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(57) Sang ché dé xuit bo ma hoa va phuong phap tim kiém hinh dang PVQ (Pyramid
Vector Quantizer - Bo lwong tir héa vecto hinh thap), PVQ lay vecto dich x lam dau vao va
suy ra vecto y nhd cong 1ap lai cac xung don vi trong vong lap tim kiém chiéu bén trong.
Phuong phap nay bao gd6m budc, trude khi vao vong lap tim kiém chiéu bén trong tiép theo
dé cong xung don vi, xac dinh, dya trén bién d6 xung cuc dai, maxamp,, cua vecto hién
thot y, liéu co can nhiéu hon d¢ dai tir bit hi¢n thoi dé biéu dién enloop,, theo cach khong
ton hao trong vong lip chiéu bén trong sip téi. Bién enloopy lién quan dén nang luong
dugc tich liiy ctia vecto y. Viéc thuc hién phuong phap nay cho phép bo ma hoéa gitr do
phtc tap cta sy tim kiém ¢ murc hop 1y. Vi du, né cho phep b mé hoa ap dung vong lap co
do chinh xac tang chi khi nao viéc nay c6 thé 1a can thiét, nho phan tich liéu “kich ban cho
truong hop xau nhat” trong vong lip bén trong sap tdi cd yéu ciu vong lip bén trong véi
do chinh xac cao hon so vdi vong 1ap duoc str dung hién thoi.

Xéc dijnh d¢ dai tir cho enloopy cho vong
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Linh vie k§y thuit dwoc dé cap

Séang ché dé cap chung dén VQ (vector quantization - lugng tir hoa vecto) duge

thyuc hién bdi by ma hoéa.
Tinh trang k§ thuat ciia sing ché

D3 biét 1a sy luong tir héa vecto khong rang budc 1a phuong phép lugng tir hoa
tdi wu cho cac miu dugce nhom, nghia 1a cac vecto, c6 do dai nhét dinh. Tuy nhién, viéc
thuc hién sy lugng tir héa vecto khong rang budc kéo theo cac yéu ciu cao lién quan
dén do phirc tap va dung lugng bd nhé. Mong mudn dé cho phép thuc hién sy lugng tit
héa vecto trong ca cac tinh hudng c6 céc gidi han vé bd nhé va do phirc tap tim kiém,
da din dén su phat trién bo lwong tir hoa duge goi 12 bd lwgng tir héa vecto ¢6 cau truc.
Céc cAu truc khac nhau dua ra cac sy c4n bing khac nhau lién quan dén cac yéu cau vé
d6 phuc tap tim kiém va by nhé. Mot phuong phap nhu vy duge goi 1a lugng tir héa
vecto dd khuéch dai-hinh dang, trong d6 vecto dich 7 dugc biéu dién bﬁng cach str dung

vecto hinh dang x va tri sé d6 khuéch dai G-

t
X = E (Phuong trinh 0)

Khai niém cua sy luvgng tir hdéa vecto do khuéch dai-hinh dang 13 dé luong tir hoa
cdp {x, G} thay vi truc tiép lwong tir héa vecto dich £. Cac thanh phén d6 khuéch dai(G)
va hinh dang(x) dugc ma hoa st dung bd luong tir héa hinh dang ma dugc diéu chinh
cho dAu vao hinh dang duoc chudn hoa, va bd lwgng tir héa do khuéch dai ma xtt Iy dong
luc hoc cua tin hi¢u. CAu trac d6 khuéch dai-hinh dang nay thuong xuyén duge sit dung
trong ma hoa 4m thanh do sy phén chia thanh dong luc hoc va hinh dang, ciing duoc
bidu thi 13 cAu tric tinh, phit hop véi kidu nghe cam tinh. Khai niém d khuéch dai-hinh
dang ciing c6 thé dugc 4p dung cho cac hé s6 Bién dbi cosin roi rac hodc cac hé s6 khéc

dugc sir dung trong ma hoa video.
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Nhiéu bd ma héa-giai ma (codec) tiéng néi va am thanh nhu ITU-T G.718 va
IETF Opus (RFC 6716) str dung VQ d6 khuéch dai-hinh dang dya trén PVQ c6 cAu tric

dé ma hoa cac h¢ sO pho cia tin hi€u tiéng n6i/dm thanh dich.

Khai niém ma héa-PVQ duogc gidi thi€u bai R. Fischer trong quéng thoi gian
1983-1986 va da phat trién @& sir dung trén thuc té k& tir d6 voi su tiép dén cia cac DSP
(Digital Signal Processor - Bo xtt Iy tin hiéu s&) ¢6 hiéu qua hon. Khai niém ma hoa
PVQ bao gdm tim kiém, x4ac dinh vi tri va sau d6 ma héa diém trén siéu hinh thap N-
chidu véi chudn-L1 nguyén cua K xung don vi. C4i dugc goi 13 chuin-L1 1a tdng cta
cac tri sb tuyét dbi ciia vecto, nghia 1a tdng tuyét dbi cua vecto PVQ sb nguyén c6 ddu
dwoc gidi han vao chinh x4c 13 K, trong d6 xung don vi dugc biéu didn béi tri s6 nguyén
12 “1”. S6 nguyén c6 ddu c6 kha ning biéu dién c4c s6 nguyén am, so v6i khong diu chi
¢6 thé bidu dién c4c s6 nguyén khong 4m.

Mot trong céc loi ich ddng quan tAm dbi véi phwong phap tiép can ma h6a-PVQ
c6 chu trac ma nguoc lai voi nhidu VQ ¢6 chu trac khéac 1 khéng c6 gi6i han riéng lién
quan dén chidu N, nén cic phwong phép tim kiém dugc phét trién cho mi h6a-PVQ s&

c6 thé ap dung duoc dbi véi chidu N bit ky va dbi véi tri s K bat ky.

Mot van d& dbi voi su lugng tir hoa hinh dang PVQ c6 cAu trac 13 im vecto duge
lugng tir hoa t6t nhit c6 thé bing cach st dung tdng d6 phirc tap hop 1Iy. Dé ma hoa tiéng
néi va Am thanh & tc d6 cao hon, khi sb lugng cac xung don vi K dugc cho phép, co
thé trd nén rat cao va chiéu N ciing c6 thé cao, c6 nhu ciu con manh mé hon nita dé co
dugce sy tim kiém PVQ ¢6 hiéu qua, trong khi duy tri duoc chét lugng, vi du lién quan
dén SNR (Signal to Noise Ratio - Ty 18 tin hiéu so v6i nhidu), clia tiéng néi/dm thanh

dugc cau tao lai.

Ngoai ra, viéc sir dung khai niém PVQ khong bi gigi han vao Iinh vyc ma hoa
tiéng n6i va am thanh. Hién nay, nhém duoc goi 1a IETF (Internet Engineering Task
Force - Nhém dic trach k§ thuét Internet) dang theo dudi viéc phat trién bo ma hoa-giai
ma video trong d6 cac hé s DCT (Discrete Cosine Transform - Bién d6i cosin roi rac)
dugc ma héa bﬁng cach str dung thuét todn dya trén PVQ. Viéc c6 dugc thu tuc tim kiém
¢6 hiéu qua trong ma hoa video con quan trong hon so voi trong ma hoéa &m thanh, do

s6 luong hé s6 c6 thé tré nén rit 16n véi cac thiét bi hién thi 16n.
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Ban chit ky thuat ciia sang ché

Déi v6i PVQ c6 chu tric, c6 mong mubn dé cho phép sw tim kiém hinh dang c6
hiéu qua vé mit tinh toAn ma van dua ra ty 18 tin hiéu so véi nhiéu cao. Dic biét 1a dbi
v6i viéc thuc hién bao gém DSP ¢6 d6 chinh xéac cb dinh. Giai phép dugc duara & day
cho phép sy tim kiém hinh dang PVQ c6 hiéu qua vé mit tinh toan, nhd dua ra sy tim
kiém tinh PVQ duoc cai tién.

Theo khia canh thir nhit, sang ché d& xuit phwong phap tim kiém hinh dang PVQ,
dé duoc thyc hién bdi bd ma héa. PVQ duoc gia st bao gbm viée 1dy vecto dich x 1am
dAu vao suy ra vecto y nhd cong lap lai cac xung don vi trong vong l3p tim kiém chidu
bén trong. Phuong phap duoc dé xuit bao gdbm budc, trude khi viao vong 13p im kiém
chiéu bén trong tiép theo dé cong xung don vi: xac dinh, dya trén bién d6 xung cuc dai,
maxampy, cia vecto hién thodi y, lidu ¢ cin nhiu hon d6 dai tir bit hién thoi dé biu
dién, theo cach khéng tdn hao, bién, enloopy. Bién enloopy lién quan dén ning luong

duoc tich lily (accumulated energy) ciia y, trong vong lip chiéu bén trong sép t6i.

Theo khia canh thir hai, by ma hoa dugc dé xuét, dé tim kiém hinh dang PVQ.
PVQ dugc gia sir bao gdm viéc 14y vecto dich x 1am dau vao suy ra vecto y nhd cong
13p lai cdc xung don vi trong vong ldp tim kiém chiéu bén trong. BO mé& héa dugc dé
xuét duoc tao két cdu dé, trude khi vao vong 13p tim kiém chiéu bén trong tiép theo dé
cdng xung don vi: xac dinh, dva trén bién d6 xung cuc dai, maxamp,, cia vecto hién
thoi y, liéu c6 cin nhidu hon @) dai tir bit hién thoi dé bidu didn, theo cach khong tdn
hao, bién, enloopy. Bién enloopy lién quan dén ning lwong dugc tich liy cia y, trong

vong lap chiéu bén trong sép tdi.

Phuong phap c6 thé bao gdm budc va bd ma héa c6 thé duge tao két clu dé, trudce
khi vao vong 13p chidu bén trong tiép theo d& cong xung don vi: xac dinh, dua trén tri
sb tuyét dbi cyuc dai, xabsmax, clia vecto dau vao, x, do dich 18n c6 thé co, trong tu bit,
ctia trj s& twong quan trong vong lip dugc tich liy ctia vong lap tiép theo, corryy, gitta x
va vecto'y.

Phuong phéap co thé bao g(“)m budc va bd ma héa c6 thé duge tao két cdu dé, khi
cAn nhiéu hon d0 dai tir bit hién thoi dé biéu dién enloopy, thuc hién cAc tinh toén vong

1ap bén trong str dung do dai tir bit dai hon dé biéu dién enloopy.
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Phuong phap c¢6 thé bao gdm budc va bd ma hoa c6 thé duoc tao két cAu dé, khi
cin nhiéu hon do dai tir bit hién thoi dé biéu dién enloopy, thuc hién cic tinh toan vong
lap bén trong st dung do dai tir bit dai hon dé bidu dién binh phuong tri s twong quan

trong vong lip dugc tich lily, corryy?, gilta X va vecto 'y, trong vong 13p bén trong.
Phuong phap con c6 thé bao gdbm budc va bd mé héa c6 thé duge tao két céu dé,
khi khong can nhiéu hon d6 dai tir bit hién thoi dé biéu dién enloopy:
- thuc hién céc tinh toan vong 13p bén trong nh¢ dung vong ldp cong xung don vi

thir nhét str dung d6 dai tir bit thir nhét dé biéu dién enloopy, va:
khi cAn nhidu hon d¢ dai tir bit hién thoi dé bidu dién enloopy:
- thue hién céc tinh todn vong ldp bén trong nhd dung vong 1dp cong xung don vi

thir hai sir dung do dai tir bit dai hon, so véi vong lip cong xung don vi thit nhét,

dé biéu dién enloopy.

Budc xéc dinh, dya trén maxampy, v& liéu c6 cAn nhiéu hon d dai tir bit hién
thoi dé biéu dién enloopy c6 thé bao gdm x4c dinh cac dic tinh ciia truong hop khi, trong
vong 13p tim kiém bén trong sép t6i, xung don vi dugc cong vio vi tri trong y ma dugc

két hop v6i maxampy.

Phuong phéap con c6 thé bao gdm budc va bd ma héa co thé duoc tao két chu dé,

trong vong 13p tim kiém chiéu bén trong dé cong xung don vi:

- x4c dinh vi tri, npes, trong y dé céng xung don vi nh& wéc lugng nhan chéo, cho
mdi vi tri n trong y, ciia tri s ning luong va twong quan cho n hién thoi; va binh phuong
turong quan, BestCorrSq va tri s6 ning lugng, bestEn, dwoc luu tir céc tri s trudc chan,

nhu:
cottyy” * bestEn > BestCorrSq * enloopy

trong d6

Npest = N

bestEn = enloopy khi Corrxy2 * bestEn > BestCorrSq * enloopy

BestCorrSq = corry,
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Phuong phép ciing c6 thé bao gdm budc va bd ma hoéa duge tao két cdu dé theo
d&i maxamp, khi tri s cudi cing ctia K, dugc két hop véi vecto dich x, vuot qué trj sd
ngudng. O day, phuong phép c6 thé bao gdm budc va bd ma hoa cé thé duge tao két
chu dé tinh toan sb du ndng lugng, en_margin, chi khi nao tri sd hién thoi cua K vuot

qua tri sO ngudng ma co thé 1a tri s6 nguong dugc d€ cap trong cau trudc.

Theo khia canh thit ba, thiét bi truyén thong dugc dé xuét, thiét bi truyén théng

nay bao gém bd ma hoéa theo khia canh thit hai.

Theo khia canh thit tw, chuwong trinh may tinh duoc dé xuét, chuong trinh may
tinh ndy bao gdm cac 1énh ma, khi dugc chay trén it nhit mot b xir 1y, nhu DSP, 1am
cho it nhit mot bd xir ly thuc hién phuong phap theo khia canh thir nhét.

Theo khia canh thir nim, vit mang dugc dé xuét, chira chwong trinh may tinh
theo khia canh th& tu, vat mang nay 1a mét trong sb tin hiéu dién tt, tin hiéu quang hoc,

tin hiéu radio, hodc vat ghi doc dugc bdi may tinh.

Theo khia canh thit sdu, va bd ma héa dugc dé xuét, bd mi hda nay dugc tao Kkét
ciu dé tim kiém hinh dang PVQ; PVQ ldy vecto dich x 1am du vao va suy ra vecto y
nh& cong lip lai cac xung don vi trong vong 13p tim kiém chiéu bén trong. B4 ma héa
duogc dé xuét bao gdbm bd phan xé4c dinh thir nhit dé, trude khi vao vong lap tim kiém
chidu bén trong tiép theo dé cdng xung don vi, xac dinh, dya trén bi€n do xung cuc dai,
maxamp,, clia vecto hién thoi y, liéu c6 can nhidu hon do dai tir bit hién thoi dé biéu
dién, theo cach khéng ton hao, bién, enloopy, lién quan dén nang lugng duoc tich liy

clia y, trong vong lap chidu bén trong sép toi.

B) ma hoa theo khia canh thir sau c6 thé bao gdm b phan x4c dinh thi hai dé,
trude khi vao vong léﬁ chidu bén trong tiép theo dé cong xung don vi, xac dinh, dua trén
tri sb tuyét dbi cuc dai, xabsmax, ciia vecto diu vao, x, dd dich Ién c6 thé co, trong ti bit,
ctia tri s6 twong quan trong vong lap duge tich lity ciia vong Lip tiép theo, corryy, gifta x
va vecto' y. | |

B6 ma hoa theo khia canh thtr sau c6 thé bao gdbm bd phan tim kiém tinh dé thuc
hién c4c tinh todn vong 1ap bén trong sir dung d6 dai tir bit dai hon dé biu dién enloopy,

khi cin nhiéu hon d6 dai tir bit hién thoi dé biéu dién enloopsy.



273178

B ma héa theo khia canh thir sdu c6 thé bao gdm bd phan tim kiém tinh dé:

- thuc hién c4c tinh toan vong 13p bén trong nh¢ dung vong 1ap cdng xung don vi
thir nhit sit dung d6 dai tir bit thir nhét khi khong cin nhiéu hon do dai tir bit hién thoi
dé biéu dién enloopy, va:

- thuc hién céc tinh todn vong 13p bén trong nho dung vong ldp cong xung don vi
thir hai sit dung d6 dai tir bit dai hon so v6i vong 1p cong xung don vi thir nhit khi can
nhiéu hon d0 dai tir bit hién thoi dé biéu dién enloopy.

B06 ma héa theo khia canh thir sau c6 thé bao gém bd phén tim kiém tinh dé

- thuc hién céc tinh todn vong 13p bén trong nho duing vong ldp cdng xung don vi
thir nhét, c6 do chinh x4ac nhét dinh, khi khong cin nhidu hon do dai tir bit hién thoi dé
biéu dién enloopy; va dé

- thye hién céc tinh toan vong 1dp bén trong nh¢ dung vong 13p cong xung don vi
thir hai, c6 @0 chinh x4c cao hon so véi vong ldp cong xung don vi thir nhét, khi can
nhidu hon d6 dai tir bit hién thoi dé biéu dién enloop,.

B6 ma hoa theo khia canh thir sdu c6 thé dugc tao két ciu dé thyc hién viéc xac
dinh, dwa trén maxampy, v& liéu c6 cin nhidu hon do dai tir bit hién thoi dé biéu dién
enloopy nh¢ xac dinh cac déc tinh ctia truong hop khi, trong vong ldp tim kiém bén trong
sép t6i, xung don vi dwgc cong vao vi tri trong y ma duge két hop v6i maxampy.

B6 ma héa theo khia canh thr sdu c6 thé bao gém bd phén tim kiém tinh dé, trong
vong lap tim kiém chidu bén trong dé cong xung don vi:

- xé4c dinh Vi tri, nest, trong y d& cong xung don vi nh& wéc lugng nhan chéo, cho
mbi vi tri n trong y, cta tri s6 niing lugng va twong quan cho n hién thoi; va twong quan,

BestCorrSq, va tri sb ning luong, bestEn, duogc luu tir céc tri sb tru6e cia n, nhu:
corrxy2 * bestEn > BestCorrSq * enloopy

trong d6

Npest =N

bestEn = enloop;, | corrxy” * bestEn > BestCorrSq * enloopy

BestCorrSq = corrg,
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B0 ma héa theo khia canh thi sdu c6 thé bao gdm bd phan Iuu trit dé theo doi
maxamp, khi sb lugng cac xung don vi cubi cing, K, dwoc két hop véi vecto dich x,
vugt qué tri sé nguong.

Theo khia canh thi bay, thiét b truyén théng dugc dé xuét, thiét bi truyén thong
nay bao gdm bd ma héa theo khia canh tht sau.

M3 ta vén tit cdc hinh v&

Céc muc dich, diu hiéu, va wu diém néu trén va cac muc dich, diu hiéu, va uu
diém khéc cuia sang ché dugc boc 16 & day s& trd nén 16 rang tir phin mo ta chi tiét dudi
day cua cac phuong 4n nhu duge minh hoa trén cac hinh v& kém theo. Cac hinh v& khong
nhét thiét theo cung ty 18, thay vao d6 su nhin manh s& duoc dit vao khi minh hoa céac
nguyén ly ciia sng ché duoc boc 16 & day.

Fig.1-Fig.4 1a cAc hinh v& minh hoa phuong phép tim kiém hinh dang PVQ (tim
kiém tinh), theo c4c phwong 4n 1am vi du khac nhau.

" Fig.5 14 hinh v& thé hién cAc budc ciia mot phuong 4n dé tim kiém hinh dang
PVQ (tim kiém tinh), theo mo6t phwong 4n 1am vi du.

Fig.6 14 hinh v& thé hién chi tiét hon v& c4c bude dé tim kiém hinh dang PVQ
(tim kiém tinh) trén Fig.5, theo mot phuong an lam vi du.

Fig.7 14 hinh v& minh hoa c4c phuong 4n @& tim kiém hinh dang PVQ.

Fig.8 12 hinh v& thé hién thiét bi truyén thong theo mot phwong 4n dugce trang bi
b6 ma hoa EVS. |

Fig.9 12 hinh v& thé hién thiét bi truyén thong theo mot phuong 4n, va

Fig.10 ciing 13 hinh v& thé hién thiét bj truyén thong theo méot phuong 4n.

Fig.11a-Fig.11c 14 c4c hinh v& thé hién bd ma hoa theo cac phuong 4n 1am vi du.

Fig.12 13 hinh v& thé hién vi du v& hé théng ma héa 4m thanh PVQ, trong d6 it
nhAt moét phéan clia hé thdng duoc bao gdm trong bd ma hoa va/hodc bd ma hoa-giai ma

ma dén lugt duge bao gdm trong thiét bi truyén théng, nhu dién thoai di dong.
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M5 ta chi tiét sang ché

Trong s6 hoc ddu phdy dong khong c6 van d& 16n nao lién quan dén viéc thiét 1ap
dong luc hoc clia cac thong sb bude lap dé tim kiém hinh dang PVQ vong ldp bén trong,
tuy nhién trong cdc DSP c6 d9 chinh xéc cd dinh véi, vi dy, cac bg tich liiy (accumulator)
gi6i han 16/32 bit (thanh ghi trong d6 luu trir cac két qua sé hoc va/hoic 1dgic trung
gian) va céc bién, diéu rit quan trong 14 ding céc phuong phép tim kiém c6 hiéu qua
trong d6 dai dong gidi han cua cac bién DSP duoc cuc dai héa va d6 chinh xac dugc
cyc dai héa, trong khi ¢6 thé st dung nhiéu nhét c6 thé céc hoat dong DSP dai dong gi6i

han nhanh san cé.

Thuét ngir “d9 chinh x4c” trén day chi kha nang c6 thé biéu dién cac s6 nho nhét
c6 thé, nghia 1a s6 bit sau diu phay thap phan cho d6 dai tir cy thé. Néi cach khéc 13, do
chinh x4c twong Ung véi do phan giai cla sy biéu dién, ma mdt 14n nita dwoc dinh nghia
boi s6 chit s6 thap phan hodc nhi phan. Nguyén nhén cho viéc d6 chinh x4c theo céc
phuong an dugc md ta dudi ddy c6 thé dugc néi 1a twong quan véi sb bit sau ddu phiy
thap phan va khong nhét thiét v&i chinh d6 dai tir d6 13, trong sb hoc déu phdy tinh, c6
thé c6 cac dd chinh x4c khac nhau cho cung do dai tir. Vi dy, cic dinh dang dit li¢u 1Q15
va 2Q14 dé c6 do dai tir 16, nhung dinh dang thir nhit c6 15 bit sau du phdy thap phan
va dinh dang kia c6 14 bit. S6 nho nhit c6 thé biéu dién dugc khi d6 s& 1an lugt 1a 2-
15 va 2/-14.

