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(57) Séang ché dé cap dén thiét bi va phuong phap dé tai tao tin hiéu 4m thanh, trong d6
thiét bi bao g@)m: b tai tao thir nhat duoc tao cdu hinh dé tai tao phén thtr nhat cua tin hiéu
am thanh dua trén dit liéu thir nhét; bo cép duoc tao ciu hinh dé cung cép tin hiéu ndi trong
dai tan sb thr hai; bo tai tao thir hai thé hién bo sau xu Iy va duogc tao cAu hinh dé tai tao
phﬁn thtr hai cua tin hi¢u am thanh trong dai tan sb thtr hai dya trén dit liéu thi hai va tin
hiéu néi. Phuong phap da néu bao gdm: tai tao tin hiéu am thanh trong dai tan s thir nhat
dua trén dir liéu tha nhat; cung cép tin hiéu ndi trong dai tan s thi hai; két hop phén tht
nhét duoc tai tao cta tin hiéu Am thanh va tin hiéu ndi trude khi phﬁn thar hai cta tin hiéu
am thanh dugc tai tao hodc két hop phén th nhit duoc tai tao cua tin hiéu am thanh va
phan tht hai duoc tai tao cta tin hiéu 4m thanh. Sang ché ciing dé xuit thiét bi va phuong
phap tao ra tin hi¢u am thanh dugc ma hoa.
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Linh vue ky thuat dwoc dé cap

Sang ché dé cap dén thiét bi, phuong phéap va chuong trinh may tinh dé téi tao tin
hiéu am thanh, va cu thé dé cap dén thiét bi, phuong phap va chuong trinh may tinh dé
tai tao tin hiéu Am thanh trong trang thai ma trong d6 téc do dir liéu da c6 giam. Ngoai
ra, sang ché dé cap dén thiét bi, phwong phép va chwong trinh may tinh dé tao ra tin

hi€u 4m thanh dugc ma héa va tin hiéu 4m thanh dugc ma héa tuong ung.
Tinh trang ky thuit ciia sang ché

Viéc md hda dugce lam thich tng cdm giac cua céc tin hiéu Am thanh, dé luu trix
va truyén dan céc tin hiéu giam tbc do dir lidu nay hiéu qua, da duoc chép nhén trong
linh vuc sang ché. Céc thuat toan ma héa di duoc biét dén, cu thé nhu MPEG-1/2,
"MP3" 16p 3, M3 héa Am thanh Nang cao MPEG-2/4 (AAC) hoic M4 héa Am thanh
va Ngbn ngit Hop nhit (USAC). Céc k¥ thuat ma héa co ban, cu thé khi tbe do truyén
dit liéu thap nhat dat dugc, dan dén sy giam chit lugng 4m thanh. Sy suy giam nay

thuong chit yéu do gi6i han kich ¢& bd mi héa ctia bing thong tin hiéu 4m thanh.

Trong trang thai nay, da duoc biét dén trong tinh trang k¥ thuat voi dbi tuong tin
hiéu 4m thanh vé6i dai han ché trén kich c¢& bo ma héa, va véi viéc chi ma hoa dai thép
hon ctia tin hiéu 4m thanh bang cac phuong thirc ctia bd ma héa Am thanh chat luong
cao. Tuy nhién, dai cao hon chi dugc biéu thi dic diém rit thd béi bd tham sb, ma, vi
du, chuyén dudng bao thude phd cta dai cao hon. Trén phia bd giai mé, dai cao hon
sau d6 duge tong hop bing cach ndi tin hiéu dai thip hon dugc giai ma vao trong dai
cao hon tréng khac va thuc hién cac diéu chinh duoc diéu khién theo tham sd tiép

theo.

Céac phuong phép tiéu chuan dé mo rong biang thong cia cac tin hiéu Am thanh bi
gi6i han dai st dung chtc ning sao chép cua cac phan tin hiéu tin sb thip (low-
frequency - LF) thanh khoang tin sb cao (high frequency - HF), dé mét thong tin gan
dung do gidi han dai. V& nguyén tic, chirc ning sao chép nhu vay 14 tuong duong vé

mit cong nghé véi su thay doi thude phd dugce tinh toan trong mién thoi gian béi cac
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phwong thire diéu bién dai bién don (single sideband - SSB), nhung tinh toan phirc tap
hon nhiéu. Cac phuong phap di néu, nhu Sao Chép Dai Phd (Spectral Band
Replication - SBR) dugc mo ta trong M. Dietz, L. Liljeryd, K. Kjorling va O. Kunz,
"Spectral Band Replication, a novel approach in audio coding”, trong hdi nghi AES
l4n thér 112, Munich, thang 5 nim 2002; S. Meltzer, R. Béhm and F. Henn, "SBR
enhanced audio codecs for digital broadcasting such as "Digital Radio Mondiale"
(DRM)", trong hoi nghi AES lan thir 112, Munich, thang 5 ndm 2002; T. Ziegler, A.
Ehret, P. Ekstrand and M. Lutzky, "Enhancing mp3 with SBR: Features and
Capabilities of the new mp3PRO Algorithm", trong hdi nghi AES lan thir 112,
Munich, thang 5 ndm 2002; International Standard ISO/IEC 14496-3:2001/FPDAM 1,
"Bandwidth Extension", ISO/IEC, 2002, hodac "Speech bandwidth extension method
and apparatus", Vasu Iyengar va cong su, Bing Sang ché My 56 5,455,888.

Trong cic phuong phép nay khong c6 su chuyén vi séng hai duoc thuc hién,
nhung cac tin hiéu dai gitta li€n tiép ctia dai thdp hon dwgc dwa vao trong cac kénh
gian loc lién tiép ctia dai cao hon. Bing cach nay, tinh gin ding thd cta dai cao hon
clia tin hiéu Am thanh dat duge. Viée tinh gin dang thd nay cia tin hiéu sau d6 trong
budc nita dugc tinh gin dung véi ban gbc bing viéc xir Iy sau sir dung thong tin diéu
khién thu duoc tr tin hiéu géc. 0 day, vi du cac hé sb ty 1¢ dung dé 1am thich ung
duong bao phd, viéc loc nguge va ndi san nhiu 4m dé lam thich img am diéu va phin

phu bing céc phan tin hiéu hinh sin, nhu dwgc mo ta trong MPEG-4 tiéu chuén.

Puoc biét dén tir cac cong nghé mé rong bang thong séng hai dwge md ta trong
Nagel, F.; Disch, S. A Harmonic Bandwidth Extension Method for Audio Codecs,
IEEE Int. Conf. on Acoustics, Speech and Signal Processing (ICASSP), 2009; Nagel,
F.; Disch, S.; Rettelbach, N. A Phase Vocoder Driven Bandwidth Extension Method
with Novel Transient Handling for Audio Codecs, 126th AES Convention, 2009;
Zhong, H.; Villemoes, L.; Ekstrand, P. va cong su. QMF Based Harmonic Spectral
Band Replication, 131st Audio Engineering Society Convention, 2011; Villemoes, L.;
Ekstrand, P.; Hedelin, P. Methods for enhanced harmonic transposition, IEEE
Workshop on Applications of Signal Processing to Audio and Acoustics, (WASPAA),
2011, ma trong tong hop dai cao hon khong mong mudn hdn am c6 thé duge dua vao
trong tin hi€éu. Mgt nguyén nhan (cua nhiéu nguyén nhéan) ctia cic hdn 4m da néu 1a su
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léch dong chinh pho cua viéc noi va/hodc cac tdc ddng choi tai trong cac ving chuyén
tiep gilta dai thap hon va ndi thir nhat hodc giita cac ndi lién tiep. Cac cong nghé méd
rong bang thong soéng hai dugc thiét ké nham cai tién trén hai khia canh nay, mac du

tai hao phi phtrc tap dién toan.

Céc tinh toan gian b loc va ghép nbi trong gian b loc, dic biét trong mé rong
bang théng song hai, ¢6 thé thuc su tré thanh viéc tinh toan & muc do cao. Theo Cong
bb sang ché WO 98/57436, cong nghé ghép ndi nang cao duoc mé td ma chi c6 thé
dén mot sd mirc do gidi han, tranh nhitng tdc dong gdy choi tai, dugc goi 1a cac dai
ngan ngira gitta cac diém ndi phd khac nhau va bang cach thuc hién ghép ndi sao chép
tang duoc bién dbi dé giam bét su léch dong chinh phd trong khi gitt nguyén mirc do

phtre tap tinh toan.

Mot phan cia céng bb nay, con bao gdbm cac phuong phap nhu duoc goi 1a "mé
rong bang thong khong nhin thdy" dwoc md ta trong tai liéu E. Larsen, R M. Aarts, va
M. Danessis, “Efficient high-frequency bandwidth extension of music and speech”,
Trong hoi nghi AES lan the 112, Munich, Germany, Thang 05 ndm 2002 trong d6
khong c6 théng tin trén dai HF gbc dugc sir dung. Ngoai ra, cling bao gdm phuong phap
duoc goi 12 "md réng bang théng tong hop", dugc md ta trong Kiyhkos, A Robust
Wideband Enhancement for Narrowband Speech Signal; Research Report, Helsinki

University of Technology, Laboratory of Acoustics and Audio signal Processing, 2001.

