nhu c6 thé thiy, nhém thir nhit 410 gdbm cac mau 4m thanh mién thoi gian va
nhém thr hai 420 gdm c4c mau am thanh mién thoi gian c6 phép chdng 1ip 50%. Do
d6, nhém thir nhat 410 gdbm cac mau 4m thanh mién thoi gian bao gdm chinh xac 50%
S0 vOi cc mau 4m thanh mién thoi gian ctia nhém thir hai 420 gdm cac mAu 4m thanh

mién thoi gian, va nguoc lai.

Hon nita, nhu c6 thé thdy, nhém thir ba 430 gdm cac miu am thanh mién thoi
gian va nhém thir tu 440 gdm cac mau 4m thanh mién thoi gian cé phép chéng lap
75%. Do d6, nhém thir ba 430 gdm cac mau am thanh mién thoi gian bao gdm chinh
x4c75 % so v6i cac mau Am thanh mién thoi gian ciia nhém thir tu 440 gém cac mau

am thanh mién thoi gian, va ngugc lai.

Hon nita, nhu ¢6 thé thdy, nhém thir ba 430 gdm cdc mau am thanh mién thoi
gian bao gém c4c mau 4m thanh cta nhém thtr hai 420 gdm cdc mau 4m thanh mién

thot gian, vi ca hai nhém déu c6 pham vi chong 1ap.
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Tém tit lai phuong 4n cua Fig.2a, nhém thi nhat 410 gdm cac miu 4m thanh
mién thoi gian ding trudc nhém thir hai 420 gdm cac miu 4m thanh mién thoi gian
theo thoi gian, nhém thir hai 420 gdm cac mau am thanh mién thoi gian démg trude
nhém thir ba 430 gdm cac mau 4m thanh mién thoi gian theo thoi gian, nhom thir ba
430 gdm cic mau 4m thanh mién thoi gian dting trudc nhém thir tw 440 gdm cac mau
am thanh mién thoi gian theo thoi gian, va nhém thir ba 430 gdm cac mAu 4m thanh
mién thoi gian bao gdm c4c mau 4m thanh ciia nhém thir hai 420 gdm cic mAu 4m

thanh mién thoi gian. Piéu twong tu ciing ding véi phuong an cia Fig.2b.
Vi du chuyén tir cdc nhém dai sang cac nhém ngén duoc cung cép bsi Fig.3a.

Fig.3a minh hoa phép chdong 1ip b6én nhém gdm cic miu 4m thanh mién thoi
gian theo phuwong 4n, trong d6 phép chuyén tir cdc nhém dai thanh cic nhém ngin

dugc thuc hién.

Cu thé, mot 14n nita, mdi mau trong sb nhém thir nhat 411 gdm cic mAu am
thanh mién thoi gian, nhém thir hai 421 gdm cac mau am thanh mién thoi gian, nhém
thr ba 431 gdbm cic mAu 4m thanh mién thoi gian va nhém tht tu 441 gdm cac mau
am thanh mién thoi gian dugc mé ta thanh so d6 bang khdi twong tng. Cac dudng nét

dirt mot 14n nira giup nhan biét ving chong 1ap.

Nhu ¢6 thé thiy, nhém thi nhat 411 gdm cic mAiu 4m thanh mién thoi gian va
nhém thir hai 421 gdm cdc maiu 4m thanh mién thoi gian c6 phép chdng ldp 50%. Do
d6, nhém thir nhat 411 gdm cdc miu 4m thanh mién thoi gian bao gdm chinh xac 50%
mAu 4m thanh mién thoi gian ciia nhém thir hai 421 gdm cac mAu 4m thanh mién thoi

gian, va nguoc lai.

Hon nita, nhu c¢6 thé thdy, nhém thi ba 431 gdm cac miu am thanh mién thoi
gian va nhém thir tw 441 gdm cac mau 4m thanh mién thoi gian ¢ phép chong lap
75%. Do d6, nhém thir ba 431 gdm céc mau 4m thanh mién thoi gian bao gém chinh
x4c 75% mau am thanh mién thoi gian ciia nhém thir tw 441 gém cac miu am thanh

mién thoi gian, va nguoc lai.
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Hon nita, nhu ¢6 thé thdy, nhém tha tu 441 gdbm cac mau 4m thanh mién thoi
gian bao gdm cac mau 4m thanh ctia nhém thtr nhat 411 gdm c4c mau am thanh mién

thoi gian, vi ca hai nhom déu c6 pham vi chong lap.

Tém tat lai phuong 4n cua Fig.3a, nhém thi ba 431 gdm cic mau 4m thanh mién
thoi gian dung trude nhém thir tu 441 gdm cdc miu 4m thanh mién thoi gian theo thoi
gian, nhém tha tu 441 gdm cic mAiu 4m thanh mién thoi gian dung trudc nhém thir
nhat 411 gdm cac miu am thanh mién thoi gian theo thdi gian, nhém thi nhit 411
gdm cac mau 4m thanh mién thoi gian duing trude nhém thir hai 421 gdm cac miu 4m
thanh mién thoi gian theo thoi gian, va nhém thir tu 441 gdm cac mAu 4m thanh mién
thoi gian bao gdm cic mAu 4m thanh cia nhém thir nhat 411 gdm cic miu Am thanh

mién thoi gian. Diéu twong tu ciing ding véi phuong an cia Fig.3b.

Theo phuong 4n, nhém thir nhat 410, 411 gdm cic mau 4m thanh mién thoi gian
c6 thé, vi du, bao gém chinh x4c 50% mAau 4m thanh ctia nhém thi hai 420, 421 gdm
c4c mau am thanh mién thoi gian, va nhém thir hai gdm cdc miu 4m thanh mién thoi
gian, vi du bao gdbm chinh xac 50% mau 4m thanh ctia nhém tht nhit gdm cdc méu Am

thanh mién thoi gian. Fig.2a, Fig.3a, Fig.2b va Fig.3b thuc hién phuong 4n nhu vay.

Nhém thir ba 430, 431 gdbm cac miu 4m thanh mién thoi gian c6 thé, vi du, bao
gdm it nhat 75% va it hon 100% mau 4m thanh cta nhém thr tu 440, 441 gdm cac
mau 4m thanh mién thoi gian, va nhém thir tu 440, 441 gdm cac mAiu 4m thanh mién
thoi gian c6 thé, vi du, bao gdm it nhat 75% va nhé hon 100% mau am thanh cia
nhém thir ba 430, 431 gdm cic mau 4m thanh mién thoi gian. Fig.2a, Fig.3a, Fig.2b va
Fig.3b cling thuc hién phuwong 4n nhu vay.

Trong phuong an, mdédun ma hoda tht nhat 210 c¢o6 thé, vi du, dugc tao cau hinh
dé dan dén phép bién doi cosin roi rac cai bién hoic phép bién ddi sin rdi rac cai bién,
va modun ma hoéa tht hai 220 ¢é thé, vi du, duoc tao cau hinh dé dan dén phép bién

doi chong dugc kéo dai hodc phép bien doi chong dugce kéo dai cai bién.

Theo phuong an, nhom tha ba 430, 431 gdm cac mau 4m thanh mién thoi gian cé
thé, vi du, bao gém chinh xac 75% mau Am thanh cua nhom tht tu 440, 441 g@)m cac

mau am thanh mién thoi gian, va nhém thr tu 440, 441 gdm cic miu 4m thanh mién
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thoi gian, vi du bao gém chinh x4c 75% mau am thanh ctia nhém thir ba 430, 431 gém

cac mau am thanh mién thoi gian.

Trong phuong 4n, sé luong thir nhit gdm cac mAu 4m thanh mién thoi gian cua
nhém thir nhat gdm cdc miu 4m thanh mién thoi gian c¢6 thé, vi du, bang véi sb lugng
thir hai gdm c4c mau 4m thanh mién thoi gian cia nhém tht hai gdm céc miu 4m
thanh mién thoi gian. S6 luong thir ba gdm cic miu 4m thanh mién thoi gian cia
nhém tht ba gdbm cac miu am thanh mién thoi gian c6 thé, vi du, bang véi sb luong
the tw gdm cac mau 4m thanh mién thoi gian ctia nhém thi tu gdm cic miu 4m thanh
mién thoi gian. S lugng thir hai ¢6 thé, vi du, bang vé6i s6 lwong thi ba chia cho 2, va

trong do sb luong thu nhét c6 thé, vi du, béng sb lugng thr tu chia cho 2.

Vi duy, vi du cu thé ciia phuong 4n nhu vay la tat cd cdc nhom dugc ma hda boi
mo6dun ma héa thir hai 220 c6 chinh x4c gap d6i miu cla tat ca cdc nhém duge ma hda

b&i modun mi hoéa thi nhit 210.

Theo phuong 4n ciia bd ma hoa cua Fig.1b, m6dun ma hda thir hai 220 dugc tao
cAu hinh dé tao ra nhém thir ndm gém cic mau 4m thanh mién quang phd tir nhém tha
nim gdm cic miu 4m thanh mién thoi gian, va trong d6 médun ma héa 220 dugce tao
chu hinh dé tao ra nhém thtr sdu gdm cdc mau 4m thanh mién quang phd tir nhém thi
sau gdm cac mau am thanh mién thoi gian. Nhém thtr ba hoic nhém thir tu gdm cac
mAu 4m thanh mién thoi gian bao gdm it nhat 75% va it hon 100% céc mau Am thanh
clia nhém thir ndm gdm céc mau 4m thanh mién thoi gian, trong d6 nhém thir nim
gdm c4ac mau 4m thanh mién thoi gian bao gbém it nhit 75% va it hon 100% cac mau
4m thanh ctia nhém thir ba hodc nhém thir tr gdm cdc miu 4m thanh mién thoi gian,
trong d6 nhém thir ndm gdm céc mau 4m thanh mién thoi gian bao gdém it nhéat 75 %
va nho hon 100 % céc mau am thanh ciia nhém thir sdu bao gdm cac mau Am thanh
mién thoi gian, trong d6 nhém thir sdu bao gdm cdc mau 4m thanh mién thoi gian bao
gdm it nhat 75 % va nho hon 100 % cic mau am thanh ctia nhém thir ndm bao gdm
c4c mau Am thanh mién thoi gian Modun dau ra 230 duoc tao cAu hinh dé con xuét ra
nhém thit ndm gém cac mau am thanh mién quang phd, va nhém thtr sdu gdm cac méu

am thanh mién quang pho.
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Fig.2b minh hoa phép chdng 1ip sau nhém gém cic mau 4m thanh mién thoi gian
theo phuong 4n, trong d6 phép chuyén tir cic nhém ngan thanh cac nhom dai duoc
thuc hién.

Nhu c6 thé thiy, nhém tht tw 440 gém cdc mau 4m thanh mién thoi gian va
nhém thir ndm 450 gdm c4c miu am thanh mién thoi gian cé phép chdng 1dp 75%. Do
d6, nhém thir nim 450 gdm c4c mau 4m thanh mién thoi gian bao gdm chinh x4c 75%
mAau 4m thanh mién thoi gian ctia nhém thir tu 440 gdm cic mau 4m thanh mién thoi

gian, va ngugc lai.

Hon nita, nhu c6 thé thiy, nhom thir ndm 450 gdm cac mau 4m thanh mién thoi
gian va nhoém thtr sdu 460 gdm cac miu 4m thanh mién thoi gian c¢é phép chong lap
75%. Do d6, nhém thir sau 460 gdm cdc mau 4m thanh mién thoi gian bao gdm chinh
x4c 75% cac mAu Am thanh mién thoi gian ciia nhém thi nim 450 gdm cic mau am

thanh mién thoi gian, va nguoc lai.

Theo phuong 4n, nhém thir nhit 410, 411 gdm cac mau 4m thanh mién thoi gian
va nhém tht hai gdm c4c mAu 4m thanh mién thdi gian 420, 421 1an cén theo thoi
gian. Vi dy, trén Fig.2b, sau nhom gém cic miu Am thanh mién thoi gian dugc minh
hoa, cu thé 410, 420, 430, 440, 450, 460. Chudi theo thoi gian c6 thé duge xac dinh

cho sau nhom nay.

Vi du, miu thir nhit ctia nhém tha nhit 410 gdm cac mAiu 4m thanh mién thoi
gian lién quan dén diém theo thoi gian sém hon (nhiéu hon trong qué kht), so v6i mau

thir nhat ctia nhém thir hai 420 gdm cac mau 4m thanh mién thoi gian.

Mau tht nhét cia nhém thtr hai 420 gdm cdc miu am thanh mién thoi gian lién
quan dén diém twong tu theo thoi gian nhu mau thir nhit ctia nhém thir ba 430 gdm
c4c miu 4m thanh mién thoi gian. Tuy nhién, mau cubi ciing ctia nhém thir hai 420
gdm cac miu 4m thanh mién thoi gian lién quan dén diém theo thoi gian sém hon so

v6i mau cudi ciing ciia nhém thir ba 430 gdm c4c miu 4m thanh mién thoi gian.

Mau thir nhét ctia nhém thir ba 430 gébm cac miu am thanh mién thoi gian lién
quan dén diém theo thoi gian sém hon so v6i mau thir nhat cia nhém tht tu 440 gém

cac mau am thanh mién thoi gian.
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Mau thtr nhit ctia nhém tht tu 440 gdbm cic mau 4m thanh mién thoi gian lién
quan dén diém theo thoi gian sém hon so véi mau thir nhét ctia nhém thir nim 450

gdm cac mau am thanh mién thoi gian.

Mau thr nhit ctia nhém thtr nim 450 gdm cac mau 4m thanh mién thoi gian lién
quan dén diém theo thoi gian sém hon so véi mau thi nhat ciia nhém thir sdu 460 gém

cac mau 4m thanh mién thoi gian.
Chudi theo thoi gian thu dugc cho Fig.2b 12 410, 420, 430, 440, 450, 460.

Ap dung 1y do twong tu cho Fig.3b lién quan dén chudi theo thoi gian cho Fig.3b.
461,451,431, 441,411, 421.

Ly do dé xac dinh chudi theo thoi gian 1a:

Néu mau thtr nhat cia nhém A gdém cic miu 4m thanh mién thoi gian lién quan
dén diém thoi gian sém hon so v6i mau thtr nhat ciia nhém B gdm cic mau 4m thanh
mién thoi gian, khi d6 nhém A xuat hién sém hon trong chudi theo thoi gian r6i dén

nhom B.

Néu miu tht nhit ciia nhém A gdm cdc mau 4m thanh mién thoi gian lién quan
dén diém tuong tu trong tién d6, mau thir nhat ctia nhém B, khi d6 nhém A xuét hién
sém hon trong chudi thoi gian réi dén nhém B, néu miu cudi cing cia nhém A cia
mAu 4m thanh mién thoi gian lién quan dén diém theo thoi gian sém hon mau cudi
cung cua nhém B.

Hai nhém gdm cédc miu 4m thanh mién thoi gian 1an can theo thoi gian, néu
chung 13 14n cén (ngay) theo chudi theo thoi gian ctia cic nhém gdm cac mau 4m thanh
mién thoi gian.

Vi du, xét dén chudi theo thoi gian cho Fig.2b: 410, 420, 430, 440, 450, 460. 0
d6, cac nhém 410 va 420 lan can theo thoi gian, cac nhém 420 va 430 lan cén theo
thoi gian, cac nhdm 430 va 440 1an cén theo thoi gian, cac nhom 440 va 450 lan can
theo thot gian va cac nhom 450 va 460 1a 1an can theo thoi gian, nhung khong cé cép
nao khac gom hai nhém 14 1an c4n theo thoi gian.

Vi du, xét dén chudi theo thoi gian cho Fig.3b: 461, 451, 431, 441, 411, 421. O

dd, cac nhom 461 va 451 1an cén theo thoi gian, cac nhom 451 va 431 1an cén theo
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thoi gian, cac nhom 431 va 441 lan can theo thoi gian, cdc nhom 441 va 411 lan cén
theo thoi gian va cac nhém 411 va 421 1a 1an cén theo thoi gian, nhung khong cé cép

nao khac gom hai nhom 1a 1an cén theo thoi gian.

Xét dén Fig.3b, Fig.3b minh hoa phép chong l4p sdu nhém gém cic mau 4m
thanh mién thoi gian theo phwong 4n, trong d6 phép chuyén tir cac nhém dai thanh cac

nhém ngén duge thuc hién.

Nhu ¢6 thé thdy, nhém thir ba 431 gdm cac mau am thanh mién thoi gian va
nhém thir nim 451 gdm c4c mAu 4m thanh mién thoi gian ¢ phép chdng lap 75%. Do
d6, nhém thir ndm 451 gdm cic mau 4m thanh mién thoi gian bao gdm chinh x4c 75%
mAu Am thanh mién thoi gian cia nhém thir ba 431 gdm cic mau am thanh mién thoi

gian, va ngugc lai.

Hon nita, nhu ¢6 thé théy, nhém thr nam 451 gém cic mau Am thanh mién thoi
gian va nhom thu sau 461 gdm cic mAu 4m thanh mién thoi gian cé phép chong lap
75%. Do d6, nhém thtr sdu 461 gdm cac mau am thanh mién thoi gian bao gém chinh
x4c 75% cac miu Am thanh mién thoi gian ciia nhém tha nim 451 gém cac mau am

thanh mién thoi gian, va ngugc lai.

Trong cac phuong an, ham cira s6 c6 thé dugc 4p dung trén cac mau 4m thanh
mién thoi gian bing modun ma héa thtr nhit 210 hoic médun ma héa tha hai 220 dé
thu duoc cac miu mién thoi gian dugc tao trong s6, va sau d6, modun ma héa thir nhit
210 hodc médun mi héa thir hai 220 c6 thé tao ra cic mau 4m thanh mién quang phd

tir cc mau mién thoi gian dugc tao trong so.

Trong phuong &n, bd ma hda duoc tao cAu hinh dé hoic st dung médun ma hoa
thr nhat 210 hodc mddun ma héa thtr hai 220 dé tao ra nhém hién thoi gdm cac mau
4m thanh mién quang phé phu thudc vao dic tinh tin hiéu cua phén cua tin hi€u am
thanh mién thoi gian.

Theo phuong &n, bo ma hoa dugc tao cu hinh dé x4c dinh nhu dic tinh tin hiéu,
liéu nhém hién thoi gdm nhidu miu a4m thanh mién thoi gian bao gém it nhat mot
trong s& cac vung khong tinh va ving khéng 4m. B6 mi hoéa dugc tao cau hinh dé sir

dung mo6dun ma héa thi nhit 210 dé tao ra nhém hién thoi gdbm cic miu 4m thanh
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mién quang phd phu thudc vao nhém hién thoi gdm nhidu miu 4m thanh mién thoi
gian, néu nhém hién thoi gém nhiéu miu 4m thanh mién thoi gian bao gém it nhat mot
trong s6 cac vung khong tinh va ving khéng am d3 néu. Hon nira, bd ma hoa dugc tao
c4u hinh dé s dung médun ma hoa thir hai 220 dé tao ra nhom hién thoi g@)m cic mau
am thanh mién quang phd phu thudc vio nhém hién thoi gdm nhidu miu am thanh
mién thoi gian, néu nhém hién thoi gdm nhiéu mau 4m thanh mién thoi gian khéng
bao gdm it nhat mot trong sd cac ving khong tinh va ving khong 4m d3 néu.

Trong phuong 4n, modun diu ra 230 duge tao cau hinh dé xuat ra bit c6 hoac gia
tri bit thir nhat hodc gi tri bit thir hai phu thudc vao dic tinh tin hiéu. Do d6, bit c6 thé
dugc st dung trén phia bd giadi ma dé x4c dinh liéu bd ma héa dugce st dung médun

m3 héa thir nhit 210 hay médun m3 héa thir hai 220 dé m3 héa.

Fig.1a minh hoa b giai ma dé giai ma nhidu miu 4m thanh mién quang phd theo
phuong an.

B6 giai mi bao gdm modun giai ma thi nhat 110 dé giai ma nhém thir nhat gdm
cac mau 4m thanh mién quang phd bang cach tao ra nhém thi nhit gdm cic miu am
thanh trung gian mién thoi gian tir cic mau 4m thanh mién quang phd ctia nhém thtr
nhit gdm cac miu 4m thanh mién quang phd, va dé giai ma nhém thir hai gém céac
mau 4m thanh mién quang phd bang cach tao ra nhém thi hai gdm cac miu 4m thanh
trung gian mién thoi gian tir cdc mAu 4m thanh mién quang phd ctia nhém thtr hai gdm

cac mau am thanh mién quang pho.

Hon nita, bo giai ma bao gdbm bo chdng ldp-cong 130, trong dé bd chdng J4p-
cong 130 dugc tao cdu ‘hinh dé thuc hién phép chong 1ap-cong chinh xac hai nhém
gdm céc mau am thanh trung gian mién thoi gian, chinh x4c hai nhém néu trén la
nhém thir nhit va nhém thr hai gdm cdc mau 4m thanh trung gian mién thoi gian,
trong do bo chéng lép-cf)ng 130 duoc tao chu hinh dé chéng lép—cc}ng chinh xac hai
nhém d3 néu véi phép chdng 1ap 13 16n hon 5% va téi da 1a 50%, trong d6 phép chong
1ap-cong néu trén ciia chinh xac hai nhém da néu dan dén viéc tao ra nhiéu mau dau ra

4m thanh mién thoi gian thir nhat cia tin hiéu 4m thanh.
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Hon nita, bd giai mi bao gdbm moédun giai ma thi hai 120 dé giai ma nhém tht ba
gdm c4c mau 4m thanh mién quang phd bang cach tao ra nhém thir ba gdm céc mau
4m thanh trung gian mién thoi gian tir cdc mau 4m thanh mién quang phd cta nhém
thir ba gdm c4c mau 4m thanh mién quang phd, va dé giai ma nhom thr tw gdm cac
mAu 4m thanh mién quang phd bang cach tao ra nhém thir tr gdm cac mau am thanh
trung gian mién thoi gian tir cdc mau am thanh mién quang phd ctia nhém thir tw gdbm

c4c mau Am thanh mién quang pho.

Hon nita, bd giai ma bao gdm giao dién dau ra 140 dé xuit ra nhidu mau dau ra
4m thanh mién thoi gian thir nhét caa tin hiéu 4m thanh, nhiéu miu diu ra Am thanh
mién thoi gian thir hai cua tin hiéu 4m thanh va nhiéu miu d4u ra 4m thanh mién thoi
gian thtr ba cda tin hiéu &m thanh,

Bo chdng lap-cong 130 duoc tao ciu hinh dé thu duoc nhidu miu dau ra 4m
thanh mién thoi gian st dung phép chdng lap-cong it nhit nhém thi ba gdbm cac miu
4m thanh trung gian mién thoi gian véi phép chdng 1ap 16n hon 60% va nhé hon 100%

v6i nhém thr tr gdm cac mau Am thanh trung gian mién thoi gian.

Hon nira, bd chéng lép-céng 130 duogc tao cdu hinh dé thu dugc nhiéu mau dau
ra &m thanh mién thoi gian st dung phép chdng lap-cong it nhit nhém thr hai gdbm cac
mAau 4m thanh trung gian mién thoi gian véi nhém thir ba gdm cac mau 4m thanh trung
gian mién thoi gian, hoic trong d6 bd chdng lap-cong 130 duoc tao cdu hinh dé thu
dwoc nhiéu mau dau ra 4m thanh mién thoi gian thir ba st dung phép chdng lap-cong it
nhit nhém thtr tw gdm c4c mau 4m thanh trung gian mién thoi gian véi nhém thir nhét

g6m c4c mau 4m thanh trung gian mién thoi gian.

Su giai thich da dugc cung cip vién dan dén cac hinh Fig.2a, Fig.2b, Fig.2c va
Fig.2d cho su chdng 14p ctia nhém cic mau am thanh mién thoi gian 410, 411, 420,
421, 430, 431, 440, 441, 450, 451, 460 va 461 4ap dung déu cho cic nhém gdm cac
mAau am thanh trung gian mién thoi gian.