Mot cach thuc hién sy lugng tir hda vecto hinh thap cta hinh dang dugc bde 19
trong doan 3.2 cia Valin va déng tac gia, “A full-bandwidth audio codec with low
complexity and very low delay”, EUSIPCO, 2009. Trong tai li¢u ndy by ma hoa-giai ma
MDCT dugc thé hién trong d6 céc chi tiét, nghia 13 hinh dang, trong mdi bing duogc
lwong tir héa vé dai s6 bing cach sir dung sach ma hinh cdu va trong d6 su cip phat bit
dugc suy ra tr thong tin dugc chia sé gilta bd ma hoa va bd giai ma. Cac khia canh va
phuong 4n theo sang ché dé cap, it nhét 13 theo cach khong chit ché, dén cach thire thuc
hién sy tim kiém theo cac phuong trinh 4-7 trong tai liu cua Valin va ddng tac gia, theo
cach c6 hiéu qué theo déu phiy tinh dwoc gidi han vao, vi dy, sb hoc 16/32 bit thay vi

cac tri sO dong nhu trong tai liéu cia Valin va dong tac gia.
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Theo mot sb khia canh va phuong an Iduqc boc 10 sau day, cho vecto dich x(n) >(t
trong Phuong trinh 0) ¢6 chidu N nhét dinh, va cho s§ xung don vi K nhit dinh, hinh
dang dugc phén tich va vecto cu tao lai thich hop x,(r) =func( y(r) ), ma cuc tiéu héa
16 lvgng tir héa hinh dang, va theo d6 cuc dai hoa chit lwong dugc cam nhan vi du trong
trurdng hop ma hoa am thanh, duge x4c dinh. It nhit trong sb trong céac khia canh va
phuong 4n dugc thuc hién dé nhim tim su tap hop t61 vru cuia K xung don vi, trong vecto
y(n) ma cin bam vao chudn L1, trong khi kiém soat dugc do phurc tap, nghia 13 thip nhit

c6 thé trén thyc té.

Thay vi sit dung céc phwong phép I3p hé trong tinh trang k¥ thuét dé xac dinh
.céc tri s& xép xi cho dai dong vong ldp bén trong va dd chinh xéc cta bd tich liy, mot
s6 trong cac khia canh va phuong 4n dugc thiét ké dé sir dung sy phén tich trude “gan
t6i wu” phi tén thip, lién quan dén cac chu ky DSP cin thiét va lién quan dén ROM
(Read-Only Memory - B6 nh¢ chi doc) chuong trinh bd sung cin thiét, cia tir sb trong
treong hop x4u nhét va/hosic miu sb trong truong hop x4u nhét truée khi bit dau cac
wdc luong tdn kém cia thwong sé bién dang hinh dang PVQ trong vong lap tim kiém
trong ciing. Su phan tich trude “gin t6i vu” khong nhim muc dich dinh ty 18 céc tri s6
vao dai dong cuc dai t8i wu chinh x4c, ma thay vao d6 su phéan tich trude xéc dinh liy
thira gin t6i wu ctia hé sé ty 18 2, do liiy thira ciia su dinh ty 18 2 c6 thé dugc thuc hién
nhu céc phép dich ctia s6 nhi phan va céc phép dich nhu vy c6 phi ton thép trong céc
chu ky DSP va trong ROM DSP.

Su lwa chon d0 chinh x4c cia méu sd dugce thuc déy vé cam tinh do céc ving
dinh (peaky region) vé phd s& dugc cip phat chinh x4c hon so véi cac ving bing phing
(flatter region).

Trong khi mt s6 trong cac khai niém chinh dugc mo ta trong ban mo ta nay bao
ham c4c bién dbi khac nhau va cac céu tric thay thé, cic phuong 4n cia cac khia canh
duoc thé hién trén cac hinh v& va ma 1am vi du va s& dugc md ta chi tiét sau day.

Gidi thiéu su t6i wu hoa tdng quét ctia tim kiém PVQ

Bo luong tir héa PVQ c6 ciu triic chudn-L1 cho phép mdt sé sy t&i wu héa tim
kiém, trong d6 su t6i vru héa chinh 12 di chuyén dich dén “géc phan tu” (quadrant) duong

toan bo (ciing c6 thé duoc biéu thi 13 orthant hoic siéu goéc phén tdm (hyper octant))
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trong khong gian N-chiéu va su t6i wu héa thir hai 13 sir dung phép chiéu chuin-L1 nhu
sw xép xi bat ddu cho y(n). Chuin-L1 cia K cho PVQ(N,K) cb nghia la tbng tuyét dbi
clia tAt ca cac phan tir trong vecto PVQ y(n) phai 1a K, dung nhu téng tuyét dbi ciia tat

c4 cac phan tir trong vecto hinh dang dich x(n).

Su t8i wu héa tht ba 1a cap nhat ldp lai Qprrp céac s6 hang thuong corry,? va
energyy, thay vi tinh toan lai Phuong trinh 4 (duéi day) qua toan by khong gian vecto
N, cho moi thay d6i tmg vién dbi v6i vecto y(n) dé theo dudi viéc dat dwoc chuin-L1 K,

ma dugce yéu cau cho budc danh chi so ti€p theo.

Ba budc t6i wu hoa 16n trén dy 1a cac su t6i wu hoa ma no6i chung c6 thé tdn tai
trong cac su thuc hién PVQ trong qua khtr nhuw CELT va IETF-Opus, va mét phan trong
G.718, tuy nhién dé 1am phin mé ta cac khia canh va phuong 4n trd nén ddy du, cac

budc ndy ciing duwoc phac hoa vin tit dudi day.
Sw tim kiém hinh dang vecto PVQ c6 hiéu qua

Téng quan vé hé théng ma hoa va giai ma 4m thanh 4p dung mét phuong 4n tim
kiém hinh dang PVQ dugc boc 10 trong ban md ta nay cd thé dugc théy trén Fig.12. Su
tim kiém hinh dang tdng quat sir dung phép chiéu hinh thap theo sau béi tién trinh tim
kiém (hinh dang) tinh c6 thé duogc thdy, vi du, trén Fig.5. Mt phuong 4n khéc cia phéan
tim kiém tinh cta su tim kiém hinh dang dugc mo ta trén Fig.6. Su tim kiém hinh dang
PVQ c6 thé bao gdm phép chiéu hinh thap va tim kiém tinh. Khi khéng 4p dung phép
chiéu hinh thép, thi sy tim kiém hinh dang chi bao gdm tim kiém tinh. Do d6, “tim kiém
tinh” va “tim kiém hinh dang” d6i khi c6 thé duoc st dung hoan ddi trong ban md ta
nay, do sy tim kiém tinh 13 mot phan cia tim kiém hinh dang, va khi khong c6 su tim
kiém thé ban dAu, bai phép chiéu hinh thép, thi viéc thuc hién tim kiém hinh dang dting
14 ciing mdt viée v6i thue hién tim kiém tinh. Néi cach khéc, su tim kiém tinh déi khi
c6 thé 12 hoic tao thanh su tim kiém hinh dang, va khi 4p dung phép chiéu hinh thép, thi

su tim kiém tinh 12 mot phf‘?ln ctia tim kiém hinh dang.

Giéi thiéu su tim kiém PVQ

Muc tidu cia tha tuc tim kiém PVQ(N,K) 1a dé tim vecto diu ra dugc dinh ty 1&

va duge chuén héa tét nhit xq(n). X4(n) dugce dinh nghia la:
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(Phuong trinh 1)

Trong d6 y =yn,x 14 diém trén b& mit cta siéu hinh thap N chiéu va chudn L1 cia
ynk 1a K. N6i cach khéc, ynx 13 vecto ma hinh dang nguyén dugc lua chon ¢6 kich thuée

N, ciing duoc biéu thi 14 chidu N, theo:

N-1
i=0

Nghia 13, vecto x, 12 vecto phu nguyén dugc chuin héa ning luong don vi y NK-

(Phuong trinh 2)

Vecto p tdt nhit 12 mot vecto cuc tiéu héa 151 hinh dang binh phwong trung binh giita
vecto dich x(n) va vecto diu ra dugc Iugng tir hoa dugc chuén hoa d3 dugc dinh ty 18
X Piéu nay dat dugc nho cuc tiéu hoa do bién dang tim kiém sau:
XTy
' T
Y'Y (Phuong trinh 3)

T
dPVQ =-X Xq:—

Hoic trong dwong, nhd 14y binh phwong tir s6 va mau sb, cuc dai héa thuong sd

Orrg:
(X y)z COI’I’
QPVQ - T
energyy

(Phuong trinh 4)

trong d6 corry 14 twong quan gitta x va y. Trong tim kiém hinh dang vecto PVQ
tdi vu y(n) véi chuin-L1 K, cac cap nhét 13p lai ctia cac bién Qprg duoc thuc hién trong

“g6c phan tu” duong toan b trong khong gian N chidu theo:

COT'Tyy (k, n)_corrx (k=1)+1-x(n) (Phuong trinh 5)

energy,, (k,n) = energy, (k—1)+2- 1. y(k-1,n)+ 12

(Phuong trinh 6)
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trong d6 corrxy(k-1) biéu thi twong quan thu dugc cho dén hién tai nhey dt k-1
xung don vi trudc, va energy,(k-1) biéu thi nang lugng duge tich lily thu dugce cho dén
hién tai nh¢ dit k-1 xung don vi trude, va y(k-1, n) biéu thi bién dd cla y & vi tri n tir
1an dt truée cia k-1 xung don vi. Pé ting téc thém nira d6i véi viee xtr 1y 1ap lai trong
vong 1ap, s6 hang niang luong energy,(k) dwoc dinh ty 18 xubng bai 2, theo d6 loai bd
mot phép nhan trong vong 1dp bén trong.

enloop y (k,n) = energy y (k,n)/2,>

enloop y (k,n) = enloop y (k-D+y(k-1,n)+0,5 (Phuong trinh 7)

trong d6 enloop,(k,n) 13 bién ning luong wu tién duoc sir dung va dugc tich lily
bén trong vong 1ap tim kiém xung don vi trong cing, do cip nhét lap lai ciia n6 yéu ciu

it hon mot phép nhan so v6i energyy(k,n).

corryy, (k, n)?

Qpyg(k,n) =
enloop y (k ) n) (Phuong trinh 8)

Vi trf t6t nhit 7ses cho xung don vi thir k°, dwgc cip nhét 13p lai nho ting n tir 0
dén N-I:

Mpest =1 >néu Qpyg (k,n)> Opyo (k. Mpest)

(Phuong trinh 9)

Dé tranh cac phép chia tén kém, ma dic biét quan trong trong s& hoc d4u phiy
tinh, quyét dinh cap nhat cuc dai héa Qprg dugc thuc hién bing cach sir dung sy nhan
chéo cuia tir s6 twong quan binh phuong t6t nhat dugc luu bestCorrSq va miu s6 ning
lwong t&t nhét duoc luu bestEn cho dén hién tai, ma c6 thé dugc biéu dién nhu:

Apest =N

bestCorrSq= corry(k, n)2 , néu corfxy (k, n)2 - bestEn > bestCorrSq- enloop,,(k.n)
bestEn = enloop y (k.n)

(Phuong trinh 10)

Su cuc dai hoa lap lai cia Qpro(k, n) cb thé bét dau tir s6 khong (zero) ciia cac

xung don vi duge dit hodc tir s dit trude ¢ phi tbn thap hon thich ing ciia cic xung
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don vi, dva trén phép chiéu nguyén thanh diém duéi bé mit cia hinh thép thi K, véi

sw dat muic duéi chudn bao dam clia cac xung don vi trong chuén L1 dich K.

Phaén tich viéc chudn bi tim kiém PVQ

Do bén chét c6 cAu tric ctia vecto nguyén PVQ yn, trong d6 cho phép tit ca cac
t6 hop du c6 thé c6 va c6 thé ma héa tit ca cac td hop déu, mién 14 vecto két qua bao
vao chuidn L1 cia K xung don vi, su tim kiém dugc thyc hién trong “gbc phén tw” tht
nhit dwong toan bd (nguyén nhén cho céc diu trich dan trén “géc phan tu” 12 géc phin
tw ding chi ton tai khi N=2, vd N & ddy c6 thé 16n hon 2). Ngoai ra, nhu tic gia sing
ché nhan biét, dé dat dugce dd chinh x4c cao nhét c6 thé cho su thuc hién chinh x4c gidi
han, tri sb tuyét d6i cuc dai xabsmax cla tin hiéu dau vao x(n) co thé duoc phén tich
truéc dé str dung trong twong lai trong khi thiét 1ap thu tuc tich liiy twong quan vong lip

bén trong.

xabs(n) = [x(n)|, cho n=0,...,N -1

(Phuong trinh 11)
XabSy ., = max(xabs, ..., xabsy_4) (Phuong trinh 12)

Xt 1y céc dich ning lugng rit thip va céc vecto phu ning luong rit thip

Tfong truong hop vecto dich ddu vao (x trong Phuong trinh 3 hozjc t trong
Phuong trinh 0) 13 vecto tit ca bing khong (zero) va/hodic d khuéch dai vecto (vi du G
trong Phuong trinh 0) 13 rét thép, thi sy tim kiém PVQ ¢6 thé duoc bo qua, va vecto
PVQ h@p 18 y c6 thé duoc tao ra theo .céch tét dinh nh¢o gédn mot nira cua K Xung ddn Vi

vao vi tri ther nhét (y[O] - Ej) va cac xung don vi con lai vao vi tri cudi cing (
SV -1]= sV} (€~ 5DD,
Thuét ngir “cac dich ning luong rat thdp” va “dd khuéch dai vecto rit thip” theo

mdt phwong 4n 13 thip nhu khong (zero), nhu duge minh hoa trong ma C ANSI 1am vi

du duoc bdc 1§ duéi day, trong dé6 ma tuong ing 1a:
IF(L xsum==0 || neg gain==0 )

{ /* zeroinput or zero gain case */
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Tuy nhién, né ciing c6 thé nhé hon hoic bing epxilon, hoic EPS, trong d6 EPS
14 tri 56 nho nhit ma 16n hon so véi khong (zero) va né duge coi 1a dang dé bidu didn
theo d9 chinh xac dugc lua chon. Vi dy, trong d6 chinh xac Q15 trong tir 16 bit c dau,
d6 khuéch dai vecto phu tré nén nhé hon hoic bang EPS 1/2715= 1/32768 (vi du do
khuéch dai vecto nho hon hoic bang 0,000030517578125), va trong trudng hop cla do
chinh xéc Q12 trong tir 16 bit c6 déu cho vecto dich x(n), thi trj s6 “rit thép” tré thanh
EPS = (1/2712), vi du sum (abs (x(n))) nhd hon hoic bang 0,000244140625. Theo mot
phuong 4n ciia s6 hoc DSP déu phéy tinh véi tir 16 bit, dinh dang s§ nguyén khong du
c6 thé 14y tri s6 nguyén bt ky tir 0 dén 65546, trong khi d6 sb nguyén c6 déu cé thé 1iy
tri s tir -32768 dén +32767. Khi sir dung dinh dang phén s khong dau, 565536 muc
duogc trai déu gifta 0 va +1, trong khi d6 theo phwong 4n dinh dang phan s6 c6 dAu cac

murc s& duoc dit cach déu gitra -1 va +1.

Nho 4p dung bude tiry chon nay lién quan dén cac vecto khong (zero) va céc tri
s6 d6 khuéch dai thap, dd phuc tap tim kiém PVQ duoc gidm va do phirc tap danh chi
s6 dugc dan trai/chia sé gifta danh chi s§ & bd ma hoa va giai chi s6 & bd giai ma, nghia
12 khong c6 xit Iy nao “bi lang phi” dé tim kiém vecto dich khong (zero) hodc vecto dich

rit thdp ma, theo cach bit ky, s& dugc dinh ty 1 xudng khong (zero).

Phép chiéu tim kiém trudc PVQ tity chon

Néu ty 16 mat do xung K/N 16n hon so v6i 0,5 xung don vi cho mdi hé sé, vi du
hé sb bién dbi cosin rdi rac cai bién, thi phép chiéu phi ton thap thanh hinh thép phy K-
1 dugc thyc hién va st dung 1a diém bt dau cho ». Mt khac, néu ty 1€ méat d¢ xung nho
hon so véi 0,5 xung don vi cho mdi hé sd, thi sw tim kiém PVQ lap s& khéi dau tir 0
xung don vi dugc ddt trude. Phép chiéu phi tén thip thanh “K-1” thudng it tén kém vé
mat tinh to4n hon trong céc chu ky DSP so véi viéc 1dp lai sy tim kiém vong lip bén
trong xung don vi theo K-1 lan. Tuy nhién, nhuoc diém cua phép chidu phi ton thip 1a -
n6 s& tao ra két qua khéng chinh x4c do 4p dung ham 1am tron xudng (floor) N chiéu.
Chuan-L1 két qua ctia phép chiéu phi tén thp st dung ham 1am tron xudng (floor)
thudong c6 thé 12 bat ky gitra “K-17 dén khoang chimg “K-5”, nghia 1a két qua sau phép

chiéu can dugc tim kiém tinh dé dat dén chuén dich cua K.

Phép chiéu phi ton thdp dugc thuc hién nhu:
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. K-1
pro]fac = n=N-1

Zxabs(n)

n=0

Y(1) = Y stare(n) = xabs(n)- proj e |

Néu khong thyc hién phép chiéu, thi diém bit dau 13 vecto y(n) tht ca bing khong
(zero). Phi tdn DSP ctia phép chiéu trong céc chu ky DSP 14 trong 14n cén cla N(tdng

(Phuong trinh 13)

o n=0,..,N-1

(Phuong trinh 14)

tuyét d6i)+25(phép chia)+2N(phép nhan va lam tron xubng (floor)) chu ky.

Khi chudn bi cho sy tim kiém tinh dé dat dén bé& mt ctia hinh thap tht K sb xung

don vi dugc tich liy pulsewn:, teong quan dugce tich lily corryy(pulsewy) va ning lugng

dugc tich liy energyy(pulseswy) cho diém bit diu duoc tinh toan nhu:

n=N-1
pulse;y = y(n)
n=0
n=N-1
corryy, (pulseo;) = y(n) xabs(n)
n=0
n=N-1
energy, (pulseso) = ) y(m)¥(m) =,
n=0

enloop,(pulsg,;) = energy, (pulsg,,)/2

Tim kiém tinh PVQ

Giai phap dugc boc 10 trong ban md ta nay li€n quan dén sy tim kiém tinh PVQ
(ma tao thanh hodc 1a mot phén cta sy tim kiém hinh dang PVQ, nhu dugc mo ta trén
day). Nhitng gi da duwgc mo ta trong cac phan trude chi yéu 13 PVQ trong tinh trang k§
thuat, ngoai trir viéc x4c dinh truge clia xabsmax, ma s& dugc mo ta thém dudi déy. Vecto

hinh dang nguyén cudi cling y(n) cia chidu N phai bam vao chuén L1 cia K xung. Sy
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tim kiém tinh dugc gia sir 1a duoc tao két cdu dé bat ddu tir diém duéi trong hinh thap,
nghia 13 dudi hinh thap thir K°, va tim lip lai dudng ciia né dén bé mit cua siéu hinh
thap thr K> N-chiéu. Tri s§ K trong su tim kiém tinh thuong c6 thé nim trong khoang

tir 1 dén 512 xung don vi.

Téc gia da nhén biét, 1a dé gitr do phirc tap ctia sy tim kiém va dénh chi s6 PVQ
& mirc hop 1y, su tim kiém c6 thé dwoc tach thanh hai nhanh chinh, trong &6 mdt nhanh
dugc sir dung khi da biét 1a sy biéu dién ning lugng trong vong lap cia y(n) s& & trong
tir 16 bit c6 d4u hodc khong déu trong bugc lip ctia vong 1ap tim kiém bén trong tiép
theo, va mdt nhanh khéc duoc sir dung khi ning luong trong vong 13p c6 thé vuot qua

dai dong cuia tir 16 bit trong bude 1ap ciia vong 1ap tim kiém bén trong tiép theo.

Su tim kiém tinh v&i d6 chinh x4c ¢b dinh cho s xung don vi thép

Khi K cubi ciing thip hon hoic biang ngudng clia £,=127 xung don vi, dong luc
hoc cua energyy(K) s& luon & trong 14 bit, va dong luc hoc cta enloopy(K) dugce dich
1én 1 bit s& ludn & trong 15 bit. Pidu nay cho phép sir dung tir 16 bit c6 ddu dé biéu dién
moi enloopy(k) trong tit ca cic budc lip ciia vong 13p bén trong tim kiém xung tinh 1én
t6i k=K. N6i cach khac, s& khong cin do dai bit tir vuot qua 16 bit @ biéu dién
energy,(K) hoic enloop,(K) trong bu6c lip clia vong lip bén trong tim kiém xung tinh
bét ky khi K<127.

Trong trudng hop sin c6 cic toan tir Multiply (nhan), MultiplyAdd (nhan-cong)
va MultiplySubtract (nhan-trir) DSP ¢6 hiéu qua cho céc bién 16 bit khong d4u, ngudng
c6 thé dugc tang thanh ¢, = 255, nhu vy thi enloopy(K) s& lubén & trong tir 16 bit khong
ddu. MultiplyAdd trong ban mé ta nay 13, theo mdt phuong an, cac 1énh nhan-cdng hodc
cac phép toan twong duwong dé nhan cac tri s§ dir liéu biéu dién cac tin hiéu 4m thanh va
video bdi bd loc hoiic bién ddi céc tri sb va tich liiy céc tich s6 dé tao ra két qua. Cac
phép toan MultiplySubtract giéng nhu cac phép toan MultiplyAdd, ngoai trir cac phép
cong dugc thay thé boi cac phép trir.