In J. Mékinen va cong su: AMR-WB+: tiéu chuin ma hoéa 4m thanh méi cho cac
dich vy 4m thanh di dong thé hé thtr ba nhu Phat thanh, IEEE, ICASSP 05, phuong
phap m¢é rong bang thdong dugc mo ta, trong d6 thuc hién sao chép md rong bang
thong vdi viée sao chép ting céc tin hiéu dai giita lién tiép theo cong nghé SBR dugc

thay thé bang cach phan chiéu, vi du bang viéc 14y mau tang.

Céc cong nghé khac dé mé rong bang thong duge md ta trong cac tai liéu sau.
R.M. Aarts, E. Larsen, and O. Ouweltjes, “A unified approach to low- and high
frequency bandwidth extension”, Hoi nghi AES lan thir 15, New York, USA, Théng
10 nam 2003; E. Larsen and R.M. Aarts, “Audio Bandwidth Extension — Application
to psychoacoustics, Signal Processing and Loudspeaker Design”, John Wiley & Sons,

Ltd., 2004; E. Larsen, R.M. Aarts, and M. Danessis, “Efficient high-frequency
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bandwidth extension of music and speech”, Hdi nghi AES 1an thit 112, Munich, May
2002; J. Makhoul, “Spectral Analysis of Speech by Linear Prediction”, IEEE
Transactions on Audio and Electroacoustics, AU-21(3), June 1973; Pon Sang ché My§
08/951,029; Bang Sang ché M¥ sb 6,895,375.

Céc phuong phap di biét dé mé rong bang thong soéng hai thé hién do phte tap
cao. Mt khéc, cac phurong phap md rong bang thong duge giam d phirc tap cho thiy
chit lwong giam. Cu thé véi tbe do truyén dit liéu va trong t& hop véi bing thong thip
cta khoang LF, cic am tdng hop nhu hdn 4m va 4m séc tao caAm giac khoé chiu ¢6 thé
xay ra. Ly do ctia vin @& nay chu yéu 1a do thuc té rang phan HF dugc tinh gin ding
duoc dua trén mot hodc nhiéu hoat dong sao chép hozc phan chiéu thang phan LF cia

9
A

pho.
Ban chit ky thuit ciia Sang ché

Déi twong clia sang ché nhim d& xuét thiét bi va phuong phép téi tao tin hiéu 4m
thanh trong céc phuong thirc duge cai tién. Ngoai ra, dbi tuong cia sang ché nham dé
xuét thiét bi va phwong phép tao ra tin hiéu &m thanh dugc ma héa ma c6 thé dugc tai
tao trong cac phuong thirc dugc cai tién. Pdi twong ciia sang ché con nhim d& xuét

chuong trinh may tinh twong tng va tin hi¢u 4m thanh dugc ma hoa tuong g,

DPéi tuong nay dat duogc béng cac thiét bi dé tai tao tin hiéu 4m thanh theo diém
1, phuong phép tai tao tin hiéu 4m thanh theo diém 11, thiét bi dé tao ra tin hiu am
thanh dugc mi héa theo diém 12, phwong phap tao ra tin hiéu 4m thanh dugc mi hoa

theo diém 13, vét ghi c6 thé doc dugc bang may tinh theo diém 14 va diém 15.

Do d6, cac phuong 4n ctia séng ché cho phép tao ra tin hiéu Am thanh dugc ma
héa trong nhiéu phuong thirc ma cho phép gidi ma tin hi¢éu 4m thanh dugc ma hoa
trong cac phuong thirc thich hop str dung mirc d¢ thich hop cta khir twong quan. Mirc
do thich hop clia khir trong quan c6 thé duge x4c dinh tai phia bd ma hoa dua trén cac

dac diém coa phén thtr nhét va/hoac phﬁn thir hai cta tin hiéu 4m thanh.
M6 ta viin tit cac hinh vé

Sau day, cdc phuong 4n ciia sang ché duogc giai thich chi tiét hon véi viéc tham

chiéu c4c hinh v& dinh kém, trong d6:
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Fig.1a thé hién so d6 khéi ctia phuong 4n cia thiét bi tai tao tin hiéu 4m thanh;

Fig.1b thé hién so dd khéi cia phuong 4n khéc cta thiét bi tai tao tin hiéu 4m
thanh;

Fig.2 thé hién so d6 khéi ctia phuong 4n khac nita cua thiét bi tai tao tin hidu Am
thanh;

Fig.3 thé hién so dd khdi ciia phuwong 4n cua thiét bi tao ra tin hiéu &m thanh

dugc ma hoa;

Fig.4a thé hién minh hoa duéi dang biéu dd phia b0 ma hoa trong ngit canh cia

cac phuong an cuia sang che;

Fig.4b thé hién minh hoa duéi dang bidu d6 phia bd gidi ma trong ngit canh cua

cac phuong an cia sang che;

Fig.5a va Fig.5b thé hién cac biéu d0 minh hoa cac hi€u qua co6 loi cua cac

phuong 4n cia sang ché;

Fig.6 thé hién so d6 khdi cia thiét bi tai tao tin hidu 4m thanh tr cc phin du

séang ché; va

Céc hinh v& tir Fig.7a dén Fig.7d thé hién c4c khéi tin hiéu hiru ich trong viéc

giai thich s hoat dong ctia thiét bi dugc thé hién trén Fig.6.
Mo ta chi tiét sang ché

Trudc khi gidi thich cac phuong an clia sdng ché mot cach chi tiét, viéc thao luan

ngin cac ly thuyét co ban trong sang ché dugc coi 13 quan trong.

Nhu giai thich & trén, viéc mé rong bang thong dua trén cac hoat ddng sao chép
(hodc cac phan chiéu), vi du nhu sao chép dai phd (spectral band replication -SBR),

sao chép phan 16n phd LF truc tiép thanh khoang HF.

Vi du cua thiét bj SBR dugc md ta tham khao Fig.6 va Fig.7. Puong bao tin hiéu
am thanh 2 dugc thé hién trén Fig.7a. Tin hiéu 4m thanh 2 bao gdm phan tin s thap
(hoic dai tAn sb thdp) 4 va phin tin s cao (hodc dai tin sd cao) 6. Pién hinh, trong
viéc ma héa cam gidc cic tin hidéu 4m thanh, phan tan s thip 4 dugc ma héa boi bd

mi héa 4m thanh chit lugng cao, nhu bd ma hoa diéu bién ma xung (pulse code
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modulation - PCM), trong khi dai cao hon chi dwgc mé ta rat tho béi thong tin phu. Dix
liéu biéu dién phan tan sé thdp dwoc ma hoa va dit lidu bidu dién thong tin phu duogc
truyén st dung bd ma héa bd giai ma 16i tuong tng. Fig.6 thé hién tin hiéu dai co s& 8
tir b ma hoa bd giai ma 16i, ma biéu dién phan tan sb thip 4 dugc thé hién trén Fig.7b.
Tin hiéu 8 nay dugc 4p dung cho bd phan didu bién/sao chép ting dai phu don, ma
trong d6 tin hiéu 8 dugc chuyén dén khoang tin sé cua phén tin sd cao 6. Tin hiéu
duoc chuyén duoc thé hién nhu tin hiéu 10 trén Fig.7c. Tin hi€u dugc chuyén 10 va tin
hiéu 8 dugc ap dung cho bd phan ndi 12 trong d6 ca hai tin hiéu duge két hop (cong)
dé thu duoc phé thé hién trén Fig.7c. Phén tin hiéu 8 c6 thé dugc chuyén thanh cac
khoéang tan s6 cao hon p khéc, trong d6 p > 1. Do d6, su két hop mét hodc nhiéu cac

tin hidu duge chuyén (p) va tin hiéu 8 c6 thé nhan vi tri trong bd phan ndi 12.

Tin hiéu dAu ra cia bo phén ndi 12 dugc didt vao bd phén sau xtr ly 14, ma cling
nhan thong tin phu 16 biéu dién tin hiéu 4m thanh trong phin tin sb cao 6. Do dé,
ph?m tdn s cao 10’ cua tin hiéu 4m thanh 6 dugc téi tao dua trén thong tin phu 16 va
tin hiéu 4m thanh cia phan tin sb thap 4. Tin hiéu 4m thanh thu dugc dugc thé hién
trén Fig.7d. B6 phan sau xtr Iy 14 xuét ra diu ra dai ddy du chira cac khoang tin sb cua

phéan tan so thap 4 va phan tan so cao 6.

Theo d6, viéc m& rong bang thong dua trén cic hoat dong sao chép (hodc cac
hoat dong phan chiéu), vi du nhu SBR, sao chép phén 16n phd tin sb thap LF truc tiép
thanh dai tan sb cao. Piéu nay c6 thé dat duoc béng cach sir dung diéu bién dai phu
don cua biéu difn mién thoi gian ctia tin hidu 4m thanh ho#c bing cach xir ly sao chép
truc tiép (sao chép) trong biéu dién phd cua tin hiéu 4m thanh. Budc xir 1y nay thuong

duoc goi 1a "ndi".