Trong cac phuong an, cc mau 4m thanh mién thoi gian thu nhét duoge tao ra dua
trén phép chong l4p-cong cdc mau dau ra am thanh mién thoi gian thu nhét va tha hai,
c4c mau dau ra 4m thanh thtr hai duoc tao ra trén co sé phép chong lap-cong cac mau

d4u ra 4m thanh mién thoi gian thu ba va thi tu.
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Trong cac phuong 4n bo giai mi twong Gmg vai tinh hubng cta Fig.2a va Fig.2b,
nhiéu mau dau ra 4m thanh mién thoi gian thir nhit ctia tin hiéu 4m thanh dung trude
nhiéu mau d4u ra 4m thanh mién thoi gian thir ba cia tin hiéu 4m thanh theo thoi gian,
va trong d6 nhiéu mau dau ra 4m thanh mién thoi gian thtr ba cia tin hiéu 4m thanh
dung truée nhidu miu dau ra 4m thanh mién thoi gian thir hai cta tin hiéu am thanh
theo thoi gian, va trong dé bo chéng lép—céng 130 duoc tao cdu hinh dé thu dugc nhiéu
mau d4u ra 4m thanh mién thoi gian thir ba sir dung phép chdng ldp-cong it nhat nhém
thir hai gdm céc mau am thanh trung gian mién thoi gian v6i nhém thir ba gdm cac

mAu 4m thanh trung gian mién thoi gian, hoic

Trong cac phuong 4n bd giai mi tuong tng vé6i tinh hudng cia Fig.3a va Fig.3b,
nhiéu miu dau ra 4m thanh mién thoi gian thir ha cia tin hiéu 4m thanh déng trude
nhiéu mau dau ra 4m thanh mién thoi gian thi ba cia tin hiéu 4m thanh theo thoi gian,
va trong d6 nhiéu miu dau ra 4m thanh mién thoi gian thir ba cta tin hiéu 4m thanh
dimg trude nhiéu mau dau ra Am thanh mién thoi gian thi nhét cta tin hiéu Am thanh
theo tho1i gian, va trong dé bd chéng lép—ccf)ng 130 duoc tao ciu hinh dé thu dugc nhiéu
mau du ra 4m thanh mién thoi gian thir ba st dung phép chdng 14p-cong it nhat nhém
thir hai gdm c4c mau am thanh trung gian mién thoi gian véi nhém thtr ba gdm céc

mAu 4m thanh trung gian mién thoi gian.

Hon nita, dd duoc chi ra ring nhém thtr nht va nhém the hai gbm c4c miu Am
thanh trung gian mién thoi gian chong 14p véi nhiéu hon 5% va téi da 50%. Trong hiu
hét cac phuong an, modun giai ma thir nhit 110 tao ra cic nhém gdém cic mau 4m
thanh trung gian mién thoi gian ma c¢é chung sb lwong mau, néi cach khéc, cira sb
duoc st dung boi modun giai ma thi nhat 110 nhin chung luén c¢é cing kich thude.
Khi d6, dé x4c dinh phép chdng 1ip ciia nhém thir nhat va tht hai gdm cac miu 4m
thanh trung gian mién thoi gian, s6 luong miu 4m thanh mién thoi gian trung gian cua
nhém thtr nhat ma chdng 14p véi cac mau ctia nhém thi hai gdm c4c miu am thanh
trung gian mién thoi gian trong phép chong ldp-cong (vi du, 1024 mau) dugc chia
boi tong sb lugng cac miu cia nhom thir nhit gdm cdc mau 4m thanh trung gian mién
thoi gian (vi du, 2048 miu) dé x4c dinh su chdong ldp cua phép chong lap-cong
(1024 / 2048 = 50%). Tuy nhién, trong phuong 4n dic biét ring médun giai mi thi
nhit 110 tao ra nhém gdm cac mau am thanh trung gian mién thoi gian ma c6 sb luong
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mau khac nhau, khi d6 nhém 16n hon trong sé cac nhém gém cac mau 4m thanh trung
gian mién thoi gian dugce xem xét va phép chong 1ap dugc xac dinh nhu sb lugng mau
4m thanh trung gian mién thoi gian cia nhém 16n hon ma chdng 1ip véi cac mau cia
nhém nhé hon (vi du, 768 mau) duoc chia bdi s lugng cac mau Am ctia nhém 16n hon

(vi du, 2048 mau) (chong lap: 768 / 2048 = 37,5%).

Hon nita, d3 duoc chi ra ring nhém thir ba va nhém thir tw gdm cic miu a4m
thanh trung gian mién thoi gian chong lap véi nhidu hon 60% va it hon 100%. Trong
héu hét cac phuong 4n, moédun giai ma thir hai 120 tao ra nhém gém cac mau 4m thanh
trung gian mién thoi gian ma cé cing sb luong mau, néi cach khéc, cira sd duoc sir
dung bdi médun gidi ma tht hai 120 nhin chung luén cé cung kich thuée (nhung kich
thudc cta cac nhém/ cc cira sd thuong khac véi kich thude ctia cac nhém / cira sd ma
duoc tao ra/str dung boi moédun giai ma thi nhat 110). Khi d6, dé xac dinh phép chong
14p cua nhém thir ba va thir tu gdm cdc miu 4m thanh trung gian mién thoi gian, sd
lwong mau 4m thanh mién thoi gian trung gian ctia nhém thir ba ma chdng 14p véi cac
mAu cta nhoém thir tu gdm cdc miu 4m thanh trung gian mién thoi gian trong phép
chéng lép-ccfmg (vi du, 3584 mau) duoc chia béi téng s6 lugng cac mau ctia nhém thi
nhit gdm cic miu 4m thanh trung gian mién thoi gian (vi du, 4096 mau) d&é xac dinh
su chong l4p cua phép chong lap-cong (3584 / 4096 = 87,5 %). Tuy nhién, trong
phwong 4n dic biét rang modun giai ma thir hai 120 tao ra nhém gbém cic mau 4m
thanh trung gian mién thoi gian ma cé sé luong mau khac nhau, khi dé nhém 16n hon
trong s& cac nhém gdém cic mau 4m thanh trung gian mién thoi gian dugc xem xét va
phép chdng 14p duoc x4c dinh nhu s6 lugng mau am thanh trung gian mién thoi gian
ctia nhém 16n hon ma chong 1dp véi cac méu ctia nhém nhéd hon (vi du, 3072 mau)
duoc chia boi sé luong cac mdu am cia nhém 16n hon (vi du, 4096 mau)
(chdng 14p: 3072 / 4096 = 75%).

Phép chong lap-cong duoc biét dén rong rai voi nhitng ngudi c¢é hiéu biét trong
linh vuc k¥ thuat. Phép chdng 1ap-cong hai nhém gdm cic miu am thanh mién thoi
gian duogc biét dén ddc biét rong rii v6i nhitng ngudi cé hiéu biét trong linh vuc k¥

thuat.
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Mot cach dé thuc hién phép chdong 1ip-cong ba hodc nhiéu hon ba nhém c6 thé,
vi du, 12 d@é chong 1ap-cong ba hodc nhiéu hon ba nhém dé thu duoc két qua chong lap-
cong trung gian, va sau d6 chong ldp-cong nhém thir ba gdm ba hodc nhiéu hon ba
nhém dé c6 két qua phép chong lap-cong trung gian, va dé tiép tuc xtr Iy twong tu, cho

dén khi tit ca cac nhom dugc chong lap-cong véi két qua trung gian (duoc cdp nhat).

Phuong phap khéc c6 thé 1 dau tién chong 14p tit ca ba hodc nhiéu hon ba nhém
pht hop va sau d6 cong cac mau twong tmg cia cac nhoém trong phép chdng 14p dé thu

duoc két qua chdng 14p-cong.

Theo phuong an, phép chong lap-cong 130 cé thé, vi du, duoc tao cdu hinh dé
chdng l4p-cong nhém thir nhit gdm cic miu 4m thanh trung gian mién thoi gian voéi
phép chdng 14p chinh x4c 50% v6i nhém thir hai gdbm cac miu 4m thanh trung gian
mién thoi gian. B6 chong 14p-cong 130 ¢6 thé dugc tao ciu hinh dé chdng 1ap-cong it
nhit nhém thit ba gdm cac mau 4m thanh trung gian mién thoi gian véi phép chdng lap
it nhat 12 75% va nhé hon 100% véi nhém thi tur gdm cac mau 4m thanh trung gian
mién thoi gian.

Trong phuong 4n, médun giai ma thir nhat 110 c¢6 thé, vi du, dugc tao cu hinh
dé thuc hién phép bién dbi cosin roi rac cai bién nghich dao hoac bién ddi sin roi rac
cai bién nghich dao. Mddun giai mi thir hai 120 dwgc tao ciu hinh dé thuc hién phép

bién doi chong mé rong nghich ddo hodc bien doi chong mé rong cai bién nghich dao.

Theo phuong an, phép chong lap-cong 130 cé thé, vi du, dugc tao cdu hinh dé
chong 1ip-cong it nhat nhém thir ba gdm cic mau 4m thanh trung gian mién thoi gian
v6i phép chdng lap chinh x4c 75% v6i nhém thir tw gdm cdc mau 4m thanh trung gian
mién thoi gian.

Trong phuong 4n, s6 luong thir nhat gdbm cdc mau 4m thanh trung gian mién thoi
gian ctia nhém thir nhit gdm cac mau 4m thanh trung gian mién thoi gian c6 thé, vi du,
bang véi sb luong thi hai gdm cac miu 4m thanh trung gian mién thoi gian cia nhém
thir hai gdm cdc mau 4m thanh trung gian mién thoi gian. S6 lwong tht ba gdm cac
mau 4m thanh trung gian mién thoi gian cia nhém thi ba gdm cac mau 4m thanh trung
gian mién thoi gian ¢6 thé, vi du, bang véi sb luong thtr tu gdbm cic miu 4m thanh

trung gian mién thoi gian ctia nhém thir tr gdm cdc mau 4m thanh trung gian mién thoi
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gian. S lugng thtr hai cé thé, vi du, béng voi s lugng thtr ba chia cho 2, va trong dé

s6 Iwong thtr nhat bang s6 lwong th tu chia cho 2.

Theo phuong 4n cia bd gidi ma cua Fig.la, trong d6 modun giai ma thtr hai 120
6 thé, vi du, dugc tao cAu hinh dé gidl ma nhom thir nam gém cac mau Am thanh mién
quang pho bang cach tao ra nhém thi ndm gdém cac miu 4m thanh trung gian mién
thoi gian tir cic mAu 4m thanh mién quang phd ctia nhém th@ nim gdém cic mau 4m
thanh mién quang phd, va dé giai ma nhém tht siu gdbm céc miu 4m thanh mién
quang phé bang cach tao ra nhém thir sdu gdm cac mau 4m thanh trung gian mién thoi
gian tir cAc mau 4m thanh mién quang phd cia nhém thir sdu gdm cac méiu 4m thanh
mién quang phd. B6 chdng 14p-cong 130 duoc tao cau hinh dé thu duoc nhiéu mau diu
ra Am thanh ién thoi gian tht hai bing cach chdng l4p-cong nhém thir ba gdbm cac miu
4m thanh trung gian mién thoi gian va nhém thir tw gdm cac méu am thanh trung gian
mién thoi gian va nhém thtr nim gdm cic mau Am thanh trung gian mién thoi gian va
nhém thtr sdu gdm cac mau 4m thanh trung gian mién thoi gian, sao cho nhém thir ba
hoic nhém thir tr gdm cdc mAu 4m thanh trung gian mién thoi gian véi it nhat 75% va
nho hon 100% v6i nhém thi ndm gém cac mau 4m thanh trung gian mién thoi gian, va
sao cho nhém thir ndm gdm cic miu 4m thanh trung gian mién thoi gian véi it nhét
75% va nho hon 100% véi nhém thir sau gdm cac mau 4m thanh trung gian mién thoi

gian.

Su vién din dé giai thich duoc cung cdp & trén d6i v6i cac nhém gém cac mau
4m thanh mién thoi gian 410, 411, 420, 421, 430, 431, 440, 441, 450, 451, 460 va 461
trén Fig.2b va Fig.3b, ma cac giai thich dugc 4p dung déu cho cic nhém gdm céc mau

4m thanh trung gian mién thoi gian.

Trong phuong an, bo chong ldp-cong 130 duoc tao ciu hinh dé chong l4p-cong it
nhit nhém thir hai gdm cdc mau 4m thanh trung gian mién thoi gian véi nhém thir ba
gdm cac mau am thanh trung gian mién thoi gian, dé tit ca cidc miu 4m thanh trung
gian mién thoi gian ciia nhém thtr hai gdbm cac miu am thanh trung gian mién thoi
gian chong l4p véi cic mau 4m thanh trung gian mién thoi gian cia nhém thr ba gdbm
c4c méau 4m thanh trung gian mién thoi gian. Hodc, bd chdng lap-cong 130 duoc tao

cdu hinh dé chong lap-cong it nhit nhém thir tw gdbm cdc mau 4m thanh trung gian
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mién thoi gian v6i nhom thir nhit gdm cdc miu 4m thanh trung gian mién thoi gian, dé
tat ca cdc mau Am thanh trung gian mién thoi gian ciia nhém thir nhat gdm cdc mau 4m
thanh trung gian mién thoi gian chong lap v6i nhém thtr tw gdm cic miu 4m thanh

trung gian mién thoi gian.

Fig.lc minh hoa hé théng theo phuwong 4n. Hé théng bao gdbm bd mi hoa 310
theo mot trong s6 cac phuong an néu trén, va bd giai ma 320 theo mdt trong sb cac
phuong én néu trén. B6 ma héa 310 dugc tao c4u hinh dé ma héa nhiéu miu Am thanh
mién thoi gian ciia tin hiéu 4m thanh bang cach tao ra nhiéu mau 4m thanh mién quang
phé. Hon nira, bd giai mi dugc tao cau hinh dé nhan nhiéu mau 4m thanh mién quang
phé tr b0 ma héa. Hon nita, bg gidi ma duogc tao cu hinh dé giai ma nhiéu miu 4m
thanh mién quang phé.

Pé giam hodc tranh rang cua mién thoi gian, xét dén phuong an cia bd mi héa
ctua Fig.1b, m6dun ma hoéa thir hai 220 duogc tao cAu hinh dé tao ra it nhat mot trong sb

nhém thir ba va nhém thir tw gdm cac mau 4m thanh mién quang phd phu thudc vao

es(a(n+b)(k + c)) ,

trong d6 cs( ) 1a cos( ) hodc sin( ),

trong d6 n biéu thi chi s6 thoi gian ctia mot trong s6 cac mau 4m thanh mién thoi
gian cia nhém thir ba hodc nhém thir tr gdm cac miu 4m thanh mién thoi gian,

trong d6 k biéu thi chi sé quang phd ctia mot mau trong s6 cac mau 4m thanh
mién quang phd ciia nhém thir nhat hodc thir hai hoic thir ba hodc thi tu gdm cic mau

am thanh mién quang ph,
trong d6 —0,1 <¢<0,1, hodc 0,4 <c<0,6,hodc 09<c<1,1,

trong d6 a = 4 ,

M
trongd6 0,9 -n<g<1,1-m.

M biéu thi sé luong cdc mau am thanh mién quang phé ctia nhém thir nhat hoic

thir hai hodc thtr ba hodc thir tu gdm cdc mau 4m thanh mién quang ph,

trong d6 b = 5——]\? ,va
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trong d6 [,5<s<4)5.

Trong phuong 4n, mdédun ma hoa thir nhét 210 duoc tao cAu hinh dé tao ra it nhat
mdt trong s6 nhém thir nhit va nhém thtr hai gdm cdc mau 4m thanh mién quang phd

phu thudc vao
esy(a(m +b,)(k+¢)))
trong d6 cs,( ) 1a cos( ) hodc sin( ),
trong d6 n, biéu thi chi s thoi gian ctia mot trong sb cac maiu 4m thanh mién
thoi gian clia nhém thit nhat hozic nhém thir hai gdm cac mau 4m thanh mién thoi gian,
trong d6 —0,1 < ¢, <0,1, hodc 0,4 < ¢,<0,6, hodc 09<¢ <1,1,

trong d6 b, _ Ml .

Theo phuong én ¢ =0, hodc ¢c=0,5,hodcc=1, g=n,vas=3.

Thiét 1ap s = 3 dat duogc dé gidm mot cach tdi uu rdng cua mién thoi gian, trong
khi thiét 1ap 1,5 <s < 4,5 v6i s # 3 dat duoc mot sé mirc @ giam rang cwa mién thoi

gian, nhung, nhin chung, khong chi giam nhiéu nhu ddi véi s = 3.

Céc phuong an cu thé cling hoat dong mdt cach cu thé. Xem bang 1 va bang 2:
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Béang 1:

ss. MLT -> tr. MLT -> tr. MELT ->ss. MELT -> ..

MDCT-IV MDCT-IV MECT-IV MECT-IV OK
MDCT-IV MDCT-IV MEST-II MECT-II OK
MDCT-IV MDST-II MEST-IV MEST-IV OK
MDCT-1V MDST-II MECT-II MEST-1I OK
MDCT-II MDCT-IV MECT-IV MECT-IV OK
MDCT-II MDCT-IV MEST-II MECT-II OK
MDCT-II MDST-1I MEST-IV MEST-IV OK
MDCT-II MDST-II MECT-II MEST-II OK
MDST-IV MDST-IV MEST-1V MEST-IV OK
MDST-IV MDST-IV MECT-II MEST-II OK
MDST-IV MDCT-II MECT-IV MECT-1V OK
MDST-IV MDCT-1I MEST-II MECT-II OK

Bang 1 thé hién su thay ddi tr MLT sang ELT. Trong mdi dudng, cac ham cho
bbn cira sd tiép theo / cac nhom twong mg ciia cac mau am thanh mién thoi gian duoc
minh hoa. Hai nhém dau tién lién quan dén hai cira s6 MLT cubi cing (12 cudi cing
nhung mot cra sd va cira s6 MLT cudi ciing), c6t 3 va 4 1an luot lién quan dén cira sd
ELT thtr nhat va tht hai. Mdi dudong thé hién t6 hop dic biét cia cac ham cho cac cira
s tiép theo. Cac cong thirc cho MDCT-II, MDST-II, MDCT-IV va MDST-IV va cho
MECT-II, MEST-II, MECT-IV va MEST-IV va cac cong thtrc nghich ddo tuong ung
duoc thé hién twong tmg véi cac cong thirc (2a) — (2j) va (4a) — (4h). Cac t6 hop minh
hoa 1am viéc t6t nhu nhau déi v6i cac phép bién d6i nghich dao véi cac ham nghich
dao.
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Nhu vay, vi du, trong phuong 4n, ¢ = m, trong d6 s = 3 , trong d6 cs( ) 1a cos( ),

va cs;( ) 1a cos( ), va trong d6 ¢ = 0,5, va ¢, = 0,5.

Trong phuong an khéc, ¢ = m , trong d6 s =3, trong d6 cs( ) 1a sin( ), va cs;( ) la

cos( ), vatrongdo c=1,va ¢ =0.

Trong phuong &n khic, ¢ = m , trong d6 s =3, trong d6 cs( ) 1a sin( ), va cs;() la

sin( ), vatrong d6 ¢=0,5,va ¢, = 1.

Trong phuong 4n khéc, g = n, trong d6 s = 3 , trong d6 cs( ) 1a cos( ), va ¢s;() la

sin( ), vatrong d6 c=0,va ¢ = 1.

Trong phuong &n khac, g = m , trong d6 s =3, trong d6 cs( ) 1a sin( ), va cs;() 1a

sin( ), vatrong d6 ¢ =10,5, va ¢ =0,5.

Trong phuong 4n khéc, g = n, trong 46 s = 3 , trong d6 cs( ) 1a cos( ), va cs;( ) 1a

sin( ), va trong @6 ¢ = 0, va ¢, =0,5.

Trong phuong &n khac, g = m, trong 46 s =3 , trong d6 cs( ) 1a cos( ), va cs;( ) 1a

cos( ), va trong d6 ¢ = 0,5, va ¢, = 0.accor

Trong phuong &n khéc, ¢ = n, trong d6 s =3, trong d6 cs( ) 1a sin( ), va cs;() la

cos( ), vatrongdo c=1,va ¢ =0.
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Béng 2:
ss. MELT ->  tr. MELT ->  t. MLT -> ss. MLT -> ...
MECT-IV MECT-IV MDCT-1V MDCT-IV
MECT-IV MECT-IV MDCT-IV MDST-II
MECT-IV MECT-IV MDST-1I MDST-IV
MECT-IV MECT-IV MDST-II MDCT-II
MECT-II MEST-II MDST-IV MDST-IV
MECT-II MEST-1I MDST-IV MDCT-II
MECT-II MEST-II MDCT-II MDCT-IV
MECT-II MEST-II MDCT-II MDST-II
MEST-IV MEST-IV MDST-IV MDST-IV
MEST-IV MEST-IV MDST-IV MDCT-II
MEST-1V MEST-IV MDCT-II MDCT-IV
MEST-IV MEST-IV MDCT-II MDST-II

Bang 2 thé hién su thay ddi tir ELT sang MLT. Trong mdi dudng, cac ham cho
bbn cira s tiép theo (cac nhom tuong ting ciia cic mau Am thanh mién thoi gian) dugc
minh hoa. Hai nhém dau tién lién quan dén hai ctra s6 ELT cudi cung (12 cudi cing
nhung mot ctra s6 va ctra s6 ELT cubi clng), cot 3 va 4 1an luot lién quan dén cira sd
MLT thtr nhét va thir hai. Mdi duong thé hién t6 hop dic biét ctia cac ham cho cac cira
sb tiép theo. Céac cong thuc cho MDCT-II, MDST-II, MDCT-IV va MDST-IV va cho
MECT-II, MEST-II, MECT-IV va MEST-IV va cac cong thirc nghich d4o tuong tng
duogc thé hién tuong ung voi cac cong thic (2a) — (2) va (4a) — (4h). Cac t6 hop minh
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hoa 1am viéc tdt nhu nhau dbi véi cac phép bién d6i nghich déo véi cac ham nghich

Trong phuong an, médun ma hda thur hai 220 dugc tao cAu hinh dé tao ra ft nhat

mdt trong s6 nhém thtr ba va nhém thir tw gdm cdc mau 4m thanh mién quang phd phu

thudc vao

Li—1
TR N oy = 3T +1 0y g 1o
Xkl = E Ei(n) ms(Ti n+——)lk+3) }
n =i} , hodc
phu thudc vao
L1
* L T 5 . 3Ry 4
Xk =) riin) caaf i+ - }f«-}
B ‘\ - ‘)
n=0 , hodc
phu thudc vao
L1 , ,_
Y N % e % N ¢ T . 3__31{"'+=§ o4 . i !
Xk} = ; Zi(n) sm{zﬂn 4z é Hk+ ;—})
A , hodc
phu thudc vao
L1 ( ,
Xi(k) =3 #i(n) sm( w(n+ =) {k+ ij)

yy==l3

trong d6 X, (k) biéu thi mot mAu trong sb cic mau 4m thanh mién quang phd cua

nhém tht ba hodc thir tu gdm cdc miu 4m thanh mién quang phd, va, trong d6 %, (n)

biéu thi gid tri mién thoi gian.

Theo phuong 4n, mddun m3 héa thir hai dugc tao cdu hinh dé 4p dung trong sb

w(n) trén mau 4m thanh mién thoi gian s,(r)clia nhém thir ba hodc nhém thir tw gdm

cac mau Am thanh mién thoi gian theo

X; (n) = w(n)-si (n)

dé tao ra gia tri mién thoi gian %,(n).
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Trong phwong an, tit ca cic mAu 4m thanh mién thoi gian cia nhém thir hai gdm
c4c mAu 4m thanh mién thoi gian chdng 14p v6i cac mAu 4m thanh mién thoi gian cia
nhém thtr ba gdm c4c mAu 4m thanh mién thoi gian, hodc trong d6 tit ca cac mau am
thanh mién thoi gian cia nhém thit nhat gdm cac mau 4m thanh mién thoi gian chdng

14p v6i nhém thir tr gdm cac miu 4m thanh mién thoi gian.