Khi chudn bi cho viéc cdng xung don vi tiép theo, d6 dich 1én c6 thé c6 cuc dai
gan t8i wu cua tri s6 twong quan trong vong lip dugc tich liy cia vong 13p tiép theo,
porrxy; trong tr 32 bit c6 du duqé phan tich trude bing cach sir dung tri s dau vao tuyét

dbi cuc dai duge tinh toan trudc xabsmax nhu:
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COTTypsnife = 31— [logZ (corrxy (pulsesor) +2-(1- xabsmax))]
(Phuong trinh 19)

Db dich 1én dugc tinh toan trong Phuong trinh 19 nay biéu dién “truong hop xAu
nhét”, va bao trum d0 dich 1én c6 thé c6 cuc dai ma c6 thé duoc thyc hién trong vong
13p bén trong tiép theo, va theo d6 bao dam 13 thong tin c6 y nghia nhét lién quan dén
su trong quan s& khong bi mét, hoic bi dich ra ngoai, trong buéc 13p clia vong lap bén

trong, ngay ca dbi véi kich ban cho truong hop x4u nhét.

Su phan tich ddng vong 1dp bén trong trudc trong trudng hop xAu nhit c6 thé
dugc thuc hién trong 2-3 chu ky trong hau hét céc kién tric DSP sir dung cac 1énh
MultiplyAdd va Norm (chuén h6a), va sy phén tich luén c6 cling tinh dc 14p clia chidu
N. Trong DSP 16/32-bit 40 G.191 ITU-T cac phép toan trong Phuong trinh 19 tr¢ thanh:
“corr_upshift = norm_I(L_mac(*L_corrxy,1, xabs_max));” v6i phi tén 1a 2 chu ky.
Céan Ivu ¥ 12 norm_1(x) trong ban md ta nay tuong tng véi “31 - ceil(log2(x))”, va theo
cach khéc c6 thé dugc biéu thi 1a 31 - ceil(log2(x)), trong d6 ceil(x) 1a ham dugc goi 1a
ham 13m tron trén (ceiling), 4nh xa sb thuc thanh sé nguyén nho nhét tiép theo. Chinh
x4c hon, ceiling(x) = [x] 12 s§ nguyén nho nhit ma khong nhd hon x. Déi vé6i cortypsnise
s6 hang nam trong cac diu ngoic véi thanh ndm ngang phia trén ludn 1a sd duong.
COTTypshirt theo cach khac c6 thé duoc tinh toan bang cach st dung ham l1am tron xudng

(floor) nhu:

COTTypsnift = 30 — llogz (corrxy (pulsespr) +2- (1 - xabsmax))J

trong d6 floor(x) =|x| 14 sé nguyén 16n nhit ma khong 16n hon x.

Mot loi ¥ khéc cta phuong phép tiép cin dugce dé xuét trong ban md ta nay db6i
véi viée dinh ty 18 twong quan tim kiém hinh dang gin t6i wu d6 13 phuong phép duoc
d& xuit khong yéu céu vecto dich dugc chuén héa trudce x, didu nay sé tiét kiém do phuc

tap bd sung nao d6 trude khi bat ddu tim kiém hinh dang.

D& 1am cho Phuong trinh 10 13p cép nhat hiéu qua nhét ¢6 thé, ik 56 corrsy(k,n)?
c6 thé dugc biéu didn boi tir 16 bit cé ddu, ngay ca khi bao gdm nhiéu thong tin hon so

v&i mirc phti hop trong tir 16 bit, nhd phuong phap tiép cén sau.

-18-



273178

2
corryy16(k, n)? = (Roundm ((corrxy (pulse, ;) +2-(1- Xabs(n))). 0 O pshif D

(Phuong trinh 20)

Npgst =N
bestCorrSg = corty16 (k,n)? }, néu cortyy6 (K, n)? -bestEm >bestCorrSgyg - enloop,, (k,n)
bestEnyg = enloop, (k,n)

(Phuong trinh 21)

trong d6 ham “Roundis” tach 16 bit trén cling ciia bién 32 bit c6 d4u c6 1am trbﬁ.
D6 dich 1én gin t6i vu ndy (Phwong trinh 10) va viéc sit dung biéu dién 16 bit ciia binh
phuong twong quan bestCorrSqis cho phép su tim kiém vong 13p bén trong rit nhanh
chi str dung ~9 chu ky dé thuc hién kiém tra Phuong trinh 21 test va ba l4n cap nhat
bién, khi st dung cac ham Multiply, MultiplyAdd, MultiplySubtract dugc t6i wu DSP.

Vi tri cia xung don vi tiép theo trong vecto y hién dugc xac dinh nho 1dp qua
n=0,..., N-1 vi tri c6 thé c6 trong vecto y, trong khi diing phuong trinh 20, phuong trinh
6 va phuong trinh 21.

Khi vi tri t6t nhét meesr cho xung don vi (trong vecto y dat dugc cho dén hién tai)
da dugc x4c dinh, trong quan dugc tich liiy corry(k), nang luong trong vong lip dugc
tich lity enloopy(k) va sb xung don vi dugc tich lily pulser: dugc cip nhat. Néu c6 cac
xung don vi thém nita d& cong, nghia 12 khi pulserr < K, thi vong ldp bén trong méi
dugc bat diu véi phan tich corrupsmin gan tdi wu méi (Phuong trinh 19) dé cong xung

don vi tiép theo.

Tbng cong, phwong phép tiép can dugc dé xuét nay c6 do phirc tap trong trudng
hop x4u nhit cho mdi xung don vi dugc cong vao y(n) 1a khoang chirng 5/N+15 chu ky
cho mdi hé sb duoc luong tir hda. Néi cach khac, vong 1ip qua vecto c6 kich thude N
dé cong xung don vi c6 do phirc tap trong trudng hop x4u nhit 13 khoang N*(5/N+15)
chu ky, nghia 14 5+15*N chu ky.

Su tim kiém tinh v&i d6 chinh x4c ¢b dinh cho sb lwong xung don vi cao

Khi K cao hon so v6i ngudng %, ma theo phuong an lam vi du nay gia sa DSP

gi6i han 16/32 bit, 14 £,=127 xung don vi, dong luc hoc ciia thong sb energy,(K) c6 thé
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vuot qua 14 bit, va ddng luc hoc cia enloopy(K) dugce dich 1€n 1 bit c6 thé vuot qua 15
bit. Theo d6, dé khong str dung d6 chinh xac cao khong can thiét, su tim kiém tinh duoc
tao két chu dé chon theo cach thich tmg gitta su biéu didn 16 bit va su biéu dién 32 bit
cua ciip { corry(k,n)? enloopy(k,n) } khi K cao hon so véi #,. Khi K cho vecto y(n) dugc
biét trude dé két thic & tri sb cudi cung cao hon so véi 127, sy tim kiém tinh s& theo ddi
bién 40 xung cuc dai maxamp, trong y dat dugc cho dén hién tai. Viéc nay ciing c6 thé
dugc goi 13 viéc maxamp, dugc xac dinh. Théng tin bién d6 xung cuc dai ndy dugc st
dung trong budc phan tich trude trude khi vao vong lap chidu bén trong dugc tdi wu hoéa.
Su phan tich truéc bao gdm xé4c dinh s& str dung dd chinh x4c nao cho vong ldp bén
trong dé cong xung don vi sép t6i. Nhu dugc thé hién trén Fig.12 bsi dAu vao cia N, K
d6i v6i sy tim kiém hinh dang PVQ, sy cip phat bit duge biét/xac dinh trudc khi khéi
déu su tim kiém PVQ. Su cip phat bit c6 thé st dung cac cong thirc hoic cac bang luu
dé thu duoc, x4c dinh va/hodc tinh toan K dé dugc nhdp vio sy tim kiém hinh dang
PVQ, vi du K = ham(bits(band), N) cho bang nhét dinh véi chidu N va s6 bit (bing) nhat
dinh.

Bit dugc yéu cau

cho PVQ(N,K) N=8 N=16 N=32
K=4| 11,4594 15,4263 19,4179
K=5| 13,2021 18,1210 23,1001
K=6| 14,7211 20,5637 26,5222
K=7| 16,0631 22,7972 29,7253

Vi dy, bang luu nhu bang duoc thé hién trén day c6 thé dugc sir dung dé xc dinh
hodc lua chon tri s6 ciia K. Néu chidu N 1a 8 va céc bit sdn c6 cho bing bits(band) 1a
14,0, thi K s& duoc lua chon 1a 5, do PVQ(N=8,K=6) yéu cAu 14,7211 bit 1a cao hon so

véi sb bit sin c6 14,0.

Néu sy phén tich truéc biéu thi 1a cAn nhiéu hon tir 16 bit c6 ddu dé biéu dién
nang lugng trong vong 1dp ma khong mét thong tin ning lugng bét ky, thi ding vong

lip cong xung don vi c6 d6 chinh xac cao hon va c6 dd chinh xac cao chuyén sdu hon
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vé mit tinh todn, trong d6 ca sb hang binh phuong twong quan t6t nhat dugc luu va sb
hang ning lwong dugce tich lity t5t nhat dugc lvu dugc bidu dién bai cac tir 32 bit.
eNmargin = 31 — [logZ ((1 + energyy (pulse,o) + 2+ (1 maxampy)))]
(Phuong trinh22)
highprecison, ;e = FALSE, néu (€N argin>16)
highprecisonygiye = TRUE, NEU (€Mmargin <16) phyong trinh 23)

Su phén tich dong & vong lip bén trong trude trong trudng hop x4u nhit co thé
dugc thuc hién trong 5-6 chu ky b sung trong hau hét cia DSP, va phi tén phan tich Ia
gidng nhau cho t4t ca cc chidu. Trong DSP 16/32bit 40 STL 2009 G.191 ITU-T cac
phép toéan trong Phuong trinh 22 va Phuong trinh 23 tr¢ thanh:

“‘L_energy_y =L_add(L_energy_y, 1); /* 0.5 added */

en_margin = norm_|(L_mac(L_energy_y, 1, maxamp_y));
highprecision_active= 1; move16();
if(sub(16,en_margin <= 0){

highprecision_active = 0; move16();

Y

vé6i phi tdn cuc dai 14 6 chu ky.
Ma tuong ung trong vi du m3 C ANSI dudi day la:

L.yy =L_add(L_yy,1); /*.5added *

en_margin =norm_I(L_mac(L_yy,1, max_amp_y)); /*find max "addition", margin,~2 ops */
en_dn_shift = sub(16, en_margin); /* calc. shift to lower word */

high_prec_active =1; move16(); o | |

if( en_dn_shift <=0 )}{ /* only use 32 bit energy if actually needed */

high_prec_active = 0; move16();

}

Thay vao d6, s6 du ning luong en_margin trong Phuong trinh (22) ¢6 thé nbi
tiép phép toan ciia ham STL G.191 rorm_I() dugc tinh todn bang cach sir dung ham lam

tron xudng (floor) nhu:
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eNmargin = 30 — llogZ ((1 + energy, (pulse,o) + 2+ (1 maxampy))>l

Néu highprecisionacive 13 FALSE (SAI), nghia 1a =0, thi vong 1ap tim kiém bén
trong c¢6 d6 chinh x4c thdp hon trong Phwong trinh 20, Phuong trinh 6 va Phuong trinh
21 dugc dung, mit khic, khi highprecisionacive 13 TRUE (PUNG), nghia 13=1, thi vi tri
cua xung don vi tiép theo dugc thuc hién dung vong 1dp bén trong c6 do chinh xéc cao
hon, biéu dién enloopy va corrxy® vGi céc tir 32 bit theo vi du nay. Nghia 13, khi
highprecision,cive. 13 TRUE (DUNG), vi tri ciia xung don vi tiép theo trong y(n) dugc
xac dinh nh¢ ldp qua n=0,..., N-1 vi tri c6 thé co, st dung Phuong trinh 24, Phuong
trinh 6 va Phuong trinh 25.

2
cortiy (ki) = [coms (pulseor) +2- (1 xabs(m)-2°41

(Phuong trinh 24)

Rpest =1
bestCorrSgs, = corrys, (k,n)? },néu corrxy32(k,n)2 - bestEny; >bestCorrSqs, -enloop ,(k,n)
bestEns, = enloop ,, (k,n)

(Phuong trinh25)

Néi cach khic, en_margin nham biéu thi c6 bao nhiéu d¢ dich 1én c6 thé dugc str
dung dé chudn héa ning lrgng trong vong lap tiép theo. Néu c6 thé sir dung 16 hodc
nhiéu hon 16 1an dich 1én, thi ning lugng nim & do dai tir thap hon, gia sir cac do dai tir
16/32 bit, va khong cin vong lip c6 d6 chinh x4c cao (su biéu dién 32 bit), nhu vay
highprecisionacive duoc thiét 1ap thanh FALSE (SAI). Mot nguyén nhan thyc hién dé
1am theo cach nay (cho phép thong tin ning lugng nim & phin thip cta tir 32 bit
L _energy) 1a n6 ré hon v& mit tinh toan: né chi tén 1 chu ky dé tinh toan
extract_1(L_energy) trong khi round fx(L_shl(L_energy,en_margin)) thay thé tén hai
chu ky.

Khi vi tri t6t nhat npes clia xung don vi dd dugc xac dinh, trong quan dugc tich
lity corry(k), ning lwong trong vong lap duoc tich lity enloopy(k) va sé xung don vi

dugc tich 1dy pulses,: dugc cap nhat. Ngoai ra, bién do cuc dai maxamp, trong vecto
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nguyén t6t nht y cho dén hién tai, dugc gitr cdp nhét, nghia 1a dwgc x4c dinh, cho vong
13p cong xung don vi tiép theo.

maxamp,, = max\maxam n
Py ( Py ,y[ besr]) (Phuong trinh 26)

Néu c6 cac xung don vi thém nita & cong, nghia 13 khi pulses < K, thi vong 13p
bén trong méi dugc bit diu v6i sy phan tich corrupshir gan tdi wu méi theo Phuong trinh
19 va sy phan tich c6 d6 chinh x4c ning lwgng mdi theo Phuong trinh 22 va Phuong
trinh 23, va tiép theo khoi diu vong lap xung don vi tiép theo véi Phuong trinh 24,
Phuong trinh 6 va Phuong trinh 26.

Do phirc tap trong trudng hop x4u nhét theo phuong phép tiép can c6 do chinh
x4c cao (theo vi du nay 13 céc tir 32 bit) cho mdi xung don vi dugc cong vao y(n) 1a

khoéng chimg 7/N+31 chu ky cho mdi hé sé dugc lugng tir hoa.

Hiéu qua cta viéc lya chon d6 chinh xac cua vong 1dp bén trong dua trén niang
lugng dugc tich lily trong vong ldp d6 1a cac vecto phu dich ma c6 murc dinh cao, hodc
c6 d6 chi tiét rat tinh, nghia 13 K cudi ciing 13 cao, s& sit dung thudng xuyén hon vong
13p c6 dd chinh xac cao hon va nhiéu chu ki hon, trong khi céc vecto phu khong c6 dinh
hodic @0 chi tiét xung thip s& sir dung thudng xuyén hon vong 13p c¢6 do chinh xac thip

hon va it chu ky hon.

Can luu y 13 sy phan tich dugc md ta trong phn trén ciing c6 thé dugc thyc hién
khi K<#,. Tuy nhién, mdt phuong &n c6 thé dugc thuc hién c6 hiéu qua hon nho dua vao

ngudng ¢, &é 4p dung su phan tich trén.

Hoan thanh va chun héa vecto PVQ

Sau khi tim kiém hinh dang, m3i thanh phén vecto PVQ khong bang khong (non-
zero) dugc gan déu thich hop ciia n6 va vecto dugc chuén héa L2 (con dugc biét dén 1a
chuén hoa Oclit (Euclidean)) thanh ning lugng don vi. Ngoai ra, néu biang dugc tach,

thi n6 con duge dinh ty 18 voi do khuéch dai vecto phu.

néu(y(n) > 0)N (x(n) < 0)= y(n) = ~y(n),cho n=0,...,.N-1I
(Phuong trinh 27)
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__1
nOTMgyiy =

T

yy (Phuong trinh 28)

Xq (n) = nor Maain y(®),cho n=0,...N—-1 (Phuong trinh 29)

Trén day, hai hé phuong phép vé d6 chinh x4c dugc thé hién va dugc chi 16:

“Enl6 x CorrSql6”, nhu dugc dinh nghia trong phén trén day, (cac phuong trinh tir 19
dén 21) va “En32 x CorrSq32”, (cac phuong trinh tir 22 dén 26). Sau ddy s& mo ta hai
phuong phép c6 do phac tap trung binh thém nita trong d6 dd chinh xéc cia s6 hang

Twong quan binh phuong 1am ti s§ va sé hang Nang lugng dugc thay doi.

Céac phuong phap “Enl16 x CorrSg32” va “En32 x CorrSql6”

Phuong phap “Enl6 x CorrSq32” tuwong tu véi “En32 x CorrSq32”, nhung c6
khac bi€t 1a sy so sanh va cép nhat xung don vi dugc tim théy t5t nhét & vong lip bén
trong st dung su biéu dién 16 bit ctia bestEnis ning luong tdt nhit cho dén hién tai,
theo:

Mpest =1

bestCorrSq 35 = Cortyys; (k,n)? },néu corryys, (k, n)? - bestEnyg > bestCorrSqs, - enloop y(k,n)
bestEn,¢ = enloop (k,n) '

(Phuong trinh 30)

Phi t6n x4p xi ctia phuong phap “Enl6 x CorrSq32” cho mdi xung don vila 5/N
+ 21 chu ky.

Phuong phap “En32 x CorrSql6” tuong tu v6i “En32 x CorrSq32”, nhung c6
khéc biét 12 su so sanh va cip nhat xung don vi dugc tim thiy t6t nhit & vong 1ip bén
trong stt dung su bidu din 16 bit ciia binh phuong twong quan tbt nhét bestCorrSq1s
cho dén hién tai, theo:

Apese =1
bestCorrSq 16 = cortyy ¢ (k,n)? },néu corryy16(k, n)? - bestEn 32 > bestCorrSq 16 - enloop y(k,n)

bestEn 32 = enloop ,,(k,n)

(Phuong trinh 31)
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Phi t6n x4p xi ciia phuong phap “En32 x CorrSql6” cho mdi phép cong xung

don vi 1a 6/N+20 chu ky cho mdi hé s6.

Cac khia canh va cac phuong an lam vi du

Sau ddy, mot s6 phwong 4n 1am vi du cia giai phap dugc boc 10 trong ban md ta

nay s& dugc md ta voi tham khao dén Fig.1-Fig.4.

Fig.1 12 bidu db tién trinh minh hoa phuong phép lién quan dén sy tim kiém tinh
cta tim kiém hinh dang PVQ. Phuong phép dugc du tinh dé dugc thuc hién béi b ma
hoéa, nhu bd ma héa phuong tién cho céac tin hiu 4m thanh va/hodc video. PVQ léy vecto
hinh dang dich x 1am dAu vao, va suy ra vecto y nhé cong 13p lai cdc xung don vi trong
vong Lip tim kiém chidu bén trong. Phuong phap dé cap dén su phan tich truée, ma dugce
thuc hién trude khi vao vong lap bén trong. Vecto ddu ra xq sau d6 s& dugc suy ra dya
trén vecto y, nhu dugc md ta trén day. Tuy nhién, viéc tao thanh xq khong phai 1a trung
tAm cua giai phap duwgc md ta & day, va theo d6 s€ khong dugc md ta thém trong ban
mo ta nay.

Theo phuong phap dugc minh hoa trén Fig.1, c6 thé gia str 12 bd ma héa theo ddi
tri s& maxamp,, clia vecto hién thoi y. “Vecto hién thoi y” trong ban mo ta nay co nghia
1a vecto y dugc tao, dugc tim hodc dugc cAu tao cho dén hién tai, nghia I3 dbi voi k <
K. Nhu dugc mo ta trén day, diém bt dau cho vecto y cb thé 1a phép chiéu vao bé mit
duéi hinh thap tht K, hoic vecto tt ca bing khong (zero) trong. Phuong phép dugc
minh hoa trén Fig.1 bao gbm, truéc khi vao vong lip tim kiém chidu bén trong tiép theo
dé cong xung don vi, xac dinh 101, dya trén bién d§ xung cuc dai, maxamp,,, cia vecto
hién thoi y, lidu c6 cAn nhidu hon d6 dai tir bit hién thoi d€ biéu dién enloop,, theo céch
khéng t6n hao trong vong lip chidu bén trong sép t6i. Bién enloop, lién quan dén ning
luong dugc tich liiy ctia vecto y. Viéc thyc hién phuong phap cho phép bd ma héa git
6 phirc tap cta sy tim kiém & mirc hop 1y. Vi dy, né cho phép bd ma hoa 4p dung vong
l5ip c6 dd chinh xéc tang (kéo theo do phirc tap cao hon) chi khi nao viéc nay co6 thé 1a
can thiét, nhd phan tich liéu “kich ban cho trudng hop x4u nh4t” trong Vc‘)ng 13p bén
trong sip t6i c6 yéu cau vong 1ip bén trong véi do chinh xac cao hon so vé6i duge st

dung hién thoi.
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Su phan tich truéc dugc md ta trén ddy duge thuc hién trude mdi 14n vao 102
vong 13p bén trong, nghia 13 truéc mdi phép cong clia xung don vi vao vecto y. Theo
mot phuong 4n 1am vi du trong d6 chi sin c6 hai sy biéu dién bit khac nhau, nghia 13
céc do dai tir bit nhu 16 va 32 bit, vong 1dp bén trong s€ dugc thuc hién b%lng cach st
dung su biéu didn 16 bit ciia enloopy cho dén khi xéc dinh dugc 12 can tir bit dai hon dé
bidu dién enloopy, sau d6 do dai tir bit cao hon, nghia 13 sy biéu din 32 bit s& dugc ap
dung cho c4c tinh toan vong 13p bén trong. Vong lap sir dung su biéu din 16 bit c6 thé
duoc goi 1a “vong lap c6 dd chinh xac thép”, va vong 1ap st dung su biéu dién 32 bit c6
thé duoc goi 12 “vong 1ap c6 d6 chinh x4c cao”.