N6i chung, ¢6 nhiéu ma ndi dugc sao chép thanh cac dai tin sd cao khac nhau.
Céc dai tin s6 tuong tmg c6 thé chdng 1én nhau hoic khéng. Do d6, mdi ma ndi HF
turong ng twong quan hoan toan véi dai tan sb thap tir noi ma né duge xuét ra. Céc tac
gia sang ché cong nhén ring, bing cach d6 didu bién dudng bao thdi gian c6 thé x4y ra
bang cach thém vao ca céc tin hiéu véi tan sb ma phu thudc vao khoang phd giita dai

IF va vi tri phb ctia ma nbi HF tuong tmg.
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Tu quan diém hé théng ly thuyét, hién tugng nay duoc x4c nhan nhu hoat dong
kép cua bd loc hinh lugc dap ing xung hitu han (finite impulse response - FIR) bao
gdm d6 tré ctia mAu n véi Fs nhu tAn s6 mau. Bo loc ndy co tan sb do 16n déap tng do
rong lugc (khoang phd giita hai gia tri cuc dai cia ddp tng tan s6 do 16n) cta 1/n*Fs.

Bing cach d6, hé théng ly thuyét d6i nglu c6 céc sy tuong g truc tiép nhu sau:
su tré thoi gian <-> su dich tAn s
dap tng tan s do 16n <-> dudng bao thoi gian.

Céc tac gia sang ché xac nhan ring cac didu bién thoi gian 1am cho tir d6 c6 thé
nghe thdy theo kiéu nhidu loan va c¢6 thé 1am cho ¢6 thé nhin thdy trong churc ning tu
twong quan cia do 16n dang song theo dang cuia céc gia tri cuc dai phu lap lai dinh ky.
Céc gia tri cuc dai phu ldp lai dinh ky trong chudi ty twong quan cua dudng bao tin
hiéu nhidu 4m dé sao chép SBR duoc thé hién trén F ig.5a. Fig.5a thé hién chuc nang
tu tuong quan ctia dudng bao do 16n cia nhiu 4m tring, trong dé bang thong dugc md
rong v6i ba ma nbi sao chép truc tiép, ma dugc twong quan hoan toan gitta mdi ma va
véi dai LF.

Chi khi tin hiéu LF va HF thé hién cing bién d6, d6 siu didu bién cuc dai dat
dugc. Trong thuc té, hiéu qua diéu bién thuong thdp hon mot chut, vi thong thuong
khoang HF yén tinh (it to) hon r3 rét so v6i khoang LF. Céc tin hiéu nhifu 4m tuong tu
hodc cac tin hiéu gén nhu 6n dinh véi két cdu Am boi 13 rét duge xac nhan nhu diém

t61 han cu thé d6i voi cac thanh phén la didu bién.

Véi sy c6 mit cia mot sO mé noi (p trén Fig.6) ma dugce twong quan hoan toan
v6i nhau, d6i ngiu dugc dé cap & trén duwong nhién cé gia tri twong tu. Pidu bién thoi
gian cua dudng bao do 16n xuat hién 1a kép véi dap g tan so bién dd cia bd loc FIR

tuong Ung.

Do d6, theo cac phuong an cia sang ché, ma nbi hodc cac ma ndi duogc khu
trong quan tir mdi ma khic va tir dai LF. Trong c4c phuong 4n ctia sang ché, mot hodc
nhiéu bd khir twong quan dwgc sir dung ma khir twong quan tin hi¢u twong ng duoc
suy ra tir cAc thanh phan tin hiéu tin s thép, trudc khi duoc chén vao trong (cac)

khoang tn sb cao hon va, nhu truong hgp cu thé, dugc xur 1y sau.
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Cac phuong 4n cla sang ché tranh cac vin d&& dugc gidi thich ma xut hién do
hoat dong sao chép hodc hoat dong phan chiéu sir dung cdc ma nbi dugc khir tuong
quan qua lai. Trong phuong 4n ciia séng ché, ma nbéi HF twong tmg dugc khi tuong
quan tr dai LF theo c4ch riéng sir dung bd khir twong quan, vi du bang cac bd loc cua
b6 loc thong tat ca hodic cic phuong phap khir tuong quan da biét khac, hoic tao ra cac

ma ndi tong hop theo cach khit trong quan tu nhién ngay 1ap tic.

Trong cic phuong 4n ctia sang ché, mirc d6 khir twong quan c6 thé dugc xac dinh
¢d dinh hodic dugc diéu chinh tai phia b§ giai ma, hoac cé thé dugc truyén nhu tham sb
tr b0 ma hoa dén bd gidi ma. Ngoai ra, toan by ma ndi co6 thé duoc khir tuong quan,
hoic chi cac phén riéng ctia ma nbi. Cac phin cua ma ndi duge kher tuong quan ciing
bang cach truyén nhu tham sé tir bd ma héa dén bo gidi mi nhu phan cua thong tin

tuong tng dugc thém vao tin hi€u am thanh dugc ma hoa.

Phwong phép tiép can theo sang ché 13 ¢4 loi khi so sanh véi cac phuong phép da
biét dé mo rong bang thong vi nhitng bién thé va nhitng mau séc 4m thanh bang cach
1am nhi&u loan hoic céc didu bién duong bao tham sé tap, ma chung ton tai véi cac
phuong phép hién c6 dua trén didu bién/sao chép dai phu don cua dai LF, vdn da duoc
tranh v6i phuong phap theo sang ché. Pidu d6 dat dugc bang cach st dung c4c ma nbi
HF ma 14 cc ban duge khir tuong quan cia phan tin hiéu LF hoic 1a cac ban khong

turong quan hoan toan ddi v6i phan tin hiéu LF.

Vién canh trong d6 cac phuong an cua sang ché c6 thé dugce thuc hién nhu duoc

md ta v6i viéc tham khao dén Fig.4a va Fig.4b.

Phia bé ma héa dugc thé hién trén F ig.4a va phia bo giai ma duoc thé hién trén
Fig.4b. Tin hiéu 4m thanh dugc cdp vao trong su két hop thong thip/thong cao tai diu
vao 700. Su két hop thong thdp/thdng cao trén mdt mit bao gbm théng thap (LP), dé
tao ra ban dugc loc thong thép cua tin hi€éu 4m thanh, dugc minh hoa tai 703 trén
Fig.7a. Tin hiéu 4m thanh dugc loc thong thdp duoc ma héa v6i bd ma hoa 4m thanh
704. Vi dy, by ma hoéa 4m thanh la by ma héa MP3 (MPEG-1/2 16p 3) hodc bd ma hoa
AAC, dugc md ta trong tiéu chudn MPEG-2/4. C4c b ma héa am thanh thay thé cung
cap bidu dién trong subt hoic biéu dién trong subt cam giac c6 loi cua tin hiéu 4m

thanh dai gi6i han 703 c6 thé duoc sir dung trong bd ma hoa 704 d& 14n luot tao ra tin
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hi€u 4m thanh dugc mi héa hoan toan hogc tin hi€u 4m thanh dugc ma héa cam gidc
va tin hiéu 4m thanh dugc mi héa trong subt cam giac 705. Dai cao hon cia tin hiéu
4m thanh 13 d4u ra tai du ra 706 béi phﬁn thong cao cta bd loc 702, duoc chi rd boi
"HP". Phin thong cao cia tin hiéu 4m thanh, tirc 12 dai cao hon hoic dai HF, ciling
duogc chi r6 nhu phén HF, dugc 4p dung cho bo tinh tham s6 707, ma duoc thuc hién
dé tinh toan cac tham s khéac nhau (biéu dién thong tin phu biéu dién phan tin sb cao
ctia tin hiéu 4m thanh). Cac tham s nay 1a, vi du, dudong bao phé cua dai cao hon 706
trong su phan giai tho twong dbi, vi du, bang cach biéu dién hé sb ty 16 cho mdi nhém
tan s6 trén ty 1é thich tng cam gidc (cac dai t6i han) vi du véi mbi dai Bark trén thang
do Bark. Tham sd nita ma c6 thé duoc tinh toan bodi bd tinh toan tham sb 707 1a san
nhidu 4m trong dai cao hon, ¢6 ning luong mdi dai lién quan vo1 nang lugng cua
dudng bao trong dai ndy. Cac tham sb nita ma c6 thé dugc tinh toan béi bd tinh tham
s6 707 chtra do 4m diéu cho mdi dai riéng cua dai cao hon ma biéu thi cach nang
lwgng phd duoc phan b trong dai, te 13 hodc 1a nang lugng phd trong dai duoc phén
b6 twong d6i ddng déu, trong d6 sau do tin hidu khong 4m c6 trong dai nay, hoic ¢
hodc khong ning lugng trong dai nay dugc tap trung twong dbi 16n tai vi trf trung tAm
trong dai trong d6 sau do tin hiéu 4m c6 trong dai nay. Cac tham s nita chtra trong céc
dinh ma héa 16 rang dugc nho 1én twong d6i manh trong dai cao hon d6i véi chidu cao
va tan sd cta ching, nhu khai niém mé rong bang thong, trong su khoi phuc khéng c6
su ma hoa rd rang céc phén c6 dang hinh sin nho 1€én trong dai cao hon, s& chi dugc

phuc hdi twong tu rat so bd, hoic khong gi ca.