Twong tu, xét dén bo giai ma cua Fig.la, trong phuong 4n, modun giai ma tha
hai 120 duoc tao cAu hinh dé tao ra it nhat mot trong $6 nhém tht ba gém cac mau am
thanh trung gian mién thoi gian va nhém tht tu gdm cic miu am thanh trung gian
mién thoi gian phu thudc vao

cs(a (n+b)(k+ c)) ,

trong d6 es( ) 12 cos( ) hodc sin( ) , trong d6 n biéu thi chi s thoi gian cia mot
mAu trong s6 cac mau Am thanh trung gian mién thoi gian cia nhém thir ba hodc nhém
thir tr gdm c4c mAu 4m thanh trung gian mién thoi gian, trong d6 k biéu thi chi s6
quang phd ctia mdt mau trong s6 cac miu Am thanh mién quang phd ctia nhém thir ba

hodc thir tur gdm céc mau 4m thanh mién quang pho,
trong d6 —0,1 <¢<0,1,hodc 0,4 <c<0,6,hodc 09<c<1,1,

trong d6 a = 4

M

trong d6 0,9 - n<¢g<1,1" m,

trong d6 M biéu thi s6 luong cac miu 4m thanh mién quang phd ctia nhém thi ba

hoic thir tur gdm céc mau 4m thanh mién quang pho,

trong 46 b = S—A?r—l ,va

trong d6 1,5 <s<4)5.

Trong phuong an, médun giai ma tha nhét 110 dwoc tao ciu hinh dé tao ra it nhat
mdt trong sb nhém thtr nhat gdm cdc mau 4m thanh trung gian mién thoi gian va nhém

thir hai gdm cac mau 4m thanh trung gian mién thoi gian phu thudce vao
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esy(a(m +by) ke +¢,))
trong d6 cs( ) 1a cos( ) hodc sin( ),

trong d6 n biéu thi chi s thoi gian ctia mét trong s6 cac mau 4m thanh trung gian
mién thoi gian ctia nhém thir ba hodc nhém thir tr gdm cac miu am thanh trung gian
mién thoi gian,

trong d6 k biéu thi chi sé quang phd cia m6t mau trong sd cic miu 4m thanh
mién quang phd ciia nhém thir nhét hodc thir hai hogc th ba hodc thir tw gbm cic mau

4m thanh mién quang phé,

trong d6 —0,1 <¢<0,1, hodc 0,4 <c<0,6,hodc 0,9<c<1,1,

trong d6 a =

4
Mﬁ
trong 60,9 -n<¢g<1,1-m,

trong d6 M biéu thi sé lugng cic miu 4m thanh mién quang phd ctia nhém thir

nhit hodc thtr hai hodc thir ba hodc thir tw gdm cac mau 4m thanh mién quang phd,

trong 46 b =%l ,va

trong d6 1,5<s<4;5.

Trong phuong an, modun giai ma thir nhét 110 dugc tao ciu hinh dé tao ra it nhat
mdt trong s6 nhém thtr nhit gdm c4c mau am thanh trung gian mién thoi gian va nhém

thir hai gdm c4c mau 4m thanh trung gian mién thoi gian phu thudc vao
csy(a(m +by)(k+c)))
trong d6 cs,( ) 1a cos( ) hodc sin( ),

trong d6 n, biéu thi chi sb thoi gian ctia mét trong s6 cac mau 4m thanh trung
gian mién thoi gian clia nhém thtr nhat hodc nhém thi hai gdm cic miu am thanh

trung gian mién thoi gian,

trong d6 —0,1 < ¢, <0,1, hodac 0,4 < ¢,<0,6,hodc 0.9 <¢ <1,1,
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M +1

trong do b, =

Theo phuong 4n ¢ =0, hodc ¢ =0,5,hodcc=1, g=n,vas=3.

Thiét lap s = 3 dat dugc dé giam mot cach t6i wu ring cua mién thoi gian trong
khi thiét lap 1,5 <s <4,5 v6i s # 3 dat dugc mot s6 mirc do giam rang cua mién thoi
gian, nhung, nhin chung, khong chi giam nhiéu nhu dbi véi s = 3.

Trong phuong 4n, mddun giai ma thi hai 120 dugc tao ciu hinh dé tao ra it nhat

mdt trong s6 nhém thir ba gdm cdc mAiu 4m thanh trung gian mién thoi gian va nhém

thir tw gdm c4c mau 4m thanh trung gian mién thoi gian phu thudc vao

A —1
R 2 RS VPR C o= i AT+ i
x;(n) = 57 \ X k) ms(ﬁi?z,—i— 3 I%n + 3}\)
fod{) , hoéc
phu thudc vao
Ad -1
ry 2 7o 3+,
T AN = — \ .X 3 { —(n+ ——k]
£ % i S“ oy 3 J(J kY A E j
e , hoac
phu thudc vao
A—1 ) .
iy 2 » = My g, 1Y
Fin) =17 g K (k) sin ( (n+ )k + jj)
Fe==f) , hoac
phu thudc vao
-1 X
A4 -] %
— ) (k+1) )

. 2
#in) =+ E X (k) f;m = »I? -
3

-
trong d6 X!(k) biéu thi mot mau trong sé cac mau 4m thanh mién quang phé cia

nhom thir ba hodc thir tu gdm cac mau am thanh mién quang phd, va, trong dé # (n)

biéu thi gia tri mién thoi gian.
Theo phuong an, mddun giai ma th hai 120 duoc tao cdu hinh dé 4p dung trong

s6 w(n) trén gia tri mién thoi gian 1/(») theo
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5.(n)=w(n)-x/(n)
dé tao ra mau am thanh trung gian mién thoi gian §,(r) ctia nhém thir ba hoac thir

tu gdm cac mau Am thanh trung gian mién thoi gian.
Xét dén bo m3 hoa cua Fig.1b, theo phuong an, w,;, 1a ham ctra sb thu nhét, trong
d6 w,- 12 ham cira s6 thi hai, trong d6 phan ctia ham ctra sb thir hai w,, duoc dinh nghia

theo

Wy (t) = d\/l ~ Werr (k)2 ™ Wiy (M + k)2 5

trong d6 M biéu thi s§ luong cc miu 4m thanh mién quang phd cta nhém thir

nhét hodc thtr hai hodc thi ba hodc tht tu g6m c4c mAu Am thanh mién quang phé,
trong d6 k13 s6 lugng véi 0 <k <M ,

trong d6 d 14 sd thuc,
. L - . L
trong dé t=5+k , hodc trong do t:E—l—k ,

L biéu thi s6 luong cadc mau ctia nhém thir ba hodc nhém thir tw gom céc mau Am

thanh mién thoi gian.

Nhém thr ba gdbm cic miu 4m thanh mién thoi gian bao gdm cac mau 4m thanh
ctia nhém thir hai gdm c4c miu 4m thanh mién thoi gian, va trong d6 moédun ma héa
thir hai 220 dugc tao cdu hinh dé 4p dung ham cira s6 thu nhét we, trén nhém thi tu
gdm cac miu 4m thanh mién thoi gian, va trong d6 moédun ma héa thir hai 220 duoc
tao céu hinh dé 4p dung ham ctra s6 thu hai w, trén nhém thi ba gdbm cic miu am
thanh mién thoi gian. Hodc, nhém thir tu gdm cac mau am thanh mién thoi gian bao
gdm c4c miu 4m thanh cia nhém thir nhat gdm cic mau 4m thanh mién thoi gian, va
trong d6 médun ma hda thir hai 220 dugc tao cAu hinh dé ap dung ham ctra s6 thur nhat
we trén nhém th ba gém c4c mau Am thanh mién thoi gian, va trong dé6 médun ma
hoéa thir hai 220 dugc tao ciu hinh dé 4p dung ham cira sd th hai w,,. trén nhém thir ba

gom cac mau am thanh mién thoi gian.

Theo phuong an, w;; 1a ham ctra s6 thtr ba, trong d6 phan cua ham ctra so thir ba

dugc dinh nghia theo
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Wtrl(tl): d\/l_welt (k)z ™ Weir (M +k)2 >
trong do ¢, :%+k , hodc trong do ¢, =%—1—k ,

trong d6 N biéu thi sd luong cdc mau 4m thanh mién thoi gian cia nhém thir nhit

hodc nhém thir hai gdm c4c mAu 4m thanh mién thoi gian.

Nhém tht ba gdm cac mau 4m thanh mién thoi gian bao gdm cac mau 4m thanh
ctia nhém thir hai gdm c4c miu 4m thanh mién thoi gian, va trong d6 moédun mi héa
thir hai 220 duoc tao cdu hinh dé 4p dung ham cira sb thir ba wy, trén nhém thtr hai
gdm cac miu 4m thanh mién thoi gian. Hodc, nhém thir tw gdm cic mau 4m thanh
mién thoi gian bao gdm cac miu am thanh ciia nhém thir nhit gdm cac mau 4m thanh
min thoi gian, va trong d6 modun ma héa thtt hai 220 duoc tao ciu hinh dé 4p dung

ham ctra s6 thir ba w4 trén nhém thtr nhat gdm cac mau 4m thanh mién thoi gian.
Trong phuong 4n, ham ctra s6 thtr nhat w,;, dugc xéc dinh theo

K

/0y £ o) t+0.5
werl?) = wWagerm?) — E Cp COS (8]‘ T )
k=1 "

trong do

i

( 3 , .5

wiem(t) = 3 by cos (2;;7. o
E=0

)

trong d6 by, by va b, 14 céc sb thuc.

trong d6 0 <¢ <L , va trong d6 K 14 s nguyén duong va trong d6 c; biéu thi sb

thuec.
Theo phuong 4n, K = 3;

0,3<b,<04; -0,6 <b,<-0,4; 0,01 <b,<0,2;

0,001 <¢; <0,03; 0,000001 <¢, <0,0005; 0,000001 < c3<0,00002.

Theo phuong an,
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0,8<d <125 .

2 4096
Trong phuong an cu thé, d = ——.
&P g ' 4061

Theo phuong an thay thé, d = 1.

Tuong tu, xét dén bo giai mi ca Fig.1a, theo phuong 4n, w,;, 12 ham ctra s6 thir
nhét, trong d6 w;, 13 ham cira sd thtr hai, trong d6 phén cta ham ctra s6 thi hai duoc

xac dinh theo

We (t) = d\/l — Wep (k)2 ~ Wer (M + k)2 >

trong d6 M biéu thi s6 lugng cac miu 4m thanh mién quang phd ciia nhém thir
nh4t hodc tht hai hodc tht ba hodc thir tr gdm cac miu 4m thanh mién quang phd,

trong d6 k13 s6 véi 0 <k < M , trong d6 d 1a s thuc,

trong dé t=§+k , hoac trong dé tz%—l—k ,
L biéu thi sb luong cac mau ctia nhém thir ba hodc nhém thir tw gém cac mau Am

thanh trung gian mién thoi gian.

Bo chong ldp-cong 130 dugc tao ciu hinh dé chong lap-cong it nhit nhém thu
hai gdm c4c mAu 4m thanh trung gian mién thoi gian véi nhém thit ba gdm cac mau
am thanh trung gian mién thoi gian, trong d6 modun giai ma thir hai 120 dugc tao cdu
hinh dé tao ra nhém thr tr gdm c4c mAu 4m thanh trung gian mién thoi gian phu thudc
vao ham cira s6 thir nhéat we, , va trong d6 modun giai ma thir hai 120 duoc tao cau
hinh dé tao ra nhém thir ba gdm cdc miu 4m thanh trung gian mién thoi gian phu
thudc vao ham ctra sb thr hai w,, . Hoac, bd chéng lép-céng 130 dugc tao cdu hinh dé
chdng 14p-cong it nhit nhém thir tw gdm cic miu 4m thanh trung gian mién thoi gian
v6i nhém ther nhit gdm cic mAu 4m thanh trung gian mién thoi gian, trong d6 modun
giai ma thtr hai 120 duoc tao cu hinh dé tao ra nhém tht ba gém c4dc mau Am thanh
trung gian mién thoi gian phu thudc vao ham cua s6 thu nhat we,, va trong d6 modun -
giai ma thir hai 120 duoc tao cu hinh dé tao ra nhém tht tu gém c4ac miu Am thanh

trung gian mién thoi gian phu thudc vao ham cua so6 thtr hai wy,.
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Theo phuong éan, trong dé w,q 1la ham cua s6 tht ba, trong do phén cua ham ctra

s6 thir ba dugc dinh nghia theo

Wtrl(tl): d\/l_welt(k)2 _welt(M +k)2 >
trong do ¢, =—]2\£+k , hodc trong do ¢, =%—1—k ,

trong d6 N biu thi sb luong cic miu 4m thanh trung gian mién thoi gian cua

nhém thtr nhit hodc nhém tht hai gdm cic maiu 4m thanh trung gian mién thoi gian.

Bo chdng 1ap-cong 130 duge tao cdu hinh dé chdng lap-cong it nhit nhém thir
hai gdm c4c miu 4m thanh trung gian mién thoi gian véi nhém thit ba gdm cac mau
a4m thanh trung gian mién thoi gian, va trong d6 modun giai ma thi nhat 110 duoc tao
cAu hinh dé tao ra nhém thir hai gdm c4c mau am thanh trung gian mién thoi gian phu
thudc vao ham ctra s6 thit ba w,; . BO chéng lép-ccf)ng130 duoc tao cu hinh dé chéng
1ap-cong it nhit nhém thi tw gdm cac miu Am thanh trung gian mién thoi gian voi
nhém thtr nhit gdm cac miu Am thanh trung gian mién thoi gian, va trong d6 modun
gial ma th nh4t110 duoc tao cdu hinh dé tao ra nhom tht nhét gém cic mau am thanh

trung gian mién thoi gian phu thudc vao ham ctra s6 thr ba w,,q .
Trong phuong an, ham ctra s6 thtr nhét w,;, duoc xac dinh theo

K

. o s t+0.5
Weylt) = W3kerm () — § :Ck o (&kﬁ L )’*
k=1

trong do

o , t+41.5
Wigerm(t) = E by C(}S(Ekﬁ» 7 )_.

k=0

7

trong do by, by and b, 1a céac sb thuc, trong d6 0 <t <L, va trong d6 K 1a sb

nguyén duong, va trong do ¢, biéu thi s thuc.
Theo phuong an, K = 3;

03<b,<04; 0,6<b;<-04; 0,01 <h,<0,2;
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0,001 <¢; £0,03; 0,000001 < ¢, <0,0005; 0,000001 < ¢35 <0,00002.
Trong phuong én,
0,8<d<1,25 .

Theo phuong 4n, d = 4061 .
4096

Trong phuong an thay thé, d = 1.

Xét hé théng cua Fig.1c, theo phuong 4n, bd giai ma 320 cta hé thong sir dung

ham ctra s chuyén tiép

4061 <d< 4061

<d< , va
4097 4095

Wy (t) = d\/]' Wi (k)z — Weit (M + k)2 voi

bd mi hoéa 310 cia hé thong st dung ham ctra s6 chuyén tiép

2 .. 4095 4097
w, (t)= d\/l—weh(k) —Wdt(M+k)2 Vo1 1061 <d< 2061

Theo phuong 4n cu thé, bo giai ma 320 ctia hé théng str dung ham cira sé chuyén

tiép

W, (t) = d\/l - W, (k)2 — W, (M + k)2 vol d = % ,va

b6 mi héa 310 cta hé théng st dung ham ctra sd chuyén tiép

4096

Wt/‘(t)zd\/l_welt(k)z _welt(M+k)2 Vél d = 4061

Theo phuong 4n, bd giai mi cia Fig.1a duoc tao cdu hinh dé nhan thong tin giai
ma biéu thi liéu phin cta nhiéu miu 4m thanh mién quang phd s& dwoc giai ma boi
modun gidi ma thi nhét 110 hodc bdi mdédun gidi ma th hai 120. B0 giai ma duoc tao
cAu hinh dé giai ma phan d4 néu cua nhiéu mau am thanh mién quang phd bang cach
sir dung hodc moédun giai ma thir nhat 110 hodc modun giai ma thir hai 120 phu thudc
vao théng tin giai ma dé thu dugc nhém thir nhét hodc thir hai hodc thir ba hodc thi tur

gdm cic mau 4m thanh trung gian mién thoi gian.

Trong phuong 4n, trong d6 bo giai mi duoc tao cau hinh dé nhan bit thir nhat va
bit thir hai, trong d6 bit thir nhat va bit thir hai cing c6 td hop gia tri bit thi nhét, hoic
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t6 hop gié tri bit tht hai khac véi t6 hop gia tri bit thit nhat, hogc t6 hop gi tri bit thi
ba khac v6i td hop gié tri bit thir nhit va thir hai, hoic t6 hop gi4 tri bit thir tr khéc v6i
t6 hop gié tri bit thir nhit va thir hai va thir ba. Hon nita, bd gidi ma dugc tao cau hinh
dé giai md phan cta nhidu mau 4m thanh mién quang phd phu thudc vao ham Kaiser-
Bessel bang cach st dung moédun giai ma tha nhit 110 dé thu dugc nhém thu nhét
hodc thtr hai bao gdm c4c mAu am thanh trung gian mién thoi gian, néu bit thir nhat va
bit thtr hai cing ¢6 t6 hop gié tri bit thir nhat. Hon nita, bo giai ma duoc tao ciu hinh
dé giai ma phan cta nhiéu miu 4m thanh mién quang phd phu thudc vao ham sin hosc
ham cosin bang cach st dung médun giai mi thir nhat 110 ¢ thu dugc nhém thir nhat
hodc thtr hai bao gdm c4c mAu am thanh trung gian mién thoi gian, néu bit thir nhat va
bit thir hai ciing ¢6 t& hop gié tri bit thir hai. B6 giai ma dugc tao céu hinh dé giai ma
phan ctia nhiéu miu 4m thanh mién quang phd bang cach sit dung mddun giai ma thir
nhit 110 dé thu dwoc nhém thir nhat hodc thir hai bao gdm cdc mau am thanh trung
gian mién thoi gian, néu bit thir nhit va. Hon nita, bd giai ma dugc tao ciu hinh dé giai
mé phin d4 néu ciia nhidu mau 4m thanh mién quang phd bang cach st dung mddun
giai ma thur hai 120 dé thu duoc nhém tht ba hoidc tht tu bao gﬁ”)m cac mau Am thanh

trung gian mién thoi gian, néu bit thir nhit va bit thir hai cing c6 t6 hop gia tri bit thir

tu.

Céac phuong an cu thé s€ dugc mo ta chi tiét.

Céac phuong an cung cap bién doi dugc chong kéo dai cai bién, ma dugc mo ta
sau day.

Pé hiéu chinh van d& khoi phuc hoan hao trén Fig.5 (a) bang cach dat phép hiiy
bé TDA (TDA cancelation - TDAC) hoan chinh ciing trong vuing OLA 3 phan chuyén
tiép, mot cap bién ddi nén dugc tai dinh nghia nhu trong phép d6i xtng TDA b sung
cac phép nay cia nhom khéc, vi du, nhu trong Fig.5 (b), va Fig.5 (c).

Cu thé, Fig.5 minh hoa sy chuyén tir MLT dén ELT véi cac phép bién doi
chuyén tiép, trong d6 Fig.5 (a) thé hién su khoi phuc khong hoan hao khong chinh x4c,
trong d6 Fig.5 (b) thé hién sy khoi phuc hoan hdo mong muén, va trong d6 (c) minh
hoa MLT qua ELT mong mubn.
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Hon nita, tuong tu, Fig.6 minh hoa su chuyén dbi tir ELT sang MLT véi cac
phép bién d6i theo phuong an.

Vi mong mubn trénh cac thay d6i dén MDCT dang c6 va thuc thi MDST, tap
trung dugc dit trén ELT. Hon nita, dé dé dang thu duoc phép chuyén tiép khéi phuc
hoan hao va c4c ctra sd trang thai tinh cho tit ca bién ddi, theo biéu thirc phén tich
mong mudn.

Thir nhét, cai bién cho sy thay dbi cia ti 1& chong 14p theo phuong an duoc mé
ta.

Pé cho ELT twong thich TDA mong muén véi MLT, sy thay ddi pha theo thoi
gian dugc thay thé trong ham co ban cia né:

L—1

n=0 (4)

trong dé k, cs dugc dinh nghia nhu d6i voi cong thirc (2) va ELT nghich dao (1),

st dung X/, dugc twong thich theo do. (nhu cs( ) trén d6 ¢ thé 13 cos( ) hodc sin( ) ).

Nhu duoc giai thich trén day, vi du, bang cach thay ddi cac cong thirc (2¢) — (2j)
bang cach thiét 1ap N = L (vi du, ddi v6i cong thirc phan tich (2c), (26), (2g) va (21)) va
bang cach thiét 14p 0<n < L (vi du, ddi v6i cong thirc tong hop (2d), (2f), (2h) va (2j)
), thu dugc cong thirec ELT va cong thirc ELT nghich déo.

Ap dung khéi niém ctia cong thirc (4) trén cac cong thirc ELT va ELT nghich dao
dan dén cac cong thic (4a) — (4h) thé hién cac phuong an vé phép bién d6i mé rong
duoc cai bién (modified extended lapped transform - MELT) theo sang ché. Phuong
4n cu thé cua cac cong thuc (4a) — (4h) nhan biét phép bién ddi dugc chong véi ti 16
chong 1ap 75%:

MELT duoc diéu bién cosin vé phia trudc, loai 4, bay gio dwoc dé cap dén nhu

MECT-IV:

S

Noly =3 ain) ma‘;[’: Z(n+—==){k+5)]
n =0 ) ’ (4a)

-49-



34102

MELT dugc diéu bién cosin nghich déo, loai 4, bay gio duoc dé cap dén nhu
IMECT-IV,n<L:

L!w]

4 AT+l s - 150
rr"'""“ ’ (4b)

MELT duoc diéu bién cosin vé phia trudc, loai 2, bay gio dugc dé cap dén nhu

MECT-II:

b1
Xi(k) =Y #i(n) cos( Z (n + 2 k)
¥ . LT A £ s /
7p ==kl (40)

MELT duoc diéu bién cosin nghich déo, loai 2, bay gid duoc dé cap dén nhu
IMECT-II, n < L:

Ad -1
#n) = ; 1 &) ut:}s{ﬁg?z — 12—}&}
— _A _. )

MELT dugc diéu bién sin vé phia trudce, loai 4, bay gid dugce dé cap dén nhu
MEST-IV:

L1

Xk = 5 Tl s;ﬁ(?@i\?’z + =) {_i;-: + .ﬂ)
n=>0 ’ (43)

MELT duoc diéu bién sin nghich dao, loai 4, bay gid duoc dé cip dén nhu
IMEST-IV, n < L:

Ad -1 . ;

2 ' ® 3+ f Iy

Hiny==S" X!k am{—{: + 22 (k42
F E il & i f Z o =

P ‘ (41)

MELT dugc diéu bién sin vé phia trudce, loai 2, bay gio dugc dé cap dén nhu
MEST-II:

=1
Xitk) = 3 aslm)sin( 57 (n+ 252) (k + 1))
n=0 (4g)
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MELT duoc diéu bién sin nghich ddo, loai 2, bay gid dugc dé cap dén nhu
IMEST-II, n < L:

A —1
f =1-

2 ¢ 32 ‘5 W4
) = = z X! aﬁusm(—nz—“"‘ 1k + }})
o0 (4h)

biminy

(2]

Mot s6 phuong an cung cip thiét ké cira sb thich hop cho phép chuyén tiép tir
MLT thanh ELT va to ELT thanh MLT, ma dugc mo ta nhu sau.

C6 thé thay rang, nhu Fig.5 chi ra, 4 phan tu ctia cic ctra s6 MLT va ELT chuyén
tiép dua trén viéc tao trong s6 trang thai tinh tuvong tng, véi phan tu thir nhit va/hoic

thir tw duoc thiét 1ap vé 0 va cac phan tu gidi han duoc mo ta boi

we(t) = / 1 — wer (k)2 — wen (M + k)2, )

trong do ¢ =§+k dé chuyén ddi nhu trong Fig.5 hoic t:—g_l_k dbi véi su

chuyén tiép ELT thanh MLT nguoc. Sir dung cong thic (5) dé thu dugc cac phan tu
giéi han 511, 512, 521, 522 (dugc thé hién trén Fig.5) va cic phan tu gi6i han 631, 632
(duoc thé hién trén Fig.6) cho ca trong s6 chuyén tiép ELT va MLT hoan thién dinh
nghia cua cac ctra sb chuyén tiép, chi dé lai su lya chon ham trang thai 4n dinh.