Viéc x4c dinh 102 12 lidu c6 can nhidu hon dd dai tir bit ban dau hodc hién thoi
theo cach khéc c6 thé duoc biéu thi nhu 13 viée x4c dinh dwoc s& yéu ciu do dai tir bit
ndo, trong sb it nhat hai do dai tir bit khac nhau, thay thé, dé biéu dién enloop, trong
“trrdng hop xAu nhit” (ting 16n nhét c6 thé c6) trong vong lip bén trong tiép theo. It
nhéit hai do dai bit tir khac nhau c6 thé bao gdm it nhét, vi du, cac d6 dai tir 16 va 32 bit.

N6i céch khéc, khi nhidu hon do dai tir bit hién thi duge xéc dinh 102 a cin dé
biéu dién enloop,, trong vong 13p bén trong tiép theo, cac tinh toan vong 13p bén trong
duoc thuc hién 103 voi d6 dai tir bit dai hon, so v6i do dai tir bit ban diu hodc hién thoi,
dé biéu dién enloop,, trong vong ldp bén trong. Mat khac, khi nhiu hon d6 dai tir bit
hién thoi duoc x4c dinh 13 khong cin dé biéu dién enloapy, cic tinh todn vong 13p bén
trong co thé duoc thuc hién nhd ding vong lip cong xung don vi thtt nhét st dung do
dai tir bit thir nhat hodc hién thoi dé bidu dién enloopy, nghia 1a d§ dai tr bit hién thoi
c6 thé tiép tué duogc st dung. Piéu ne‘ly cling dugc minh hoa, vi du, trén Fig.4, nhu viéc
str dung hai vong 1dp khac nhau. Fig.4 thé hién mot vong 13p bén trong c¢6 do chinh xéac
thép, ma dugc chay 405 khi x4c dinh 403 13 d6 dai tir bit hién thodi (thdp hon) 1a du; va
mot vong 13p bén trong ¢ dd chinh xac cao, ma dugc chay khi xac dinh 403 14 can do
dai tir bit cao hon dé biéu dién ning lwong trong vong 13p bén trong, dé khong mét thong

tin.

Phuong phéap dua vao viée thuc hién 1a sy tdng c6 thé ¢6 cuc dai cia bién ning
lugng, nhu enloop,, trong vong 1dp bén trong tiép theo s& xay ra khi xung don vi dugc

cdng vao vi tri trong y ma dugc Kkét hop v6i maxamp,, hi¢n thoi. Sau khi thyce hién diéu
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nay, co thé x4c dinh, trude khi vao vong 1ap bén trong, li€u c6 rti ro 1a vuot qua kha
ning biéu dién cta do dai tir bit dwgc sir dung hién thoi, vi du 16 bit, trong vong 13p bén
trong tiép theo, hay khong. Néi cach khéc, viéc xac dinh v& liéu ¢6 can nhiéu hon d6 dai
tix bit hién thoi dé bidu didn enloopy bao gdm xéc dinh céc dic tinh ciia trudng hop khi,
trong vong lap tim kiém bén trong sip t6i, xung don vi duge cong vao vi tri trong y ma
dugc két hop véi maxampy. Vi du, sb bit cAn dé biéu dién enloop, trong vong lip bén
trong sép t6i c6 thé duge x4c dinh, hodc, theo cach khéc 12 sb du con lai trong tir bit biéu

dién enloop, trong vong lip bén trong sip t6i.

Déi véi cac vecto hinh dang dich dugc két hop véi K thép, c¢6 thé néi trude 13 s&
khong cin do dai tir bit dai hon so v6i d6 dai duge dé xuét boi do dai tir bit ban dau va
dugc st dung hién thdi. Do do, s€ c6 thé ap dung tri ) ngudng Tk, sao cho cac phép
toan nhét dinh dugc thuc hién chi cho cac vecto hinh dang dich dugc Kkét hop v6i K ma
vuot qué tri ) ngudng Tk. Pbi vé6i céc vecto dich nhu vay, bd ma hoda s& theo d6i
maxamp,,, nh cép nhat tri sé nay sau mdi phép cong xung. Ddi véi cac vecto dich
duqc két hop v6i K ma thip hon so véi tri sé ngudng, khong cin thiét theo doi
maxamp,,. Vi du v6i céc tir 16 va 32 bit, Tk c6 thé c6 s& 1a 127, nhu dugc md ta trén
déy. Noi cach khac, viéc theo d6i maxamp,, va viéc xac dinh v& liéu c6 can nhiéu hon
6 dai tir bit hién thoi duoc thuc hién, vi du, chi khi trj s& cubi cing ciia K duoc két hop

vé6i vecto hinh dang dich dau vao vuot qué tri s ngudng Tk.

Mot phuong 4n dugc minh hoa trén Fig.2 bao gf‘)m theo do6i hodc xac dinh 201
maxampy, va xac dinh 202 xabsmax. Tri s6 clia maxampy c6 thé dugc thay d6i khi Ccf)ng
xung don vi méi trong vong 1ap bén trong va theo d6 maxampy cin duoc cép nhat, dé
dugc gilt cdp nhéat sau mdi vong lap. Vi duy, hoat dong 201 ¢ thé bao gém theo doi
maxampy cho dén khi tri sb cta k da dat dén trj sb ngudng trong d6 do dai tir bit ban
dAu hodc hién thoi duge sit dung dé bidu dién enloopy c6 thé khong con 13 dd, va su
phén tich duogc biéu dién, vi dy, béi hoat dong 204 dugc khoi dau. Su cap nhét cla
maxampy sau vong ldp bén trong theo sau sy phén tich cia, vi du, hoat dong 204 dugc
minh hoa nhu hoat dong 206 trén Fig.2. Tuy nhién, cin luu ¥ 12 xabsmax khong duge
thay ddi trong quy trinh, va do d6 chi can dugc x4c dinh 202 mot 14n. Nhu duoc minh

hoa trén Fig.2, mdt phwong 4n ctia phwong phép ciing c6 thé bao gdm, trudc khi vao 205
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vong 13p chiéu bén trong tiép theo dé cong xung don vi, xac dinh 203, dva trén trj sb
tuyét dbi cuc dai, xabsmax, clia vecto hinh dang d4u vao, x, d6 dich 1én c6 thé c6, trong
tir bit, ctia trj s6 twong quan trong vong lp dugc tich liiy cia vong lip tiép theo, corryy,
giita x va vecto y. Do dich 1én ciing c6 thé dugc biéu thi 13 dinh ty 1& 1én. Phuong trinh
19 trén day minh hoa vi€c x4c dinh d9 dich 1én c6 thé c6 cuc dai. Nho thuc hién bude
nay, c6 thé bao dam 1a duy tri dugc nhiéu bit thong tin trong quan nhat c6 thé trong wéc
lwong vong lap bén trong, dic biét 1a cac bit cé ¥ nghia nhit. Trong ban mb ta ndy can
Iwu ¥ 13 trj s6 trong quan corrxy, du6i dang corrxy?, khong nhét thiét cAn dugc biéu dién
theo cach khong tdn hao. Viéc x4c dinh d6 dich 1én cuc dai c6 thé dugc thuc hién trong
tir bit “dai hon”, bt ké d6 dai tir bit hién thoi duge sir dung trong vong 13p bén trong. |
Nghia 13, d6 dich 1én c6 thé c6 cuc dai c6 thé duge xac dinh cho tir 32 bit ngay ca khi tir
16 bit s& dugc sir dung trong vong Lip bén trong. Khi tir bit ngén hon 1a d duge sir dung
trong vong 1ap bén trong, thi d6 dich 1én dugc xac dinh s& dugc “lam tron” thanh tir bit
ngin hon, nhu duge minh hoa béi Phuong trinh 20. Luu ¥ 13 tri s& twong quan, corryy,
1udn nhé hon hozic bang mot (1,0) trong dd chinh xac DSP duge 4p dung cho tri s6 trong
quan, nghia 1 corrxy<1,0, va do d6, d6 dich 1én cuc dai dugc xac dinh cho corrxy cling

hop 1€ cho corryy?.

Khi x4c dinh dugc 12 cAn nhidu hon d6 dai tir bit hién thoi dé biéu dién enloopy,
céc tinh todn vong lip bén trong c6 thé dugc thuc hién str dung d9 dai tir bit dai hon (so

v6i d6 dai tir bit hién thoi, vi du 32 thay vi 16 bit) d bidu dién enloopy.

Theo mdt phwong 4n, khi xac dinh duoc 13 cAn nhiéu hon d6 dai tir bit hién thoi
dé biu dién enloop,, c4c tinh toén vong 13p bén trong dugc thyc hién véi do dai tir bit
dai hon (so v6i d6 dai tir bit hién thoi), cling biéu dién tri s tvong quan trong vong l3p
dugc tich lily, corryy?, trong vong lip bén trong. Piéu nay dugc minh hoa, vi du, trén
Fig.3, trong hoat ddng 305. Nghia 1a, d§ dai tir bit dugc x4c dinh cho tri sb nang lugng
enloopy ciing c¢6 thé duoc 4p dung cho corrxy?.

Nhu dugce d& cap trén déy, t6t hon 1a tranh thuc hién phép chia ciia Phuong trinh
8 trong vong 13p tim kiém chiéu bén trong dé cong xung don vi. Do d6, sy nhan chéo c6
thé dugc thyc hién, nhu duge minh hoa trong Phuong trinh 10. Nghia 13, vi tri, npest,

trong y dé cong xung don vi, ¢6 thé dugc xac dinh nhd udce lwong nhan chéo, cho moi
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vi tri n trong y, ctia tri & ning lwong va trong quan cho n hién thdi; va tvong quan “t6t
nhét cho dén hién tai”, BestCorrSq, va tri ) nang luong “t8t nhat cho dén hién tai”

bestEn, dugc luu tir cac tri sb trude cua n, nhu:
corrxy® * bestEn > BestCorrSq * enloopy

trong d6

Npest =M

bestEn = enloop, | yp; corrxy” * bestEn > BestCorrSq * enloopy

BestCorrSq = corr?,

Vi tri nvest 6 thé duoc goi 1a vi tri “tdt nhat” trong y @& cong xung don vi. Can
Iwu y 14 “>” ¢6 thé duoc sir dung trong cac biéu thirc trén day thay cho “>”. Tuy nhién,
“>” nghia 13 “I6n hon so véi” c6 thé duoc wru tién khi ¢b ging gitt phi ton tinh toan 1a

thip nhit c6 thé, vi du lién quan dén sb chu ky.

Viéc thuc hién phuong phap theo phurong 4n bat ky trong sb cac phurong 4n duge
mo ta trén day cho phép sy nhén chéo nay dugc thyc hién theo cach c6 hi¢u qua (vi du

nh& khong st dung d6 chinh xdc cao hon so véi can trén thuc t€).

Céc phuong 4n thuc hién

Céac phuong phap va k§ thut duoc md ta trén day c6 thé dugc thuc hién trong
bd ma hoa hodc bd ma hda-gidi ma (codec), ma céd thé duoc bao‘g(k)m trong, vi du, thiét

bi truyén thong.

BO6 mi hoéa, Fig.11a-Fig.11¢c

Mot phuong 4n 1am vi du ciia bd ma hoa dugc minh hoa theo cach tdng quét trén
Fig.11a. B ma hoa c6 thé 12 bd ma héa phuong ti€n, dugc tao két cAu dé ma hoa, vi du;
cac tin hiu 4m thanh va/hogc video. B ma héa 1100 duge tao két cau dé thuc hién it
nhit mot trong sé cac phuong 4n vé phuong phap duge mo ta trén ddy véi tham khao
dén hinh v& bét ky trong s Fig.1-Fig.5. Bd ma héa 1100 dwoc két hop véi ciing cac déu
hiéu k§ thuat, muc dich va wu diém nhu cic phuong 4n vé& phuong phap duge mo ta trén
day. Theo mot s6 phuong an thyuc hién, by ma héa dugce két hop véi céc rang bude lién

quan dén bd nhé va/hoic do phic tap, vi du nhu khi b ma hoéa dugce tao két cAu véi
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DSP c¢6 @6 chinh x4c cb dinh. Bd ma héa s& dugc mo ta ngén gon dé tranh viéc lap lai

khéng can thiét.

BO m3 hoa c6 thé dugc thuc hién va/hoic dugc md tA nhu sau:
B6 ma héa 1100 duge tao két chu dé Lwong tir hoa vecto hinh thap, bao gbm tim kiém
tinh hoic tim kiém hinh dang tinh, trong d6 PVQ (Pyramid Vector Quantizer - B lugng
ttr hoa vecto hinh thap) duoc tao két ciu dé 14y vecto dich x 1am diu vao va suy ra vecto
y nhd cong 1ap lai cac xung don vi trong vong 13p tim kiém chidu bén trong. Vecto dau
va0 X ¢6 chiéu N va chudn-L1 K. B6 ma hoa 1100 bao gém hé mach xtt 1y, hodc phuong
tién xt Iy 1101 va giao dién truyén thong 1102. Hé mach xir Iy 1101 dugc tao két ciu
d8 1am cho bo ma héa 1100, trude khi vao vong 1ap tim kiém chiéu bén trong tiép theo
dé cdng xung don vi: xac dinh, dua trén bién d§ xung cuc dai, maxampy, cia vecto hién
thdi y, lidu c6 can nhidu hon do dai tir bit hién thoi dé biéu dién, theo cach khong tén
hao, bién, enloopy, lién quan dén ning lwong dugc tich lily cia y, trong vong lip chidu
bén trong sép téi. Giao dién truyén thong 1102, ciing ¢6 thé dwoc biéu thi, vi dy, 12 giao
dién I/O (Input/Output - Dau vio/Diu ra), bao gdm giao dién dé giri dit liéu dén va nhan

dit liéu tir cac thuc thé hodc modun khéc.

Hé mach xtr Iy 1101 c6 thé, nhu duge minh hoa trén Fig.11b, bao gbm phuong
tién xtr 1y, nhu bd xir Iy 1103, vi du CPU, va bd nhé 1104 @ luu trit hogc giit cac 1énh.
Tiép theo, bd nhé s€ bao gém cac 1énh, vi du dudi dang chuong trinh may tinh 1105,
ma khi duge chay bai phuong tién xir Iy 1103 1lam cho by ma héa 1100 thuc hi¢n cac

hoat dong dugc mo ta trén day.

Mot phuong an thuc hién thay thé cua hé mach xtr 1y 1101 dugc thé hién trén
Fig.11c. Hé mach xtr ly & day bao gbdm bd phan xac dinh 1106, dugc tao két chu dé lam
cho bd ma héa 1100, trude khi vao vong 13p tim kiém chiéu bén trong tiép theo dé cong
xung don vi: xac dinh, dya trén bién d0 xung cuc dai, maxamp,, ciia vecto hién thoi y,
liéu c6 can do chinh xé4c cao hon so véi dugc cho phép véi do dai tir bit hién thoi dé
biéu di&n, theo cach khong ton hao, bién, enloopy, lién quan dén ning luong dugce tich
lity cia y, trong vong lap chiéu bén trong sdp t6i. Hé mach xtt 1y 1101 ¢6 thé bao gdbm

nhidu bd phan hon, nhu bd phan tim kiém tinh 1107, dwoc tao két cdu dé 1am cho by ma
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hoéa chay vong lap chiéu bén trong v6i dd dai tir bit nhét dinh va/hodic d6 chinh xac nhét
dinh.

Céc bd ma hoa dugc md ta trén ddy c6 thé duge tao két cAu cho cdc phuong an
vé& phuong phép khac nhau duge md ta & ddy, vi du nhu dé thyc hién c4c tinh toan vong
13p bén trong bing cach st dung tir bit dai hon biéu dién enloopy va corrx? cb thé co,
khi x4c dinh duoc 12 cAn nhidu hon do dai tir bit hién thoi dé bidu dién enloopy. “Dai
hon”, trong ban mo ta nay chi dai hon so vgi d§ dai tir bit hién thoi hodc ban dau.

B0 ma hoa 1100 c6 thé duoc gia st 12 bao gdm chirc nang thém nita, dé thuc hién

cac chirc ndang ciia b mé hda thudng.

Bd ma héa dugc mo ta trén day co thé duoc bao gém trong thiét bi, nhu thiét bi
truyén thong. Thiét bi truyén thong c6 thé 13 UE (user equipment - thiét bi nguoi ding)
dudi dang dién thoai di dong, camera video, mdy ghi 4m, may tinh bang, may tinh dé
ban, may tinh xé4ch tay, bd gidi ma tin hiéu truyén hinh (TV set-top box) hodc méy chu
gia dinh/cdng nbi gia dinh/diém truy nhap gia dinh/bd dinh tuyén gia dinh. Thiét bi
truyén thong c6 thé, theo mot sé phuong 4n, 13 thiét bi mang truyén théng‘ dugc lam
thich ung dé ma hoa va/hoic chuyén ma. Céc vi du vé céc thiét bi mang truyén ‘théng
nay la cdc may chu, nhu »céc may chi phuong ti€n, may chi tng dung, bo dinh tuyén,
cdng ndi va tram co sé radio. Thiét bi truyén théng ciing c6 thé dugc 1am thich Gng aé
dugc dinh vi trong, nghia 1a dugce gin vao trong, tau thuyén, nhu tau thiy, may bay
khong ngudi 14i, may bay va phuong tién giao thong du:(‘mg bd, nhu xe 0 td, xe bﬁ}’/t
hodc xe tai. Thiét bi dwgc gén nhu vy thong thudng s& thudc vé bd phan vién tin clia

phuong tién giao thong hoic hé thdng tin hoc giai tri clia phurong tién giao thong.

Céac budc, chuc nidng, thu tuc, moédun, bo phén va/hodc cac khéi duoc md ta &
day c6 thé duoc thyc hién trong phin cing bang cach st dung k¥ thuét thong thudong
bét ky, nhu k§ thuat mach rdi rac hodc mach tich hgp, bao gém ca hé mach dién tr da
nang va hé mach chuyén dung.

Céc vi du cu thé bao gém mot hodc nhidu bd xir 1y tin hiéu s6 dugc tao két clu
phu hgp va cac mach dién tir da biét khéc, vi du cac cdng 16gic rdi rac dugc ndi v6i nhau
dé thuc hién chirc ning chuyén dung, hoic cac ASIC (Application Specific Integrated
Circuit - Mach tich hgp chuyén dung). | |
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Theo cach khac, it nhit mét sb trong cac budc, chirc nang, thi tuc, modun, bd
phan va/hodic cac khdi dwoc mé ta trén diy c6 thé duoc thuc hién trong phin mém nhu
chuong trinh m4y tinh d& chay b&i hé mach xt Iy phit hop bao gdm mét hosic nhiéu bd
phan xtt ly. Phin mém c6 thé dugc mang boi vat mang, nhu tin hiéu dién t, tin hiéu
quang hoc, tin hiéu radio, hodc vat ghi doc dugc bdi may tinh trude khi va/hodc trong

khi str dung chuong trinh may tinh trong thiét bi truyén thong.

Mot hodc nhiéu bidu db tién trinh dugc thé hién trong ban mo ta nay c6 thé dugc
coi 1a mot hodc nhidu biéu dd tién trinh méy tinh, khi duoc thyc hién béi mot hodc nhidu
bd x1t ly. Thiét bi teong ting c6 thé duge xac dinh bdi mdt nhém cac modun chire ning,
trong d6 mdi budc dugc thuc hién bdi bo xtt Iy twong tng véi médun chitc nang. Trong
truong hop nay, cdc mddun chirc nang dugce thuc hién nhu chuong trinh mdy tinh chay
trén bd xir Iy. Cin hidu 14 c4c mbdun chirc ning khong cin phai twong tng véi céc

mddun phan mém thuc te.

Cac vidu vé hé mach xir ly bao gc‘Sm, nhung khong gidi han vao, mot hodc nhiéu
b6 vi xtt I, mot hodc nhiu DSP (Digital Signal Processor - B xit Iy tin hiéu s6), mot
hozc nhidu CPU (Central Processing Unit - B phan xit 1y trung tdm), va/hodc hé mach
1dgic 1ap trinh duoc phi hep bat ky nhu mot hodc nhidu FPGA (Field Programmable
Gate Array - Mang cdng 1ap trinh dugc theo truong), hoic mdt hodc nhiéu PLC
(Programmable Logic Controller - Bo diéu khién 16gic 1ap trinh dugc). Nghia 13, cac bd
phan hoac cac mddun trong cac cach b tri trong cac thiét bi khac nhau dugc mé ta trén
day co thé duoc thuc hién boi két hop cia cac mach dang twong ty va sb, va/hodc mot
hodic nhiéu bd xir ly duoc c4u hinh vé6i phin mém va/hoic phﬁn sun, vi du dugc luu
trong bd nhé. Mdt hoc nhiéu trong sb cac bd xur Iy ndy, ciing nhu phén cimg dang sb
khac, ¢ thé duoc bao gdm trong ASIC (application-specific integrated circuitry - hé
mach tich hqp chuyén dung) don, hodc mot sb bd xu ly va phén cung dang s6 khac ¢
thé dugc phan b trong mdt sé thanh phan riéng ré, di dugc dong géi riéng r& hay dugc
14p rap vao trong SoC (system-on-a-chip - hé théng trén chip).

Ciing can hiéu 14 c6 thé c6 kha ning t4i sir dung cac kha ning xir ly tdng quét ctia

thiét bi hogic bd phan thong thudng bét ky trong d6 thwc hién k§ thuat duge dé xut.
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Ciing c6 thé c6 kha ning tai st dung phin mém hién c6, vi du nhdr 14p trinh lai phin

mém hién c¢6 hodc nhd bo sung cac thanh phan phan mém méi.

Céc phuong an lam vi du thém nita

Puoc biéu dién theo cach hoi khac di, phan boc 16 nay dé cap dén, vi du, cac khia

canh va phuong é4n sau.