Trong bt ky trudng hop nao, bd tinh tham sb 707 duge thuc hién d chi tao ra
cac tham sb 708 cho dai cao hon ma c6 thé phai chiu cic bude giam entropi tuong tu
vi ching c6 thé cling dugc thuc hién trong bd ma héa 4m thanh 704 dé sb hoa céc gia
tri phé, vi du nhu ma héa vi sai, ma héa du bao hoic ma héa Huffman, v.v. Biéu dién
tham sb 708 va tin hiéu 4m thanh 705 sau d6 dugc cép cho bd dinh dang dong dit liéu
709 ma duoc thuc hién dé cung cép dong dit liéu phu d4u ra 710 ma sé 1a dong dir liéu

dién hinh theo dinh dang nhét dinh vi du nhu dugc chuin héa theo tiéu chudn MPEG4.

Phia bd gidi m4, thich hgp cho séng ché, nhw dwgc thé hién trén Fig.7b. Dong dit

liéu 710 dua vao bd dién gidi dong dit liéu 711 ma thuc hién phén tich phin tham s

708 tir phan tin hiéu 4m thanh 705. Phin tham sé 708 dugc giai ma bdi b giai ma theo
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tham sb 712 dé thu duoc cac tham sé duoc giai ma 713. Song song vé6i didu do, phin
tin hiéu &m thanh 705 dugc giai ma boi bd giai ma 4m thanh 714 dé thu duoc tin hiéu

am thanh 777 ma vi du, dugc minh hoa tai 8 trén Fig.6.

Phu thudc vao viéc thuc hién, tin hiéu 4m thanh 777 c6 thé xuit ra thong qua dau
ra thir nhit 715. Tai d4u ra 715, tin hidu 4m thanh v6i bang thong nho va do d6 sau dé
ciing c6 thé thu dugc vé6i chat lwong thip. Tuy nhién dé cai thién chéit luong, md rong
bang thong 720 c6 thé thuc hién sir dung phwong phéap sang tao nhu dugc md ta trong
viéc tham khéo cac hinh v€ Fig.1a, 1b va 2 dé thu dugc tin hiéu 4m thanh 112 trén phia

dau ra trong Ung véi bang thong duge mé rong hodc cao, va chat lugng cao.

Mot phuong 4n cia thiét bi séng tao dé tai tao tin hiéu am thanh va do d6 mo
rong bang thong cua no, dugce thé hién trén Fig.la. Thiét bj bao gdm b tai tao thir nhét
100, bd cap 102, bd két hop 104 va bd tai tao thi hai 106. Mot cach tuy chon, bd do
chuyén tiép 108 c6 thé dugc dé xuit. Bo tai tao thir nhat 100 nhin tai d4u vao caa nd
dir liéu thtr nhat 120 biéu dién ban dwoc ma héa clia phan thir nhit cia dit lidu am
thanh trong dai tin sb tht nhit. Vi du, dir liéu thir nhat 120 c¢6 thé twong duong véi
phan tin hiéu 4m thanh 705 duoc thé hién trén Fig.4b. B tai tao thtr nhit 100 tai tao
tin hiéu 4m thanh trong dai tin s6 thi nhét dya trén dir liéu thir nhat 120. Vi du, bd tai
tao thir nhat 100 c6 thé tao ra béi bd giai md 4m thanh 714 dugc thé hién trén Fig.4b.
B0 tai tao thir nhat 110 xuét ra tin hiéu 4m thanh trong dai tin s6 thir nhat, ma c6 thé
tuong duong v6i tin hiéu am thanh 777 thé hién trén Fig.4b. Tin hiéu m thanh 777
duogc dit vao bd cép 120, ma cép tin hiéu ndi 122 trong dai tan s thir hai. Tin hiéu ndi
122 it nhit khong twong quan mot phan véi phan thi nhét cia tin hiéu 4m thanh 777
hoic it nhét 13 ban duoc khir trong quan mot phan ciia phan tht nhit caa tin hiéu 4m
thanh, ma duoc chuyén dén dai tn sb thu hai. Tin hiéu 4m thanh 777 va tin hiéu ndi
122 duogc két hop, nhu dugc cong trong bd két hop 104. Tin hi¢u duogc két hop 124 1a
dau ra va dugc dat vao b tai tao thir hai 106. B tai tao thi hai 106 nhan tin hiéu dugc
két hop 124 va dir liéu thir hai 126 biéu dién thong tin phu trén phan thir hai cia tin
hiéu 4m thanh trong dai tan s tht hai. Vi dy, dit liéu thir hai 126 c6 thé twong duong
v6i cac tham sb duge giai ma 713 dwoc md ta & trén ddi voi Fig.4b. Bo tai tao thir hai
160 tai tao tin hi€¢u 4m thanh trong dai tn sd thu hai dua trén tin hiéu ndi (trong tin
hiéu dugc két hop 124) va dua trén dir liéu thir hai 126.
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Trong phuong 4n ciia sang ché, dai tAn sb thir nhat c6 thé twong Ung vé6i dai tn
s& duoc két hop v6i phan thi nhét cia tin hidu 4m thanh thé hién trén Fig.7a va dai tAn
s& thtr hai c6 thé tuong (mg véi dai tin sb dugce két hop voi phin thir hai cia tin hiéu

am thanh thé hién trén Fig.7a.

Theo phuong 4n dugc thé hién trén Fig.1a, bo tai tao thir hai 106 xuét ra tin hiéu

am thanh duogc tai tao 128 véi bang thong cao.

Trong phuong an thay thé thé hién trén Fig.1b, dau ra cta bd cép 102 dugc ndi
v6i bo tai tao thir hai 106 va dau ra clia bo tai tao thir hai 160 dugc nbi véi bd két hop
104. Do d6, theo phuong an thé hién trén Fig.1b, tin hiéu am thanh 130 trong dai tAn
s& thi hai duoc tai tao tir tin hiéu nbi dugc cung cip boi bd cap 102 trude khi két hop
tin hiéu ndi vai phén thtr nhat 777 cia tin hiéu 4m thanh. M6t 14n nita, bd tai tao thir
hai t4i tao tin hiéu 4m thanh 130 trong dai tn sb tht hai dwa trén dit lidu tht hai 126
va tin hiéu ndi 122. Theo phuong 4n dugc thé hién trén Fig.1b, bd két hop 104 xuét ra

tin hiéu am thanh dugc tai tao 128.

Trong cac phuong 4n cia sang ché, bd cip bao gdm bod phan chuyén va bd khir
tuong quan, ma dugc tao cAu hinh dé tao ra tin hiéu ndi nhu ban dugc khi tuong quan
ctia phan thir nhét cta tin hiéu 4m thanh dugc chuyén dén dai tin sb thi hai. Trong céc
phuong 4n cia sang ché, bd cip dugc tao cAu hinh dé cung cip tin hiéu ndi téng hop
ma khong tuwong quan véi phan thir nhat clia tin hiéu 4m thanh. Trong cic phuong an
clia sang ché, bo cép duoc tao cAu hinh dé cung cép nhiéu tin hiéu ndi cho nhiéu dai
tan s cao hon. Trong céc phuong an nay bd ti tao thir hai va bd két hop tht hai duoc
lam thich tng dé tai tao nhidu phan tin hidu thir hai va két hop nhiéu phén tin hiéu

thanh tin hiéu am thanh duoc tai tao.

Trong phuong 4n cia thiét bi dé tai tao tin hiéu 4m thanh str dung mé rong bing
thong, ma st dung cac tin hiéu 4m thanh dai phu dwoc khir twong quan duge thé hién
trén Fig.2. Thiét bj nhan tin hiéu dai co ban tir bd ma héa bd gidi ma 15i, ma c6 thé 1a
tin hiéu 777 thé hién trén Fig.4b. Tin hiéu 777 dugc dat vao bd phan chuyén 200. Bo
phan chuyén 200 dugc tao cAu hinh d& chuyén tin hiéu 777 tir khoang tin s thap dén
khoang tan sb cao, vi du nhu tir khoang tin s dwoc két hop véi phan tin sb thap 4 trén

Fig.7a dén khoang tin s§ dwgc két hop v6i phan tin sb cao 6 trén Fig.7a.
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Bd phéan chuyén 200 c6 thé duoc tao ciu hinh dé sao chép mot cach don gian
phén tin hiéu 777 dén khoang tin sb cao trong ving tan sb. Ngoai ra, b phan chuyén
200 c6 thé duge thuc hién nhu bd phén didu bién dai bién don duge tao cAu hinh dé
thure hién diéu bién dai bién don trong mién thoi gian dé chuyén phin thu nhit cta tin
hi¢u 4m thanh tir dai tn s6 tht nhit dén dai tin s6 th hai.