Pinh nghia hoan thién cua cira s6 chuyén tiép cho su chuyén tiép chdng dugc mé
rong cua cac cong thuc (5) s& vi du, duoc dinh nghia nhu ctra s6 (M)ELT trong
phuong trinh (5a) cho su chuyén tiép c6 ti 1& chong lap tir 50 dén 75%:

0. 0<n<M
A Wep {72, M<n<N
Wy Jl,m% = £ 77 %0 71 SR ORT - 3 7
dy/ 1—we (kP —we (MAR)*, N <n < 3M
wen(72) SM=n<L

(52)
Déi véi cira s6 (M)ELT dbi v6i cac chuyén tiép c6 ti 1é chong 1ap tir 75 dén 50%,
dinh nghia s€ la dinh nghia cua phuong trinh (5a), nhung wy, s€ nguoc theo thoi gian.
Theo phuong trinh (5a), d c6 thé, vi du, 12 bat bién, vi du, 14 s6 thuc.

Trong cac phuong trinh (5) va (5a) we(n) c6 thé, vi du, biéu thi cira s6 danh cho

phép bién d6i chong duoc mé rong, Vi du, cirasd bién ddi chéng dugc maé rong clia
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tinh trang k¥ thuét (xem gia dinh cua cira s6 dugc dinh nghia béi cc cong thirc (16) —
(19) trong tai liéu tham khao [11]: S. Malvar, “Modulated QMF Filter Banks with
Perfect Reconstruction,” Electronics Letters, vol. 26, no. 13, pp. 906-907, June 1990).

Hodc, trong cac phuong trinh (5) va (5a) wey(n) ¢6 thé, vi du, 13 ctra s6 bién ddi

chdng duoc mé rong mai, theo sang ché nhu dinh nghia trong cong thirc (8) duéi day.

Trong cac phuong trinh (5) va (5a), L 1a sb, vi du, biéu thi kich thudc cta cira s6
ELT. N'1a s6 bidu thi kich thudc ciia cira s& MLT. M 13 s6, trong d6, vi du, M = % .

Trong cong thic (5a) n 13 s6, vi du, trong pham vi 0<n<L.kla sd.
Trong céc cdng thuc (5) va (5a), k dugc dinh nghia trong pham vi 0<k <M .

Sau day, cac cira sd bién dbi duoc chéng khdi phuc hoan hao trong théi tinh theo

céc phuong an dugc mo ta vién dan dén Fig.7.

Fig.7 minh hoa c4c thiét ké ctra sb khoi phuc hoan hao, trén Fig.7 (a) ddi véi
MLT, trén Fig.7 (b) d6i véi ELT, va trén Fig.7 (c) d6i voi cac phép chuyén tiép theo

cac phuong an.

Mot vai cira s& MLT b sung ning luong (power-complementary - PC) bét budce
diéu kién duoc goi 12 Princen-Bradley ddi v6i su khoi phuc hoan hao (xem [2]) da
duoc ghi chép. Fig.7 (a) md ta hinh dang va cac ham chuyén liy mau hon twong tng
clia cac ctra sd duoc st dung trong cac bd ma héa-giai ma 4m thanh MPEG (xem [5],
[7]), sin MLT (xem [3], [11]) va cac ctra s6 dugc suy ra tir Kaiser-Bessel (Kaiser-
Bessel derived - KBD) (xem [23]). Ciing duoc thé hién nhu ham bd sung ning luong
trong [24], hinh dang ctia ham nay tuong tu véi hinh dang cua cua s6 KBD nhung,
nhu duoc luu ¥, thé hién cac mirc bup séng bén (gan trudong) thir nhit thap hon. Cubi
cung, cira sb sin cho cac chidu dai khung kép, nhu dugc sir dung trong trudng hop
SBR ti 1& gép doi, déng vai trd nhu vién din va minh hoa rang cira s6 dai hon c6 thé

giam déng ké ca bang tan qua va muc bang ding.

Mot cach 1y tuong, ctra s6 ELT, phai chiu cac rang budc khoi phuc hoan hao cua
cong thic (3), nén the hién phan hoi tan s6 c¢6 the so sanh véi phan hoi tn s6 cua cua

s0 sin ¢é chiéu dai gap doi, nhung c6 thé quan sat thay, do cac han ché khoi phuc hoan
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héo, chidu rong bup séng chinh c6 thé chi dugc giam thiéu héa bang cach cho phép it
suy giam bip séng bén. Cira s6 cia Malvar [11] véi p=1, vi du, d3 duoc tim ra 1 c6
chiu rong bip séng chinh kha thi thdp nhét trong s tat ca thiét ké ELT nhung ciing
¢6 mic bang ding cao khong nhu mong mudn, nhu dugc thé hién trén Fig.7 (b).
Puong bién theo thoi gian ciia cira sd nay 1a khong lién tuc (vi cac mau vuot qua viée
mé rong ctra sd dugc cho 1a bang 0), din dén viéc suy tan bup séng bén chi c6 —6
dB/quang tam (xem [24]) va céac thanh phan la khung trong thi nghiém cia ching t6i.
Temerinac va Edler (xem [16]) da thé hién phuong phap thiét ké dé quy, ma ho da sir
dung dé thu dugc ctra s6 ELT ciing dugc thé hién trén Fig.7 (nén luu y rang gia tri —
0,038411 thiéu trong cot “L=4N" trong bang 1 ciia ho). Ctra s6 ndy, ma cé thé dugc
1am gan dung boi phuong trinh cia Marvar véi p=0,14, cung cAp nhidu hon nhung van

13 su suy giam bing dirng hoi yéu.

Pang luu y rang, doi véi for p=1, cong thuc cua Malvar cd thé dugc cai bién

thanh ky hiéu tuong tu v6i cira s6 Hann:

_ = t+0.5 .
wp=1(t) = ag — 0,5 cos (27 CT ) L =47,

(6)
d6i voi 0<7< L biéu thi cac miu theo thoi gian ctia ctra s6 va a, =27°'* duoc

chon dé tang cudng rang budc khoi phuc hoan hao (xem [11], [12], [13], [14]). Bing

truc giac, ham vdi sy suy gidm bup séng bén nhiéu hon nhu

3
; 2 : 13 N
?;’f},t@yﬁ} {f\} — g}k‘ COS (2!}: " —?'L ) . b] — _O.:) .
k=0 (7)

vGi by >0, ma co thé duge st dung dé suy ra ctra s6 cia Blackman (xem [24]),
duong nhu cling c6 thé 4p dung. That khong may, c6 thé thdy rang sw khdi phuc hoan
hao khong thé dat dugc vé6i 16p ctra sd nhu vay khong xét dén gia tri b.

Tuy nhién, theo cic phuong 4n, nhiéu thuat ngit dwoc bo sung.

Theo cac phuong an, we(¢) duoc cung cap:
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K

i 5 i S * f'f’{i,i
Werel?) = Wigerm () — E Cp COS (8!{?? ‘T )
k=1 A (8)

v6i by nhu trén, hinh dang thu dugc cho bat ki su lua chon nao cua b5 K 6 thé
duogc hiéu chinh dé su khoi phuc hoan hao thu duogc tly ¥ mot cach gan nhit. Cu thé,
gan dich muc bang dimg thdp va chiu, thém vao d6 cac diéu kién khoi phuc hoan hao,
su han ché ctia @ nghiéng cira s6 nira bén tréi bao toan thir tu va, tir d6d6 nghiéng cira
s6 nira bén phai phan thir tw, phép khoi phuc hoan hao ¢ thé duoc 1am gin ding véi
sai s& dudi 4-107° béng cach stt dung K = 3, b, = 0,176758 va, phu thudc vao cac gia
tri nay, by = 0,3303 va

¢ = 0,023663, ¢ = 0,0004243. ¢35 = 0,00001526. o)

Ham ctra s ELT nay, duoc mo ta trén Fig.7 (b), it bi gian doan tai duong bién
ctia minh hon 1a cac dé xut cta [11] va [16] va, két qua 13, cho phép muc tir chdi bup
song bén twong tw nhur ctra sb sin chiéu dai gip d6i ctia Fig.7 (a). Pdng thoi, bup séng
chinh ctia cira s6 nay duy tri hep hon bip séng chinh cta ctra s6 sin MLT. Thd vi 13,

ctra s6 nay cling giéng cira s6 sin MLT & hinh dang.

Fig.7 (c) minh hoa hinh dang quang ph va thoi gian cia cac cira sb chuyén tiép
MDCT/MDST va ELT, dua trén thiét ké b6 sung nang luong ciia [24] va we st dung
cong thic (8) va (9), va, dé so sanh, cira s bét dau chidu dai gip d6i ctia AAC.

Céc phuong 4n st dung phép tao cira s6 chuyén tiép ELT song truc giao chung.

Phuong trinh (5) chi 16 bang cach nao phin tu giéi han cia cira sb phép bién ddi
chong duoc mé rong (extended lapped transform - ELT) 4M d6i véi cac chuyén tiép tir
phép ma héa MLT thanh ELT hodc phép ma héa tir ELT thanh MLT c6 thé duoc xé4c
dinh.

Trong céc phuong 4n, phuong trinh (5) dwoc diéu chinh bang phép nhan vdi hing

s6 d (xem, vi du, cong thirc (5a)) nhu sau:

W, (6)= dyT=wy, (k) —wy, (M +£) ,  (10)
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voi k=0, 1, ..., M=1 va ¢t nhu dugc dinh nghia sém hon st dung ca &k va L. Diéu
nay cho phép phuong phap duoc goi 1a song truc giao dbi vdi phép tao cira sé chuyén
tiép ti 16 duoc chuyén, trong d6 cac phan tu cira sd téi han khac nhau cé thé duoc st
dung cho cc phép bién ddi phan tich va téng hop. Cu thé hon, dé dat dugc TDAC va
sau do phép khoi phuc hoan hdo, wy(z) cd thé st dung d = d' trén phia (b0 ma hda)
phan tich, va trén phia (bo giai mi) tong hop, wy(f) c6 thé ap dung phép nghich dao,
tic 14, d = 1/d’. Cho cira s6 ELT trang thai tinh cu thé welt, tot hon 13 suy ra thong qua
cac phuong trinh (8) va (9) & ddy, d' dugc xéac dinh tot hon 14 trén ca hai nghién ciru.

Tét hon 13, dé xac dinh @', phuong trinh (10) dugc chon dé tao ra, trong sudt
phép chuyén ti 18, ca déng gbép phd ti wu ciia cac clra s6 phan tich va suy giam dau ra
t61 da khi giai ma.

Pé dat dugc dic tinh quang phd t6i wu ciia cira sd phan tich, mot sé phuong an
dat duoc lvong kha thi nhé nhét chiéu dai bup séng chinh va lugng kha thi manh nhét
suy giam bup séng bén trong cira sd phén tich dé tdi da héa phép nén quang phd dic
biét ctia tin hiéu 4m thanh séng hai tinh. Cho cira sd we; trang thai tinh di duoc tdi vu
cho muc dich nay, c6 thé thiy ring diéu nay c6 thé dat duoc trong wy, bing cach tranh
gian doan tai bién giira bdn phén tu cira s6. Chinh xac hon, béng cach chon d' sao cho
gia tri t61 da cta wy(f) trong (10) bang gia tri t6i da cia wey(n) véi n =0, 1, ..., L-1,

nhay vao hinh dang ctra s6 tam thoi ¢6 thé duoc tranh hoan toan.

Do d6, trong phuong an, d’ ¢6 thé phan xa ti 1¢ gitra hai cuc dai, ma trong trudng

hop cia cac cong thire (8) va (9) c¢6 thé duoc 1am gan dung bang
'=4096/4061 —  1/d'=4061/4096.

Theo phuong 4n, dat dugc suy giam dau ra tdi da theo phép tao cira sb tong hop.
Pé nén d6 méo mién quang pho trong phép ma héa am thanh, duoc dua ra bdi phép
lwong tir héa clia cac ngdn bién ddi, nhiéu nhat ¢ thé, nd cé thé cé ich dé giam dang
séng dau ra trong sudt quy trinh tao ctra s6 tong hop trude quy trinh OLA cang nhiéu
cang t6t. Tuy nhién, do cac yéu cau khoi phuc hoan hao/TDAC, suy giam manh bdi
ctra s6 khong kha thi vi phuong phép nay s& két xuét cira sd phén tich bd sung bét loi

vé hiéu qua. C6 thé thay ring su chénh léch tt gitta ddc tinh cta s t6t va suy giam

-55-



34102

dau ra phia bd giai ma cé thé chap nhan duoc cé thé thu dugc bang cach chon mot 1an
nira
1/d'=4061/4096 —  d'=4096/4061.

Néi cach khac, ca phurong phép t6i ru hoa cho wy t6t hon 14 din dén gia tri gidng

nhau la d".

Céc vi du cho phép bién ddi da duoc cung cép, vi duy, tinh trang k¥ thuat cua cac
cong thirc (2a) — (2j) hoic phép bién ddi méi, theo sang ché cua cic cong thirc (4a) —

(4h).

Vi du vé cira sd chuyén tiép ciia phuong trinh (10) theo phuong 4n 13, vi du, duoc

cung cép trén day boi phuong trinh (5a).

Fig.10 minh hoa cé4c ctra s6 phén tich twong tng theo phuong an nhu dugc mo ta

trén day.

Tuong tu, Fig.11 minh hoa céc cira s6 tong hop twong tmg theo phuong 4n nhu

duoc mo ta trén day.
Sau day, phép lya chon ti 1¢ chéng Iép thich Gng dau vao dugc md ta.

Phuong phdp ma hoa chuyén doi dugc cung cap trén day, vi du, st dung ctra s
dugc cung cap trén day, cd thé dugc tich hop vao by ma hda gidi ma bién doi. Viéc
khong ké dén nhitng di€u khac nay xac nhén lgi ich chi quan dugc mong doi vé dau

vao am. Doi vai cac 1y do ngédn gon, chi cac khia canh cao cap dugc md ta.
Béan mo ta va phép bién doi tong hop cua bd gidi ma dugc xem xét.

Bit thém, viéc 4p dung tao tin hiéu ctia ELT, duoc nhan mdi kénh va/hoic khung
trong d6 phép bién ddi dai (khong chuyén ddi khdi) da duoc sir dung boi bd mai héa.
Trong trudng hop ma héa MPEG hinh dang cira s0, bit ¢ thé duoc tai st dung cho
muc dich nay (vi du, “0” nghia 1a: MLT sir dung ctra sb cua tai liéu tham khao [23]
hodc cua tai liéu tham khao [24] dugc st dung, vi dy, “1” nghia 1a khai niém ELT cda

cac phuong an dugc st dung).
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Dua trén bit nay va chudi ctra sb (chiéu dai bién dbi va loai) ca khung hién thoi
va khung cubi cling, b giai ma c6 thé giam va 4p dung phép bién ddi chong nghich
dao st dung ti 18 chong va cira s6 ding, nhur mb ta trén day.

Vi du, bit thém cé thé biéu thi, liéu bd ma hoa cé thé chuyén gitta MLT va ELT
khong. Néu bit thém biéu thi ring bd ma héa cé thé chuyén gitta MLT va ELT, bit
dang cira sd dugc tai sir dung dé biéu thi lieu MLT hodc ELT duogc sir dung, vi du, d6i
v6i khung hién thoi.

Bay gid, bo phat hién ELT va phép bién d6i phan tich ctia bd mi héa duoc xem
xét.

B6 ma hoéa, ap dung va truyén su lya chon MLT/ELT kénh trude/khung sao cho
bd ma hda va bd gidi mi duoc dong bd hoa, cé thé phat hién cac khung séng hai tinh
bang cach tinh todn phan du phép ma héa du béo tuyén tinh (linear predictive coding -
LPC, vi du tht 16) ctua d4u vao, nhu duogc thuc hién trong bd ma hoa tiéng noi (xem

[25]).

Bo mi héa, vi du, suy ra tir 46 cac d6 phang theo thoi gian f,nhu ti 1¢ gilra nang
lugng du cia khung hién thoi, véi do tinh duge chirala f, < % . Hon nita, bd ma hoa,
vi du, suy ra tir 46 d6 phiang quang phd fs, ciing dugc biét dén nhu entropi Wiener,
thu duoc tir phd nang lwong DFT ciia phan du dugc ndi chudi ctia khung tiép theo, vé6i
am diéu cao dugc biéu thi boi f5< é .

Sau day, cac khia canh khac cua phép bién ddi chong duoc md rong cai bién
(Modified Extended Lapped Transform - MELT) theo mdt s6 phuong 4n dwoc dé xuat.

Cu thé, mb ta chi tiét ctia cac khia canh thyc thi cia phuong an duoc wu tién hé
théng ma héa 15i tich hop MELT c6 thé chuyén thanh 4m thanh 3D MPEG dugc dé

xuét.

Dau tién, bd giai m4, thong sb k§ thuat va phép bién ddi tong hop theo mot sb

phuong an dugc mo ta.
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Thanh phan ca phap mot bit toan cuc, vi du, duoc goi 13 use melt extension,
duoc dua vao céu hinh dong cua thong sé ky thuat cd phap thanh phan kénh don
(single-channel element - SCE), thanh phan cap kénh (channel-pair element - CPE) va,
mot cach tuy chon, thanh phin ning cao tdn sb thip (low-frequency enhancement
element - LFE). Diéu nay c6 thé dat dugc bang cach dat use melt_extension vao bang
mpegh3DACoreConfig() clia vin ban tiéu chuin. Khi dong bit da cho c¢é dic diém
use_melt_extension = 0, bd giai mi 18i hoat dong bang cach MPEG-H théng thuong
nhu duoc chi ra trong tinh trang k¥ thuat. Piéu nay c6 nghia chi cic MDCT (hodc
MDST, trong trudng hop chuyén hach dugc kich hoat trong khung/kénh, xem [28], cu
thé, xem phén cudi doan 4, Discrete Multi-Channel Coding Tool, cua tai liéu tham
khao [28]) vdi ti 1& chdng lap bién d6i 50% duoc cho phép, va khong c6 han ché nio
vé window_sequence (chi dai, bat dau dai, tam ngén, dung dai, bat dﬁu-dirng) va
window_shape (sin hoac KBD). (Trong [28], bd chuyén dbi phd-thoi gian chuyén gitra
cac hach bién ddi ctia nhém thir nhat gdm céc hach bién ddi véi mét hodc nhiéu hach
bién ddi c6 phép ddi ximg khac nhau tai cic phia ctia hach, va nhém thir hai gdm cac
hach bién ddi véi mot hodc nhiéu hach bién dbi c6 phép dbi xung giéng nhau tai cac

phia cua hach.

Tuy nhién, khi use_melt_extension = 1 trong dong bit, ¥ nghia cta thanh phan
window shape mot bit mdi khung di véi cac khung/kénh véi window sequence “chi
dai” 6t hon 1a duoc cai bién, nhu di duge md ta trude dé (0: MDCT / MDST st dung
ham cira s6 KBD hién c6 v6i a = 4 (xem [23]), 1: MELT véi ham cira s6 welt duoc dé

xuét trong day).

So d6 khéi dang gian luge ciia bd giai ma 2 dé giai ma tin hiéu am thanh duoc
mi héa 4 duoc thé hién. Bo giai ma bao gdm bo chuyén ddi pho-thoi gian thich tng 6
va bo xr Iy chong 14p-cong 8. BO chuyén dbi phd-thoi gian thich tmg chuyén dbi cac
khéi lién tiép gom cac gia tri quang pho 4° thanh cac khéi lién tiép gbém cac gid tri thoi
gian 10, vi du, qua phép bién ddi tan sé thanh thoi gian. Hon nita, bd chuyén ddi pho-
thoi gian thich tng 6 nhan thong tin diéu khién 12 va chuyén, phan hoi lai thong tin
diéu khién 12, gita cac hach bién d6i cia nhém thir nhit gdm cac hach bién d6i bao
gdm mdt hodc nhiéu hach bién dbi ¢ cac ¢ cac phép dbi xtmg khac nhau tai cac phia
cua hach, va nhém thi hai gém cac hach bién ddi bao g@)m mdt hodc nhiéu hach bién
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dbi c6 cac phép ddi xung gidng nhau tai cac phia ctia hach bién d6i. Hon nita, bo xir 1y
chdng 14p-cong 8 chdng l4p va cong cac khéi lién tiép gdm céc gia tri thoi gian 10 dé
thu dugc cac gid tri &m thanh dugc giadi ma 14, ma cd thé 13 tin hiéu 4m thanh duoc
g1a1 ma.

C6 ba 1y do cho thiét ké nay. Thi nhét, vi chi c6 mot ham cira s6 mong mudn cho
MEL trang thai dn dinh, va khong c6 cira s6 ELT duoc suy ra tir ham Kaiser-Bessel ¢6
trong tinh trang k¥ thuat, bit window_shape cho cac khung/ kénh “chi dai” va MELT
duoc kich hoat c6 thé duge xem nhu qué han va, do dd, khong can thiét vi gia tri cua
minh (khi duoc hiéu nhu dinh nghia trong tinh trang k¥ thuat) can duoc 1o di.

Thtr hai, viéc sit dung phép ma héa MELT trong khung/kénh ma khong “chi dai”
khéng duoc hd tro - chudi tiam MELT ngin thay cho cac MDCT/MDST, vi du, 13 kha
thi nhung 1am phuc tap cong nghé chuyén khéi va va phan tac dung tir diém nhin cam
quan, vi d6i tuong cta “tam chudi ngin” duogc t6i da do phan giai mi hoéa theo thoi

gian).

Thir ba, da dugc phat hién bdi cac tac gia réng khung/kénh ma cua sb sin tao ra
chét lugng m3 héa tét hon cira s6 KB, trén phan tin hiéu dau vao da cho, giup ich
nhidu hon tham chi tir thiét ké ELT dugc dé xut khi duoc kich hoat trén phén tin hiéu
tuong tu. N6i cach khac, cac MDCT/MDST vé1 window _shape "sin” phu hop véi
hodc tham chi lam tdt hon mot cach chu quan boi sy dé xuét ELT trén cac phan doan
dang séng trong d6 chung, 1an lwot, lam t&t hon mot cach dang ké phép mi hoa
MDCT/MDST mi héa v6i window shape "KBD”. Do d6, bang cach tai sit dung va tai
chi ra bit window shape hién thoi khi window sequence la “chi dai” va
use_melt_extension = 1, phan du dugc tranh toan bd, va khong cé thém céac bit mdi
khung can cho viéc tao tin hiéu liéu viéc chuyén thanh hodc tr MELT duoc str dung
cho khung/kénh da cho.

Déi v6i cac dong bit v6i use melt extension =1, phép giai ma 16i MPEG-H mién
tan s (frequency-domain - FD) duoc thuc hién nhu thuong, ngoai trir phép bién dbi
nghich dao va cac quy trinh chong 1ip va cong ( overlap-and-add - OLA) ma dugc

thuc hién nhu sau.
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Déi voi cac khung/kénh v6i window sequence = "chi dai" va window shape = 0
(KBD), hodc v&i window sequence # "chi dai" va bat ky phép bién dbi nghich dao
theo khung window_shape, phép tao cira sd tong hop, va OLA dugc thuc hién nhu chi
16 trong tidu chudn 4m thanh 3D MPEG-H, ttc 13, ISO/IEC 23008-3:2015, ménh dé
phu 5.5.3.5.1, va ISO/IEC 23003-3:2012, ménh dé phu 7.9.

Tuy nhién, tinh dén thoi gian chd tao cira sd ting cia MELT c6 thé chuyén, dau
ra clia phan doan dang séng mdi khung 13 két qua tir buée OLA bi lam tré mot khung.
Diéu nay c6 nghia 13, vi du, ring khi khung d4 cho 13 khung thi nhat trong dong, dang

song bang 0 dugc xuat ra.

Péi v6i khung/kénh véi window sequence = "chi dai" va window shape = 1
(truGc d6: sin), phép bién d6i nghich dio duoc thuc hién sir dung coéng thic cho
MELT duoc d& xuit trong ddy, ma twong dwong véi phuong trinh di cho trong
ISO/IEC 23003-3:2012, ménh dé phu 7.9.3.1 ngoai trir 0 <n < 2N van,= 3N/2 + 1) /
2. Luu ¥ rang cac cai bién cho chuyén hach, cu thé st dung ham sin( ) thay vi cos() va
ko = 0 (d6i voi phép diéu bién sin loai IT) cling kha thi véi MELT (gia dinh tao chudi
trong thich TDA). Viéc tao ctra s6 tong hop sau d6 duoc 4p dung nhu mb ta trong
phﬁn 2 va 3 trudc dé, véi cac cira sd chuyén tiép dugc phat hién nhu dugc tao mat
phing trong Bang 3, st dung cac gia tri window shape va window_sequence , ci cho
khung hién thoi va khung trude d6, d6i véi kénh da cho. Bang 3 ciing biéu thi tip hop

tat ca cac chuyén tiép chudi/dang da cho.