Mot trong s céc khia canh 14 b ma hdéa/bd ma hoda-gidi ma, trong d6 bd ma
héa/bd ma hda-giai ma dugc tao két cau d€ thuc hién mot, nhiéu hon mét hodc tham chi

12 tit c& trong sb cac budc sau, dwgc minh hoa, vi du, trén Fig.5-Fig.6:

- xéc dinh, tinh toan hodc thu dugc trj s tuyét dbi cuc dai (xabsmax) ciia vecto dich
du vao (x(n)), vi du theo phuong trinh 11 va phuong trinh 12 trén ddy va nhu

dugc minh hoa, vi dy, bdi bude S1 trén Fig.5 theo mdt phuong én,

- XAc dinh, tinh ton hoic thu dugc d6 dich 1én c6 thé c6 cua tri s6 twong quan dya -
it nhat trén tri sb tuyét d6i cuc dai (xabsmax), vi du nhd tinh toan d dich 1én c6
thé ¢6 cuia tri s§ trong quan trong vong lap duge tich lity cia vong lap tiép theo
trong tir 32 bit c6 du thong qua phwong trinh 19 duéi ddy va duge minh hoa véi

budc S2 trén Fig.5 theo mot phuong an,

- néu sb luong cac xung don vi cudi cing (K) s& két thic cao hon so v6i ngudng
(%), ma vi du c6 thé 1a 127 xung don vi, x4c dinh, vi du theo déi/luu trit, tri
s6/thdng tin bién dd xung cuc dai (maxamp,) dugce tinh toan vi du theo phuong
trinh 26 trén day cia vecto (y(n)), ma cé thé duoc xac dinh theo phuong trinh 13
va phuong trinh 14 trén day, va

o xac dinh/tinh toén/quyét dinh/lya chon dya trén bién do xung cuc dai dugc
luu trit, vi du thong qua sy tinh todn phu hgp véi phuong trinh 22 va
phuong trinh 23 duéi day va nhu duwgc minh hoa bdi budce S3 trén Fig.6,
néu cin hoic s& st dung nhiéu hon d6 dai tir nhét dinh, vi du nhidu hon tir
16 bit c6 dau hodc nhidu hon tir 32 bit c6 diu, dé biéu dién ning lugng
trong vong 13p ma khong mét, hodc vé co ban 1a méit, théng tin ning luong
bAt ky, |
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o biéu dién sé hang/thong sé/tri s& binh phurong twong quan tét nhét va sb
hang/thong sé/tri s6 nang lwong duoc tich liiy tét nhit bai nhiu hon do
dai tir nhit dinh, vi du céc tir 32 bit hogic cc tir 64 bit, néu cin nhiéu hon
d6 dai tir nhét dinh, va

o néu cén it hon so véi d6 dai tir nhit dinh, thi chay vong lap thtr nhét,

o néu cin nhiéu hon d6 dai tir nhit dinh, thi chay vong lap thay thé thi hai
v6i s6 hang ning lwong duoc tich lity “t6t nhit cho dén hién tai” (gin tbi
ru) va sb hang binh phwong tuong quan t6t nhét dugc biéu dién bai cac
tir ¢6 49 dai nhidu hon d¢ dai tir nhét dinh. |

Vong 13p thit hai c6 thé 12 vong 1ip xung don vi ¢6 d6 chinh x4c cao hon va c6
do chinh x4c cao chuyén siu hon vé mit tinh toan so véi vong lap thir nhét c6 dd chinh
xéc thap hon (nghia 13 so véi vong l3p thir hai). Su lra chon dya trén ning lugng duoc
tich Iy trong vong 1dp cua d chinh xac cia vong 13p bén trong cd hi€u qua 1a cac vecto
phu dich ma c6 mic dinh cao, hodic ¢6 d chi tiét rt tinh (K cubi ciing cao) s& hoic ¢6
thé dang st dung thudong xuyén hon vong lap c6 do chinh x4c cao hon va nhidu chu ky
hon, trong khi c4c vecto phu khdng c6 dinh hodc do chi tiét xung thap s& hodic c6 thé st

dung thudng xuyén hon vong 1dp c¢6 dd chinh x4c thip hon va it chu ky hon.

Mot khia canh @ cip dén thiét bi truyén thong 1, dugc minh hoa trén Fig.9, thiét
bi nay bao gém bd mé hoa hodc by ma hoa-gidi ma (codec) 2 dé m3 hoa video hodic Am
thanh, vi du b6 ma hoa EVS.

Bd ma hoéa hodc by ma hda-gidi ma co thé dugc thyc hién hoan toan hodc mot
phan nhu DSP duoc dinh vi trong thiét bi truyén thong. Theo mot phuong 4n thir nhét,
bd ma hoa/bd ma hoa-giai ma dugc tao két cAu dé thuc hién sw tim kiém hinh dang PVQ
dwa trén vecto phu dich (x(n)), sé xung don vi hitu han (K), tri s6 chiéu vecto phu (N)
clia vecto phu dich va tily chon 14 ca mdt hodc nhiéu tri s6 do khuéch dai (gsus). BO ma
héa hodc bd ma héa-giai ma cling c6 thé duge tao két ciu dé thyc hién sy tach biang
PVQ, va trong trudng hop nhu vay sy tim kiém hinh dang PVQ ciing s& dua trén sb/tri
s6 ciia céc vecto phu cua be'ing (Ns) va @6 khuéch dai 16n nhat cua vecto khuéch dai G;
(8max - max (G) -max (go .. gnvs-1)). BO ma hoa hodc bd ma hoa-giai ma con dugc tao két

ciu dé dua ra tir sy tim kiém hinh dang PVQ vecto nguyén (y) vi/hodc vecto phu hinh
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dang x,(n) dé duge st dung boi bd ma héa dé danh chi s6 PVQ. Vecto nguyén (y) bao
gdm céc tri sb thanh phan va c6 ciing d6 dai véi tri s6 chidu vecto phu (N) va téng tuyét

dbi ctia tAt ca tri s thanh phin bing s xung don vi (K).

B ma hoa/bd ma hoa-giai mé/thiét bi truyén thong dugc tao két ciu dé thuc hién
su tim kiém hinh dang PVQ, trong d6 bd ma h6a/bd ma hoa-giai méa/thiét bi truyén thong

duoc tao két cu dé:

- xéc dinh, tinh todn hozic thu dugc (S1, $23) tri s6 tuyét ddi cuc dai (xabsmax) clia
vecto (dich) dAu vao (x(n)), vi du theo phuong trinh 11 va phuong trinh 12 trén
day, ‘

- x4c dinh, tinh to4n hoic thu dugc (S2,528) d6 dich 1én c6 thé c6 cua trj sb trong
quan dwa it nhét trén trj s tuyét di cuc dai (xabsmax), vi du nh tinh ton do dich
1én c6 thé c6 cua tri sb trong quan trong vong 13p dugc tich lity ciia vong lap tiép

theo trong tir 32 bit c6 d4u théng qua phurong trinh 19 trén day,

- néu sb lugng cac xung don vi cudi ciing (K) s& két thiic cao hon so v6i ngudng
(t»), ma vi du c6 thé 13 127 xung don vi, thi theo d&i/luu trix (S30) tri sé/thong tin
bién do xung cyc dai (maxampy) duge tinh toan vi du theo phuong trinh 26 trén
day cuia vecto (y(n)), ma c6 thé duge xé4c dinh theo phwong trinh 13 va phuong
trinh 14 trén day, va

o xé4c dinh/tinh todn/quyét dinh/lwa chon (S3, S32) duva trén bién do xung
cuc dai dugc luu trit, vi du thong qua sy tinh toan phtt hop véi phuong
trinh 22 va phuong trinh 23 trén ddy, néu can hoic s& sir dung nhiéu hon
dd dai tir nhét dinh, vi du nhidu hon tir 16 bit c6 d4u hogc nhiéu hon tir 32
bit c6 déu, dé biéu dién ning luvgng trong vong 13p,

o biéu dién (S34) s6 hang/thong sb/tri s§ binh phwong twong quan tdt nhét
va s0 hang/thong sd/tri s6 ning lugng dugc tich liiy t6t nhat boi nhiéu hon
do dai tr nhét dinh, vi du céc tir 32 bit hodc céc tir 64 bit, néu cin nhiéu
hon d6 dai tir nhét dinh, va

o néu xéc dinh dugc 13 it hon so véi d6 dai tir nhét dinh, thi chay (S33) vong
13p thir nhét, |
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o néu xac dinh dugc 12 nhiéu hon d6 dai tir nhit dinh, thi chay (S35) vong
lap thay thé thtr hai v6i sb hang ning luong dugc tich lily t&t nhit va sé
hang binh phwong trong quan t&t nhit dugc biéu didn bdi cac tir c6 d6 dai
nhiéu hon d dai tir nhét dinh.

Su tim kiém hinh dang PVQ trén day, ma c6 thé 13 sy tim kiém hinh dang PVQ
c6 d9 chinh x4c gidi han, theo mt phuong an duge thye hién béi bd lugng tir hoda vecto,
ma 13 mét phan ctia b ma hoa/bd ma hoa-giai ma va c6 thé duge thuc hién it nhit mot
phén, ma ciing c6 thé 12 hoan toan nhu bd phan DSP, ma c6 thé dwgc dinh vi trong hogic
dugc 1am thich ing dé dugc dinh vi trong thiét bi truyén thong. Theo d6 bd ma héa/bd
m3 hda-giai ma c6 thé duoc thue hién hoan toan hoic mét phén nhu b phén phﬁn cung,
vi du DSP hoiic FPGA (programmable-field gate array - mang cdng 14p trinh dugc theo
treong). Tuy nhién, theo cic phuong 4n thay thé, n6 c6 thé duge thuc hién véi su trd
gitp cua bd xir Iy da nang va chuong trinh may tinh ma hoa-gidi ma ma khi dugc chay
trén bd xtt Iy da ning 1am cho thiét bj truyén théng thuc hién mét hodc nhiéu trong s
céc bude dugc dé cap trong doan trén ddy. Bo xr 1y ciing c6 thé 13 bo xir ly RISC

(Reduced Instruction Set Computing - Tinh toan bang tap 1énh rit gon).

Mot khia canh khéc ciia phan boc 16 & day 13, nhu duge bidu thi trong doan trén
ddy, chuong trinh mdy tinh 6 dugc minh hoa trén Fig.IO va trong d6 mdt phuong an
dugce boc 16 hoan toan badi vi du ma C ANSI trong phu luc 1 duéi day, nhu bo ma hoa
chuong trinh may tinh hodc chuong trinh may tinh ma héa-giai ma, bao gdm ma c¢6 thé
doc dugc bdi may tinh, ma khi dugc chay trén bo x 1y/bd phén xr ly 4 cua thiét bi
truyén thong 1 1am cho thiét bi truyén thong thuc hién mét hoic nhiéu trong s6 céc budc
dugc dé cép cing véi phuong phap trong doan dudi day hogc bude bét ky trong sb céc

bude duoc dé cap cung véi Fig.7.

Mot khia canh khéc nira 12 phuong phap tim kiém hinh dang PVQ dugc thyc hién
béi thiét bi truyén thong/bd ma héa-giai ma/bd ma hoa, trong d6 phwong phap bao gdm
mot hodic nhidu trong s6 cac budc sau: |

- xdc dinh, tinh toan hogc thu dugc (S1) tri sb tuyét d6i cuc dai (xabsmax) clia vecto

(dich) diu vao (x(n)), vi du theo phuong trinh 11 va phuong trinh 12 trén déy,
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- xéc dinh, tinh to4n hoc thu dugc (S2, S28) do6 dich 1én c6 thé c6 cia tri s6 trong
quan dua it nhét trén tri s tuyét di cuc dai (xabsmax), vi du nh tinh toan d¢ dich
1én c6 thé c6 cua tri s6 trong quan trong vong lip duoc tich liiy ctia vong lip tiép

theo trong tir 32 bit c¢6 diu thong qua phuong trinh 19 trén day,

- néu sb lugng cac xung don vi cubi cing (K) s& két thuc cao hon so véi ngudng
(#,), ma vi du c6 thé 13 127 xung don vi, thi theo ddi/luu trit tri s6/thong tin bién
d6 xung cuc dai (maxamp,) duoc tinh toan vi du theo phuong trinh 26 trén day
clia vecto (y(n)), ma c6 thé duoc xac dinh theo phuong trinh 13 va phuong trinh

14 trén day, va

o xac dinh/tinh toén/quyét dinh/lya chon (S3) dua trén bién dd xung cuc dai
dugc luu trit, vi dy thdng qua sy tinh toan phu hgp véi phuong trinh 22 va
phuong trinh 23 trén déy, néu cén hodc s& st dung nhiéu hon d¢ dai tur
nht dinh, vi du nhiéu hon tir 16 bit ¢6 diu hodc nhiéu hon tir 32 bit ¢6

d4u, dé bidu dién ning luong trong vong lap,

o biéu dién s6 hang/thong sé/tri s6 binh phuong twong quan tt nhat va sb
hang/théng sd/tri s6 niang lugng dugc tich lity tot nhét béi nhidu hon o
dai tir nhét dinh, vi du céc tir 32 bit hodc cac tir 64 bit, néu cin nhiéu hon
do dai tir nhét dinh, va

o néu x4c dinh duoc 13 it hon so v&i do dai tir nhit dinh, thi chay vong lap
tht nhét,

o néuxéc dinh duoc 14 nhiéu hon d dai tir nhét dinh, thi chay vong lap thay
thé thir hai v6i s§ hang ning lwong duoc tich lity t6t nhét va sé hang binh
phuong trong quan t6t nhét duoc biéu didn béi cac tir c6 d6 dai nhidu hon
do dai tir nhét dinh.

Thiét bi truyén thong c6 thé 1a UE (user equipment - thiét bi ngudi ding) duéi
dang dién thoai di ddng, camera video, may ghi 4m, méy tinh bang, may tinh dé ban,
mAy tinh xé4ch tay, bo giai ma tin hiéu truyén hinh hoic may chu gia dinh/cdng ndi gia

dinh/diém truy nhép gia dinh/bd dinh tuyén gia dinh, v.v. nhu dugc x4c dinh trén day.
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Mot khia canh khdc nita 1a vat ghi doc dugc boi méy tinh 5 (xem Fig.10) trén d6

Iru trit chuong trinh may tinh theo phwong 4n bét ki trong s6 cac phuwong 4n trén day.
Vit ghi doc dugc boi may tinh c6 thé & dudi dang bd nhé kha bién hodic bt kha bién,
vi du EEPROM (Electrically Erasable PROM - PROM c6 thé x6a bang dién), FPGA,

bd nh¢ cuc nhanh (flash memory) (bao gdm & cing thé rin (Solid-state drive)), va b

cung.

Mbt phuong 4n ciia thiét bi truyén thong 1 dwgc minh hoa trén Fig.9. Thiét bi

truyén théng bao gém, dé thyc hién sy tim kiém hinh dang PVQ, mét, nhidu hon mot

hodc tat ca trong s cac bd phan sau:

bd phan x4c dinh thtr nhét, U1, d& x4c dinh, tinh toan hodc thu dugc tri s tuyét
d6i cuc dai (xabsmax) clia vecto (dich) diu vao (x(n)), vi du theo phwong trinh 11

va phuong trinh 12 trén day,

bd phén x4c dinh thr hai, U2, dé xé4c dinh, tinh toan hodc thu duoc do dich 1én
c6 thé ¢6 cua tri sb tuong quén dua it nhét trén tri s6 tuyét dbi cuc dai (xabsma;(),
vi du nho tinh toan d6 dich 1én c6 thé c6 cua tri sé twong quan trong vong lip
dugc tich lily cua vong 1ap tiép theo trong tir 32 bit c6 ddu thong qua phwong
trinh 19 trén day,

bd phan luu trit, U3, dé theo ddi/luu trix tri sé/th(‘)ng tin bién d6 xung cuc dai
(maxamp,) dugc tinh toan vi du theo phuong trinh 26 trén day cta vecto (y(n)),
ma ¢6 thé dugc xé4c dinh theo phuong trinh 13 va phuong trinh 14 trén day, néu

s& lwong cic xung don vi cudi cing (K) s& két thiic cao hon so véi ngudng (1),

bd phén lva chon, U4 dé xac dinh/tinh toén/quyét dinh/lya chon dya trén bién do

xung cuc dai dugc luu trit, vi du thong qua sy tinh todn phu hgp véi phuong trinh

' 22 va phuong trinh 23 trén dy, néu cn hoic s& sir dung nhidu hon d¢ dai tir nhit

dinh, vi du nhidu hon tir 16 bit c6 d4u hogic nhiéu hon tir 32 bit c6 d4u, dé biéu

dién nang luong trong vong lip,

bd phén biéu dién, U5, dé tao ra s§ hang/thong sb/tri s binh phurong tuong quan

t6t nhét va s6 hang/thong sb/tri sb nang lugng dugc tich liy tdt nhit vé6i do dai
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tlr, vi du c4c tlr 32 bit hodc cac tir 64 bit, nhidu hon d dai tir nhit dinh néu bd
phan Iya chon Iya chon nhiéu hon d6 dai tir nhét dinh, va

- bd phéan xtt Iy vong l3p bén trong, U6, dé

o chay vong ldp thir nhét, néu bd phan Iya chon lua chon it hon so véi dd
dai tir nhit dinh, va

o chay vong lip thay thé th hai v6i s§ hang nang luong dugce tich lity t6t
nhét va s6 hang binh phuong tuong quan t6t nhét duoc biéu dién boi cac
tir c6 do dai nhiéu hon d¢ dai tir nht dinh, néu x4c dinh dugc 12 nhidu hon
d0 dai tir nhat dinh.

Céc bd phan dugc dé cap trong doan trén day c6 thé dugc bao gdm trong bd ma
héa-giai ma/bd ma héa 2 dudi dang DSP trong bd phén truyén thong va hon niva c6 thé
dugc bao gdm trong bd lugng tir héa vecto phan cimg cia DSP. Theo mot phuong an
thay thé, tit ca cac bd phén trong doan trén ddy dugc thyc hién trong thiét bi truyén

thong nhu phin mém.

Nhu duge minh hoa thém nita trén Fig.9, thiét bi truyén thong 1 ciing c¢6 thé con
bao gdm céc bd phan lién quan dén bd ma héa/bd ma héa-giai ma va cu thé 1a cac bd
phan lién quan dén leong tir héa vecto va tim kiém hinh dang PVQ. Céac by phan nhu
vy dugc tao két cAu dé cho phép céc tim kiém hinh dang theo phin md ta va céc hinh

v& ndm trong ban mo ta nay. Cac bd phéan lam vi dg duoc minh hoa trén Fig.9 la:
- bd phan tach bang PVQ U7 dé thuc hién bude S21 tuy chon duge mo ta cing |
v6i Fig.7,
- bd phan so sanh U8 dé thyc hién budc S24 dugc md ta cung véi Fig.7 dudi day,
- bd phén tao ra vecto PVQ U9 dé thyc hién bude S25 dugc md ta dudi day,
- b0 phan tao ra diém bat ddu U10 d thuc hién bude S26 duwoc mo ta dudi day,
- b phan tinh toan thong s6 U11 dé thuc hién bude S27 duge md ta duéi day,

- b phan cép phat bit U12 dé, vi du, cung cép K va N cho su tim kiém hinh dang,

va
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- bd phan danh chi s PVQ U13, ma c6 thé dugc thiy nhu bd nhén cia dau ra tir
su tim kiém hinh dang PVQ dugc boc 10 ¢ day,

- bd phan chuén héa U14 dé thuc hién bude S36 duge md ta dudi day, va
- bd phén dau ra U15 @ thyc hién bude S37 duge md ta dudi day.

Trong trudng hop ciia phwong 4n thyc hién phin mém trong thiét bi truyén thong, _
mot phuong 4n ciia thiét b truyén thong 1 ¢6 thé dwoc xac dinh 1a thiét b truyén th6ng
bao gdm bo xir Iy 4 va vét luu trit chuong trinh may tinh 5 dudi dang bd nhd, bd nhé
nay chita cic 1énh c6 thé chay duoc bai bo xir 1y ndy, nhd d6 thiét bi truyén thong hoat

dong de¢ thyc hién mot, nhiéu hon mdt hodc tat ca trong sd cac viéc sau:

- x4c dinh, tinh toan hodc thu duoc tri sb tuyét dbi cuc dai (xabsmax) clia vecto

(dich) dAu vao (x(n)), vi du theo phuong trinh 11 va phuong trinh 12 trén day,

- Xéc dinh, tinh toan hogc thu dugc d dich 1én c6 thé c6 cia tri sb tuong quan dua
it nhat trén tri s6 tuyét déi cuc dai (xabsmax), vi du nhd tinh toan do dich 1én c6
thé c6 cua tri sb tuong quan trong vong lip duoc tich lity ciia vong lp tiép theo

trong tlr 32 bit c6 ddu théng qua phuong trinh 19 trén day,

- néu sb luong cac xung don vi cubi ciing (K) s& két thiic cao hon so v6i ngudng
(tn), ma vi du c6 thé 14 127 xung don vi, thi theo dai/luu trit tr sd/thong tin bién
do xung cuc dai (maxamp,) dugc tinh toan vi du theo phuong trinh 26 trén day
ctia vecto (y(n)), ma c6 thé duoc xé4c dinh theo phuong trinh 13 va phuong trinh

14 trén day, va

o xac dinh/tinh toén/quyét dinh/lya chon dya trén bién do xung cuc dai dugc
luu trlt, vi du thong qua su tinh toan phu hop véi phuong trinh 22 va
phuong trinh 23 trén ddy, néu cin hodic s& sit dung nhiéu hon do dai tir
nhét dinh, vi du nhiéu hon tir 16 bit c6 ddu hodc nhiu hon tir 32 bit c6
dAu, dé biéu dién ning lugng trong vong l3ip,

o biéu din sb hang/thong sb/tri s& binh phuong twvong quan t6t nhat va sé
hang/thong sb/tri s6 ning luong duge tich lity tot nht bai nhiéu hon do
dai tir nhét dinh, vi du cac tir 32 bit hodc céc tir 64 bit, néu cin nhiéu hon

d6 dai tir nhat dinh, va
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o néu xéc dinh dugc 13 it hon so v6i do dai tir nhét dinh, thi chay vong lip
thtr nhét,

o néuxéc dinh dugc 12 nhidu hon d6 dai tir nhat dinh, thi chay vong 13p thay
thé thir hai v6i s6 hang nang lwong dugc tich Iy t5t nhat va sé hang binh
phwong twong quan tét nhit duoc biéu dién bdi céc tir c6 d6 dai nhiéu hon
dd dai tir nht dinh.

Pé minh hoa thém céc khia canh va phuong 4n, mét sb chung s& dugc mo ta trong

phén sau day cing véi Fig.7-Fig.8.