Phén thér nhit dugc chuyén cua tin hiéu am thanh dugc dat vao b phan khi
twong quan 202a. Phan thit nhét dwoc khir trong quan da chuyén cua tin hiéu 4m thanh
duoc xut ra boi bd phan khir twong quan nhur tin hiéu nbi 204. Tin hiéu ndi 204 duge
d4t vao bd phan ndi 206, trong d6 tin hiéu ndi 204 dugc két hop v6i phan tht nhit 777
clia tin hiéu 4m thanh. Vi dy, tin hiéu ndi va phén tht nhét cta tin hiéu Am thanh duoc
tao tuong quan va cong trong bo phan ndi 206. Tin hiéu dugc két hgp duogc xuét ra tir

bd phan ndi 206 va dugc dit vao bd phan sau xt 1y 210.

Bd phan sau xi Iy 210 nhén dit liéu thir hai 212 va biéu dién bo tai tao thi hai
duogc tao cdu hinh dé tai tao phén thi hai cia tin hiéu 4m thanh trong dai tin sb thir hai
trén dit liéu thir hai 212 va tin hiéu ndi 204 (ma dugc chira trong tin hi€u dugc két hop
208). Mot 1an nita, dit liéu thir hai 212 bidu dién thong tin phu va c6 thé twong duong
v6i cac tham sé dugc giai ma 713 dwogc giai thich & trén dbi véi Fig.4b. Dau ra dai day

du 214 cua bd phén sau xir ly 120 biéu dién tin hiéu Am thanh duoc tai tao.

Trong phuong &n thé hién trén Fig.2, bd phan chuyén 200 va bd phan khir tuong

quan 202a biéu dién bd cép duoc tao cAu hinh dé cung cép tin hiéu ndi 204.

Trong cac phwong 4n ctia sang ché, bd phan chuyén 200 c6 thé duoc tao ciu hinh
dé chuyén phan thtr nhét 777 ctia tin hiéu 4m thanh thanh nhiéu dai tin s p khac nhau.
B phan khir twong quan tir 202a dén 202p c6 thé duge cung cip cho mdi ban duge
chuyén dé cung cap cac tin hiéu nbi p. Trong truong hop nhiéu hon 1 tin hiéu bd sung
dugc st dung, (vi du nhu céc tin hiéu ndi p), tin hi¢u ndi p nén khong tuong quan 14n
nhau va véi dai LF. Sau d6, cac ban dugc chuyén duoc két hop v6i mdi dai tin sb
duoc két hop trong bd phan nbi 206. Dit liéu thir hai biu dién thong tin phu cho mdi
dai tn sé cao hon c6 thé dugc cung cip cho bd phan sau xir Iy 210 & ma nhiéu phin

tan sd cao hon cia tin hiéu 4m thanh dugec tai tao trong bd phén sau xir 1y 210.
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Trong cac phuong 4n cia sdng che, cac dai tan so thir nhat va thi hai (va cac dai

tan sd hon nita tiy chon) c6 thé chdng hoic khong chdng 1én nhau theo phuong tin sb.

Theo d6, trong céc phuong 4n ctia sang ché, bd cip bao gdm bd phan chuyén
duoc tao cdu hinh dé chuyén phan thir nhét cta tin hidu 4m thanh trong dai tan sb thu
nhat dén dai tan s6 tht hai hodc dén nhiéu dai tan sé tht hai khac nhau, va bd khir
twong quan dé khtr trong quan ban duoc chuyén cua phan tht nhit ca tin hidu Am
thanh tlr phin th@ nhét cia tin hiéu 4m thanh. Trong cac phuong 4n cia sang ché, b
khir trong quan c6 thé ¢ cac dic diém tuong ty da biét nhu vi du tir khi twong quan
md hoa 4m thanh khong gian. Trong cic phuong 4n cla sang ché, bd khi tuong quan
c6 thé cung cp khir twong quan da dé tranh céac bién thé va téng hop tin hiéu ma dién
hinh v6i mé rong biang thdng da biét sir dung sao chép bang tin phd. B khir twong
quan c¢6 thé cung cdp su bao toan dudng bao phd cia phin thu nhét cua tin hiéu am
thanh va/hodc cung cip su bao toan dudng bao thoi gian, cu thé, cac chuyén tiép cua
phan thir nhit caa tin hiéu 4m thanh. Thiét ké bd khit teong quan thich hop nhu vay cé
thé phai bao gém su cin bing dwgc thuc hién gilta su bao toan chuyén tiép va khu

twong quan.

Trong céc phuong 4n ctia sang ché, bo khir trong quan c6 thé dugc thyuc hién nhu
b loc dap tmg xung vo han (infinite impulse response - IIR) trong mién thdi gian hogic
mién thoi gian dai phu, vi du bd loc thdng toan bg, trong dé khir trong quan dat dugce
thong qua cac bién thién nhém tré. Trong cac phwong 4n cua sang ché, bd khu tuong
quan c6 thé dugc tao cAu hinh @& cung cip pha ngu nhién hoa cia cac hé sb phd trong
phitc hop (qui miu) biéu dién bién dbi/gian loc (biéu didn Bién dbi Fourier roi rac
(discrete Fourier transform — DFT), bo loc guong cau phuong (quadrature mirror filter
- QMF)). Trong cic phuong 4n ctia sang ché, bd khir trong quan c6 thé duge tao ciu
hinh dé cung c4p umg dung cua tré thoi gian tdn s phu thudce trong biéu dién gian loc.

Céc phuong 4n clia sang ché c6 thé bao gdm bo khir twong quan c6 kha nang
thich nghi tin hidéu ma thay ddi mc do khir twong quan dé bao toan cac chuyén tiép.
Mirc khir trong quan cao cé thé duge cung cip cho cac tin hiéu chuin dirng va muc

khir twong quan thip c6 thé dugc cung cap cho céc tin hiéu chuyén tiép. Theo do,
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trong cac phuong 4n cua sang ché, by cap de cung cap tin hi€u no6i c6 thé ngat duoc

gifta cdc mirc d¢ khac nhau cia mic khir twong quan.

Trong cac phuong 4n, bd cip dé cung cép tin hiéu ndi c6 thé ngit giita cac muc
d6 khac nhau ctia khir trong quan phu thudc vao c6 hoic khong phan tin hidu thir nhat
bao gbém chi thi twong quan manh giita phin thir nhat cia tin hiéu 4m thanh va phan
tht hai cta tin hi€u am thanh. Cac phuong &n cho chéng han nhu bd chi thi 1a qua trinh
chuyén tiép trong phan thir nhit cia tin hiéu 4m thanh, tdc d6 tiéng chura chudi xung
trong phan thit nhét ciia tin hiéu 4m thanh va/hodc nhac cu bing ddng trong phan thu
nhét cuta tin hiéu 4m thanh. Sau day, cac phuong 4n duge md ta, trong do6 chi thi la tin

hiéu chuyén tiép trong phan thir nhét cta tin hiéu 4m thanh.

Trong cic phuong 4n cla sang ché, thiét bi c6 thé bao gdm bd do duge tao clu
hinh dé phat hién c6 hay khong phin tht nhét cta tin hidu am thanh chira tin hiéu
chuyén tiép. B6 do 108 nay dwgc thé hién dudi dang biéu db trén Fig.la va Fig.1b. Phu
thudc vao tin hiéu dau ra cia bd do 108, bo cép 102 c6 thé duoc tao chu hinh dé cung
cép tin hidu ndi v6i mirc khir twong quan cao cho cac tin hiéu chudn dimg, cu thé, khi
phan thtt nhét ctia tin hiéu 4m thanh khong c6 tin hiéu chuyén tiép, va mirc teong quan

thdp néu phan thtr nhit cta tin hiéu 4m thanh c6 nhiéu tin hiéu chuyén tiép.