Nén luu ¥ ring MELT nghich dao (hoac ELT ban dau, d6i voi van dé dé) cé thé
duogc thuc thi st dung phat hién MDCT va MDST hién ¢é ma, lan luot, ap dung céc
phép thuc thi DCT/DST nhanh trén co sé phép bién dbi Fourier nhanh (Fast Fourier
Transformation - FFT). Cu thé hon, MELT nghich ddo dugc diéu bién sin c6 thé duogc
nhan biét bang cach phii dinh mdi mau quang phd c6 chi s6 1é (trong d6 chi sd bit dau
tai 0), theo sau 1a s ap dung MDCT-IV nghich déo, va dugc hoan thién béng cach lap
lai theo thoi gian 2N mau dau ra thu duge véi cac ky hiéu phii dinh.

Twong tu, MELT nghich dao diéu bién cosin c6 thé thu dugc bang cach phu dinh
mbi miu quang phd chi sb chén, theo sau bai phép thuc hién MDST-IV nghich dao,
va, cubi cung phép lap theo thoi gian twong tu véi ki hidu phu dinh. Cac phép nhan
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biét tuong tu cé thé dat duoc cho cac MELT nghich dao diéu bién cosin hodc sin loai
Il nhu duoc sir dung trong truong hop chuyén hach, ciing nhu cho phép bién d6i (phan
tich) vé& phia truéc cho tat ca cac cdu hinh MELT néu trén. Do d6, d6 phuc tap duy
nhit ting gay ra béi quy trinh MELT so v&i cac thuat toan MDCT/MDST 14 do su can
thiét cia phép lap theo thoi gian bi phii dinh (mé rong trong trudng hop nghich do
hodc nén trong truomg hop vé phia trudce), ma biéu dién thao tic sao/nhan-cong do
gian v6i thang do boi -1) clia 2N mau dau vao hodc dau ra, tao ctra s6 phan tich hodc
téng hop nhidu mau gip ddéinhu d6i voi MDCT/MDST (4N thay vi 2N), va nhiéu phép
cong trong subt OLA trong bd giai mi. Néi cach khac, cho do phirc thuat toan O(n
(logn + ¢)) ctia phép bién d6i, chi hang sb ¢ ting trong trudng hop MELT (hoic ELT),
va vi n = 1024 hodc 768 trong phuong an hién thoi, bat ky phép ting ¢ boi thira s6 gin
bé'lng hai hhodc ba c6 thé xem xét bo qua (tc 1a, chi c6 lugng nhé hon phén tu cla
téng d6 phirc phép bién ddi, tao cira sé va OLA/tao khung ma, 1an luot, chi 1a mot

phan ciia toan bd d phirc bd giai ma 4m thanh 3D).

Bang 3 minh hoa chudi cira s6 duoc hd trg trong trudng hop so d6 chuyén
MELT. Chudi DAI nghia 1a MDCT/MDST, trong d6 chi hinh dang cira s& "KBD" -
duoc cho phép vi cdu hinh DAI véi cira s6 “sine” duoc tai st dung dé tao tin hiéu

chudi ELT-DAI.
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Béang 3:
Pén -> DAI BAT NGAN DUNG DUNG- ELT-DAI
Tir | bAU BAT
PAU
. \ tr->tr;
DAI VKBD VKBD X X X
KBD
BAT DAU X X \ \ N X
NGAN X X \ \ N X
. \ tr->tr;
DUNG \ v X X X
KBD
DUNG-BAT X X N \ \ X
PAU
. V tr<— V tr<—
ELT-DAI X X X \
tr; KBD tr; KBD
\ = cho phép; x = khéng cho phép
tr<— tr = chuyén tiép tir ELT; tr —>tr = chuyén tiép tir ELT;

KBD = dugc suy ra tir Kaiser-Bessel

Dudi day, viéc danh gia phép tich hop bd ma hoa-gidi ma dugc thuc hién s€ dugce
md ta. Viéc danh gia chi quan khong 18 rang cua dé xuat ti 18 chuyén di xac nhan loi
ich ctia thiét ké thich tng tin hiéu. Vién dan dén Fig.8 va Fig.9.

Fig.8 minh hoa phép lua chon trén co s& d6 phing quang phd va theo thoi gian
ctia ELT. Cu thé, Fig.8 minh hoa phép lwa chon ELT va MDCT theo khung thu duoc
cho bdn tin hiéu dau vao (MDST khong duoc st dung trén vat liéu nay). Poan dm tinh
duoc phat hién mot cach tin cay. Dong (pink) ,.sel” dudi day cé gia tri “0” dbi voéi
MELT va gié tri “-1” d6i vudi MLT.
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Fig.9 minh hoa hinh chiéu duoc phéng vao cac két qua thir nghiém nghe véi 95%

khoang tréng tu tin. Piém neo 3,5-kHz dugc loai bo dé 13 rang.

Céc thiét ké va két qua cua thi nghiém chi quan ciia so d6 nay, duoc tich hop

vao bd ma hoa-gidi ma am thanh 3D, dugc thdo ludn sau day:

Hai thi nghiém nghe khong rd rang theo nguyén Iy MUSHRA (da kich thich véi
tham chiéu 4n va neo) (xem [26]) duoc thuc hién dé danh gia hiéu qua chi quan ctia hé
théng ma héa MDCT-ELT dugc chuyén véi so dd thong thuong sir dung chi cac
MDCT (hodc cac MDST, nhu trong truong hop dé xudt chuyén hach, xem [9]). Dé dat
duoc muc dich nay, cdu tric ti 16 chuyén dugc tich hop vao phép thuc thi bo ma héa va
bd giai ma cua by ma hda-giai ma am thanh 3D MPEG-H, st dung IGF cho phép mé
rong biang tin va dién day 4m 1ap thé (stereo filling - SF) ddi véi phép ma héa cap
kénh ban tham sb tai 4m 14p thé 48 kbit/gidy stereo, nhu dugc mé ta trong tai liéu tham
khao [8], [9]. Thir nghiém duoc thuc hién béi 12 ngudi nghe ¢6 kinh nghiém (tudi 39
va tré hon, bao gdm 1 phu nif) trong phong yén tinh sit dung may tinh khéng cé quat
va tai nghe mau STAX.

Thir nghiém dugc thuc hién thir nhit, thir nghiém 48-kbit/gidy st dung céc tin
hiéu nhac cu am, duoc du dinh x4c dinh sb luong loi ich ctia ELT so véi phép ma hoa
MDCT truyén théng vé& am, vat liéu 4m thanh séng hai, cling nhu loi ich chuyén tir
phép ma héa ELT thanh MDCT trén cac chuyén tiép va phan bat diu am, nhu duoc
thao luan & phén trude. D61 véi mdi bdn tin hicu thu nghiém am da dugc st dung
trong danh gia by ma hoa-giai ma MPEG trugc dé [25] ,[27] — theo d6, ken tii/cao 4o
va dan clavico — Kich thich duoc mé hoa am thanh 3D c6 va khong co ELT co thé
chuyén duoc thé hién doc theo diéu kién tham chiéu am thanh 3D st dung SBR am 1ap
thé théng nhit va bao quanh MPEG 2-1-2 (va, do d6, chiéu dai khung duoc ting gip
doi).

Céc két qua cia tht nghiém nay, cing véi 95% khoang trong tu tin mdi kich
thich, dugc minh hoa nhu toan bo diém trung binh trén Fig.9 (a) va nhu diém trung
binh chénh léch, lién quan dén diéu kién ELT, trén Fig.9 (b). Chiing minh hoa rang ba
trong s6 bon muc, chit luong ctia bd ma hdéa-giai ma am thanh 3D trén co s& SBS c¢é

thé duoc cai thién dang ké bang cach chuyén dén ELT trong subt duong tin hiéu tinh.
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Hon nita, bang cach ding dén phép ma héa MDCT trong sudt phan bét ddu 4m khong
tinh va céc chuyén tiép, tranh dugc sy suy giam cam quan do cac thanh phan lai tiéng
vang trudc manh hon. Cudi cing, hiéu qua chil quan ctia céu hinh am thanh 3D véi
IGF va SF c¢6 thé mang gin dén vién din 4m l4p thé dong nhét kich thuéc khung dai
hon cho cac muc. T4t ca kich thich ngoai trir sm01 (kén tai) by gio thé hién chit

lwong tot.

Thir nghiém nghe “40” thtr hai, thir nghiém 4o 48-kbit/gidy sir dung cac loai tin
hiéu khéc nhau, dugc xay dung trong d6 cac két qua cia danh gia chi quan trong [9]
da duogc két hop véi dir 1li€u hién tai cho muc phi7 (6ng dd cao, chi tin hiéu trong [9]

ma cac ELT duoc 4p dung cho trong nhiéu hon mét vai khung).

Thiét 1ap nay sé& 1am 13 liéu phép ma héa 4m thanh 3D trén co s& SBS, dugc ting
cudng boi so dd ELT c6 thé chuyén, ¢6 thé thuc hién tét hon cdu hinh 4m thanh 3D

trén co s& QMF trén thir nghiém 1am tot hon.

Fig.9 (c) mo ta kich thich mdi khung va toan bd diém trung binh tuyét ddi, mot
1an nira v&i khoang tu tin, d6i v6i thir nghiém nay. That sw, nhd c6 d6 khuéch dai chat
luong dugce dan ELT trén c4c tin hiéu nhu phi7, hiéu sudt cam quan trung binh cta ciu
hinh SBS+ELT duoc két xuit dang ké tot hon hiéu suit d6 ctia tham chiéu am lap thé
théng nhat. Cho ring tham chiéu 4m 14p thé théng nhét c6 thoi gian chd thuat toan va
d6 phirc cao hon do cac gian gia QMF bd sung duoc yéu cau, két qua nay 14 kha thoa
man.

Loi ich cam quan ctia phuong phap ELT dugc chuyén dugc xac nhan béi danh
gi4 chi quan vé hinh thiic, ma cho thay khong cé suy giam chat lugng nao trén khung
lam viéc am thanh 3D va

con bidu thi ring muc dich dai han vé chat luong ma hoa t6t ctia cac tac gia sang
ché trén mdi loai tin hiéu dau vao tai 48kbit/ gidy thuc té ¢6 thé dat duoc véi chi giai
diéu bo ma hoéa nhiéu hon mét chut.

Mot sb phuong an cung cép sy cai thién cho tin hiéu séng hai chuan dimg di qua
bang su 4p dung thich tmg cta phép bién d6i chong duge md rong duoge cai bién

modified extended lapped transform - MELT).
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Trong ngft canh nay, Fig.12 minh hoa cac gian loc co ban véi cac phép bién d6i
duoc chdéng theo mot sé phuong an cu thé, trong d6 Fig.12 (a) minh hoa
MDCT/MDST, va trong d6 Fig.12 (b) minh hoa ELT.

Pugc dua trén ELT, trong mdt sé phuong 4an MELT dung gian loc xép chdng 1é
v6i phép chdng 14p bién dbi trong 75% nhu duge thé hién trén Fig.12 (b), tao ra su lva
chon tan s6 16n hon gian loc MDCT hodc MDST véi 50% chong lép, nhu duoc thé
hién trén Fig.12 (a), tai chiéu dai khung giéng nhau M. Tuy nhién, khong gidng nhu
ELT, MELT cho phép su chuyén tiép thing, vi du, st dung trong mdt sé phwong 4n
chi céc ctra sb chuyén tiép ddc biét, dén va tir cac MDCT. Cu thé, mot sb phuong &n cé
thé, vi du, cung cp so do chuyén ti 1é chong 14p thich ting tin hidu theo khung tuong
ung.

Céc phuong 4an cu thé ma nhan ra phép ma hoa didu bién cosin va sin bay gio s&
duoc mo ta.

Nhu d3 giai thich trén day, MDCT (phan tich) vé phia trudc cho khung tai chi sb
i, cho tin hiéu thoi gian x va tra vé phd X, c6 thé, vi du, dugc viét nhu

N—-1

Xi(h) = 3 wiln) cos( 5 (n+ 251 (k+ 1)),

n=0 (1 1 a)

trong d6 chidu dai cira s6 N =2M va 0 < k<M. Tuong tw, MDST vé phia truéc
duoc xac dinh st dung s6 hang sin thay vi s6 hang cosin:
N-1
X;(k) = Z xi(n) blﬁ(% (n+ ?) (k + 13))
n=>0 (1 1b)
Trong céc phuwong 4n, bang cach thay thé chidu dai theo thoi gian va do chénh
1&ch pha, diéu nay tao ra MELT.

L—1

Xi(k) = 3 wiln) cos( 57 (n + 5 (k + 1))
=0 (l 10)

véi chiéu dai ctra sO tang L = 4M va phép dieu bién cosin. Mot cach tur nhién,

teong phan dugc diéu bién sin ¢ thé cling dugc chi ra,
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L—1

Xi(k) = Z xi(n) sm( 7 (2 + M?i ) (;'17 + i—))

n={ (11d)

Céc bién s MELT (tong hop) nghich déo 1, vi du,

M—1

ri(n) = 37 Z XI(k) (%( 32\?;)(]1: N %))

doi véi gian loc cosin ap dung cong thie (11c) va, tuong Umg, doi vl gian loc
sin,

M—1
L;(/z) = % z X{('zl} Sin(%(n + *’if+l)(A < f)>1
F=0 (119

trong d6 ' biéu thi quy trinh quang phd, va 0 <n < L.

Nén luu y réng, mic du chiéu dai cta sb duoc st dung co thé, vi du, thay dbi
gifra cac cong thuc (11a), (11b) va cac cong thuc (11c), (11d), (11e) va (111), chiéu dai
bién dbi M, va nho d6, kich thude budc lién bién dbi duge minh hoa trén Fig.12 duy tri
gidng nhau, diéu nay giai thich chénh 1éch ti 1é chdng lap. Cac dinh nghia MELT dugc
diu bién cosin va sin ctia cac cong thic (11c), (11d), (11e) va (11f) c6 thé, trong mot
sb phuong 4n, con dugc phat trién dé nhan biét chuyén hach, va do d6, ma hda hiéu
qué céc tin hiéu v6i £90 d6 IPD, tham chi trong truomg hop chdng l4p lién bién do6i
75%. Céc phép bién d6i chuyén tiép loai II duoc thich tng tir gian loc Princen-Bradley
duoc xép chéng chén c6 thé, vi du, dugc st dung cho phép huy rang cua mién thoi
gian (time-domain aliasing cancelation - TDAC) khi chuyén gitta cac MDCT va
MDST loai IV, xem cac cong thic (11a) va (11b). Cu thé, MDST-II dugc yéu ciu
trong sudt su thay ddi tir phép ma héa MDCT-IV thanh MDST-IV trong kénh, va
MDCT-II dugc can khi trd lai phép ma héa MDCT-IV.

Ngoai cac dinh nghia loai IV d& cdp ¢ trén (xem cac cong thuc (11c), (11d),
(11e) va (111)), gian loc trén co s& ELT cho phép su thuc thi nhanh stt dung DCT-II ¢6
thé cling dwoc dung, ma chimg minh rang cac gian loc loai II v6i phép chong lién bién

d6i 16n hon 50% thuc té 13 kha thi. Phuong phap thay thé nhung twong dwong cho
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phép thiét ké gian loc TDAC dé phat minh hé thong duge xép chong chan qua viéce st
dung thay thé phién ban MELT dugc diéu bién cosin loai II.

L—1
Xi(k) = 153 ; Q) Z zi{n) cos( —(n+ “M;H )A)
n=>0 (1 lg)

v6i delta Kronecker 6(0) = 1, va MELT trén co sé sin loai I,

L—1
Xi(k) = 1oy 3 #4(n) Sin(%(n + 3y (4 1))
n=0 (11h)

v6i k' = M — 1 — k d6i v6i thang do hiéu s6 Nyquist.
Céc cong thue (11g) va (11h) 1an luot trén phia phan tich va

AT—1
w(n) = 5 3 Xi(k) cos( 5 (n+ 25 k)
F=0 (11i)
va

M-—1
w(n) =55 Y Xik) sin(F7(n+ 25 (k+ 1) )
i k=0

(115)
trén phia téng hop din dén TDAC, nhu duge mo ta trén Fig.13.

Cu thé, Fig.13 minh hoa TDAC trong cac gian loc dugc xép chong déu theo mot
s6 phuong an cu thé, trong d6 Fig.13 (a) minh hoa Princen-Bradley, va trong d6 Fig.13
(b) minh hoa MELT-II. TDAC 1a kha thi trong trudng hop t6 hop ring cua mién thoi

gian chin-1¢ hoic 1é-chin gifta cac phép bien doi lién ke.

Xét dén td hop ma héa MELT va chuyén hach, c6 thé thiy ring TDAC 12 bat kha
thi khi, twong tu v6i quy trinh cho su chong 1dp 50%, mau loai II ctia cong thirc (11g)
va (111) hoac cong thire (11h) va (11j) dugc st dung khi chuyén gitta cac MELT duoc
diéu bién cosin va sin loai IV, xem cac cong thic (11¢), (11d), (11e) va (11f). Nhu
mong mudn dé giir d6 phiic kién trac ctia bd ma hoa-giai ma thap khi cho phép chuyén
hach khong xét dén ti 16 chong 14p tuc thoi, phép khic phuc sau duoc dé xuat. Bé

chuyén tr MELT-IV dugc didu bién cosin (xem cac cong thic (11c) va (11e)) dén
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MELT-IV duoc didu bién sin (xem céc cong thirc (11d) va (11f)), khung MDST-II
chuyén tiép, duoc t6 hop véi viéc giam tam thoi i 18 chdng ldp dén 50% trén ca phia
phan tich va téng hop, cé thé, vi du, duogc str dung. Tuong tu, MDCT-II trung gian cd
thé duoc sir dung khi tré lai tir phép ma héa MELT trén co sé tir sin dén cosin. Fig.14
minh hoa hach tuan theo TDAC cu thé chuyén ddi cho cac gian loc MELT-IV theo céac
phuong 4n cu thé, trong d6 Fig.14 (a) minh hoa phép didu bién cac phép chuyén tiép tir
cosin dén sin, va trong d6 Fig.14 (b) minh hoa phép diéu bién cac chuyeén tiép tir sin

dén cosin.

TDAC day du thu dugc trong ca hai truong hop, nhu dugc hién thi trén Fig.14,

chiu dai chdng 14p gitta mdi chuyén tiép loai II va viing 14n cAn MELT loai IV ctia né
duoc han ché dén M :%. Do d6, khong c6 phép chong ldp bién rang cua theo thoi

gian gitra MELT-IV duoc diéu bién cosin va sin ma yéu cdu TDAC. Pé nhén ra ctra s6
phu hop, trong phuong an, ctra sb “dtrng-bét dau” dac biét s& duogc ap dung cho cac
phép bién dbi loai II, nhur dugc thé hién trén Fig.15 (a). Vi du, phép ddi xting nhu vay,
ctra s, ma dua trén cac trong sd chuyén tiép bat d6i xing, theo mot sb phuong én,
duoc mé ta chi tiét dudi day.

Cu thé, Fig.15 minh hoa phép tao cira s6 phat trién theo cac phuong 4n cu thé véi
hinh dang “bét dAu-dirng” dic biét, biéu thi boi nét dut, trong sudt phép chuyén tiép
tam thoi, trong d6 Fig.15 (a) minh hoa cac phép chuyén tiép tam thoi tir i 16 chong lap
75% dén 50%, va trong d6 Fig.15 (b) minh hoa cac phép chuyén tiép tam thoi tir ti 1é
chdng 14p 50% dén 75%.

Sau day, cac phép bién ddi tir va dén cac khung MELT theo mot s6 phuwong an,

duoc mo ta.

Theo mét sé phwong 4n, cac 1an chuyén khung thanh khung c6 thé, vi du, dugc
nhén biét tir phép bién ddi twong tu MDCT c6 ti 16 chong ldp 50%, dbi véi MELT ¢ ti
16 chdng 14p 75%, va nguoc lai. Dé duy tri toan bd TDAC trong sudt khi chuyén, cac
ctra sO chuyén tiép bat dbi xung riéng duoc suy ra tlr cc trong sd trang thai tinh dugc
ap dung trong sb céc duong tin hiéu chuin dung, vi du, c6 thé duoc str dung. Céc cura

) nay co thé, vi du, duoc dinh nghia nhu
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O. {} S 11 < J_Lr
, wen(n), M<n<N
wh(n) = — _ . .
dy/1-we(k)2—we (M+k)2, N <n<3M
weye(n), AIM<n<L

(12)

d6i v6i ctra s6 MELT thir nhat ngay khi ting chong 14p tir 50 dén 75% (hinh dang
duong dam duoc thé hién trén Fig.15 (a) ddi véi khung i ) va

. d/1—we (N+k)2—we(3M+E)2, 0<n<M
wmit(n} =

wpln), M<n<N 13)

d6i v6i cira s&6 MDCT/MDST thtr nhit khi giam phép chdng 14p xudng 50%
(hinh dang dudng d4m trén Fig.15 (b) cho khung tuong tw). Phan bd sung cho w!, va

elt

w! ., cra s6 MELT cudi cing khi chuyén tir phép chdng lap 50%, va cira sb

i’nlt >
MDCT/MDST cudi cing trong khi chuyén lai vé phép chdng ldp 75% (khung i~2 trén
Fig.15), 12 phan ngugc lai theo thoi gian 1an luot cua cac cong thirc (12) va (13). k,
duoc st dung trong cac phan ctra sd gi6i han (ciing xem Fig.14), duoc chi 16 nhr trén,

khi w,, va w,, biéu thi hAm ctra s6 nim dudi cho MELT va MDCT/MDST trang thai

elt
6n dinh. Di vé6i MELT, ma ciing c¢6 thé 4p dung cho ELT (xem [12]), thiét ké dugc

cai thién ngan viéc chan cac thanh phﬁn la d3 duogc dé xuét trén day.

Cho phép w,(?), v6i t quét s6 luong M gébm cac mau mién thoi gian, vi du, biéu
dién phdn tu cira s6 gi6i han, vi du, phan doan chidu daiM c6 dac diém béi can bac hai
duoc do boi gia tri thuc d, cia w!;, hodac w!, khi dugc ap dung trén phia (bo ma héa)
phan tich hodc (bd gidi mi) tong hop. Sir dung d cho phép phwong phap duoc goi 1a
song truc giao xét dén viée tao cira s6 chuyén tiép ti 1é dugc chuyén, trong d6 cac phan
ctra sb gi6i han c6 thé dugc st dung nhu cac phép bién ddi phan tich va tong hop. Cu
thé, d@é dat dugc TDAC va sau d6 PR, w, (t) c6 thé st dung d = d' trén phia (b0 ma
héa) phén tich, va trén phia (bd giai mi) tong hop, w,. (t) ¢ thé 4p dung phép nghich

{40, vi du, d =—- . Cho cira 6 ELT trang thai tinh w

P

o Cu thé, d' dugce uu tién xac dinh

sao cho, trong sudt tat ca cac chuyén tiép chuyén ti 1¢, né dan dén sy dong gép quang
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pho t0i wu cua cac ctra sO phan tich trong sudt phép ma héda va suy gidm dau ra toi da
bang cac ctra sO tong hop trong sudt phép gidi ma.
Theo phuong an cua b gidi ma, w,;, 1a ham ctra s6 thr nhat, w,,;, 1a ham ctra s

thir hai, va w/,, 1a ham ctra so thur ba, trong d6 ham ctra so thir ba dugc xé4c dinh theo

Wine(72), M<n< N

>

;o d\/i~—we§t(;K7+Rf)2—-zLﬁe§t(3¢%f~[— B2, 0<n<M
wmit(“) = \

trong d6 M biéu thi sé luong cdc miu 4m thanh mién quang phd clia nhém thir
nhit hodc thu hai hodc thir ba hodc thr tw gdbm cic miu 4m thanh mién quang phd,
trong d6 k12 s6 v6i 0 <k < M , trong d6 d 1a s6 thuc, trong d6 n 14 s6 nguyén, va trong
do bo chéng lép-ccf)ng 130 duogc tao cAu hinh dé tao ra it nhéat mot trong s6 nhom thu
nhit va tht hai va thi ba va tht tw gdm cac miu am thanh trung gian mién thoi gian

phu thudc vao ham ctra so thir ba w,,;, .
Tuong tu, theo phuong 4n cua b gidi ma, w,y, 1a ham ctra s6 tht nhét, w,,;, 1a ham
ctra sO thw hai, va w/, 1a ham ctra s6 thur ba, trong d6 ham ctra s6 thr ba duoc xéac

dinh theo

W () = dn/1=wey (N+k)2~we(BM+k)2, 0<n< M
i wme(n), M<n<N

trong d6 M biéu thi sb lugng cac miu 4m thanh mién quang phd ctia nhém thi
nh4t hodc thir hai hodc thir ba hodc thir tu gdm cic mau 4m thanh mién quang phd,
trong d6 k1 s6 v6i 0 <k < M , trong d6 d 1a sb thuc, trong d6 n 14 sd nguyén, va trong
d6 it nhat mot trong s modun ma héa th nhat 210 va moédun ma hoéa thir hai 220
duoc tao cAu hinh dé 4p dung ham cira sd thir ba w!,, trén it nhdt mot trong s6 nhém

thir nhat va tht hai va thi ba va thir tw gdm cdc mau 4m thanh mién thoi gian.