Fig.8 dua ra tbng quan vé bén truyén cia EVS 3GPP mdi ndi, bao gdbm bd ma

héa EVS 3, ma & diy dugc bao gdm trong thiét bi truyén thong 1.

Fig.7 minh hoa mdt s& budc phuong phép theo cich thay thé dé mé ta mot sb
phuong 4n lién quan dén céc phwong 4n dugc minh hoa trén Fig.5-Fig.6. Mic di mot
s6 trong cac budc dugc dé cap lién quan dén Fig.7 ¢6 thé néi 1a dwgc thuc hién ciing véi
sy tim kiém hinh dang PVQ, nhung ciing r3 rang 12 mot s trong cac bude ciing c6 thé
néi 13 duoc thuce hién trude sy tim kiém hinh dang PVQ. Trong budc thu nhét S21 tiy
chon, su tdch bang PVQ dugc thuc hién.

Céc vecto phu dich hinh dang, tuy chon 1a tir budc S21, duge nhén trong bude

thi hai S22, trong d6, phu thudc vao phuong 4n, ciing c6 thé nhan dugc gsub, Emax va Ns.

Trong budc tht ba $23, ma twong tmg v6i bude S1 trén Fig.5, tri sb tuyét ddi cuc
dai cua vecto dich dugc xac dinh, vi du nh¢ tinh toan trude tién tri sb tuyét dbi cua vecto

phu x(n) cta vecto dich va sau d6 lya chon tri s6 tuyét dbi 16n nhét cia vecto phu.

Trong budc thr tw $24 tiy chon, x4c dinh dugc lidu tri s6 cua vecto dich thip
hon hodic bing ngudng thir nhit. Ngudng duoc thiét 1ap thanh cac vecto dich “loc ra”
(filter out) ma dugc coi 13 c6 cac tri s6 ning lwong rit thip. Nhu duge giai thich trén
day, ngudng c6 thé duoc thiét 1ap dé bang khong (zero) theo mdt phuong 4n. Trong
budc thir tu ndy, ciing c6 thé quyét dinh dugc néu do khuéch dai vecto phu thip hon
hoic bang ngudng tht hai. Theo mdt phuwong 4n ngudng thir hai dugc thiét 1ap thanh
khong (zero), nhung c6 thé, theo cac phuong 4n khéc, dugc thiét 14p thanh epxilon may

(Machine Epsilon) phu thudc vao d6 chinh xac dugc sir dung cho céc tir dugce xtr ly.
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Néu, trong budc thir tw S24, x4c dinh dwoc 1a vecto dich thip hon hoic bang
ngudng thir nhit va/hoiic do khuéch dai vecto phu thip hon hodc bing ngudng thit hai,
thi vecto PVQ dugc tao ra trong bude thir ndm S25 tuy chon. Viéc tao ra, theo mot
phuong én, 1a dugc tao ra theo cach tat dinh nho gén mot mra cua K xung don vi vao vi

K
y[o]= {—

2

tri tht nhat ( J ), va cac xung don vi con lai vao vi tri cudi cung (

N -1]= v -1+ (k- 5[0) ). Bude ndy ciing véi bude thir tr S24 c6 thé dugc thdy
12 b6 qua toan bd su tim kiém hinh dang PVQ thuc té, nhung ciing c6 thé dugc théy nhu
thi tuc con trong ngit canh ciia tha tuc tim kiém hinh dang PVQ téng quat.

Trong budc thir séu S26 tiy chon, tri s6 ban diu (diém bit déu) cho y, y_start,
dugc thiét 1ap trong su tim kiém hinh dang PVQ dé theo sau, trong d6 trj s6 ban diu phu
thudc vao ty 1¢ gitta K va N. Néu ty 18 16n hon so véi tri s6 ngudng thir ba, ma c6 thé lﬁ
0,5 xung don vi cho m3i hé s, thi phép chiéu thir nhét thanh hinh thép phu K-1 dugc
sir dung 1am vector_y_start ban dAu trong bu6c theo sau. Phép chiéu thir nhit c6 thé
duoc tinh toan nhu trong phwong trinh 13 va phuong trinh 14 trén day. Néu thip hon so
v6i ngudng thi ba, thi vecto ban ddu y_start dugc quyét dinh 1 khai du tir 0 xung don

vi duogc dit trude.

Khi chuén bi cho cac bude tim kiém hinh dang PVQ tiép theo, tit ca cac tri sé
vecto ban dAu trong y_staft duoc thiét 14p thanh khong (zero) trong budc thir bay 827_.
Trong budc nady thong sb thir nhat, & day duogc goi la s6 xung don vi duge tich lﬁy,
pulseror, va thong s thir hai, & day 1a twong quan dugc tich liiy, corrsy(pulsew), va théng
s6 thtt ba, & ddy duoc goi 12 ning lugng duoc tich Iiiy energyy(pulseso) cho diém bit diu
dugc tinh toan, vi dy, twong tmg theo cic phuong trinh 15-17. Thong sb tht tu, & day
duge goi 14 enloopy (pulsert) ciing c6 thé dugc tinh toan trong budc nay theo phuong

trinh 18 trén day.

Trong bude thir tam S28, su tim kiém hinh dang PVQ dugc bét du, hodc theo
cach thay thé dé xem xét né, phén tim kiém tinh thir hai cta sy tim kiém hinh dang PVQ
dugc bét diu cho cac xung don vi con lai 1én dén K véi su tro gitip cia K, N, X _abs,
max_xabs, va y thu dugc, dugc xéc dinh hodc dugce tinh toan trude do, va theo mot s}_é

phuong an 1a ca gsub, gmax va Ns. Céac budce chi ti€t cia mdt sO phuong an cua sy tim
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kiém tinh nay dugc minh hoa ddy di nho vi du Fig.6, nhung c6 thé nhdn manh 13, theo
mot sd phuong an, sy tim kiém tinh bao gém xac dinh thong sé/tri s6 thr nim, & day
duogc goi 1a d(f) dich 1én cia tri s6 tuong quan, corrupshjﬁ, duoc tinh tbén cho 1t nhét 15 mot
s6, va theo mét sd phwong 4n 1a téf cd, cac xung don vi ma vong ldp bén trong hodc tim
kiém tinh duoc thyc hién cho cac xung don vi ndy. Theo mdt sb phuong 4n, d9 dich 1én
c6 thé c6 ciia tri s twong quan trong vong lap dugc tich liiy ctia vong lap tiép theo trong
tir 32 bit c6 d4u dugc tinh toan dya trén phuong trinh 19 trén ddy va tiép theo corrupshin
dugc st dung 1am dAu vao su tinh toan cia tri s6 twong quan corrxy trong phuong trinh
20.

Trong budc thit chin $29, ma c6 thé n6i 12 mdt phan sw tim kiém hinh dang PVQ
tinh, x4c dinh dugc liéu sb lugng céc xung don vi cudi cung K s€ két thic cao hon so.
v6i ngudng thi ba, t,, cho s luong cac xung don vi cubi ciing. Néu 13 truong hop nay,

thi trong budc thtr muédi S30, bién dd xung cuc dai maxampy dugc luu tri.

Trong budc thit mudi mot S31, thong sb thir sau, €Nmargin, dUQC tinh todn theo, vi

du, phuong trinh 22.

Trong budc thir mudi hai S32, thong sb thir su dwoc so sanh véi tri sé ngudng

thir tw, ma twong Ung v6i do dai tir nhét dinh.

Néu cau tra 161 YES (CO) (trong S32 trén Fig7) hoic False (Sai) (trong vi du ma
Ansi trong Phu lyc 1) 13, nghia 13 €nmargin trong phwong trinh/quyét dinh 23 1am vi du
16n hon hoic bing ngudng thir tur “16”, thi trong bude S$33, chay vong 13p nhanh hon va
“thd hon” thir nhit so véi trong vong lap thtr hai cta sy im kiém tinh. Cac phuong 4n

cua vong lap th nhét duoc thé hién trén, vi duy, Fig.6.

Néu céu tra 101 1a “No” (Khéng) (trong S32 trén Fig7) hodc True (Dung) (trong
vi du ma Ansi trong Phu lyc 1), nghia I3 enmargin trong phuong trinh/quyét dinh 23 lam
vi dy nho hon so vé6i “16”, thi trong bude thir mudi bdn S34, thong s thir bay, sb
hang/théng sd/tri sb binh phuong twong quan t6t nhét, va thong sb thir tam, sd
hang/thong sb/tri sb ning luong dugc tich liy tdt nhét, dugc tao ra/bién d6i dé tré thanh
nhiéu hon d6 dai tr nhét dinh, ma sau d6 trong budc thir muoi lam S35 dugce st dung
trong vong lip bén trong chi tiét hon thir hai cia sy tim kiém tinh. C4c phuong 4n cta

vong 13p thir hai dugc thé hién chi tiét hon trén, vi dy, Fig.6.
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Trong budc thir mudi sdu S$36, it nhat 1a mdi thanh phén vecto phu PVQ khong
bing khong (non-zero) dugc gan déu thich hop ciia n6 va vecto duge chudn hoéa 1.2
thanh ning lugng don vi. Néu, theo mdt sd phuong 4n, bang da dugc tach, thi né dugce

dinh ty 18 v6i 6 khuéch dai vecto phu gsub.

Xq dugc chudn héa ciing c6 thé duge x4c dinh dua trén phuong trinh 28. Thi tuc

1am vi du cho buéc ndy dugc md ta ddy du hon trén day.

Trong buéc thit mudi bay S37, xq duge chudn héa vay dugc dua ra tir quy trinh
tim kiém hinh dang PVQ va dugc chuyén tiép dén quy trinh danh chi s PVQ duoc bao

g0m trong, vi du, bd ma hoa-giai ma.

M6t sO vu di€m cua cac phuong dn va khia canh

Duéi day 1a mdt s vu diém vuot qua tinh trang k¥ thust ma cho phép it nhét 1a

mot sO trong cac khia canh va phuong 4n dugc dé xuat trén day.

Phurong phap/thuét toan dinh ty 18 trong quan dugc boc 16 bang cach st dung su
phén tich trudce cla twong quan cuc dai dugc tich liy hién thoi, cai thién hiéu ning SNR
trong trudng hop x4u nhét (cuc tiéu) ciia viée thye hién tim kiém luong tir héa hinh dang
PVQ c6 ) chinh x4c gi6i han. Tiéu chudn thich ing cho su phan tich s§ du tvong quan
truée yéu cau do phire tap bd sung rit du. Hon nita, khong yéu cu sy chuin héa trude

ton kém nao cia vecto dich x thanh, vi dy, nang lugng don vi.

Tiéu chuén thich tng sir dung viéc theo ddi bién d6 xung cuc dai trong két qua
so b, theo sau badi sy phan tich trude cua nang lugng duoc tich liiy trong trudong hop
xAu nhét, vi du cho quyét dinh mém & vong 1ap bén trong c6 dd chinh x4c 16/32 bit yéu
cau d9 phirc tap tinh toan bd sung rit nho va dua ra sy can bing tt trong d6 d phirc
tap c6 thé duoc giit & fm’Ic thép trong khi van st dung twong quan cé do chinh xéc cao
va phép do ning lugng c6 d6 chinh x4c cao cho cac tin hiéu déu vao c6 lién quan, va
c4c tin hiéu dinh quan trong theo cach chl quan hon nita s& dugc gan d6 chinh xac cao
hon. N6i cach khéc, it nhit 1a mot sb trong cic phuong 4n va khia canh cai tién chirc
ning cua chinh méy tinh/b xir ly.

Trong céc Bang 2/3 trén trong phu luc 2 dudi ddy, ngudi ta c6 thé thiy 1a hé

théng dua trén PVQ lam vi du s dung phi tdn 16gic c6 do chinh xac thich Ung s€ 1a
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6,843 WMOPS, néu ngudi ta st dung d6 chinh x4c binh phuong twong quan va ning
lwong 32 bit trong tit ca (K bit ky) vong lap tim kiém bén trong thi phi ton dugc ning
1én thanh 10,474 WMOPS.

Céac chu v cudi

Céac phuong 4n duge md ta trén day chi dugce dwa ra 1am vi du, va cin hiéu 1a
sang ché khong bi gidi han vao d6. Nhitng ngudi c6 hiéu biét trung binh trong linh vuc
s& hiu 1a cac bién ddi, két hop va thay d6i khac nhau c6 thé dugc thuc hién di vai cac
phuong 4n ma khong 1&ch khéi pham vi bao ho ciia sang ché. Cu thé, cac giai phap bd
phén khéc nhau theo cdc phuong 4n khac nhau c6 thé dugc két hop trong céc két cau

khéc, trong d6 c¢6 thé thuc hién dugce vé mit k¥ thuét.

Khi sir dung tir "bao gdm" hodc “gdm cd” can hi€u 1a cac tir nay khdng cé nghia

gi¢i han, nghia 13 c4c tir ndy c6 nghia 13 "gdm c6 it nhét 1a".

Ciing can luu y 13, theo mdt sé cach thyc hién thay thé, cac chirc nang/hoat dong
dwoc ghi chu trong céc khdi ¢ thé xuit hién khac véi thir ty dugc ghi chu trén céc biéu
dd tién trinh. Vi du, hai khéi dugc thé hién lién tiép trén thuc té c6 thé dugc thuc hién
v& co ban 1a ddng thoi hodc cac khéi doi khi c6 thé duge thuc hién theo thir ty dao
ngugc, phu thudc vao chic nang/hoat dong li€n quan. Hon nifa, chirc néng cia khéi da
cho ciia cac biéu db tién trinh va/hodic céc so dd khéi cac thé duge tich thanh nhidu khéi
va/hodc chirc ndng cuda hai hodc nhidu hon hai khdi cia cac biéu d6 tién trinh va/hoic
céc so dd khéi c6 thé dugc tich hop it nhat 1a mot phan. Cubi cing, cac khbi khac c6 thé
dugc bd sung/chén vao gitra cac khdi duoc minh hoa, va/hoic cac khbi/hoat dong cd thé
dugc b qua ma khong 16ch khoi pham vi bao ho ciia sang ché.

Cén hiéu rﬁng su lya chon céc khdi tuong tac, cling nhu viéc dat tén cho cac b
phén ndm trong ban md ta nay chi nhim muc dich 1am vi du, va c4c nit thich hgp dé
thuc thi phuong phap bt ky trong céc phwong phép duge md ta & trén co thé dugc tao
két theo nhiéu cach thay thé @& c6 thé thuc thi cac hoat dong cua tha tuc dugc dé xuit.

Ciing can chu y ring cac bd phan dugc md ta trong bin mo ta nay dugce coi la cac

thyc thé 16gic va khong nhét thiét phai 1a cac thuc thé vat Iy riéng biét.
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Su tham khao dén thanh phan & dang sb it khong duge du tinh c6 nghia 1a "mét
va chi mdt" trr khi dugc tuyén bd 15 rang nhu viy, ma ding hon c6 nghia 1a "mot hodc
nhidu". T4t ca cic phuong 4n twong duong vé két cdu va chirc ning d6i v6i cac thanh
phén ciia cic phuong 4n duge md ta trén ddy ma nhiing ngudi c6 hiéu biét trung binh
trong linh vyc biét dén dugc két hop rd rang vao trong ban mo ta nay dé tham khao va
du tinh duge bao trim bdi sang ché. Hon nita, khéng nhét thiét 12 thiét bi hodc phuong
phap phai giai quyét mdi va moi vin d& dugc cb ging giai quyét béi sdng ché dugc dé

xuat & day, né dugce bao trum bdi sdng che.

Trong mot sb tinh hubng trong ban md ta ndy, cdc md ta chi tiét vé céc thiét bi,
mach, va phuong phép da biét 1 dwoc bo qua dé khong 1am rdi phan md ta clia sang
ché bang chi tiét khong can thiét. T4t ca cac tuyén b trong ban mo ta nay trich dan céc
nguyén ly, khia canh, va phuong 4n cia sang ché, ciing nhu cac vi du cu thé cia sang
ché, dugc dy tinh dé bao trim céc phwong 4n trong duong vé ca két chu va chirc ning
‘cﬁa sang ché. Ngoai ra, dy tinh 13 cac phwong 4n tuong dwong nhu vay bao gdm ca
phuong &n tuong duong hién da biét cling nhu phwong 4n twong dwong dugc phat trién
trong tuwong lai, vi du cac thanh phén bét ky duoc phat trién ma thyc hién cing chirc

nang, khong quan tdm dén két cau.

Ciac thuat ngit viét tit

N chiéu vecto

N; chidu vecto phu

X vecto dich |

Xq Vecto hinh dang dugc lugng tir hoa

Vfinal vecto nguyén bam vao chuin-L1 K

K S luong céc xung don vi cudi ciing

k s6 chi s6 xung don vi dugc tich liiy

n hé s6 hodc chi sé mau

i chi sb vecto phu

MDCT Bién ddi consin rdi rac cai bién (Modified Discrete Cosine Transform)
PVO B¢ lrong tir hoa (Lugng tir héa) vecto hinh thép
WwC Trudng hop x4u nhit (Worst Case)
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WMOPS  Triéu phép toan c6 trong sb trén mbi gidy (Weighted Million Operations
Per Second)
AccEn Naéng lugng duge tich 1y

ROM B0 nhé chi doc (Read Only Memory)
PROM ROM chuong trinh (Program ROM)

SNR Ty 1€ tin hiéu so vé6i nhiéu (Signal-to-Noise Ratio)

EVS Dich vu tiéng néi nang cao (Enhanced Voice Service)

3GPP Duy 4n cong tac thé hé thir 3 (3™ Generation Partnership Project)

DSP Bo xtr Iy tin hiéu sé (Digital Signal Processor)

CELT Bién dbi ghép chdng ning lwong rang budc (Constrained Energy Lapped |
Transform)

IETF Nhém dic trach ky thuét Internet (Internet Engineering Task Force)

MAC Nhan-Tich liy (Multiply-Accumulate)

ACELP Du doan tuyén tinh xuét phét tir ma dai sb (Algebraic code-excited linear

prediction)

EPS Epxilon mé&y (Machine epsilon)
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Phu luc 1: Phwong an thwe hién lam vi du trong ma C ANSI

Duéi day 14 vi du v& phuong 4n thuc hién 1am vi du trong ma C ANSI st dung
(mo phéng ctia DSP) 16/32 bit 40 G.191 STL 2009.

static
Word16 max_val_fx( [* o : maximum value in the input vector )
const Word16 *vec, /*i :input vector ¥/
const Word16 Ivec  /*i : length of input vector ¥
)
{
Word16 j,tmp;

tmp = vec[0]; move16();
FOR (j=1; j<Ivec ; j++)

{

tmp = s_max(vec]j],tmp);
}
return tmp;

}

I* The inner search loop for one single additional unit pulse, starting from pulse_tot ,
with information about required energy precision/down scaling for the dim loop in en_dn_shift,
and the current max_xabs absolute value to be used for an near optimal correlation upscaling.
returns the index of the best positioned unit pulse in imax
¥/
static : ‘ .
Word16 one_pulse_search(const Word16 dim, ~ /* vector dimension ¥/
const Word16* x_abs, /* absolute vector values */
Word16*y, I* output vector ¥
Word16 *pulse_tot_ptr,
Word32* L_xy_ptr,  /* accumulated correlation */
Word32* L_yy_ptr,  /*accumulated energy  */
Word16 high_prec_active,
Word16 en_dn_shift,
Word16 max_xabs) I* current accumulated max amplitude for pulses */

Word16 i, corr_up_shift, corr_tmp, imax, corr_sq_tmp, en_max_den, cmax_num, en_tmp;
Word32 L_tmp_en_lc, L_tmp_corr ;

Word32 L_tmp_en, L_en_max_den, L_corr_sq_max, L_tmp_corr_sq;

Word32 L_left_h, L_right_h;

UWord32 UL_left_I, UL_right_I, UL_dummy;
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#ifndef NONBE_PVQ_SEARCH_FIX
Word16 corr_margin;

#endif

#ifdef BE_CLEAN_PVQ_SEARCH
Word32 L_tmp;
UWord32 UL_tmp;
UWord16 u_sgn;

#endif

/* maximize correlation precision, prior to every unit pulse addition in the vector */
corr_up_shift = norm_I(L_mac(*L_xy_ptr, 1, max_xabs));

[* pre analyze worst case L_xy update in the dim loop  ,2o0ps*/

I* clean BE code, with split out low/high precision loops ¥/

I* activate low complexity en/corr search section conditionally if resulting energy is within limits */
I* typical case for higher dimensions ¥/

IF( high_prec_active ==0)

{
en_max_den = 0; /*move16()*/; /* OPT: move saved by using high_prec_active as
en_max_den ¥/
cmax_num =-1; move16(); /*req. to force a 1st update for n==0 */
FOR(i=0;i<dim;i++) /*FOR3ops *
{
L_tmp_corr = L_shl(L_mac(*L_xy_ptr,1,x_absli]), corr_up_shift ); /* actual in-loop target */
corr_tmp = round_fx(L_tmp_corr);

corr_sq_tmp = mult(corr_tmp, corr_tmp); /* CorrSq, is 16bit for low complexity crossmult */

L_tmp_en_lc =L_mac(*L_yy_ptr, 1,y[i]);

[*Q1 result, energy may span up to ~14+1(Q1)+1(sign)=16 bits, 1 op */

I* extract_| without shift can always be used for this section as energy is guaranteed to stay in
the lower word, 1 op */ ‘

en_tmp =extract_I(L_tmp_en_Ic);

/* L_shl + round_fx could also be used also but then adds an uphift cost (2-3 ops)*/

I* 16/32 bit comparison WC (4 +1+1 + (1+1+1)=9 ¥

[* corr_sq_tmp/en_tmp_den > cmax_num/en_max_den */

[* corr_sq_tmp * en_max_den > cmax_num *en_tmp */ I*IF 4 ops ¥/

IF( L_msu(L_mult(corr_sq_tmp, en_max_den),cmax_num , en_tmp) > 0) I* 20ps
¥/

{

cmax_num = corr_sq_tmp; move16(); /*1op*
en_max_den =en_tmp;  move16(); /*1op*
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[*1op *

imax =i move16(); /*1op*
}
} ¥ dim ¥/
}
ELSE
{ I* High resolution section activated when vector energy is becoming high (peaky or many
pulses)
¥
I* BASOP operator Mpy32_32_ss used to allow higher resolution for both the CorrSq & Energy
terms */
[*Performance; close to float reference )
L_en_max_den =L_deposit_I(0); [*1op ¥
L_corr_sq_max = L_deposit_I(-1); /* req. to force a 1st update */
FOR(i = 0; i< dim; i++) /* FOR 3 ops */
{