Trong cac phuong 4n thay thé cta sang ché, thiét bi c6 thé gdm bo khur tuong
quan lam thich {mg tin tmg ma dugc kich hoat cho céc tin hiéu chuin dimg va khi
kich hoat cho cac phén tin hiéu chuyén tiép. N6i cach khéc, bd cip c6 thé duge tao chu
hinh dé xuét ra phan tin hiéu thir nhit duge chuyén ma khong c6 su khir twong quan
ctia n6 trong trudng hop phan tin hiéu thir nhit chira cac phén tin hidu chuyén tiép va
xuét ra tin hiéu ndi dugc khir trong quan chi trong truomg hop phan tin hiéu tht nhat
khong chira cac tin hiéu chuyén tiép hodc cac phén tin hiéu chuyén tiép. Trong céac
phuong an nay, bo ti tao th hai dugc tao cAu hinh dé tai tao tin hiéu &m thanh trong
dai tan sd tht hai dua trén di liéu tht hai va tin hiéu ndi néu phén tht nhét cia tin hiéu
am thanh khong chtra tin hi¢u chuyén tiép hodc dugc tao ciu hinh dé tai tao tin hiéu
am thanh trong dai tAn sb thir hai dwa trén dit liéu thir hai va ban phan thir nhét cua tin
hiéu Am thanh, ma dugc chuyén dén dai tin sé tht hai va khong duoc khir tvong quan

néu phan thir nhét cta tin hiéu 4m thanh chira tin hiéu chuyén tiép.
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Tin hiéu chuyén tiép hoidc céc phan tin hiéu chuyén tiép trong thuc thé co thé
dugc coi nhu chtra 1a tin hidu 4m thanh thay d6i nhiéu trong tong sd, cu thé, vi duy,
ning lugng cla tin hiéu 4m thanh thay d6i hon 50% tir mot phan thoi gian dén phan
thoi gian tiép theo, tic 1 ting hodc giam. Tuy nhién, ngudng 50% chi 1a vi du, va n6
cing c6 thé 1 gia tri nhd hon hodc 16n hon. Ngoai ra, viée phat hién tin hiéu chuyén
tiép, thay ddi phan bd ning luong c6 thé ciing duoc xem xét, vi du chuyén tiép tir tiéng
n6i dén Am xuyt.

Trong cic phwong 4n ciia sang ché, bo cip c6 thé duogc tao cAu hinh dé cung cip
tin hiéu néi tong hop ma khong tuong quan véi phan thir nht cua tin hiéu 4m thanh.
N6i cach khéc, ndi véi tin hiéu ndi tdng hop khong twong quan (chang han nhu nhiu
am tdng hop) c6 thé da 1a du néu sau xtt 1y theo tham s6 1a hat min (truong hop ma hoa
giai ma tdc do bit cao) hodc néu dai HF cuia tin hidu vAn 13 nhidu Am.

Trong céc phuong 4n cta sang ché, sy tuong quan cia dai LF va dai HF trong
m¢ rdng bing thong (nhu SBR) vin c6 ich cho ting cudng ludi thoi gian thd cia sau
xit 1y theo tham s (vi du, do canh ma hoa giai ma téc do truyén dit liéu truyén dit liéu
thp), viéc tai tao chinh x4c cac tin hiéu chuyén tiép va bao todn cdc Am ma c6 nhiéu
cdu tric hoa 4m cao giau (théng thudng, Am diéu khong bi anh hudng boi sy khir
twong quan va do d6 viéc bao toan 4m diéu khong phai 12 vAn dé dit ra trong thiét ké

bd khir tuong quan).

Theo nhu c4c bo khir turong quan da biét, vi dy, tir sy khir tuong quan ma héa am
thanh khong gian c6 lién quan, vi du dugc thuc hién tham khao cdng bd qudc t& WO
2007/118583 Al.

Trong cc phuong 4n cta sang ché, bo cip 102 c6 thé bao gbém bo khir tuong
quan c6 kha ning thich (mg, ma diéu chinh sy khir trong quan cia céc tin hiéu nbi HF
dua trén tham s6 duoc chuyén tir bd ma hoa dén bd gidi ma. Trong cac phuong an nay,
thiét bi dugc tao cu hinh dé t4i tao tin hiéu 4m thanh dua trén dit liéu thir nhat, dit liéu
thir hai va dit li¢u thir ba chira thong tin trén mic do khir twong quan dugc sit dung
gitta phan thir nhit cia tin hiéu 4m thanh va tin hiéu ndi duva trén phén thir hai dugc tai
tao khi tai tao tin hi€u dm thanh tir tin hiéu 4m thanh dugc mé hoéa. Dit liéu thir ba nay

dugc cong vao dit lieu 4m thanh dugc méa hoa trén phia b6 ma héa, ching han nhu
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bang b cong thong tin khir twong quan 300 thé hién trén Fig.3 cia ung dung hién tai.
Thiét bi dugc thé hién trén Fig.3 twong g v6i thiét bi thé hién trén Fig.4a ngoai trur

bd cong thong tin khir tuong quan.

B cong thong tin khir twong quan 300 nhan diu ra cta bd loc théng thip 702 va
c6 thé phat hién cc dic tinh tir tin hiéu dau ra cua bd loc thong thip 702. Vi du, bd
cong thong tin khir twong quan c6 thé phat hién cac chuyén tiép trong tin hiéu diu ra
ctia bd loc thong thép 702. Phy thudc vao cac dic tinh cta du ra cta bod loc thong thép
702, bd cong thong tin khit twvong quan cfng tin hi¢u &m thanh dugc ma hoa 710 théng
tin trén mc do khir twrong quan dugc sir dung giita phin thtr nhat cua tin hidu am
thanh va tin hiéu ndi dya trén phén tht hai dugc tai tao khi tai tao tin hiéu Am thanh tix
tin hiéu 4m thanh dugc ma héa. Vi dy, thdng tin khir twong quan c6 thé chi dan cho bd
cép tai phia bd giai ma thuc hién khir trong quan thip hodc khong c6 bét ky su khir
tuong quan ndo tai tit ca cac truong hop c6 cac phan chuyén tiép trong phén tin sb

thip cta tin hiéu 4m thanh.

Trong cic phwong 4n cua sang ché, bd cong thong tin khir twong quan ciing nhan
phﬁn tAn sb cao 706 cua tin hiéu Am thanh va c6 thé duoc tao cAu hinh dé nhan duoc
cac dic diém tir d6. Vi dy, trong truong hop bd cong thong tin khir twong quan phat
hién ring dai HF 1a nhidu 4m tuong tu, n6 c6 thé bao cho bd cip trén phia bd giai ma

dé cung cap tin hiéu ndi dya trén tin hi¢u nhieu 4m tong hop.

Trong c4c phuong 4n nay, tin hiéu 4m thanh duoc mi héa 320 duoc biéu dién boi
dong dir liéu 710 chira dit lidu thir nhit 321 biéu dién ban dugc ma hoa cia phin thir
nhit ciia tin hiéu 4m thanh, dit lidu thir hai 322 biéu dién théng tin phu trén phén thi
hai ciia tin hiéu 4m thanh trong dai tin sd tht hai va théng tin 323 trén muc do kh
trong quan dugc st dung giita phan thir nhit cta tin hiéu 4m thanh va tin hiéu ndi dua
trén phén thir hai dugc tai tao khi tai tao tin hiéu am thanh tir tin hi€u 4m thanh duogc
ma hoa.

Theo d6, cic phurong 4n ctia sang ché d& xuét phuong phap duge cai tién dé tai
tao tin hiéu 4m thanh, cu thé, mé rong phia by gidi ma clda bang thong tin hiéu 4m

thanh. Trong céc phuong 4n khac, sang ché d& xuit thiét bi tao ra tin hiéu Am thanh
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duoc ma hoéa. Trong cac phuong an khéc, sang ché dé cip dén céac tin hiéu 4m thanh

‘dugc ma héa nay.

Céc hiéu qua c6 loi clia séng ché dat dugc bang phwong phap tiép cén sang tao c6
thé thuc hién duoc bing cach so sanh chudi tu twong quan cua dudng bao tin hi€u
nhiéu 4m cho sao chép ting SBR (thé hién trén Fig.5a) vdi chudi tu tuong quan cda
dudng bao tin hidu nhidu 4m cia cac cac tin hiéu ndi duoc khir trong quan nhu thé
hién trén Fig.5b ctia sang ché. Fig.5b thé hién chuc nang tu tuong quan cua dudng bao
d6 16n ciia nhidu am tréng, trong d6 bang thong dugc mé rong véi ba tin hiéu nbi
khong khir tvong quan 13n nhau va véi dai LF. Fig.5b thé hién su bién mit cia céc gia

tri cuc dai khong mong muébn da thé hién trén Fig.5a.

Sang ché co thé 4p dung hodc thich hop cho tit ca cac tng dung 4m thanh ma
biang théng diy du khong c6 sn. Phuong phép tiép can sang tao c6 thé st dung trong
viéc phan bd hodc phat song ndi dung dm thanh nhu, vi dy, séng vo tuyén k¥ thuat s,
dong lién mang va cac tng dung truyén thong 4m thanh. Céc phuong 4n cua sang ché
dé cap dén viéc mé rong bang thong str dung céc tin hi¢u &m thanh bang con dugc khir

tuong quan.

Midc du mot vai khia canh dd duwgc mo ta trong ngit canh cua thiét bi, 1o rang
rang cac khia canh ndy ciing thé hién mo ta cia phuong phép twong tng, trong d6 khéi
hodc thiét bi twong Wng véi budc xit Iy ciia phuong phap hoic dic diém cua budce xir ly
cua phuong phap. Tuong tu, cac khia canh dugc mo ta trong ngit canh cua bude xit Iy
ctia phwong phap ciing thé hién mé ta ciia khbi hodic muc tuong mg hoic dic diém cua

thiét bi twong tng.