Sau day, dac tinh phé tdi wu tdt hon, duwoc cai thién cia phép tao cura ) phén tich
theo mot sd phuong an duge md ta. Mot sd phuong an ¢b thu dugc lugng chiéu rong

bup séng chinh nho, t&t hon 1a nho nhét c6 thé, va luong suygiam bip song phu manh,
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t6t hon 12 manh nhét c6 thé, trong cac ctra s6 phén tich dé ting su gon nhe quang pho,

dic biét ciia cac tin hiéu 4m thanh séng hai, tinh.

DPbi voi mot sb phuong én, vi cua ) w,, trang thai tinh da dugc dung cho muc
dich nay, c6 thé thdy ring diéu nay co thé dat dugc trong w!, va w!, (va, duong
nhién, nguoc thoi gian cia chung, bang cach tranh su gidn doan tai cac bién gitta cac
phin ctra s6. Chinh xac hon, bang cach chon gi tri t6i da cia w, bang gia tri toi da
cia w,, (hodc, vi du, gia tri ma gﬁn véi cuc dai), hoan toan tranh dugc viéc nhay sang
hinh dang ctra sb tam thoi. Do d6, d' s& phén xa ti 1€ gitta hai cuc dai, ma trong trudng

4096

hop hién tai c thé duoc lam gﬁn dung béng d' = 2061

Sau day s& md ta su suy giam dau ra ting, tot hon 1a t6i da khi tao ctra s6 tong
téng hop. Dé nén t6t hon (t6t hon 13 t6t nhat c6 thé) d6 méo mién quang phd trong
phép mi héa am thanh, gy ra béi phép luong tir héa cia cac ngin bién ddi, n6 cé thé
¢6 ich dé giam dang séng dau ra trong sudt quy trinh tao ctra sb tdng hop trude quy
trinh OLA, tét hon 13, cang nhiéu cang tét. Tuy nhién, do cac yéu ciu PR/TDAC, suy
giam manh béi cira sb 12 kho khin, vi phuong phéap nay sé két xuit cira sd phan tich bd
sung bét loi vé hiéu qua. Theo mot sb phuong an, su chénh léch tbt gifra dac tinh ctra
s6 tdt va suy giam dau ra phia bd giai ma c6 thé chap nhan dugc ¢ thé thu duoc bang

cach lua chon 1 _ 2061 i
d'" 4096

N6i cach khac, ca phuong an t6i uu cho w, tot hon la din dén gi4 tri twong tu

viéc gian doan trong w!, va w,, la rat nho (xem Fig.9),

ddi v6i d'. Khi str dung w,,,
va viéc tranh chung it nhét trén phia tong hop 1a khong duge chd doi dé tao ra cai thién
6 thé nghe dugc. Cira s6 “bat dau-két thuc” tam thoi dac biét cho phép chuyén hach
trén co s& MELT nhu trén, duogc thé hién cho phuong én cu thé béng nét dat trén
Fig.15 (a) va dugc biéu thi boi wy, sau day, ¢ thé dugc suy ra tir phan ctra sd gi6i han

cua céac cong thirc (12) hoac (13):

d \/ l—we (N+E)2—we  BM+K)2, 0<n< M

dy/ 1=wey (k) 2=we (M+ k)2, Msn<iN (14)

wes(n) =
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N6i cach khac, wy, 1a cira s d6i xtmg v6i cac phan t6i han & ca hai nira, do d6
cho phép cac chuyén tiép ti 1& chdng lp trén ca hai phia. Nén luu ¥ ring wy, c6 thé
dugc ap dung cho MDCT va MDST ciing nhu cac bién s6 MELT chénh léch (gia sir
cac phﬁn tu bén ngoai cb trong s6 chidu dai L dugc thiét lap vé 0). Thuc té, viéc sir
dung cua ching cho viéc tao ctra ) phia phén tich két xudt cac hé s6 MDCT va
MELT-IV dugc diéu bién cosin gidng nhau khac véi cac khac biét ki hiéu, nhu duoc
biéu thi béi Fig.5 (c). Ngoai viéc tao didu kién thuan loi chuyén hach, wy, ¢ thé dugc
st dung dé tao ra so dd chuyén ti 1€ ch@)ng lép kha thi hon. Vi du, cdu hinh chuyén
theo thoi gian (phép chdng 14p tir tir 50 dén 75%) dugc thé hién trén Fig.15 (b) c¢6 thé

dat dugc cung voi do.

Theo phuong &n cda bg gidi ma, w,, la ham ctra s6 thr nhat, wy 1a ham ctra s6

thit hai, trong d6 ham cira sb thi hai dugc dinh nghia theo

wes(n) = d\/ l~we (N4-£) 2w BM+k)?, 0<n< M
R d/T=wey (k) 2=we (M + )2, M<n<N

9

trong d6 M biéu thi sé luong cac mau am thanh mién quang phd ctia nhém thir
nhit hodc thir hai hodc thir ba hoic thir tu gdm cic mau 4m thanh mién quang phd,
trong d6 k14 s6 voi 0<k <M , trong d6 d 1a sb thuc, va trong d6 bd chdng lap-cong
130 dugc tao céu hinh dé tao ra it nhat mot trong sé nhém thir nhat va thir hai va thu
ba va thtt tw gdm cac mAu am thanh trung gian mién thoi gian phy thudc vao ham cira

sO thir hai wy,.

Tuong tu, theo phuong &n cia bd gidi ma, w,;, 1a ham ctra s thr nhat, w, 1a ham

ctra s6 thit hai, trong d6 ham ctra s6 thir hai duoc dinh nghia theo

dy/ 1w (N+ k2w BM+E)2, 0<n<M
d \/ l—we (k) 2—wa (M+E)2, M<n<N

B

ws{n) =

trong d6 M biéu thi s6 luong cac miu am thanh mién quang phd cua nhém tha nhit
hodc thir hai hodc thtr ba hodc thir tw gdm c4c méu 4m thanh mién quang phd, trong dé
k1a sb voi 0<k <M, trong d6 d 1a sb thuc, trong dé n 1 sd nguyén, va trong do it

nhat mot trong sé6 moédun ma héa thir nhit 210 va moédun ma hoa thir hai 220 duoc tao
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cAu hinh dé ap dung ham cua sb tht hai wy, trén it nhat mot trong s6 nhom thir nhét va

thtr hai va thtr ba va thi tu gdm cac mau 4m thanh mién thoi gian.

Mic du mdt vai khia canh da dugc moé ta trong nglr canh cua thiét bi, 1o rang
rang cac khia canh nay cing thé hién mo ta clia phuong phép tuong tmg, trong d6 khdi
hoic thiét bi twong tng véi bude xit Iy ciia phuong phéap hodc dic diém cua bude xir Iy
cia phuong phap. Tuong tu, cac khia canh dugc mé td trong pham vi cua budc
phuong phép ciing biéu dién su mo ta ciia khbi hoic muc hoic dau hiéu twong ung ciia
thiét bi twong tng. Mot sb hodc tit ca cac bude phuong phap c6 thé duoc thuc hién boi
(hodc st dung) thiét bi phin cimg, nhu vi du, bd vi xir Iy, may tinh c6 thé 1ap trinh
hodc mach dién tir. Trong mot ) phuong 4an, mot ) mot hoac nhéu trong sb cac bude

phuong phap quan trong nhit c6 thé dwgc thuc hién bang cac thiét bi nhu vay.

Phu thudc vao cic yéu ciu thuc thi nhét dinh, cac phuong an cia sang ché c6 thé
duoc thuc thi trong phin ctng hoic trong phan mém hoic it nhit mot phan trong phan
ctng hodc it nhit mot phan trong phin mém. Phuong an c6 thé duoc thuc hién sir dung
vét luu trir 6, vi du, dia mém, DVD, Blu-Ray, CD, ROM, PROM, EPROM, EEPROM
hodc bd nhd FLASH, ¢6 cac tin hiéu diéu khién c6 thé doc duoc béng dién tr duoc Iuu
trit trén d6, ma két hop (hodc c6 thé két hop) véi hé thong may tinh kha trinh sao cho
phuong phap tuong tng dugc thuc hién. Do dod, vat ghi luu trit k¥ thuét s6 c6 thé doc
duoc bang may tinh.

Mot sb phuong 4n theo sang ché bao gdbm vat mang dit liéu c¢é céc tin hidu diéu
khién c6 thé doc duoc bang dién tir, ma c6 kha ning két hop v6i hé thong may tinh kha
trinh, sao cho mdt trong sb cac phuong phap duoc mé ta & day dugc thuc hién.

N6i chung, cac phuong 4n cua sang ché c6 thé dugc thuc thi nhu san phdm
chuong trinh méy tinh v6i m3 chuong trinh, m& chuong trinh ¢6 hiéu luc @ thuc thi
mdt trong cac phuong phap khi san pham chuong trinh may tinh chay trén may tinh.
M3 chuong trinh ¢6 thé vi du dwoc luu trit trén vat mang c6 thé doc bang mdy.

Céc phuong an khac bao gdm chuong trinh may tinh @ thuc hién mot trong cac

phuong phap duoc md ta & ddy, dwoc luu trit trén vat mang c6 thé doc duogc bing may.
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Néi cach khéc, do d6, phuong 4n ciia phuong phap theo sang ché 13, chuong trinh
mAy tinh c¢6 mé chuong trinh dé thuc hién mét trong s6 cac phuong phap duoc mé ta &

day, khi chuong trinh may tinh chay trén may tinh.

Phuong 4n khac cta cic phuong phap theo sang ché 13, vat mang dit lidu (hodc
vat ghi luu trlr sb, hodc vat ghi c6 thé doc duoc béng may tinh) gém c6, da duoc ghi lai
trén do, chuong trinh may tinh dé thuc hién mot trong cac phuong phap dwoc mé ta &
day. Vat mang dir li¢u, vat ghi luu tri s6 hodc vat ghi dugc ghi lai dang hitu hinh dién
hinh va/hoac khong tam thoi.

Do d6, phuong 4n khéc ctia phuong phép theo sang ché 1a dong dir liéu hoic
chudi cac tin hiéu biéu dién chuong trinh may tinh dé thuc hién mét trong sb cac
phuong phap duoc mé ta & day. Vi du, c¢6 thé cdu hinh dong dir liéu hodc chudi tin
hiéu dé duoc truyén théng qua su két ndi truyén thong dit liéu, vi du théng qua Lién

mang.

Phuong 4n khac gdm c¢6 phuong tién xir 1y, vi du may tinh, hodc thiét bi logic 1ap
trinh duge, duoc cdu hinh dé hodc duoc 1am thich ung dé thuc hién mot trong sb céac

phuong phép dugc moé ta & day.

Phuong 4n khac bao gdm may tinh c6 chuong trinh may tinh dugc cai dit trén

may tinh dé thuc hién mot trong s6 cac phuong phap duge mé ta & day.

Phuong 4n khac theo sang ché gdm c6 thiét bi hodc hé thdng duoc ciu hinh dé
truyén tai (vi du, bang dién tir hoic quang hoc) chuong trinh may tinh dé thuc hién
mot trong s6 cac phuong phap dugc mod ta & day dén bd nhan. B nhan cé thé 1a, vi du,
may tinh, thiét bi di dong, thiét bi nhé hodc twong tw. Thiét bi hodc hé thong c6 thé, vi
du, bao gdbm may chu tép tin dé truyén tai chuong trinh may tinh dén bo nhan.

Theo mdt s6 phuong an, thiét bi 16gic 1ap trinh duoc (vi du, mang cong 1ap trinh
dugc dang truong) cd thé duoc st dung dé thuc hién mot sd hodc tt ca cac chuc nang
clia cac phuong phéap dugc mé ta & ddy. Trong mot sé phuogn 4n, mang cong 1ap trinh
duoc dang trudng c6 thé két hop v6i bo vi xir Iy dé thuc hién mot trong sé cac phuong
phép duoc mé ta & ddy. Thong thuong, cac phuong phép tot hon 13 duoc thuc hién béi
thiét bi phan cting bat ky.
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Thiét bi dugc mé ta & day co thé duoc thuc hién st dung thiét bi phén cung, hoac

str dung may tinh, hoic st dung t6 hop ctia thiét bi phén cimg va may tinh.

Céc phuong phap dugec mod ta & day c¢6 thé duoc thuc hién st dung thiét bi phan

ctng, hodc st dung may tinh, hodc sir dung t6 hop ctia thiét bi phan ctng va may tinh.

Cac phuong an dugc mo ta bén trén chi mang tinh minh hoa cho c4c nguyén ly
ctia sang ché. Can hiéu ring cac cai bién va bién ddi clia cac phwong n va cac chi tiét
duoc mé ta ¢ day s& 14 18 rang ddi v6i ngudi c6 trinh d6 trong linh vuc k¥ thuit twong
mg. Do d6, muc dich ctia sang ché 1a chi duoc gidi han bdi pham vi clia cac diém yéu
cau bao ho sip dua ra dudi ddy va khong bi gioi han béi cac chi tiét cu thé dugc biéu

dién bang ban mo ta va giai thich cia c4c phuong 4n & day.
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YEU CAU BAO HO

1. BO giai m3 dé giai ma nhiéu miu 4m thanh mién quang phd, trong d6 bo giai ma
bao gom:

modun giai m3 ther nhit (110) dé giai ma nhom thir nht gdbm cdc mau Am thanh
mién quang phd bing cach tao ra nhom thir nhat gdm cic miu 4m thanh trung gian
mién thoi gian tir c4c miu 4m thanh mién quang phd ctia nhém thir nhat gdm cac mau
4m thanh mién quang phd, va dé giai ma nhém thu hai gdbm cic mau 4m thanh mién
quang phd bing cach tao ra nhém thtr hai gdm cdc mau 4m thanh trung gian mién thoi
gian tir cAc mAu 4m thanh mién quang phé ciia nhém thir hai gdm cic miu Am thanh

mién quang pho,

bd chdng l4p-cong (130), trong d6 bod chdng 1ap-cong (130) duogc tao cau hinh dé
thuc hién phép chdng lap-cong chinh xac hai nhém gbdm cac mau 4m thanh trung gian
mién thoi gian, chinh x4c hai nhém néu trén 13 nhém thir nhat va nhém thir hai gébm
c4c mAu 4m thanh trung gian mién thoi gian, trong d6 bo chdng lap-cong (130) duoc
tao cAu hinh dé chdng 14p-cong chinh x4c hai nhém d néu vé6i phép chong 1ap 14 16n
hon 5% va tdi da 1a 50%, trong d6 phép chdng lap-cong néu trén clia chinh xac hai
nhém d3 néu din dén viéc tao ra nhiéu mau du ra Am thanh mién thoi gian thu nhét
cua tin hi€u am thanh,

modun giai mi thtr hai (120) dé giai ma nhém thir ba gdm cic mau 4m thanh
mién quang phd bang cach tao ra nhém th ba gdm cdc mau 4m thanh trung gian mién
thoi gian tir cAc mAu 4m thanh mién quang phd ctia nhém thi ba gdm cic miu am
thanh mién quang phd, va dé giai ma nhém thir tr gdm cac mau 4m thanh mién quang
phé bang cach tao ra nhém th tu gdm cdc mau am thanh trung gian mién thoi gian tir
c4c miu am thanh mién quang phd cia nhém thr tw gdm cdc miu 4m thanh mién
quang phd, va

giao dién diu ra (140) dé xuit ra nhiéu mau dau ra 4m thanh mién thoi gian tha
nhit cta tin hiéu 4m thanh, nhiéu mau diu ra 4m thanh mién thoi gian th hai cta tin
hiéu 4m thanh va nhiéu mau dau ra 4m thanh mién thoi gian thi ba cta tin hiéu 4m

thanh,
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trong d6 bd chdng 14p-cong (130) duoc tao ciu hinh dé thu duoc nhidu miu dau
ra Am thanh mién thoi gian st dung phép chong ldp-cong it nhat nhém thit ba gdm cac
mAu am thanh trung gian mién thoi gian véi phép chong 1ap 16n hon 60% va nhé hon

100% v6i nhém thir tw gdm cac maiu 4m thanh trung gian mién thoi gian,

trong d6 bd chdng 1ap-cong (130) duoc tao ciu hinh dé thu duge nhiéu miu dau
ra Am thanh mién thoi gian st dung phép chdng 14p-cong it nhat nhém thir hai gdm cac
mAu 4m thanh trung gian mién thoi gian véi nhém thir ba gdm cac miu 4m thanh trung
gian mién thoi gian, hodc trong d6 bd chong lap-cong (130) duge tao c4u hinh @ thu
duoc nhidu mAu du ra Am thanh mién thoi gian thtr ba st dung phép chdng 1ip-cong it
nhit nhém thi tr gdm c4c mAu 4m thanh trung gian mién thoi gian véi nhém thir nhét
gdm c4c miu 4m thanh trung gian mién thoi gian.
2. B0 giai ma theo diém 1,

trong d6 nhiéu miu ddu ra 4m thanh mién thoi gian thir nhat cda tin hiéu 4m
thanh dung truéc nhidu miu diu ra Am thanh mién thoi gian thir ba cia tin hiéu am
thanh theo thoi gian, va trong d6 nhidu miu d4u ra 4m thanh mién thoi gian thir ba ciia
tin hiéu 4m thanh démg trudc nhidu miu dau ra 4m thanh mién thoi gian thir hai cta tin
hiéu 4m thanh theo thdi gian, va trong d6 bd chong 1ap-cong (130) duoc tao cAu hinh
dé thu dugc nhiéu miu diu ra 4m thanh mién thoi gian tha ba sir dung phép chdng 1ap-
cong it nhit nhém thtr hai gdm c4c miu 4m thanh trung gian mién thoi gian véi nhém

thir ba gdbm c4c miu 4m thanh trung gian mién thoi gian, hoic

trong d6 nhiéu mAu dau ra 4m thanh mién thoi gian tht hai ctia tin hiéu 4m thanh
dtmg trude nhiéu mau déu ra 4m thanh mién thoi gian thi ba ctia tin hiéu 4m thanh
theo thoi gian, va trong d6 nhiéu miu ddu ra 4m thanh mién thoi gian thi ba cla tin
hiéu 4m thanh dtng trude nhidu miu dau ra 4m thanh mién thoi gian thir nhat cta tin
hiéu am thanh theo thoi gian, va trong d6 bo ché)ng lép-c{)ng (130) duoc tao cAu hinh
dé thu duoc nhiéu miu diu ra 4m thanh mién thoi gian thi ba s dung phép chong 1ap-
cong it nhit nhém thtr hai gdm cac miu 4m thanh trung gian mién thoi gian véi nhém

thir ba gdbm céc miu 4m thanh trung gian mién thoi gian.

3. BO giai mi theo diém 1 hoic 2,
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trong d6 bd chdng 1ip-cong (130) duge tao cAu hinh dé chdng 14p-cong nhém thi
nhét gdm cac mau 4m thanh trung gian mién thoi gian voi phép chdng 1ap chinh xé4c

50% v6i nhém th hai gdm cdc mau 4m thanh trung gian mién thoi gian, va

trong d6 bo chdng lap-cong (130) duoc tao cu hinh dé chdng lap-cong it nhit
nhém thtr ba gdm cdc mau am thanh trung gian mién thoi gian v6i phép chdng lap it
nhat 12 60% va nho hon 100% véi nhém thi tu gdm cic mau am thanh trung gian
mién thoi gian.
4.  BO giai ma theo diém 3,

trong 46 modun giai ma thir nhit (110) dwoc tao cAu hinh dé thuc hién phép bién
dbi cosin roi rac cai bién nghich d4o hoic bién ddi sin roi rac cai bién nghich déo, va

trong d6 modun giai ma tha hai (120) dwoc tao cAu hinh dé thuc hién phép bién

doi chong mé réng nghich dao hodc bién doi chong md rong cai bién nghich dao.

5. B0 giai ma theo diém 3 hoic 4, trong d6 bo chéng lép-cc}ng (130) duoc tao ciu
hinh dé chéng 14p-cong nhém thir ba gdm cic miu am thanh trung gian mién thoi gian
v6i phép chdng lap chinh x4c 75 % v6i nhém thir tu gbm cac mau 4m thanh trung gian
mién thoi gian.

6. B0 giai ma theo mot trong sb cac diém néu trén,

trong d6 s6 lugng thir nhat gdm cédc mau 4m thanh trung gian mién thoi gian cua
nhém thir nhat gom cac mau Am thanh trung gian mién thoi gian bang véi s6 lugng thir
hai gdm c4c mu am thanh trung gian mién thoi gian cia nhém tht hai gom céc mau

4m thanh trung gian mién thoi gian,

trong d6 s luong thi ba gdbm cac miu 4m thanh trung gian mién thoi gian cia
nhém thir ba gdm cac mau 4m thanh trung gian mién thoi gian bang v6i sb fuong tha
tu gdm c4c mAu 4m thanh trung gian mién thoi gian ctia nhém thi tu gbm cac mau Am
thanh trung gian mién thoi gian,

trong d6 sé lugng thir hai bang v6i sé lugng thir ba chia cho 2, va trong d6 sd

luong thir nhat bang s6 lwong thi tu chia cho 2.