L_tmp_corr  =L_shl(L_mac(*L_xy_ptr,1,x_absfi]), corr_up_shift );* actual inloop WC

value */
Mpy_32_32_ss(L_tmp_corr,L_tmp_corr, &L_tmp_corr sq, &UL dummy)
I* CorrSq 32 bits,4 ops */

L_tmp_en = L_mac(*L_yy_ptr, 1, y[i]); * Q1,energy may span up to sign+19 bits , 1 op

¥

I* For highest accuracy use pairs of maximum upshifted 32x32 bit signed values ¥

I* (L_tmp_corr_sq/L_tmp_en) > (L_corr_sq_max/L_en_max_den)
I* (L_tmp_corr_sq * L_en_max_den) > (L_corr_sq_max * L_tmp_en)
Mpy_32_32_ss( L_en_max_den, L_tmp_corr_sq, &L_left_h, &UL_left_I);

Mpy_32_32_ss( L_tmp_en, L_corr_sq_max, &L_right_h, &UL _right_I);

[* 32/64 bit comparison WC (1+1+ 2x2+ 4 +(2+2+1) =15
L_tmp =L_sub(L_left_h, L_right_h); I* high signed word check

UL_tmp = UL_subNs(UL_right_I, UL_left_l, &u_sgn);
/* low unsigned word check, note switch due to ">="in UL_subNs, 1 op */
IF((L_tmp>0) || ((L_tmp==0) && (u_sgn!=0))) /*IF 4ops*
{
L_corr_sq_max = L_tmp_corr_sg; move32(); /*2 ops */
L_en_max_den = L_tmp_en;  move32(); /* 2 ops */
imax = |; move16(); /* 1 op */

}

¥
¥
I* 4 ops ¥
I* 4 ops */

¥/
1op ¥
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} *dim loop */
}
[* finally add found unit pulse contribution to past L_xy, Lyy, for next pulse loop */
*L_xy_ptr = L_mac(*L_xy_ptr, x_abs[imax], 1); [* xy_fit += xabs[imax]; Q12+1*/

*L_yy_ptr = L_mac(*L_yy_ptr, 1, y[imax]); [* yy_fit += y[imax]; ¥/
y[imax] = add(y[imax],1);  move16();  /* Q0 added pulse ¥
(*pulse_tot_ptr) = add((*pulse_tot_ptr) ,1); [* increment total pulse sum */
return imax;

}

/* *

* Function pvg_encode_fx() *

* Basic PVQ search algorithm: ¥

* Selective L1-norm projection to the lower ~(K-1) pyramid *

* followed by an ACELP-like unit pulse addition fine search *

* */

void pvg_encode_fx(
Encoder_State_fx *st_fx,

const Word16 *x, ~ /*i: vector to quantize Q15-3=>Q12 ¥/
Word16 *y, [*o: raw pulses (non-scaled short) Q0 ¥/
Word16 *xq, [* 0: quantized vector Q15 ¥
const short pulses, /*i: number of allocated pulses | h */‘
const shortdim,  /*i: Length of vector == i

const Word16 neg_gain /*i: -Subvector Gain we use -negative gainin Q15 0.1 */

Word16 i

Word16 pulse_tot;

Word16 xabs[PVQ_MAX_BAND_SIZE];

Word16 max_xabs;

Word32 L_xsum,;

Word32 L_proj_fac;

Word32 L_yy, L_xy;

Word16 max_amp_y, imax;

Word16 k, en_margin, en_dn_shift, high_prec_active ;
Word32 L_num, L_tmp;

Word16 proj_fac, tmp, shift_den,shift_num,shift_delta, num,den;
UWord16 u16_tmp;

Word16 dim_mf1;

Word32 L_isqrt;
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Word16 neg_gain_norm, shift_tot;
Word16 high_pulse_density_flag;
PvgEntry_fx entry;

[* Create absolute vector and calculate sum of abs vector */
L_xsum = L_deposit_h(0);
max_xabs = -1; move16();

FOR(i= 0:i<dim; i++)

{
xabs[i] = abs_s(x]i]); move16(); [FQ12%
max_xabs =s_max(max_xabs, xabs][i] ); I* for efficient search correlation scaling */
L_xsum =L_macO(L_xsum, 1, xabsli] ); [* stay in Q12 %/
yiil =0; move16(); [* init */
}
test();

IF(L_xsum==0 || neg_gain==0 )
{ I* zeroinput or zero gain case */
I* put a "half'-pulsesum first and last, or all pulses in pos 0 */
pulse_tot = pulses;  move16();
dim_m1 = sub(dim;1);
y[dim_m1]=0; move16();
y[0] = shr(pulses,1); move16();
y[dim_m1] = add(y[dim_m1], sub(pulses, y[0])); move16();
L_yy =L_mult(y[0],y[0]); /* L_yy needed for normalization */

if(dim_m1!=0) {
L_yy = L_mac(L_yy, y[dim_m1],y[dim_m1]); /* (single basop) */
}
}
ELSE

{ I* regular search */
I* proj_fac_flt = (pulses - 1)/xsum_flt; */ /* normalize to L1 norm = absolute k-1 pyramid */
num = sub(pulses,1);
high_pulse_density_flag = 0; move16();
if ( sub(pulses, shr(dim, 1)) >0)
{
high_pulse_density_flag = 1; move16();
}

test();
IF( (num > 0) && (high_pulse_density_flag !=0) )
{
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shift_den = norm_|(L_xsum); - [*x_suminput Q12 ¥
den = extract_h(L_shI(L_xsum, shift_den)); /* now in Q12+shift_den )

~L_num =L_deposit_l(num);
shift_num = sub(norm_l(L_num) ,1);
L_num =L_shl(L_num, shift_num) ; * now in QO +shift_num -1 ¥
proj_fac =div_I(L_num, den); [* L_num always has to be less than den<<16 */

shift_delta=sub(shift_num,shift_den);
L_proj_fac = L_shl(L_deposit_l(proj_fac), sub(9, shift_delta)); /*bring to a fixed Q12 */
}

pulse_tot = 0; move16();
L_yy = L_deposit_I(0);
L_xy = L_deposit_I(0);

[* Find a start position on a lower sub pyramid, if the pulse density is larger than 0.5 */
IF((num > 0) && (high_pulse_density_flag = 0) )
{
FOR(i=0;i<dim;i++) /*max 64 *
{
*y_fiti] = (short)floor(xabs_flt[i] * proj_fac_flt); */ /* FLOAT pyramid truncation */
I*ylil = shr(xabs[i]*L_proj_fac); */ I* BASOP pyramid truncation */
Mpy_32_16_ss(L_proj_fac,xabsi],&L_tmp,&u16_tmp); FQ12*Q12 +1%
ylil  =extract_I(L_shr(L_tmp, 12+12-16+1)); move16(); /* the pyramid-"truncation" */
FQ12*Q12 > Q0¥

pulse_tot = add(pulse_tot, y[i]); * Q0 ¥
L.yy  =L_mac(L_yy, Y[, yil);  /*Energy, result will scale up by 2 by L_mac */
Lxy  =L_mac(L_xy, xabsfi, y[i]); /*Corr, Q0*Q12 +1-->Q13 ¥
}
}
* PVQ fine search loop description *

* Run an ACELP-like full CorrSq/Energy search */
I* the basic search logic is to test adding one unit pulse to each position n in the output vector y
and update the correlation and energy terms iteratively. '

Rxy(k,n) =Rxy(k-1) + 1*abs(x(k,n)) % add target times unit correlation
Ryy(k,n) =Ryy(k-1) + 2*y(k-1,n) + 142 % added unit energy contribution
RxySq(k,n) = Rxy(k,n)*Rxy(k,n)
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minimize ( -Rxy(k,n)/Sqrt(Ryy(k,n)) ), overn and k
(or equiv. maximize ( RxySq(k,n)/Ryy(k,n) ), overn andk )

RxySq(k,n) bestRxySq
........... > - ? update best candidate
Ryy(k,n) bestRyy

bestRyy * RxySq(k,n) > bestRxySq* Ryy(k,n) ? update best candidate

Misc:

172 in Ryy(k,n) can be added before the dimension loop

Ryy(k,n) can optionally be pre down-scaled by 2.0 to avoid one multiplication/shift
Rxy(k,n) can dynamically scaled for each unit pulse loop to optimize RxySaq.

CorrSqTerm =(Rxy(k,n))*2, should have maximum precision in a Word16/Word32 variable

Energy term:Ryy(k, n)
should not become zero, i.e. most often have enough precision to not become truncated
i.e. preferably use a 32 bit variable if more than 127 pulses are accumulated in Q1.

k=127=>0g2(12772 ) = 13.9774 bits, fits in Q1 signed, with Q1 the pre division by 2
works

k=255=>l0g2(255"2 ) = 15.9887 bits, i.e 1 bits scaling, fits in Q1 unsigned 16 bit value

Dimension aspects:
dim 6 and higher is always 16 bit energy safe as max pulses is 96
(for 1+31 bits short codewords)
dims 5,4,3,2 may be allocated higher than 127 pulses (or lower)
dim 1 does not really need a search, only the sign is relevant.
Currently we have KMAX=512, or more precisely for DIM5  kmax is 238
DIM 4,3,2,1 kmax is 512
Unsigned DSP arithmetic could also be used,
but then the "startup” case/ now a negative sentinel has to be handled in a special way
and further currently UL_mac,UL_mac0,UL_msu,UL_msu0 is not available as STL
unsigned basops

To make the PVQ search code work efficiently we do:
1. Always use near optimal norm_| based dynamic up-scaling of the correlation term,
by analyzing the accumulated correlation sofar. (Rxy for k-1 pulses)
and using a pre-analyzed maximum possible target value max_xabs.
2. Selectively use 16 or 32 bit representation of the energy term,
depending on the pre-accumulated energy.
further if the energy term Ryy needs more than 16 bits, we switch to a 32 bit
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energy representation
and also a higher 32 bit precision for the correlation Rxy and
increase the precision in the distortion cross-multiplication calculations
to near 64 bits.
¥/

* Rxy_max=(k,*)= max( L_xy + 1*max_x_abs)
analysis needed for near optimal L_xy normalization (corr, corrSq) */
* Ryy_max(k,*) = max(L_yy(k-1) + .5 + 1*max_amp_y(k-1))

analysis needed for energy (L_yy) precision selection when pulses > 127 ,

((12742)*2 fits in Signed Word16) */

L_yy=L_shr(L_yy,1); /*scale down by 2 for search loop domain */
IF (sub(pulses,127)<=0)
{ *LCinner loop, enters here always for dimensions 6 and higher,
and also sometimes for dimensions 1.5 */
I* (if high energy precision is inactive, max_amp_y is not needed ,
no max_amp_y(k-1) update ) ¥
FOR (k=pulse_tot; k<pulses;k++){
L_yy =L_add(L_yy,1); /* .5 added to energy for pulse_tot+1 */
imax = one_pulse_search(dim, xabs,y,&pulse_tot,&L_xy,&L_yy,0, 0,max_xabs);
}

}
ELSE

{ I*HC or LC+HC inner loops */
max_amp_y = max_val_fx(y, dim); /* this loops over max 5 values */
/* max_amp_y from projected y is needed when pulses_sum exceeds 127 ¥/

/* First section with 32 bit energy inactive, max_amp_y kept updated though */
FOR( k=pulse_tot; k<128; k++){

Lyy  =L_add(L_yy,1); [* .5 added */
imax = one_pulse_search(dim, xabs,y,&pulse_tot,&L_xy,&L_yy,0,0,max_xabs);
max_amp_y =s_max(max_amp_y, y[imax]);

}

/* Second section with higher number of pulses, 32 bit energy precision adaptively
selected, max_amp_y kept updated ¥/
FOR( k=pulse_tot; k<pulses; k++){
L.yy =L_add(L_yy1); /*.5added ¥
en_margin = norm_I(L_mac(L_yy,1, max_amp_y)); /*find max "addition", margin,~2
ops */
en_dn_shift = sub(16, en_margin); /* calc. shift to lower word */

high_prec_active = 1; move16();
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if( en_dn_shift <= 0 ){ /* only use 32 bit energy if actually needed */
high_prec_active = 0; move16();
}
I* 32 bit energy and corr adaptively active, max_amp_y kept updated */
imax  =one_pulse_search(dim,xabs,y,&pulse_tot,&L_xy,&L_yy,high_prec_active,
en_dn_shift, max_xabs);
max_amp_y =s_max(max_amp_y, y[imax]);
}

}
L_yy =L_shl(L_yy,1); /* yy=yy*2.0 * [* compensate search loop analysis energy downshift

by )
1, to make energy right for unit/inverse gain calculation
¥/
}

I* Apply unit energy (L2) normalization scaling, always at least one pulse so no div-by-zero check is
needed */
L_isqt  =L_deposit_I(0);
IF(neg_gain!=0 )
L_isqrt = Isqrt(L_shr(L_yy,1));  /* Note: one single gain factor asin fltis not computed */
}

shift_num = norm_s(pulse_tot); [* account for max possible pulse amplitude in y,
can be used even when max_amp_y is not avail.
¥
shift_den = norm_s(neg_gain); I* account for gain downscaling shift */

neg_gain_norm = shl(neg_gain, shift_den); /* up to 10 dB loss without this norm */

shift_tot = sub(add(shift_num, shift_den), 15);

/* DSP OPT : to save average complexity a special loop can be made for the common gain==1.0
case */

/* DSP OPT PROM : reuse a common decoder normalization loop ¥

L_isqrt = L_negate(L_isqrt);
FOR(i=0;i<dim; i++)

{

tmp = shi(y[i],shift_num); /* upshifted abs(y[i]) used in scaling */
if(x[]<0)

{

tmp = negate(tmp); I* apply sign */

}

if(y[i]!=0)

{

ylil = shr(tmp, shift_num); move16(); /* updates sign of y[i},~range -/+ 512),array move */

}
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Mpy_32_16_ss( L_isqrt, tmp, &L_tmp, &u16_tmp); * Q31*Q(0+x) +1 *
Mpy_32_16_ss( L_tmp, neg_gain_norm , &L_tmp, &u16_tmp); /* Q31*Q(0+x) *Q15+1 ¥/

L_tmp =L_shr(L_tmp, shift_tot); I* Q31+x ¥
xq[i] = round_fx(L_tmp); move16(); [*Q15, array move ¥/
L_xq[i] = L_tmp; * Q31 currently unused */

/* index the found PVQ vector into short codewords */
entry = mpvq_encode_vec_fx(y, dim, pulses);

I* send the short codeword(s) to the range encoder */
rc_enc_bits_fx(st_fx, UL_deposit_|(entry.lead_sign_ind), 1); /*0or 1%
IF( sub(dim, 1)!=0)

{
rc_enc_uniform_fx(st_fx, entry.index, entry.size);

}

return;

T4t ca nhitng ngudi ¢6 hidu biét trung binh trong linh vyc s& d€ dang doc dugce
¢ trong linh vuc can dé cap 1a toan tir quan hé “=="1a mdt toan tir ma theo vi du “A=
=B” s& tra vé tri sb 16gic duoc dit 1a 1 16gic (true (dung)) khi cac tri s6 A va B 14 bang
nhau; va néu khong thi tra vé 0 16gic (false (sai)). L_mac 1a phép nhan-tich liiy v6i nghia
1AL _mac (L_v3,vl,v2)=L_v3+vl*v2,

-57-



273178

Phu luc 2: Cic két quia mé phéng dwoc lap bing

Tinh trang m0 phéng

Céc phuong 4n ctia sang ché da dugc md phong. D6 véi tht ca cadc md phong im
kiém hinh dang PVQ dugc thuc hién, tbe d6 bit duoc sit dung 13 64000 bps (bit trén
gidy), va bd ma héa-giai ma (codec) duoc van hanh trong ché 4o MDCT, véi cac kich
thudc bang phu ciia hé sé MDCT ban déu 1a cac hé sb [ 8, 12, 16, 24, 32 ]. Cac bang
nay c6 thé dugc chia rat k§ thanh cdc doan bing nhé hon, mdi doan dugc biéu dién béi
vecto phy, boi thuat toan tach bang PVQ. Vi dy, bang c6 kich thudce 8 ¢6 thé dugc tach
thanh céc doan phu nho hon, vi du “4, 4” hodc “3,3,2”, néu né dugc cép phét du bit.
Théng thudng, mdi bing dugc tach theo cach sao cho cyc dai 13 32 bit c¢6 thé duoc sir

dung dé ma héa hinh dang ctia mdi vecto phu cubi clng.

Theo phwong 4n thuc hién danh chi s6 PVQ nay bang c6 kich thude 8 c6 thé c6
1én té1 36 xung don vi, doan phu c¢6 kich thude 7 c6 thé c6 1én t6i 53 xung don vi, doaﬁ
c6 kich thuéc 6 ¢6 thé c6 1én t&i 95 xung don vi, doan c6 kich thudc 5 ¢ thé c6 1én t6i
238 xung don vi, doan c6 kich thuéc 4,3,2,1 ¢6 thé c6 1én t6i 512 xung don vi. Do cac
doan ngin hon véi s6 xung cao dugc tao ra theo cach dong nhd tich biang, nén chiing it
thudong xuyén hon so véi cac kich thudce vecto phu dai hon. Cac con s WMOPS trong
cac bang két qua dudi day bao gdm: (tim kiém truéc PVQ, tim kiém tinh PVQ, chuén
héa PVQ va danh chi s PVQ). Céc con s “% gidng nhau” trong cac bang két qua dudi
day, 1a sb vecto gidng nhau duge tim thiy theo Thuét toan tim kiém hinh dang c6 dd
chinh xéc gidi han dugc udc lugng, so vai sy tim kiém hinh dang PVQ diu phéy dong

khong rang budc.

Céc bang két qua
Xung <= 127, SNR |Seg- | % WMOPS | WMOPS
Thuit todn cwe SNR vecto | trwdng | trung Chi y
En{energy-bits} x ticu (dB) gibng | hep x4u | binh
A
CorrSq{corrSq-bits} (dB) nhau | nhat
“Enl6x 4771 | 188803 | 993 |6843  |5496 | 16x16ludn

CorrSql6”/“En32 x dugc stir dung,
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CorrSq32” tron, WC (trudng
phan tich trudc hop x4u nhét)
max(x_abs) trong 16x16
“Enlé6 x CorrSql6” 4,771 | 188,803 | 99,3 6,843 Khong c6
khoa thay dbi do
phén tich trude nang lugng
max(x_abs) khong bao gio
vugt qua 16
bit
“En16 x CorrsSq16” st | -6,021 | 180,556 | 94,6 6,826 5,476 Thuét toan la
dung phuong phap dinh kém hon vé
ty 1€ twong quan trong bit (minSNR
tinh trang k¥ thuat cang thép thi
»OPUS”, st dung s6 14n thanh
xung don vi duogc tich cong gidng
liy. nhau cang it)
or d6 phuc tap
rét tuong tu
“En32 x CorrSql6” 4,771 | 188,803 | 99,3 8,970 6,961 KHong nhét
khoa, thiét sir duhg
phan tich trude En32 cho céc
max(x_abs) xung <=127,
do néang lugng
kh6ng bao gid
vuot qua do
dong 16 bit
“Enl6 x CorrSq32” 190,0 | 190,0 100 | 9,386 7,248 Yéu ciu thém
khoa,. 2,5 WMOPS
phén tich truéc dau vao cho 0,7 % céc
max(x_abs) 14n thanh
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cong cudi-
cung
“En32 x CorrSq32” 190,0 | 190,0 100 10,474 7,999 0,9
khoa, WMOPS
phén tich trudc khong cén
max(X_abs) thiét ting 1én
sovéi
“Enl6xCorrS
q32” khoa,
Bing 1: Céc két qua cho K cudi ciing <= 127
Xung > 127 minSNR | segSNR % vecto | WMOPS | WMOPS Chl’l.)"
Thuit toa’ml (dB) (dB) gidng truong ‘trung
En{energy-bits} x nhau hop x4u binh
CorrSq{corrSq- nhit
bits}
“Enlé6 x 32,686 160,316 80,4% 6,843 5,496 Giai phap
CorrSql6”/ “En32 ' (WC van du tbt
x CorrSq32” tlr cac WC van cho
duoc diéu khién doan 16x1 6, WC
AccEn tron | 16x16) khéng ting
, phan tich trudc
dau vao, 6 chinh
xac dugc didu
khién ning luong
tich liiy
“Enl6 x 32,686 130,258 59,3% khong 4p | khdong 4p | Thong tin
CorrSql16”/ “Enl6 dung dung nang lugng
x CorrSq32” thinh
duogc diéu khién thoang bi
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AccEn tron cat cut, gy

phan tich trudc dau ra SNR thép

vao, dJ chinh xac

dugc diéu khién

nédng lugng tich

liy

“Enl6 x 32,686 117,634 50,6 % khong 4p | khdong &p | Thong tin

CorrSql6”/ “En32 dung dung tuong quan

x CorrSq16” ¢6 d6 chinh

duoc didu khién xéc thap,

AccEn tron phan gay ra SNR

tich trudc dau vao, thip

d6 chinh x4c dugc '

diéu khién ning

luong tich lity

“Enlé6 x 32,686 113,629 47,8 % khong 4p | khong dp | Thong tin

CorrSql16” khoa, dung dung nang luong

, phan tich truée thinh

dau vao, thoang bi
cit cut va
tuwong quan
trong thong
tin c6 dd
chinh xéc
thép, gy ra
SNR thip

“En32x 32,686 117,634 50,6 % khong 4p | khong 4p | Thong tin

CorrSql16” khoa, dung dung tuwong quan

phén tich truée dau ¢6 dp chinh

Véo. xdc thd'p,
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vao

gdy ra SNR
thdp
“Enl6 x 40,994 159,714 78,8 % khong &p | khong ap | Thong tin
CorrSq32” khoa, dung dung nang luong
phén tich trudce dau thinh
vao thoang bi
cdt cut, gdy
ra SNR thdp
“En32x 49,697 189,773 99,8 % 7,1 57 WC hién tai
CorrSq32” khoa, trong doan
phén tich trude diu 32x32, wC

co do phuc

tap cao hon

Biang 2: Cac két qua cho K > 127
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YEU CAU BAO HO

1.  Phuong phap tim kiém hinh dang PVQ (Pyramid Vector Quantizer - B lwong tir
héa vecto hinh thép), dugc thuc hién bai bd ma héa, PVQ 14y vecto dich x 1am déu vao
va suy ra vecto y nho cdng lap lai cac xung don vi trong vong lip tim kiém chiéu bén
trong, phuwong phép nay bao gdm budc:

truée khi vao vong 13p tim kiém chiu bén trong tiép theo dé cdng xung don vi:

xdac dinh (102, 204), dua trén bién do xung cuc dai, maxampy, clia vecto hién thoi
v, liéu c6 cin nhiéu hon d6 dai tir bit hién thoi dé bidu dién, theo cach khong tdn hao,
bién, enloopy, lién quan dén ning luong dugce tich lily cua y, trong vong 13p chiéu bén
trong sip t6i (103).
2. Phuong phap theo diém 1, trong d6 phuong phép nay con bao gdm bude:

truée khi vao vong 13p chiéu bén trong tiép theo dé cong xung don vi:

xéc dinh (203), dva trén tri sb tuyét dbi cuc dai, xabsmax, ciia vecto diu vao, x, do
dich 1én c6 thé c6, trong tir bit, cua trj sb twong quan trong vong lap dugc tich Iy ctua
vong lap tiép theo, corrxy, gitta X va vecto y.
3. Phuong phép theo diém 1 hoic 2, trong d6 phuong phap ndy con bao gdm buéc:

khi can nhidu hon d dai tir bit hién thoi (102, 204, 304, 403) dé bidu dién
enloopy:

thuc hién (103, 205, 305, 404) cac tinh toan vong ldp bén trong st dung do dai
tir bit dai hon dé biéu din enloopy.
4.  Phuong phép theo diém bat ky trong s6 cac diém tir 1 dén 3, trong d6 phwong phép
nay con bao gdm budec:

khi cdn nhiéu hon do dai tir bit hién thoi dé bidu din enloopy:

thuc hién (305) céc tinh todn vong ldp bén trong sir dung d6 dai tir bit dai hon dé
biéu din binh phurong tri s twong quan trong vong lip dwoc tich liy, corrx,?, gitta x va

vecto y, trong vong 13p bén trong.
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5. Phuong phap theo diém bt ky trong s cac diém néu trén, trong d6 phuong phép
nay con bao gdbm budc, khi khong cin nhiéu hon d6 dai tir bit hién thoi d& bidu dién
enloopy:

thuc hién (405) céc tinh toan vong 13p bén trong nhd dung vong 1dp cong xung

don vi thit nhét sir dung do dai tir bit thir nhit dé biu dién enloopy, va:
khi cin nhidu hon d6 dai tir bit hién thoi dé bidu dién enloopy:
thuc hién (404) céc tinh toan vong 13p bén trong nho dung vong 1dp cong xung

don vi thir hai str dung d6 dai tir bit dai hon, so véi vong 13p cong xung don vi thir nhét,

dé biéu dién enloopy.