Phu thudc vao céc yéu ciu thuc hién nhit dinh, cac phuong 4n ciia sang ché co
thé dugc thuc hién trong phén cimg hoic trong phan mém. Phuong 4n c¢6 thé duoc
thuc hién st dung vét luu trix sb, vi du, dia mém, DVD, CD, ROM, PROM, EPROM,
EEPROM hoic bd nhé FLASH, c6 céc tin hiéu diéu khién co6 thé doc dwoc bing dién
tir duge luu trit trén d6, ma két hop (hoic c6 thé két hop) véi hé théng may tinh 1ap

trinh dugc sao cho phuong phap tuong ing dwgc thuc hién.
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Mot sb phuong 4n theo sang ché bao gdm vat mang dit liéu c6 céc tin hiéu diéu
khién c6 thé doc dugc nho dién tir, chung c6 kha nang két hop véi hé théng may tinh

lap trinh dugc, sao cho mdt trong cac phuong phép dugc mo ta & day dugce thuc hién.

Thong thudng, cac phuong 4n cia sang ché c¢6 thé duge thuc hién nhu mét san
phim chuong trinh may tinh véi ma chwong trinh, ma chuong trinh hoat dong dé thuc
hién mot trong cic phuong phap khi san phidm chuong trinh méy tinh chay trén may
tinh. Ma chuong trinh ¢6 thé vi du dugc luu trit trén vat mang co thé doc duoc béng

may hitu hinh.

Céc phuong an khac bao gdm chuong trinh may tinh dé thuc hién mét trong cac
phuong phap dugc md ta & day, duogc luu trit trén vat mang co thé doc dugc bing may

hoic phwong tién luu trit khong chuyén tiép.

N6i cach khéac, phuong an ctia phuwong phap theo sang ché 13, chuong trinh may
tinh ¢6 ma chwong trinh dé thuc hién mot trong cac phuong phap dugc md ta & day,

khi chuong trinh mdy tinh chay trén may tinh.

Do d6, phuong 4n khéc cia cic phuong phép theo sang ché 13, vat mang dit lidu
(hodc phuong tién luu trix s8, hodc phwong tién c6 thé doc dugc bang may tinh) bao
gém, da duoc ghi lai trén d6, chuong trinh may tinh dé thuc hién mot trong céc

phuong phap duge mo ta & day.

Phuong an khac cta cidc phuong phép theo sang ché 13, dong dir liéu hodc chudi
c4c tin hiéu thé hién chuong trinh may tinh dé thuc hién mat trong cac phwong phap da
dugc mo ta & day. Vi du, co thé cAu hinh dong dit licu hodc chudi cac tin hiéu dé dugc

truyén thong qua su két néi truyén thong dit liéu, vi du thong qua Lién mang.

Phuong 4n khac bao gdm phuong tién xit 1y, vi du, may tinh, hodc thiét bi 16gic
lap trinh dugc tao cAu hinh hodc dugc lam thich ung dé thuc hién mét trong cac
phuong phap duge mo ta & day.

Phuong 4n khac bao gdm may tinh ¢6 chuong trinh may tinh dwgc lap trén may
tinh dé thyc hién mot trong cac phuwong phip duge mo ta & day.

Theo mot s& phwong 4n, thiét bi 16gic 14p trinh duoc (vi du, mang cdng 14p trinh

dugc dang truong) ¢ thé duoc str dung dé thuc hién mot sb hodc tit ca cac chuc nang
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ctia cac phwong phép duge mé ta & ddy. Theo mot sé phuong an, mang cbng lap trinh
duoc dang trudong c6 thé két hop véi bd vi xir Iy dé thuc hién mot trong cac phuong
phép dugc md tad & diay. Thong thuong, cadc phuong phap uu tién dugc thuc hién bdi

thiét bi phan ctng bat ky.

Céc phuong &n dugc mo ta bén trén chi mang tinh minh hoa cho cac nguyén ly
clia sang ché. Can hiéu ring céc su bién thé va bién ddi cua cac phuong 4n va cac chi
tiét dugc mo ta & ddy s& 13 rd rang ddi v6i ngudi c6 trinh d6 trung binh trong linh vuc
k¥ thuat twong @ng. Do d6, muc dich ciia sang ché chi bi gidi han bdi pham vi cta céc
yéu cau bao ho sau day va khong bi gidi han béi cac chi tiét cu thé thé hién theo cach

md ta va giai thich cla cac phuong an trong tai liéu nay.
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YEU CAU BAO HO
1. Thiét bi tai tao tin hiéu am thanh dwa trén dit liéu thir nhit (120; 321; 705) bidu
dién ban dugc mi héa clia phan thir nht cla tin hiéu 4m thanh trong dai tan s thir
nhét va dit liéu thi hai (126; 322; 708) biéu dién thong tin phu trén phéan thr hai cta
tin hi¢u &m thanh trong dai tAn sb thi hai, dai tAn sb thit hai chia cac tin sd cao hon

dai tan s6 thtr nhat, thiét bi d4 néu bao gdm:

b tai tao thir nhat (100) dugc tao cAu hinh dé tai tao phﬁn thir nhét (777) cua tin
hiéu am thanh dua trén dit li€u thir nhét (120; 321; 705);

bo cép (102; 200; 202a) dugc tao cAu hinh dé cung cép tin hiéu nbi (122; 204)
trong dai tin sb thi hai, trong d6 tin hiéu ndi (122; 204) it nhit khong twrong quan mot
phan ddi véi phén thtr nhit (777) cua tin hiéu 4m thanh hodc it nhit 12 ban duoc khir
trong quan mot phan cta phan thir nhit (777) cua tin hiéu 4m thanh, ma dugc chuyén
dén dai tan sb thir hai;

bd tai tao thir hai (106) thé hién bd sau xir ly va duoc tao cu hinh dé tai tao
phan thr hai cia tin hiéu 4m thanh trong dai tAn s thtr hai dya trén dit liéu tht hai
(126; 322; 708) va tin hiéu ndi (122; 204), trong d6 duong bao phd cua phin thi hai
cta tin hiéu 4m thanh, san nhiéu 4m trong phén thr hai cua tin hi€u am thanh, d0 am
diéu cho mdi dai riéng trong phan thir hai clia tin hiéu 4m thanh, va ma héa ro rang céc
phan hinh sin nho 1én trong phan thr hai cta tin hiéu 4m thanh biéu dién théng tin phu
dugc biéu dién bai dit liéu thir hai; va

bd két hop (104) dugce tao cAu hinh dé két hop ph?m thtr nhét duoc tai tao (777)
ctia tin hiéu 4m thanh va tin hiéu ndi (122; 204) trudc khi phan tht hai cta tin hiéu 4m
thanh dugc tai tao boi bd tai tao thir hai hodc dé két hop v6i phan thir nhat duoc tai tao

(777) cda tin hiéu 4m thanh va phén thir hai duoc tai tao cua tin hi€u 4m thanh.

2. Thiét bj theo diém 1, trong d6 b tai tao thir hai (106) dugc tao cAu hinh dé tai
tao tin hiéu 4m thanh trong dai tin s tht hai dva trén dit liéu thir hai (126; 322; 708)
va tin hiéu nbi (122; 204) néu phan thir nhét (777) cta tin hiéu 4m thanh khong chta
qué trinh chuyén tiép, tdc do tiéng chira cac chudi xung va/hodc 4m thanh cta cac nhac

cu bang ddng va trong d6 b tai tao thir hai (106) dugc tao ciu hinh dé tai tao tin hidu
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am thanh trong dai tan s tht hai dya vao dit liéu tht hai (126; 322; 708) va ban cua
phin thtr nhét cia tin hidu 4m thanh, ma dugc chuyén dén dai tdn sb thu hai va da
khong duogc khir trong quan, néu phan thi nhat (777) cla tin hiéu 4m thanh chira qua
trinh chuyén tiép, tdc do tiéng chtta cac chudi xung va/hodc am thanh ctia cac nhac cu

bing ddng.

3. Thiét bi theo diém 1 hodc diém 2, trong d6 bd cép (102) duoc tao cu hinh dé
cung cép tin hiéu ndi tdng hop ma khong tuong quan véi phin thtr nhét cia tin hiéu 4m

thanh.
4. Thiét bj theo diém 3, trong d6 tin hiéu ndi tdng hop 14 tin hiéu nhiéu 4m.

5. Thiét bi theo diém 1 hodc diém 2, trong d6 bd cip (102) bao gébm bd phan
chuyén (200) va bd khir trong quan (202a ... 202p), ma dugc tao ciu hinh dé tao ra tin
hiéu nbi (122; 204) nhu ban dugc khir twong quan cia phan thir nhét (777) cta tin hidu

4m thanh dugc chuyén dén dai tan s thu hai.

6. Thiét bi theo diém 5, trong d6 bo khir tuong quan (202a ... 202p) duoc tao ciu
hinh dé bao toan it nhit mot dudong bao phd cta phin thir nhat (777) cta tin hiéu 4m

thanh va dudng bao thoi gian cta phan tht nhét (777) cta tin hiéu 4m thanh.