7. B giai ma theo mot trong s6 cac diém néu trén,
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trong d6 modun gidi ma thr hai (120) dugc tao cu hinh dé giai ma nhém tha
nim gém cac mau 4m thanh mién quang phd bing cach tao ra nhém thi nim gém cac
mAu 4m thanh trung gian mién thoi gian tir cdc mAu 4m thanh mién quang phd cia
nhém thtr ndm gdm c4c miu am thanh mién quang phd, va dé giai mi nhém thir sau
gdm cac mAu 4m thanh mién quang phd bang cach tao ra nhém thir séu gdm céc mau
am thanh trung gian mién thoi gian tir cdc miu 4m thanh mién quang phd ctia nhém

thir sdu gom cdc mau 4m thanh mién quang pho, va

trong d6 bo chdng 14p-cong (130) duoc tao ciu hinh dé thu duge nhidu miu dau
ra Am thanh tiithoi gian thir hai bang cach chdng lip-cong nhém thir ba gdm cac mau
4m thanh trung gian mién thoi gian va nhém tht tr gdm cac mau 4m thanh trung gian
mién thoi gian va nhém thi ndm gdm cac mau am thanh trung gian mién thoi gian va
nhém thir sdu gdm c4c mAu 4m thanh trung gian mién thoi gian, sao cho nhém thir ba
hozic nhém thtr tw gdm cac mau 4m thanh trung gian mién thoi gian véi it nhat 75% va
nho hon 100% vé6i nhém thir ndm gdm cac mau 4m thanh trung gian mién thoi gian, va
sao cho nhom th nim gdm cac miu 4m thanh trung gian mién thoi gian véi it nht
75% va nhé hon 100% véi nhém thtr sdu gdm cac mau 4m thanh trung gian mién thoi

gian.
8. B0 gidi ma theo mdt trong s6 cac diém néu trén,

trong d6 modun giai ma tht hai (120) duoc tao chu hinh dé tao ra it nhat mot
trong s6 nhém thir ba gdm cac mau 4m thanh trung gian mién thoi gian va nhém thi tu
gbm c4c miu 4m thanh trung gian mién thoi gian phu thudc vao

cs(a (n + b)(k + c)) ,

trong d6 cs( ) 1a cos( ) hodc sin( ),

trong d6 n bidu thi chi sb thoi gian clia mot trong sd cic mau 4m thanh trung gian
mién thoi gian ciia nhém thtr ba hodc nhém tha tu gdm cdc mau 4m thanh trung gian
mién thoi gian,

trong d6 & biéu thi chi sé quang phd cia mot mau trong s6 cac miu am thanh
mién quang phd ctia nhém thi nhat hodc tht hai hogc thir ba hodc thir tu gdm cac miu

Am thanh mién quang phé,

-79-



34102

trong d6 —0,1 <¢ <0,1, hodc 0,4 <¢<0,6,hodc09<c<1.1,

trong do a=L

M
trong d6 0,9 -t<¢g<1,1-m,

trong d6 M biéu thi s6 lugng cdc mau am thanh mién quang phd cua nhém thir

nhét hoic tht hai hodc thir ba hodc thir tw gdm cac mau 4m thanh mién quang phd,

trong do b:S'JgJrl , va

trong d6 1,5 <s<4)5.
9. B0 giai ma theo mot trong s6 cac diém tir 1 dén 8,

trong d6 modun giai ma thir nhit (110) dugc tao ciu hinh d tao ra it nhit mot
trong s6 nhém thir nhat gdm cac mau 4m thanh trung gian mién thoi gian va nhém thir

hai gdm cac mau 4m thanh trung gian mién thoi gian phu thude vao
csy(a(n +b,)(k+¢))
trong d6 cs, () 1a cos( ) hodc sin( ) ,
trong do n biéu thi chi sb thoi gian ctia mot trong sd cidc miu 4m thanh trung

gian mién thoi gian ctia nhém thi nhat hoic nhém thir hai gdm cdc mau 4m thanh

trung gian mién thoi gian,

trong d6 0,1 < ¢, <0,1, hodc 0,4 < ¢,<0,6,hodc 0.9< ¢ <1,1,

M +1
T

trong do6 b, =
10. B0 giai ma theo diém 8 hoic 9,

trong d6 ¢ =0, hodc ¢ =0,5, hodcc=1,

trong d6 g =m, va

trong d6s =3 .

11. B0 giai ma theo diém 9,
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trong d6 g =m, trong d6 s =3 , trong do6 cs( ) 1a cos( ), va cs;( ) 1a cos( ), va trong
d6 c¢=0,5,va ¢ =0,5, hodc

trong d6 g =, trong d6 s =3 , trong do6 cs( ) 1a sin( ), va ¢s;( ) 1a cos( ), va trong
déc=1,va ¢ =0, hodc

trong d6 ¢ ==, trong 46 s =3 , trong do6 cs( ) 1a sin( ), va cs;( ) la sin( ), va trong
déc=0,5,va ¢, =1, hodc

trong d6 g =7, trong d6 s =3 , trong d6 cs( ) 1a cos( ), va cs;( ) la sin( ), va trong
d6éc=0,va ¢ =1, hodc

trong d6 ¢ = m, trong d6 s =3 , trong d6 cs( ) 1a sin( ), va cs,( ) 1a sin( ), va trong
d6¢=0,5,va ¢ =0,5, hodc

trong d6 g =7, trong d6 s =3 , trong d6 cs( ) 1a cos( ), va cs;( ) 1a sin(), va trong
dé c=0,va ¢ =0,5, hoac

trong d6 g =7, trong 6 s =3 , trong d6 cs( ) 1a cos( ), va cs;() 1a cos( ), va trong
d6 c¢=0,5,va ¢ =0, hoac

trong d6 g =7, trong d6 s = 3 , trong d6 cs( ) 1a sin( ), va cs;( ) 1a cos( ), va trong
ddc=1,va ¢ =0.
12. BO giai mi theo diém 10,

trong d6 modun giai ma thi hai (120) duoc tao cdu hinh dé tao ra it nhit mot
trong s6 nhém thtr ba gdm céc mau 4m thanh trung gian mién thoi gian va nhém thi tu
gdm c4c mAu Am thanh trung gian mién thoi gian

phu thudc vao

A —1
RS PP i 3AF 41y oo ] % 1.
VX k) CD%( —(n+——)k+73] )
: ’,11‘ L S E A =4
he=() , hoiic

¢

"P’f !4 ‘,)"! .
ii(n) = 57

phu thudc vao
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A —1 ) .
A A P LT I K
af &y i > Saf I Y f 7 7 BRI 3 SRS
riinj = 7 % X (R xﬁ*«a{ = (n+——) ﬁ}
k=t , hodc
phu thudc vao
A1 { .
#Hin)==13Y .X—%is}:sm(?m%— - }{k+:i}
¢ M L "RV A SN 24
1, - N -
&= , hodc

phu thudc vao

L

%
:
"
s
L
4 4

0

g1

K

ol

==

trong d6 X!(k) biéu thi mot mau trong s6 cac miu Am thanh mién quang phd cua
nhém thtr ba hodc thir tu gdm cdc mAu 4m thanh mién quang phod, va
trong d6 %!(n) biéu thi gi4 tri mién thoi gian.
13. BO giai ma theo mot trong s6 cac diém tir 8 dén 12, trong d6 modun giai ma thi
hai (120) dugc tao cau hinh dé 4p dung trong s6 w(x) trén gi4 tri mién thoi gian £)(n)
theo
$;(n)=w(n)- % (n)
dé tao ra mAu 4m thanh trung gian mién thoi gian 5,(n) cta nhém thir ba hodc thi
tu gdm cac mau am thanh trung gian mién thoi gian.
14. BO giai ma theo mot trong s6 cac diém néu trén,
trong d6 bd chdng lép-cong (130) duoc tao cdu hinh dé chong ldp-cong it nhét
nhém thir hai gdm c4c mau 4m thanh trung gian mién thoi gian véi nhém thir ba gdm
cac mau am thanh trung gian mién thoi gian, dé tit ca cdc mau 4m thanh trung gian
mién thoi gian cia nhém thir hai gdm cdc miu am thanh trung gian mién thoi gian
chong 14p vdi cac mau 4m thanh trung gian mién thoi gian ctia nhém thi ba gdm cac

mau 4m thanh trung gian mién thoi gian, hodc
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trong d6 bd chdng lap-cong (130) duoc tao cu hinh dé chdng lap-cong it nhét
nhém thtr tr gdm cdc mAu 4m thanh trung gian mién thoi gian v6i nhém thi nhéit gdbm
c4c miu Am thanh trung gian mién thoi gian, dé tit ca cdc miu 4m thanh trung gian
mién thoi gian ciia nhém thi nhit gdm cic maiu 4m thanh trung gian mién thoi gian

chdng 14p v6i nhém thir tr gdm cdc mau 4m thanh trung gian mién thoi gian.
15. B0 giai ma theo mot trong s6 cac diém néu trén,
trong d6 w,;; 1a ham ctra s thtr nhat,

trong dé w,, 1a ham ctra s6 thor hai, trong d6 phan cia ham ctra s6 th hai dugc

xac dinh theo

Wi (t): d\/l_welt(k)z _Welt(M+k)2 >

trong d6 M biéu thi s6 lwong cac miu 4m thanh mién quang phd ciia nhém thir

nhit hodc thtt hai hodc thtr ba hodc thtr tw gdm c4c mau 4m thanh mién quang pho,

trong d6 k12 s6 Tuong v6i 0 <k <M,

trong do d la sb thuc,
. L - . L
trong do t:5+k , hodc trong d6 z:;—l—k ,

trong d6 L biéu thi s6 luong cac miu 4m thanh trung gian mién thoi gian cua

nhém thtt ba hodc nhém thir tw gdm c4c mAu 4m thanh trung gian mién thoi gian,

trong d6 bod chdng l4p-cong (130) duoc tao cau hinh dé chdng 14p-cong it nhit
nhom thir hai gdm céc mAu 4m thanh trung gian mién thoi gian véi nhém thir ba gbdm
c4c mau am thanh trung gian mién thoi gian, trong d6 moédun gidi ma tha hai (120)
duoc tao cAu hinh dé tao ra nhém thir tu gém cac mau am thanh trung gian mién thoi
gian phu thudc vao ham cira s6 thir nhat wey, va trong d6 mddun gidi ma tht hai (120)
duoc tao cAu hinh dé tao ra nhém tht ba gdm cac miu 4m thanh trung gian mién thoi

gian phu thudc vao ham ctra so6 thir hai w,, , hodc

trong d6 bo chong lap-cong (130) dugc tao céu hinh dé chdng l4p-cong it nhat

nhém thtr tu gdm cic mau am thanh trung gian mién thoi gian véi nhém tha nhét gdm
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c4c mAu 4m thanh trung gian mién thoi gian, trong d6 mddun giai ma thir hai (120)
duoc tao cAu hinh dé tao ra nhém thir ba gdbm cdc mau 4m thanh trung gian mién thoi
gian phu thudc vao ham ctra s6 thir nhat wq,, va trong d6 modun giai ma thi hai (120)
duoc tao chu hinh dé tao ra nhém thtr tu gdm cic mau 4m thanh trung gian mién thoi

gian phu thudc vao ham ctra s6 thr hai w,,.
16. BO giai ma theo diém 15,

trong d6 w,; 1a ham ctra s6 thtr ba, trong d6 phan cta ham cua so thir ba dugc

xac dinh theo

Wtrl(tl): d\/l_welz(k)z ~ Werr (M +k)2 >
trong do 7, =%+k , hodc trong d6 ¢, :%—l—k ,

trong d6 N biéu thi sé luong cidc miu 4m thanh trung gian mién thoi gian cua

nhém tht nhat hodc nhém thir hai gdm c4c mau 4m thanh trung gian mién thoi gian,

trong d6 bo chdng 14p-cong (130) dwoc tao cAu hinh dé chong ldp-cong it nhit
nhém thr hai gdm c4c miu 4m thanh trung gian mién thoi gian véi nhém thir ba gbm
c4c mAu 4m thanh trung gian mién thoi gian, va trong d6 mddun gidi ma thi nhat
(110) duoc tao chu hinh dé tao ra nhém thi hai gébm cic miu 4m thanh trung gian
mién thoi gian phu thudc vao ham cua s6 tht ba w,, , hodc

trong d6 bd chdng lap-cong (130) duoc tao cdu hinh ¢ chong lap-cong it nhat
nhém thir tr gdm cdc mAu am thanh trung gian mién thoi gian véi nhém thi nhét gdm
c4c miu 4m thanh trung gian mién thoi gian, va trong d6 modun giai ma tha nhat
(110) dugc tao ciu hinh dé tao ra nhém thir nhat gdbm cac mau 4m thanh trung gian
mién thoi gian phu thudc vao ham cua s6 thtr ba w,; .
17. BO giai ma theo diém 15 hoic 16,

trong d6 ham cira s6 tht nhat w,,, duoc x4c dinh theo

K

/23 I t+0.5°
WerlT) = Wiaermt?) — E Cp COS (8 VT g )

k=1
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trong do

; #+0.3
3-term | E Ok LO\ 7 :

trong do by, by va b, 1a cac s6 thuc,
trong d6 0 <tr<L,va

trong d6 K 13 s6 nguyén duong va
trong d6 ¢, biéu thi sé thuc.

B giai mi theo diém 17,

trong d6 K = 3;

trong d6 0,3 <5, < 0.4,

trong d6 -0,6 < b, <-04,

trong d6 0,01 <5, <0,2,

trong d6 0,001 <5, <0,03,

trong d6 0,000001 < b, <0,0005,

trong d6 0,000001 < b5 < 0,00002.

B gidi ma theo mdt trong s6 cac diém tir 1 dén 14,

trong d6 w,;, 1a ham ctra so thur nhat,

trong dé w,,;, 1a ham ctra so thir hai, va

trong @6 w/, 1a ham clra sO tht ba, trong d6 ham ctra so thir ba dugc xac dinh

) = dr/T=we (N4 k) 2=wen GM+1)2,
Y mi . m]t{n

0<n< A
M<n<N

2

trong d6 M biéu thi sé luong cac miu 4m thanh mién quang phd ctia nhém thi

nhét hodc thir hai hodc thtr ba hoic tht tu g@)m c4c mAu Am thanh mién quang phé,

-85-



34102

trong d6 k 12 s6 luong v6i 0 <k <M ,
trong do d la sb thuc,
trong d6 n 14 s6 nguyén, va

trong dé bd chéng lép-céng (130) duogc tao cAu hinh dé tao ra it nhat mot trong )
nhém thir nhat va tht hai va thi ba va thtr tw gdm céc miu 4m thanh trung gian mién

'
mit *

thoi gian phu thudc vao ham cira s6 thi ba w
20. BO giai ma theo mot trong sé cac diém tir 1 dén 14,
trong dé w,;; 1a ham ctra s6 thir nhét,

trong 6 wy, 1a ham ctra s6 thtr hai, trong d6 ham ctra s6 thir hai dugc xac dinh

theo

dy/T-wep(N+k)2—we BM+k)2, 0<n<M
dr/ T=we (k) 2=wea (M+k)2, M<n<N

9

wss(n) =

trong d6 M biéu thi sé lugng cac miu 4m thanh mién quang phd cta nhém thir

nhit hodc thr hai hodc thir ba hodc thi tw gdm c4c mau 4m thanh mién quang phd,
trong dé k 1a s6 luong v6i 0<k <M,
trong do d 1a sb thue,
trong d6 n 12 sé nguyén, va

trong d6 bd chéng lép-ccf)ng (130) duoc tao c4u hinh d tao ra it nhit mot trong sb
nhém thir nhat va thir hai va thir ba va tht tu gdm cdc mau 4m thanh trung gian mién

thot gian phu thude vao ham ctra s6 thi hai w,.

21. BO giai ma theo mot trong sé cac diém tir 15 dén 20, trong d6
0,8<d <1725 .

22. B giai ma theo diém 21, trong d6

J= 4061 .
4096

23. B0 giai ma theo mot trong sé cac diém tir 15 dén 20, trong 36 d = 1.
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24. B0 giai ma theo mot trong s6 cac diém néu trén,

trong d6 bd giai ma duoc tao cdu hinh dé nhan théng tin giai ma biéu thi lidu
phén cta nhidu miu 4m thanh mién quang phd s& dugc giai ma béi modun giai ma thi
nhat (110) hodc boi mddun gidi ma thi hai (120), va

trong d6 bd giai ma dugc tao cdu hinh dé giai ma phin d4 néu cua nhiéu miu 4m
thanh mién quang phd bing cach st dung hodc modun giai ma thir nhét (110) hodc
modun giai ma thu hai (120) phu thudc vao thong tin giai mi dé thu dugc nhém thir
nhit hodc thtr hai hodc thu ba hodc thir tw gdm c4c mAu 4m thanh trung gian mién thoi

gian.
25. BO giai ma theo mot trong sd cac diém tir 1 dén 23,

trong d6 bd giai mi dugc tao ciu hinh dé nhan bit thir nhat va bit thit hai, trong
d6 bit thir nhét va bit thtr hai ciing ¢6 t6 hop gia tri bit thir nhit, hodc to hop gia tri bit
thir hai khac voi td hop gia tri bit thir nhit, hodc t6 hop gia tri bit tha ba khac véi to
hop gié tri bit thtr nhat va thir hai, hodc t6 hop gi tri bit thir tu khac véi to hop gia tri
bit thir nhat va thi hai va thit ba,

trong d6 bo giai md duoc tao ciu hinh dé giai mi phan ciia nhiéu mau Am thanh
mién quang phd phu thudc vao ham Kaiser-Bessel bang cach st dung modun giai ma
thr nhét (110) dé thu duoc nhém tht nhit hoic thir hai bao gdbm cdc mau 4m thanh
trung gian mién thoi gian, néu bit thir nhat va bit thir hai ciing ¢6 t6 hop gié tri bit thir
nhét,

trong d6 bd giai ma duoc tao ciu hinh dé giai ma phan ciia nhiéu mau 4m thanh
mién quang phd phu thudc vao ham sin hodc ham cosin bang cach st dung modun giai
ma thtr nhét (110) dé thu duoc nhom tht nhét hodc thir hai bao gdm cac mau 4m thanh
trung gian mién thoi gian, néu bit thir nhét va bit thir hai cing ¢6 td hop gié tri bit th
hai,

trong d6 bo giai md duoc tao ciu hinh dé giai ma phan cua nhiéu mau 4m thanh
mién quang phd bing cach sir dung modun giai ma thir nhét (110) dé thu dugc nhém
thtr nhét hodc thir hai bao gdm cac miu a4m thanh trung gian mién thoi gian, néu bit

thir nhat va bit thi hai ciing c6 t6 hop gi tri bit thi ba, va
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trong d6 bd giai ma duoc tao cdu hinh dé giai ma phan d4 néu cta nhidu miu 4m
thanh mién quang phd bang cach sit dung mddun giai ma tht hai (120) dé thu duoc
nhém thr ba hodc thir tw bao gdm cac mau Am thanh trung gian mién thoi gian, néu bit
thir nht va bit thi hai cting ¢6 t6 hop gia tri bit thir tu.
26. Bo ma hoa dé ma héa nhiéu miu am thanh mién thoi gian cla tin hiéu 4m thanh
bang cach tao ra nhiéu nhém gdm cdc mau am thanh mién quang phd tir nhiéu nhém

gdm cac mau 4m thanh mién thoi gian, trong d6 bo ma hda bao gom:

modun ma héa thi nhit (210) dé tao ra nhém thtr nhit gdm c4c nhém mau 4m
thanh mién quang phd tir nhém thir nhat gdm cac nhém mau 4m thanh mién thoi gian,
va dé tao ra nhém thir hai gdm cac nhém méu a4m thanh mién quang phd tr nhém tha
hai gdm cic nhém méau 4m thanh mién thoi gian, trong d6 nhém thir nhit gdm cac miu
4m thanh mién thoi gian va nhém thtr hai gdm cac mau 4m thanh mién thdi gian ndm
1an can trong thoi gian trong nhém gdm cic maiu 4m thanh mién thoi gian, trong d6
nhém thir nhit gdm cic mau 4m thanh mién thoi gian bao gdm nhidu hon 5% va t6i da
50% mau 4m thanh ctia nhém thit hai gdm cac mau 4m thanh mién thoi gian, va trong
d6 nhém thi hai gdm cac mau 4m thanh mién thoi gian bao gém nhiéu hon 5% va tdi

da 50% mau am thanh ctia nhém thtr nhat gdm cac mau 4m thanh mién thoi gian, va

modun ma hoéa thi hai (220) dé tao ra nhém thtr ba gdm cac nhém méau 4m thanh
mién quang phd tir nhém thit ba gdm cic nhém mau 4m thanh mién thoi gian, va dé
tao ra nhém thtr tw gom cdc nhém méau 4m thanh mién quang phd tir nhém thr tw gbm
cac nhém mau 4m thanh mién thoi gian, trong d6 nhém thir ba gdm cic maiu 4m thanh
mién thoi gian bao gdm 16n hon 60% va nhé hon 100% so véi mau am thanh cua
nhém thir tur gdm cac mau 4m thanh mién thoi gian, va trong 6 nhém thi tw gdm cac
mau 4m thanh mién thoi gian bao gdm nhiéu hon 60% va nhé hon 100% so véi mau

4m thanh ctia nhém thit ba gom c4c mau 4m thanh mién thoi gian, va

modun dau ra (230) dé xuit ra nhém thir nhat gdm cac mau am thanh mién quang
phd, nhém thir hai gdm céc mau 4m thanh mién quang phd, nhém thtr ba gdm céc mau
4m thanh mién quang phd, va nhém thir tw gdm céc mau 4m thanh mién quang phd,

trong d6 nhém thir ba gdm cac mau 4m thanh mién thoi gian bao gdm cic miu

4m thanh ciia nhém tht hai gdm cac mau am thanh mién thoi gian, hodc trong dé
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nhom thr tur gdm cac mau am thanh mién thoi gian bao gom cac mau am thanh cua

nhém thir nhit gdm cac miu 4m thanh mién thoi gian.
27. B ma héa theo diém 26,

trong d6 nhém thir nhit gdm cac mAu 4m thanh mién thoi gian ding trede nhém
thir hai gdm c4c mAu 4m thanh mién thoi gian theo thoi gian, va trong d6 nhém thir hai
gbm cac mAu 4m thanh mién thoi gian ding truée nhém thi ba gdm cac mau 4m thanh
mién thoi gian theo thoi gian, va trong d6 nhém thir ba gdm cac miu am thanh mién
thoi gian ding trude nhoém thir tw gdm cac miu am thanh mién thoi gian theo thoi
gian, va trong d6 nhém thir ba gdm céc miu am thanh mién thoi gian bao gdm cac

mau Am thanh ctia nhém thir hai gdm cac miu 4m thanh mién thoi gian, hodc

trong d6 nhém thtr ba gdm cac miu 4m thanh mién thoi gian dung trude nhém
thir tr gdm c4c mau 4m thanh mién thoi gian theo thoi gian, va trong d6 nhém thir tu
gdm c4c mau 4m thanh mién thoi gian dimg trudc nhém thir nhat gdbm cic mau 4m
thanh mién thoi gian theo thoi gian, va trong d6 nhém thir nhit gdm cac maiu 4m thanh
mién thdi gian ding trude nhém thir hai gdm cac mAu 4m thanh mién thoi gian theo
thoi gian, va trong d6 nhém thir twr gdm cac méau 4m thanh mién thoi gian bao gém céc

mAu Am thanh ciia nhém thi nhit gdm c4c mAu 4m thanh mién thoi gian.
28. B ma héa theo diém 26 hodc 27,

trong d6 nhém thir nhit gdm céc mau 4m thanh mién thoi gian bao gdm chinh
x4c 50% mAu 4m thanh cta nhém tht hai gdm cdc mau am thanh mién thoi gian, va
trong d6 nhém thir hai gdm cac maiu 4m thanh mién thoi gian bao gdm chinh xac 50%

mau 4m thanh clia nhém th nhat gom cac mau 4m thanh mién thoi gian, va

trong d6 nhém thtr ba gdm cic miu 4m thanh mién thoi gian bao gdm it nhit
75% va it hon 100% mAu 4m thanh cia nhom thir tw gdm cic mau 4m thanh mién thoi
1

gian, va trong d6 nhém thir tu gdm cac mau am thanh mién thoi gian bao gém it nhat

75% va nho hon 100% méu am thanh ciia nhém thir ba gdm cac mau 4m thanh mién
thoi gian.