6.  Phuong phap theo diém bét ky trong sé cac diém néu trén, trong d6 phuong phép
nay con bao gdm budc, khi khong cin nhiu hon do dai tir bit hién thoi dé biéu dién
enloopy:

thuc hién (405) céc tinh todn vong 1dp bén trong nho ding vong ldp cdng xung
don vi thi nhat c6 d6 chinh x4c nhét dinh, va:

khi cin nhiéu hon d6 dai tir bit hién thoi dé bidu dién enloopy:

thuc hién (404) céc tinh todn vong ldp bén trong nho ding vong ldp cdng xung
don vi thr hai ¢6 do chinh x4c cao hon so v6i vong lap cong xung don vi thir nhét.
7. Phuong phap theo diém bat ky trohg s6 cac didm néu trén, trong d6 budc xé4c dinh,
dwa trén maxampy, vé liéu c6 can nhiéu hon d6 dai tir bit hién thoi dé biéu dién enloopy
bao gdm xé4c dinh cac dic tinh ctia trudng hop khi, trong vong 13p tim kiém bén trong
sip t6i, xung don vi dugc cong vao vi tri trong y ma duoc két hop v6i maxampy.
8.  Phuong phap theo diém bt ky trong sé céc diém néu trén, trong d6 phuong phép
nay con bao gdm budc:

trong vong lap tim kiém chiu bén trong dé cong xung don vi:

xé4c dinh Vi tri, nvest, trong y dé cong xung don vi nhd wdc lugng nhéan chéo, cho
mdi vi tri n trong y, cia tri s6 ning lwong va twong quan cho n hién thdi; va binh phuong

tuong quan, BestCorrSq va tri s6 ning lugng, bestEn, dwgc luu tir cac tri s6 truéc cua n,
nhu:
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corryy® * bestEn > BestCorrSq * enloopy
trong d6

Npest =N

bestEn = enloopy, | khj corr,,? * bestEn > BestCorrSq * enloops.

BestCorrSq = corrg,
9.  Phuong phép theo diém bét ky trong s6 cac diém néu trén, trong d6 phuong phap
nay con bao gdm budc:

theo ddi maxamp, khi trj sé cudi cing cia K, dugc két hop véi vecto dich x, vugt
qué tri s6 ngudng. |
10. BO ma hoa dugc tao két clu dé tim kiém hinh dang PVQ (Pyramid Vector
Quantization - Lugng ti hda vecto hinh thap); PVQ 14y vecto dich x 1am du vao va suy
ra vecto y nho cdng 1dp lai cac xung don vi trong vong 1dp tim kiém chiu bén trong, bd
ma héa ndy duoc tao két ciu dé:

trude khi vao vong 1ap tim kiém chidu bén trong tiép theo dé cong xung don vi: _'

x4c dinh, dya trén bién d6 xung cuc dai, maxamp,, ciia vecto hién thoi y, li€u ¢
cAn nhidu hon d¢ dai tir bit hién thoi dé bidu didn, theo cach khong tdn hao, bién, enloopy,
lién quan dén ning lugng duogc tich lity cua y, trong vong lap chidu bén trong sép t6i.
11. B ma héa theo diém 10, trong d6 bd ma héa nay con dugce tao két céu dé:

truée khi vao vong 13p chidu bén trong tiép theo dé cong xung don vi:

xé4c dinh, dua trén tri s& tuyét dbi cuc dai, xabsmax, clia vecto dAu vao, x, 6 dich
1én ¢6 thé c6, trong tir bit, ciia tri sé twong quan trong vong 13p duoc tich lity ciia vong
lap tiép theo, corryy, gifta X va vecto'y.
12. B0 ma hoa theo diém 10 hozc 11, trong @6 bd ma hoéa nay con duge tao két cu
dé:

thuc hién céc tinh todn vong 13p bén trong sir dung d dai tir bit dai hon dé bidu
dién enloopy, khi cAn nhidu hon d6 dai tir bit hién thoi dé biéu dién enloopy.
13.  BO ma hoa theo diém bét ky trong s6 cac diém tir 10 dén 12, trong d6 bd ma hoa

nay dugc tao két cau de:
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thuc hién cac tinh toan vong lap bén trong nho dung vong 1ap cdng xung don vi
thir nhit sir dung d6 dai tir bit thir nht khi khong cn nhidu hon d6 dai tir bit hién thoi
dé biéu dién enloopy, va:

thuc hién céc tinh toan vong 13p bén trong nho dung vong 13p cong xung don vi
thit hai st dung do dai tir bit dai hon so v6i vong lip cong xung don vi thit nhét khi can
nhiéu hon do dai tir bit hién thoi dé biéu din enloopsy.

14. Bo ma hoa theo diém bét ky trong sb cac diém tir 10 dén 13, trong d6 bd ma hoa
nay con dugc tao két chu dé:

thuc hién cac tinh toan vong l13p bén trong nhd dung vong ldp cong xung don vi
thtt nhét, c6 do chinh x4c nhat dinh, khi khong cin nhidu hon d9 dai tir bit hién thoi dé
biéu dién enloopy; va dé

thuc hién cic tinh todn vong l3p bén trong nhd duing vong 1dp cong xung don vi
tht hai, c6 o chinh x4c cao hon so v4i vong 1ap cdng xung don vi thir nhét, khi cin
nhidu hon d6 dai tir bit hién thoi dé biéu dién enloopy.

15. B0 mi hoéatheo diém bAt ky trong s6 cac diém tir 10 dén 14, trong d6 viéc xac
dinh, dwa trén maxampy, v& liéu c6 cAn nhidu hon dd dai tir bit hién thdi dé biu dién
enloopy duoc tao két ciu dé bao gbm viéc x4c dinh cac dic tinh cia trudng hop khi,
trong vong ldp tim kiém bén trong sip tdi, xung don vi duge cong vao vi tri trong y ma
dugc két hop v6i maxampy.

16. Bo ma héa theo didm bét ky trong sb cac diém tir 10 dén 15, trong d6 bd ma hoa

ndy con dugc tao két chu dé:
trong vong 1ap tim kiém chiéu bén trong dé cong xung don vi:

xac dinh vi tri, npest, trong y dé cong xung don vi nhd uéc lugng nhin chéo, cho
mdi vi tri n trong y, cuia tri s0 nang lugng va trong quan cho n hién thoi; va twong quan,

BestCorrSq, va tri s6 ning luong, bestEn, duge luu tir céc tri s6 trude cua n, nhu:
cortyy? * bestEn > BestCorrSq * enloopy

trong do6:
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NMpest = N

bestEn = enloop, | khj corry,? * bestEn > BestCorrSq * enloopy.

BestCorrSq = corry,
17. B0 ma héa theo diém bét ky trong sb cac diém tir 10 dén 16, trong d6 bd ma héa
nay con dugce tao két chu dé theo ddi maxamp, khi sb lwong céc xung don vi cudi cing,

K, dugc két hgp véi vecto dich x, vuot qua tri s6 ngudng.

18.  Thiét bj truyén thong bao gdm bd ma hoa theo diém bt ky trong s cac diém tir
10 dén 17.

19. Vit ghi doc dugc bdi may tinh co luu trit trén d6 chuong trinh mdy tinh, chuong
trinh may tinh niy bao gdm céc 1énh ma, khi duoc chay trén it nhat mét b xir 1y, lam
cho it nhit mdt bd xir 1y thuc hién phuong phép theo diém bét ky trong sb cac diém tur
1 dén 8.

20.  Vat ghi doc dugc boi may tinh theo diém 19, trong d6 it nhit mot trong sd it nhét
mot bd xir ly 1a DSP (Digital Signal Processor - B6 xtt 1y tin hi¢u sé), vi du DSP ¢6 40
chinh xé4c ¢d dinh.
21.  Bd mai hoa (1100, 2) duoc tao két ciu dé tim kiém hinh dang PVQ (Pyramid
Vector Quantization - Luong tir héa vecto hinh thép); PVQ 14y vecto dich x lam dau
vao va suy ra vecto y nhd cong lip lai cic xung don vi trong vong 13p tim kiém chiéu
bén trong, bd ma hoa nay bao gdbm bd phan xéac dinh thtr nhit (1106, U4) dé:

trude khi vao vong lap tim kiém chiéu bén trong tiép theo dé cong xung don vi:

xac dinh, dva trén bién do xung cuc dai, maxamp,, cua vecto hién thoi y, liéu c6
cAn nhidu hon d9 dai tir bit hién thoi dé bidu dién, theo cach khong tén hao, bién, enloopy,
lién quan dén ning lugng dugc tich liy cua y, trong vong 1ap chiéu bén trong sp toi.
22. B0 mahoéa theo diém 21, trong d6 bd ma hoéa nay con bao gdm bd phén xac dinh
thir hai (U2) dé, truée khi vao vong 13p chiu bén trong tiép theo dé cong xung don vi,

xac dinh, dua trén tri sd tuyét dbi cuc dai, xabsmax, cia vecto ddu vao, x, dd dich
16n c6 thé c6, trong tir bit, cia tri sd twong quan trong vong lip dugc tich lity ciia vong

1ap tiép theo, corrxy, gifta x va vecto'y.
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23. B0 ma hoa theo diém 21 hoic 22, trong d6 bd ma héa nay con bao gdbm bd phan
tim kiém tinh (1107, U6) d thuc hién céc tinh todn vong ldp bén trong sir dung do dai
tir bit dai hon dé biéu dién enloopy, khi cin nhidu hon d6 dai tir bit hién thdi dé biéu dién
enloopy.

24. B6 ma hoa theo diém bét ky trong sb cac diém tir 21 dén 23, trong d6 bd ma héa

ndy bao gdm bd phan tim kiém tinh (1107, U6) dé:

thuc hién céc tinh todn vong ldp bén trong nho dung vong 1ap cing xung don vi
thir nhét st dung d6 dai tir bit thir nhét khi khong cin nhiéu hon d¢ dai tir bit hién thoi
dé biéu dién enloopy, va:

thue hién céc tinh toan vong 1dp bén trong nh¢ dung vong 1dp cong xung don vi
thir hai sir dung d9 dai tir bit dai hon so v6i vong lap cong xung don vi thir nhit khi cdn
nhidu hon d6 dai tir bit hién thoi dé biéu dién enloopy.

25. B0 ma hoa theo diém bét ky trong s cac diém tir 21 dén 24, trong d6 bd ma hoéa

nay bao gdm bd phan tim kiém tinh (1107, U6) dé:

thuc hién céc tinh toan vong ldp bén trong nh¢ ding vong 1dp cong xung don vi
th nhét, c6 d9 chinh x4c nhét dinh, khi khong cin nhiéu hon do dai tir bit hién thoi dé
biéu dién enloopy; va dé

thuc hién céc tinh todn vong 1dp bén trong nhd dung vong 1dp cong xung don vi
thir hai, ¢6 d6 chinh x4c cao hon so véi vong 13p cong xung don vi thir nhét, khi cin
nhidu hon d6 dai tir bit hién thoi dé biéu dién enloopy.

26. B0 ma hoa theo diém bt ky trong s6 cac diém tir 21 dén 25, trong d6 bd ma hoéa
nay dugc tao két cdu dé thuc hién viéc xéc dinh, dua trén maxampy, v& liéu c6 can nhiéu
hon @6 dai tir bit hién thoi dé biéu dién enloopy nho xac dinh céc dic tinh ciia truong
hop khi, trong vong lip tim kiém bén trong sép tdi, xung don vi dugc cong vio vi tri
trong y ma dugc két hop véi maxampy.

27. B0 ma hoa theo diém bét ky trong sb cac diém tir 21 dén 26, trong d6 bd ma héa
nay bao gdm bd phan tim kiém tinh (1107, U6) dé, trong vong lip tim kiém chiéu bén
trong dé cong xung don vi, xac dinh Vi tri, nvest, trong y dé céng xung don vi nho uée

luong nhan chéo, cho mdi vi tri n trong y, cla tri s6 ning lugng va twong quan cho n
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hién thoi; va tuong quan, BestCorrSq, va tri sb nang luong, bestEn, dugc lvu tir céc tri

sO trudc cia n, nhu:
cortxy? * bestEn > BestCorrSq * enloopy

trong do

Npest =N

bestEn = enloop, 1 khj corry,? * bestEn > BestCorrSq * enloopy.
BestCorrSq = corry,

28. B0 ma hoa theo diém bét ky trong sb cac diém tir 21 dén 27, trong d6 bd ma héa
nay con bao gdm bd phan luu trir (U3) dé theo ddi maxamp, khi s6 lwgng céc xung don
vi cubi cing, K, dugc két hop véi vecto dich x, vuot qua tri s6 ngudng.

29.  Thiét bj truyén thong bao gdm bd ma hoa theo diém bét ky trong s cac diém tir

21 dén 28.
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Xac dinh dd dai tlr cho enloopy-cho vong
|&p bén trong tiép theo, dya trén maxampy

~—102

r
I Chay vong lap bén trong v&i dd dai tlr xac |
| dinh cho enloopy (vong I&p d6 chinh xac - 103

duwgc lwa chon)

I Capnhat maxampy sau khi céng xung 1\_/ 104

-——v trong vong lap bén trong

Theo ddi/Xac dinh maxampy

Xac dinh xabsmax

Xac dinh do dich 1én cuc dai' cla corrxy cho
vong lap bén trong tiép theo,
dwa trén xabsmax

Xac dinh d6 dai tir cho e'nloopy cho
vong 1ap bén trong tiép theo,
dya trén maxampy

Chay vong lap bén trong v&i dd dai tlr duoc

xac dinh cho enloopy va dd dich Ién
duwoc xac dinh cho corrxy

' Cép nhat maxampy sau khicong xung L 206

trong vong lap bén trong

I Fig.2
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Xac dinh xabsmax \/302
4
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cho vong lap bén trong tiép theo, 303
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Xac dinh d6 dai tir cho enloopy cho
vong 18p bén trong tiép theo, L 304
dwa trén maxampy
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Fig.5

-72-



G: ineSearch(kn, x_abs, max_xabs, yD

¥

[

pulsere = sumiy), maxamp=maxiy)

KHONG

pulseTol < K

Cap nhat maxampy

i

pulzeTot += 1
Htom] =1

i

Céap nhat

cortylpulser,,
va

snergy,(puisers)

g

273178

COITyy(PUISeTyy),
max_xabs

b

Phan tich trwéc twong quan
trong trwd'ng hop xau nhat

Al
COrfupstin
X

S2

Cdng s6 hang khdng ddi vao energy,{pulsersrt1), "

Phan tich tredc s6 du nang lvong
trong trwdng hop xau nhat

anergyy(pulsera),
maxampy

_enmnm{n
L3

Quyét dinh trén d6 chinh xac twong

quan binh phwong va nang lwong

e v—— w—— —

— ——

highpracisione

____< iy )

KHONG

CO =

corryfpulsere +1,0}" / onergy,fpuisers +1,n)

Cap nhat ng vién t6t nhat cho dén nay
Npa ™ N
bastEn = energy,(pulsers +1,n)

4——-—————-—‘00

bestCorrSq = corry(pulser. +1,0)"

.

Tinh toan cOMy{pulsery +1,n)
theo quyét djnh d6 chinh xéc,
st dung SO
¥

Tinh toan snergy{puisere, +1.n) "
theo quyét dinh @ chinh xac

R J

> bestCorrSq/ hestEn

. | Quyét dinh

| dude téi vu hoa
nh¢
nhé&n chéo

Vong lap bén trong,‘/

-73-

Fig.6



273178

: _____________ _; S21
Tach bang PVQ
| JI”“/
F
S22
Nhan x(n), K, N |
Tinh toan tri s6 tuyét ddi cwe _,_,,;823
dai cua vecto dich
N S24
i ~ \J N
cod P ~_ KHONG
— — Vecto dich nang luong
e X ?
l ~ \rat thap.‘/ _
| R
< TaoravestoPva(y) | 5% [Thiétiap @iém bét du choy]

Lwu tri bién d6 xung cuc dai
trong y thu dwoc cho dén nay

526

" > ~
_ _dva_tren,tikﬁ/N__ N

Xac dinh y ban dau va tinh toan
céac thong sb thir nhét, hai va ba

S27
_—

!

Y

Tinh toan théng sé thir sau,
en_margin

Chay vong 1&p thir nhét cla
tim kiém hinh dang PVQ tinh

Xac dinh théng s6 thé nam,
corr_upshift

| sz

don vi va xq dwgc dinh ty | gsub

S31 — -
Tao ra/biéu dién théng sé S34
e th( bay va tdm véicac dd dai —
> tlr dai hon,
- + — S35
Chay vong lap thtr hai cua ,
tim kiém hinh dang PVQ tinh
_ . " S36
Chuan hoéa y v&i dd khuéch dai |

Fig

-74-

v
( tra vé xq (va y) )f‘ S37

g



273178

Tuyén tinh % B ma hoa

. EVS
16 bi . (TS 26.445) |
Aly-Law 8 bit 1 ‘
-

Thanh tuyén 71—
tinh 16 bit

| truTern |

| Pinhd 2;
o | i : " téiang ﬁt

Bé phét hién 1 i : RTP
e hoétsi‘;ggs;;c" | Hoataong & | |~ | (55445 |
AD&XEIY E /] VT Diéu khién @ 3
GUiUE [T - f DTX ;
1 (tuyén tinh BO ma hoéa (TS 26.450) E ', i
16 bit) Tiéngdn | *
Thoai mai [
S 26.449
(TS 26.131) (IS26.49)

LR A s L R R SR AR R R AR AR S SRS AT

(1) Cacmau PCM tuyén tinh 16 bit va Ty 1 mau (8, 16, 32 hodc 48 kHz)

@ Khung &m thanh dwoc ma hoéa, 50 khung/giay, sb bit’khung phu thudc
vao ché d6 ma hoa-giai ma EVS

@ Céac khung phan t&r mé ta im lang dwoc ma héa (ty 1& khung bién ddi dwoc)

Céc goi tai RTP

Fig.8

-75-



273178

o — — e ey . . s . e e s e, sy

| u12 |

— —— —— — — — — o — — — t— — s——

o A s e g ] |__ T RA nhan tan ra
| B6 phan tach bang PVQ | B6 phan tao ra

| u7 || diém b&tddu U10 | |
T — |
B& phan lya B6 phan x Iy [ms |
chon U4 vong lap bén trong UGl | = I |
BG phan Iuu trr B6 phan biéu dién | 2
U3 Us |
~ A , » A h“ A d' h L—/
B6 phan xac dinh BS phén xac din
thr nhat U1 ther hai U2 |
______ _
r_ggpﬂén—génh chisd | | BQﬂE’P an t|‘an1)’:c1>an | |
| PVQ U13 |1 tongso Pt
———————— —— —
l B& phan tao ra vecto [ \ 1
| PVQ U9 o ey ][ 1
——————————————— ] E’/

Fig.9

-76-



273178

1
D3u vao -
1002 .
Chuwong trinh
N 5 may tinh
) B& xtr ly 4 =
Paura |— ==Xl 8
1004 "

Fig.10
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