7. Thiét bi theo diém 5 hoic diém 6, trong d6 bd khir twong quan (202a ... 202p)

bao gdm mot trong so:

bd loc thong toan bd duge tao cAu hinh dé gdy ra cac bién thién nhom tré trong

phén thtr nhét cia tin hiéu Am thanh;

bd ngau nhién hoéa pha duoc tao ciu hinh dé giy ra su ngiu nhién héa pha cia

cac hé sO cua pho cia phan thir nhat cta tin hi€u am thanh; va

bo dat duoc tao cu hinh dé dit su tré thoi gian tan sb phu thudc 1én cac phén

phu ph?ln thtr nhét cua tin hiéu 4m thanh.

8.  Thiét bi theo mot diém bat ky trong sb cac diém tir 5 dén 7, trong d6 bd khir
trong quan (202a ... 202p) bao gdm bd khir tvong quan ¢ kha ning thich tng tin hidu
duoc tao cAu hinh dé thay dbi mirc d6 khir twong quan dé 4p dung sy khir trong quan
cao hon néu phan thr nhat (777) cta tin hiéu 4m thanh khéng chira qua trinh chuyén
tiép, tbc do tiéng chira cac chudi xung va/hodc 4m thanh ciia cic nhac cu bing dong va

-22-



23352

ap dung su khir tuong quan thdp hon hoic khong ap dung su khir tvong quan néu phan
thit nhét (777) cua tin hiéu 4m thanh chira qua trinh chuyén tiép, tdc do tiéng chira cac

chudi xung va/ho#c 4m thanh cla c4c nhac cu bang dong.

9. Thiét bi theo mot diém bét ky trong sb cac diém tir 2 dén 8, bao gdm bd do
(108) dugc tao ciu hinh dé phat hién c6 hay khong phan tin hidu thir nhit (777) cia tin
hidu 4m thanh chita qué trinh chuyén tiép, toc dd tiéng chira cac chudi xung va/hodc

am thanh cua cdc nhac cu bang dong.

10.  Thiét bi theo mot diém bat ky trong sb cac diém tir 1 dén 9, trong d6 bo cép
(200, 202a ... 202p) duoc tao ciu hinh dé cung cap tin hiéu ndi thir hai trong dai tin s6
thir ba, trong d6 tin hiéu néi thir hai khong twong quan d6i v6i phan thir nhit cta tin
hiéu 4m thanh hogic 12 ban dugc khir twong quan cia phan thi nhét cia tin hiu aAm
thanh, ma da duoc chuyén dén dai tan s tht ba, trong d6 tin hi¢u ndi tht hai khong
twong quan hodc dwoc khir twong quan dbi véi tin higu nbi thi nhét, trong d6 thiét bi
bao g(k)m bd tai tao thit ba, trong d6 bd tai tao thir ba dugc tao cAu hinh d8 tai tao phén
thir ba ctia tin hiéu 4m thanh dya trén tin hiéu ndi thr hai va dit liéu thtt ba biéu dién
thong tin phu trén phan thir ba clia tin hiéu 4m thanh trong dai tan sb thir ba, dai tin sd

th ba chtra cac tan so cao hon dai tan so thir hai.

11.  Phuong phap tai tao tin hi¢u &m thanh dya trén dit liéu thu nhét (120; 321; 705)
bidu dién ban dugc ma hoa cua phin thir nhét cta tin hiéu 4m thanh trong dai tin sb
tht nhat va dir liéu thw hai (126; 322; 708) biéu dién thong tin phu trén phén th hai
cua tin hiéu am thanh trong dai tAn s thir hai, dai tn s6 thir hai chira cac tin sb cao
hon dai tAn s6 tht nhét, phwong phéap da néu bao gdm:

t4i tao tin hiéu am thanh (777) trong dai tan s6 thir nhit dua trén dir lidu thi
nhit (120; 321; 705);

cung cap tin hiéu ndi (122; 204) trong dai tan sb thir hai, trong d6 tin hidu ndi
(122; 204) it nhit khong twong quan mdt phan ddi véi phan thir nhit (777) cha tin hiéu
am thanh hodc it nhét 12 ban dwoc khir twong quan mot phin ctia phan thir nhét (777)

cua tin hiéu 4m thanh, ma d3 duogc chuyén dén dai tan so tha hai;
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tai tao phan thir hai cta tin hiéu 4m thanh trong dai tdn s thr hai dua trén dit lidu
thir hai (126; 322; 708) va tin hi€u ndi (122; 204) boi b sau xtt ly, trong d6 duong bao
phd ctia phan thir hai cta tin hiéu 4m thanh, san nhidu 4m trong phan th{ hai cta tin
hiéu 4m thanh, d6 am diéu cho mdi dai riéng trong phén th{r hai cua tin hiéu 4m thanh,
va m3 hoa 13 rang cac phan hinh sin nho 1én trong phin thi hai cta tin hiéu 4m thanh

biéu didn théng tin phu dugc biéu didn béi dit liéu thir hai; va

két hop phan thir nhat dugc tai tao (777) cla tin hiéu 4m thanh va tin hiéu nbi
(122; 204) trudc khi phé‘m tht hai cua tin hiéu 4m thanh duoc tai tao hodc két hop phén
thir nhit dugc tai tao (777) clia tin hiéu 4m thanh va phin thir hai dugc tai tao cua tin

hiéu 4m thanh.

12.  Thiét bi tao ra tin hiéu 4m thanh dugc m3 héa (320), tin hiéu 4m thanh dugc ma
hoa (320) bao gdm dit liéu thir nhit (321) biéu dién ban dwoc ma hoa cia phan thir
nhét (703) cia tin hiéu 4m thanh trong dai tAn s thir nhat va dir liéu thir hai (322) biéu
dién théng tin phu trén phan thir hai (706) cta tin hiéu 4m thanh trong dai tin sb thu

hai, dai tan so th{ hai chira cac tan sO cao hon dai tan so thi nhat, bao gom:

bd cong thong tin khir twong quan (300) dugc tao cdu hinh dé cong tin hiéu 4m
thanh dugc ma héa (320) trong viéc cong di li€u thi nhét (321) va dit liéu tht hai
(322) théng tin (323) trén mirc dd khir trong quan dugc st dung gitta phin thir nhit
cha tin hiéu 4m thanh va tin hiéu ndi dva trén phén thtr hai cta tin hi€éu 4m thanh duoc
tai tao bang phuong thirc ctia ciia bd sau xir 1y khi tai tao tin hidu 4m thanh tir tin hiéu
4m thanh duoc ma hoa, trong d6 dudng bao phd cia phin thir hai cua tin hiu 4m
thanh, san nhiéu m trong phf?m th( hai cda tin hiéu 4m thanh, do 4m diéu cho mdi dai
riéng trong phan tha hai cua tin hiéu 4m thanh, v ma hoa rd rang cdc phin hinh sin
nho 1én trong phan thir hai ctia tin hiéu 4m thanh biéu dién thong tin phu duoc biéu
dién béi dit liéu thir hai.
13.  Phuong phép tao ra tin hi€u &m thanh dugc ma hoa (320), tin hiéu 4m thanh
dwoc ma hoa (320) bao gdm dir liéu thir nhat (321) biéu dién ban duge ma hoa cia
phan thir nhét (703) cia tin hiéu 4m thanh trong dai tin sb thir nhét va dit liéu tha hai

(322) biéu dién thong tin phu trén phan thit hai (706) ciia tin hiéu 4m thanh trong dai
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tan sO thur hai, dai tan s thr hai chtra c4c tan s6 cao hon dai tan s thir nhat, phuong

phap nay bao gdm:

cong tin hi¢u 4m thanh dugc ma hoa (320) trong viéc cong dit li€u thi nhét (321
va dit licu thir hai (322) thong tin (323) trén mitc do khir tuong quan dugc st dung
gifta phén thir nhit cda tin hiéu 4m thanh va tin hiéu ndi dua trén phén th{ hai cua tin
hi€u 4m thanh duogc téi tao bdi bd sau xir ly khi tai tao tin hi¢u d&m thanh tir tin hi€u
4m thanh duoc ma héa (320), trong d6 dudng bao phd ciia phén thir hai cta tin hidu
am thanh, san nhiéu am trong phﬁn thr hai cua tin hiéu 4m thanh, d6 4m diéu cho mdi
dai riéng trong phan thi hai cla tin hiéu 4m thanh, va ma héa rd rang cic phan hinh
sin nhd 1én trong phan thir hai cta tin hiéu 4m thanh biéu dién thong tin phu dugc biéu
dién bai dit lidu thit hai.

14.  Vat ghi c6 thé doc dugc bing may tinh bao gdbm chuong trinh may tinh c¢6 ma
chuong trinh dé thyc hién phuong phép theo diém 11 khi chwong trinh mdy tinh chay

trén may tinh.

15.  Vat ghi c6 thé doc dugce bing may tinh bao gdbm chuong trinh may tinh c¢6 ma
chwong trinh dé thyc hién phuong phép theo diém 13 khi chuong trinh may tinh chay

trén may tinh.
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