29. B0 mai hda theo diém 28,
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trong d6 modun ma hda th nhét (210) duoc tao cAu hinh dé thuc hién phép bién
ddi cosin rdi rac ci bién hodc bién doi sin roi rac cai bién, va

trong d6 modun ma héa thar hai (220) duoc tao cdu hinh dé thyuc hién phép bién
d6i chdng mé rong hoic bién dbi chong md rong cai bién.
30. B0 mai hoa theo diém 28 hodc 29, trong d6 nhém th nhit gdm cdc mau am thanh
mién thoi gian bao gdm chinh x4c 75 % mau am thanh ctia nhém thir tw gdm cac mau
4m thanh mién thoi gian, va trong d6 nhém tht tu gdm cdc miu 4m thanh mién thoi
gian bao gébm chinh x4c 75% mau am thanh ctia nhém thir ba gdbm cac miu 4m thanh
mién thoi gian.
31. BO6 mai hoa theo mét trong sb cac diém tir 26 dén 30,

trong d6 s6 lwong thir nhat gom cac miu 4m thanh mién thdi gian ctia nhém thir
nhét gdm cic mAu 4m thanh mién thoi gian bang véi s6 lugng thir hai gdm cdc mau 4m

thanh mién thoi gian ctia nhém thir hai gdm cac mau 4m thanh mién thoi gian,

trong d6 so lugng thir ba gdm cic miu Am thanh mién thoi gian ctia nhém thir ba
gdbm cac mau Am thanh mién thoi gian bang véi s6 lugng thir tu gdm ciac mau am

thanh mién thoi gian ctia nhém thir tr gdm cdc mau 4m thanh mién thoi gian,

trong d6 sb luong thur hai bang véi sb lugng thir ba chia cho 2, va trong d6 sd

lugng th nhét bang s6 luong thi tu chia cho 2.
32. BO mi hoa theo mdt trong sb cac diém tir 26 dén 31,

trong d6 médun mi héa thw hai (220) duoc tao cdu hinh dé tao ra nhém th nim
gbdm c4c mau am thanh mién quang phd tir nhém thir nim gdm cac nhém cac mau am
thanh mién thoi gian, va trong d6 médun ma hoéa thir hai (220) duoc tao cau hinh dé
tao ra nhém thr s4u gdm cac mau 4m thanh mién quang phd tir nhém th sau gdm céc

mau 4m thanh mién thoi gian,

trong d6 nhém thr ba hoac nhém thtr tu gdm cac mau 4m thanh mién thoi gian
bao gdm it nhit 75% va it hon 100% cic miu am thanh ciia nhém th nim gdm cac
mAu 4m thanh mién thoi gian, trong d6 nhém thir ndm gdm cdc miu 4m thanh mién
thoi gian bao gém it nhat 75% va it hon 100% cic mau 4m thanh cua nhém thir ba

hodc nhém tht tu gdbm cic miu am thanh mién thoi gian, trong d6 nhém thi nim gdm
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cac mau 4m thanh mién thoi gian bao gdm it nhat 75% va nho hon 100% cac mau am
thanh ctia nhém thir sdu bao gdbm cac miu 4m thanh mién thoi gian, trong d6 nhém thir
sdu bao gdbm cac mau 4m thanh mién thoi gian bao gdm it nhat 75% va nhé hon 100%

cac mau am thanh cia nhom thtr nAm bao gdm cac mau am thanh mién thoi gian, va

trong d6 modun dau ra (230) duogc tao cau hinh dé con xuat ra nhom thr nam
gbm cac mau Am thanh mién quang pho, va nhém thir sdu gdm cac mau 4m thanh mién

quang pho.

33. B6 mi héa theo mot trong s cac diém tir 26 dén 32, trong d6 bd mi hoéa duoc
tao cAu hinh dé hodc st dung moédun ma hoéa thu nhét (210) hoac moédun ma hoa thir
hai (220) dé tao ra nhém hién thoi gdm cac mau 4m thanh mién quang phd phu thudc
vao dac tinh tin hiéu ciia phan cua tin hiéu 4m thanh mién thoi gian.

34. BO mi héa theo diém 33,

trong d6 bo ma héa dugc tao cdu hinh d¢ x4c dinh nhu dic tinh tin hiéu, lidu
nhém hién thoi gdm nhidu miu 4m thanh mién thoi gian bao gdm it nhit mot trong sd
cac vung khong tinh va vung khong am,

trong d6 bo ma hoa dugc tao cu hinh dé st dung mdédun ma hoda thi nhét (210)
dé tao ra nhém hién thoi gdm cac miu 4m thanh mién quang phd phu thudc vao nhém
hién thoi gdm nhiéu mAu 4m thanh mién thoi gian, néu nhém hién thoi gdm nhidu méu
am thanh mién thoi gian bao gdm it nhit mot trong sd cac vung khong tinh va ving
khong am da néu, va

trong d6 bd ma héa duge tao ciu hinh dé st dung moédun ma héa thi hai (220) dé
tao ra nhom hién thoi gém c4c miu am thanh mién quang phé phu thudéc vao nhém
hién thoi gdm nhiéu mau 4m thanh mién thoi gian, néu nhém hién thoi gdm nhidu mau
4m thanh mién thoi gian khong bao gdm it nhit mot trong s6 cac ving khong tinh va
vung khong am da néu.
35. Bo ma héa theo diém 33 hoic 34, trong d6 modun dau ra (230) duoc tao cau hinh
dé xuét ra bit ¢6 hodc gid tri bit thi nhat hodc gid tri bit thir hai phu thudc vao dic tinh
tin hiu.

36. B0 ma hoa theo mot trong sb cac diém tir 26 dén 35,
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trong d6 moédun ma hoa thir hai (220) dugc tao cAu hinh dé tao ra it nhat mot
trong s& nhém th ba va nhém thit tu gbm c4c miu 4m thanh mién quang phd phu

thudc vao
cs(a(n+b)(k+c)) ,

trong d6 cs( ) 1a cos( ) hoac sin( ) ,

trong d6 » biéu thi chi s6 thoi gian ctia mot trong s6 cac mau 4m thanh mién thoi

gian cia nhém thir ba hodc nhém thir tw gdm cac mau 4m thanh mién thoi gian,

trong d6 k biéu thi chi sé quang phd clia mot mau trong s6 cac miu am thanh
mién quang phé clia nhom thir nhat hodc thtr hai hodc tht ba hoic thi tw gé)m cic mau

4m thanh mién quang ph,
trong d6 —0,1 <¢<0,1, hodac 0,4 <c¢<0,6,hodc 09<c<I1,1,

trong 46 a = 4

M

trong d6 0,9 - n<¢g<1,1- =,

trong d6 M biéu thi s6 lwong cac miu 4m thanh mién quang phd ciia nhém tha

nhét hodc thtt hai hodc thir ba hodc thi tw gdm cic mAu 4m thanh mién quang pho,

trong do6 b :%ﬂ , va

trong d6 1,5 <s<4,5.
37. BO ma hda theo mot trong s6 cac diém tir 26 dén 36,

trong 46 modun m3 hda thir nhit (210) dugc tao ciu hinh dé tao ra it nhit mot
trong s6 nhom thtr nhat va nhém thr hai gdm cac mau 4m thanh mién quang phé phu

thudc vao

cs, (a (n1 + b, )(k +¢ )) ,

trong do cs,( ) 1a cos( ) hodc sin( ) ,
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trong d6 n, biéu thi chi s6 thoi gian ctia mot trong sd cac mau 4m thanh mién
thoi gian ctia nhém thir nhét hodc nhém thir hai gdm cdc mau 4m thanh mién thoi gian,
trong 46 —0,1 < ¢ <0,1, hodc 0,4 < ¢,<0,6,hoac 0,9 < ¢, <1,1,

trong do b, = M;l .

38. B ma héa theo diém 36 hodc 37,

trong d6 ¢ =0, hodc c=0,5,hodcc=1,

trong d6 g =m, va

trong d6s=3.

39. B9 ma hda theo diém 37,

trong d6 g =, trong 36 s =3 , trong d6 cs( ) 1a cos( ), va cs; () 1a cos( ), va trong
d6 c¢=0,5,va ¢ =0,5, hoac

trong d6 ¢ =1, trong d6 s = 3 , trong do6 cs( ) la sin( ), va cs;( ) 1a cos( ), va trong
d6oc=1,va ¢ =0, hodc

trong 6 g =7, trong d6 s =3 , trong do6 cs( ) 1a sin( ), va cs,( ) 1a sin( ), va trong
déc=0,5,va ¢ =1, hoédc

trong 46 g =, trong d6 s =3 , trong d6 cs( ) 1a cos( ), va cs; () 1a sin( ), va trong
d6c=0,va ¢, =1, hodc

trong d6 ¢ =7, trong d6 s =3 , trong d6 cs( ) 1a sin( ), va cs,( ) 1a sin( ), va trong
do c=0,5,va ¢ =0,5, hoac

trong 6 g =1, trong d6 s =3 , trong d6 cs( ) 1a cos( ), va cs;( ) 1a sin('), va trong
déc=0,va ¢ =0,5, hodc

trong d6 g = m, trong d6 s =3, trong d6 cs( ) 1a cos( ), va cs,( ) 1a cos( ), va trong
dé c=0,5,va ¢, =0, hodc

trong d6 g =1 , trong d6 s =3 , trong d6 cs( ) 1a sin('), va ¢s; () 1a cos( ), va trong
doc=1,va ¢ =0.
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40. B0 ma hoa theo diém 38,

trong d6 médun ma hda thwr hai (220) dugc tao cdu hinh dé tao ra it nhat mot

trong s6 nhom thr ba va nhém th tu gdm cac mau am thanh mién quang phd

phu thudc vao

FIr— i}
s 3+l g Ty
Xi(k) =Y #:(n) mg( o (n 42 s— I k+5) )
=0 ' ~, hoic
phu thudc vao
L—1 ,
k= E Fin) u:}c( TS i; }”
rp=F£l n , hOflC
phu thudc vao
L—1
Xi(k) = _ds(n)sin( 7 (n+ 257) (k+ 7))
re==l) " ~, hoic
phu thudc vao
L—1
TR e o oy 304+ ¢ y
Xilk) = Z Filn) sm,{\ g+ —) &+ 3,})
=} ‘

trong d6 X, (k) biéu thi mot mau trong sé cic mau am thanh mién quang phd ctia
nhém thir ba hodc thir tw gdm cac mau 4m thanh mién quang phd, va

trong d6 #,(n) biéu thi gia tri mién thoi gian.
41. B0 ma hda theo mdt trong s6 céc diém tir 36 dén 40, trong d6 médun ma hoa thi
hai (220) duogc tao cAu hinh dé 4p dung trong s6 w(n) trén miu 4m thanh mién thoi
gian s,(n)ctia nhém thir ba hoic nhém thir tr gdm cdc mau 4m thanh mién thoi gian
theo

%,(n)=w(n)-s;(n)

dé tao ra gia tri mién thoi gian %, (n).
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42. BO ma hda theo mot trong so cac dieém tur 26 dén 41,

trong d6 tat ca cac mau Am thanh mién thoi gian ctia nhém thtr hai gdm cac mau
am thanh mién thoi gian chong 14p véi cdc mau 4m thanh mién thoi gian cia nhém thi
ba gém c4c mau 4m thanh mién thoi gian, hodc

trong d6 tat ca cac mau Am thanh mién thdi gian cia nhém thir nhat gdm cac mau
am thanh mién thoi gian chong 1ap véi nhém thir tr gdm cac mau 4m thanh mién thoi
gian. hodc
43. B0 ma hda theo mot trong so cac diém tir 26 dén 42,

trong d6 w,;, 1a ham ctra s thir nhat,

trong d6 w, 1a ham ctra s6 th hai, trong d6 phan cta ham ctra s6 thtr hai dugc

xac dinh theo

Wy (t) = d\/l ~ Weir (k)2 = Wenr (M + k)2 >

trong d6 M biéu thi sd lugng cac miu 4m thanh mién quang phd clia nhém thir

nhat hodc thir hai hogc thi ba hodc thi tw gdbm cdc miu 4m thanh mién quang phd,

trong d6 k 14 s6 lugng véi 0<k < M ,

trong d6 d 1a sb thuec,
. L o . L
trong dé t:3+k , hoac trong do ZZE_l_k ,

trong d6 L biéu thi s6 luong cac miu 4m thanh mién thoi gian cia nhém thi ba

hodc nhém thit twr gom c4c miu 4m thanh mién thoi gian,

trong d6 nhém thtr ba gdm cic mau am thanh mién thoi gian bao gdm cac mau
am thanh cta nhém tha hai gdm cac mau 4m thanh mién thoi gian, va trong d6 mddun
ma héa thit hai (220) dugc tao cau hinh dé 4p dung ham cira s6 thir nhat w, trén nhém
thir tw gdm c4c mau 4m thanh mién thoi gian, va trong 6 médun ma héa thi hai (220)
duoc tao chu hinh dé ap dung ham cua sb thtr hai w,, trén nhém thi ba gém cic mau

am thanh mién thoi gian, hodc
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trong d6 nhém thtr tu gdm cdc mau 4m thanh mién thoi gian bao gdm cac miu
am thanh cta nhom thir nhat gébm cdc miu 4m thanh mién thoi gian, va trong d6
mo6dun mé héa thir hai (220) duoc tao cdu hinh dé ap dung ham ctra s6 thir nhat we,
trén nhém thir ba gdbm cac miu 4m thanh mién thoi gian, va trong d6 moédun m3 héa
thir hai (220) dugc tao céu hinh dé ap dung ham cira sd thir hai wy, trén nhém tha ba

gdm cac mau 4m thanh mién thoi gian.
44. BO mi héa theo diém 43,

trong d6 w,; la ham ctra s6 thr ba, trong do phan ctia ham ctra s6 thr ba duoc

xac dinh theo

Wtrl(tl):d\/l_welt(k)2 _Welt(M+k)2 >
trong do ¢ =—]§—+k , hodc trong do ¢ =%—1—k ,

trong d6 N biéu thi s6 luong cac mau 4m thanh mién thoi gian ctia nhém thr nhét
hozc nhém thir hai gdm cic mAu Am thanh mién thoi gian,

trong d6 nhém thir ba gdm cac mau am thanh mién thoi gian bao gdm cac mau
4m thanh ctia nhém thtr hai gdm cac mau 4m thanh mién thoi gian, va trong 6 modun
ma hoéa thtr hai (220) duoc tao cAu hinh dé ap dung ham ctra sb thit ba w,,; trén nhém
thir hai gf”)m c4c mau Am thanh mién thoi gian, hodc

trong d6 nhém thir tu gdm cdc mau 4m thanh mién thoi gian bao gdm cic mau
am thanh cia nhom tht nhit gdbm cac mAu am thanh mién thoi gian, va trong d6
modun ma héa tht hai (220) duoc tao cdu hinh dé 4p dung ham ctra s6 thir ba wy, trén
nhém thi nhit gdbm céc mau 4m thanh mién thoi gian.
45. BO ma hoa theo diém 43 hoic 44,

trong d6 ham cira s6 thir nhat w,;, duoc xac dinh theo

K

: - t+0.5
el t) = wWigeem!l?) — E . COS (81\*:7 T )
k=1 ' ’

trong dé
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. . +0.3
Witerm (1) = E by COS(EA?:T. - )

trong d6 by, by va b, 1a céac s6 thue,
trong d6 0 <r<L,va

trong d6 K 14 s6 nguyén duong va
trong do ¢, biéu thi sd thue.

B¢ ma héa theo diém 45,

trong d6 K = 3;

trong d6 0,3 <5, <0.4,

trong d6 -0,6 <b; <-0,4,

trong d6 0,01 <5,<0,2,

trong d6 0,001 <5, <0,03,

trong d6 0,000001 < b, < 10,0005,
trong d6 0,000001 < b5 <0,00002.

Bo ma hoa theo mot trong sb cac diém tir 26 dén 42,
trong d6 w,;, 1a ham ctra sb thr nhét,
trong d6 W,y 12 ham ctra s6 thit hai, va

trong d6 w/, 1a ham ctra so thur ba, trong d6 ham ctra s6 thu ba dugc xac dinh

Wit (72), M<n<N

5

, dy/1=we (N+k ) 2—wey (3M+E)2, 0<n <M
wn&]t(”) =

trong d6 M biéu thi sb luong cac miu 4m thanh mién quang phd ctia nhém thi

nhét hodc tht hai hodc thir ba hodc thir tr gdm cac mau 4m thanh mién quang pho,

trong d6 k14 s6 luong véi 0 <k <M ,
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trong d6 d 1a sd thuc,

trong d6 n 1a sé nguyén, va

trong d6 it nhat mot trong sé moédun ma héa tht nhat (210) va moédun ma héa thir
hai (220) duoc tao cdu hinh dé ap dung ham ctra s6 thtt ba w!,, trén it nhat mot trong
s6 nhom thtr nhat va tha hai va thir ba va tha tu gdbm cic miu 4m thanh mién thoi gian.
48. BO m3 héa theo mot trong sd cac diém tir 26 dén 42,

trong dé w,;, 12 ham ctra sb thir nhét,

trong d6 wg 1a ham clra s thr hai, trong d6 ham ctra s6 thtr hai dugc xac dinh

theo

o { AV N TR wa BATERR, 0 <n < M
Wes(12) = — -
ST dy/Tmwa () P —wa M1 R)2, M<n<N

3

trong d6 M biéu thi sb luong cac maiu am thanh mién quang phd ciia nhém thir

nhat hodc thtr hai hodc thr ba hodc thur tu g@)m cdc mau am thanh mién quang phé,
trong d6 k12 s6 luong véi 0<k <M,
trong do d la sb thuc,
trong d6 n 12 s6 nguyén, va

trong d6 it nhat mot trong s6 médun ma héa thir nhét (210) va médun ma hoa thir
hai (220) duoc tao cu hinh dé ap dung ham ctra sb thir hai wy, trén it nhat mot trong sb

nhém thi nhat va tht hai va tht ba va tht tu gdm cac mau am thanh mién thoi gian.
49. B0 ma hda theo mot trong sb cac diém tur 43 dén 48, trong dé

0,8<d <1,25 .
50. BO ma hoa theo diém 49, trong d6

4096
4061

51. BO ma hoa theo mdt trong sb cac diém tur 43 dén 48, trong d6 d = 1.

52. Heé théng giai md va ma hoéa bao gdm:

-08-



34102

bd ma héa (310) theo mdt trong sé cac diém tir 26 dén 51, va

b6 giai ma (320) theo mot trong sd cac diém tir 1 dén 25,

trong d6 bo ma hda (310) theo mot trong s6 cac diém tir 26 dén 51 duoc tao ciu
hinh dé m3 héa nhidu miu am thanh mién thoi gian cta tin hiéu 4m thanh bang cach
tao ra nhidu miu 4m thanh mién quang pho,

trong d6 bo giai ma (320) theo mot trong sb cac diém tir 1 dén 25 duoc tao cdu
hinh d nhan nhiéu mau 4m thanh mién quang pho tir bd ma hoéa,

trong d6 bo giai ma (320) theo mot trong sb cac diém tir 1 dén 25 duoc tao cdu
hinh d8 giai ma nhidu mAu 4m thanh mién quang phd,
53. Heé théng theo diém 52,

trong d6 bo ma hoa (310) 1a bd ma hoa theo diém 49, va

trong d6 bd giai ma (320) 12 bo giai ma theo diém 21.
54. Heé théng theo diém 53,

trong d6 b6 ma hoa (310) 1a bd ma hoa theo diém 50, va

trong d6 bo giai ma (320) 13 bd giai ma theo diém 22.
55. Phuong phap giai md nhiéu mau am thanh mién quang phd, trong d6 phuong
phap bao gdm:

giai m3 nhém thir nht gdm cac mau am thanh mién quang phd bang cach tao ra
nhém thir nhét gdm cac mau 4m thanh trung gian mién thoi gian tir cdc miu am thanh
mién quang phd ciia nhom thir nhat gdm cdc miu am thanh mién quang phd, va giai
mé nhém thir hai gdm cac mau am thanh mién quang pho bang cach tao ra nhém tha
hai gdm c4c mau am thanh trung gian mién thoi gian ctia nhém tht hai gdm cac mau
am thanh mién quang pho,

chdng l4p-cong chinh x4c hai nhém gém cic mau am thanh trung gian mién thoi
gian, chinh x4c hai nhém néu trén 13 nhom thir nhat va nhém th hai gdm cac mau am
thanh trung gian mién thoi gian, trong d6 chinh xac hai nhém néu trén dugc chong lap-

cong v6i phép chong l4p 12 16n hon 5% va tdi da 1a 50%, trong d6 phép chdng 14p-
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cong néu trén cua chinh xac hai nhém da néu dan dén viéc tao ra nhi€éu mau dau ra Am

thanh mién thoi gian thtr nhit cta tin hiéu 4m thanh,

gidi ma nhém thir ba gdm cic miu 4m thanh mién quang phd bang céch tao ra
nhém thi ba gdm cac mau 4m thanh trung gian mién thoi gian tir cdc mau Am thanh
mién quang phd ciia nhém thir ba gdm cac miu 4m thanh mién quang phd, va giai ma
nhém thir tr gdm cac mAu am thanh mién quang phd bing cach tao ra nhém tht tu
gdm cac miu 4m thanh trung gian mién thoi gian ctia nhém ther tw gdm céc mau am

thanh mién quang phé,

xuat ra nhiéu mau dau ra 4m thanh mién thoi gian thi nhét cua tin hiéu Am thanh,
nhiéu miu d4u ra 4m thanh mién thoi gian the hai cua tin hiéu 4m thanh va nhidu miu
dau ra 4m thanh mién thoi gian thit ba cia tin hiéu Am thanh,

thu dwoc nhiéu miu dau ra 4m thanh mién thoi gian str dung phép chdng lap-
cong it nhat nhém thir ba gdm cac mau am thanh trung gian mién thoi gian v6i phép
chong 14p 16n hon 60% va nhé hon 100% véi nhém thtr tu gdm cic mAu Am thanh

trung gian mién thoi gian, va

thu dugc nhidu miu dau ra am thanh mién thoi gian st dung phép chdng 1ap-
cong it nhat nhém thi hai gdm cdc mAu 4m thanh trung gian mién thoi gian v6i nhoém
thir ba gdm cac mAu 4m thanh trung gian mién thoi gian, hodc thu dwoc nhiéu mau dau
ra Am thanh mién thoi gian thir ba st dung phép chdng 14p-cong it nhat nhém thi tu
gbm cac mAu am thanh trung gian mién thoi gian v6i nhém thir nhat gdm cac maiu am

thanh trung gian mién thoi gian.

56. Phuong phap ma héa nhiéu mau 4m thanh mién thoi gian cia tin hiéu &m thanh
bang cach tao ra nhidu nhém gdm cac mAu 4m thanh mién quang phd tir nhiéu nhém

gdm cac mau 4m thanh mién thoi gian, trong d6 phuong phap bao gbm:

tao ra nhom thir nhat gdm cac nhém mau am thanh mién quang phd tir nhém thtr
nhat gdbm cac nhém mau 4m thanh mién thoi gian, va tao ra nhém thir hai gdm cac
nhém mau 4m thanh mién quang phé tir nhém thtr hai gdm cdc nhém méu 4m thanh
mién thoi gian, trong d6 nhém thir nht gdm cac méu am thanh mién thoi gian va

nhém tht hai gdm cdc mau am thanh mién thoi gian nim l4n c4n trong thoi gian trong
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nhém gdm cac miu 4m thanh mién thoi gian, trong dé nhém tht nhat gdm cac mau 4m
thanh mién thoi gian bao gdm nhiéu hon 5% va tdi da 50% mau am thanh ctia nhém
thr hai gdm c4c mAu 4m thanh mién thoi gian, va trong d6 nhém tht hai gdm céc mau
4m thanh mién thoi gian bao gém nhiéu hon 5% va téi da 50% mau am thanh cua

nhém thtr nhat gdm cac mau Am thanh mién thoi gian,

tao ra nhém thr ba gdm cac nhém mau 4m thanh mién quang phé tir nhém thir ba
gdm c4c nhém mau 4m thanh mién thoi gian, va tao ra nhém thir tw gdm cac nhém
mAu 4m thanh mién quang phé tir nhém thr tw gdm cac nhém mau 4m thanh mién thoi
gian, trong d6 nhém thi ba gdm cic mau 4m thanh mién thoi gian bao gdm 16n hon
60% va nhé hon 100% mau 4m thanh cia nhém thir tv gdm cac mAiu am thanh mién
thoi gian, va trong d6 nhém thir tu gdm cac mau 4m thanh mién thoi gian bao gém
nhiéu hon 60% va nhé hon 100% mau 4m thanh ciia nhém thi ba gdm cac mau 4m
thanh mién thoi gian, va

xuit ra nhém thi nhit gdm cdc miu 4m thanh mién quang phd, nhém thir hai
gdm c4c maiu 4m thanh mién quang phd, nhém thir ba gdbm cdc miu 4m thanh mién
quang phd, va nhém thi tw gdm cac mAu 4m thanh mién quang phd,

trong d6 nhom tht ba gdm cdc mau 4m thanh mién thoi gian bao gébm cac mau
4m thanh cta nhém tht hai gdm cdc mau am thanh mién thoi gian, hodc trong d6
nhém thtr tr gdm cac miu 4m thanh mién thoi gian bao gdm cic mau am thanh cua
nhém thr nhit gdbm cic mAu 4m thanh mién thoi gian.
57. Vat ghi ¢ thé doc dugc bang may tinh bao gdm chwong trinh may tinh dé thuc
hién phuong phép theo diém 55 khi chay trén mdy tinh hodc bd xi 1y tin hiéu.
58. Vit ghi c6 thé doc dugc bang may tinh bao gdbm chwong trinh may tinh dé thuc
hién phuong phép theo diém 56 khi chay trén may tinh hodc bo xir Iy tin hiéu.
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