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(57) Sang ché dé cap dén phuong phép che gidu tdn hao cic tham sé Am thanh khong
gian va phuong phéap gidi ma ngit canh 4m thanh dugc ma hoa am thanh dinh huéng,
thiét bi che gidu tdn hao, va bd giai mi. Phuong phap che gidu tén hao cac tham s6 4m
thanh khéng gian, c4c tham s6 4m thanh khong gian bao gdm it nhét théng tin huéng
t61, phuong phap bao gdm cac budc sau: nhan tap hop thi nhit gdm cac tham sb khong
gian bao gdm it nhat thong tin hudéng t6i thir nhat; nhén tdp hop thi hai gdm céc tham
s6 khong gian bao gdm it nhét thong tin hudng tdi thir hai; thay thé huéng thong tin téi
thi hai cua tp hop thu hai bang thong tin hudéng t6i thay thé duogc suy ra tir thong tin
huéng t6i thir nhit, néu it nhit thong tin hudéng téi thir hai hodc mot phén thong tin

huéng t6i thir hai bi mét hodc hu hai.
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Linh vire ky thuit dwoce dé cap

Sang ché dé cap dén phuong phép che gidu ton hao cac tham s§ 4m thanh khong
gian, phuong phdp gidi ma ngit canh 4m thanh dugc ma héa DirAC va cac chuong trinh
mdy tinh twong Gng. Céc phuong 4n clia sang ché dé cap dén thiét bj che gidu ton hao
cho su che gi4u 18i cta cac tham sb 4m thanh khong gian va dén bd gidi ma bao gdm
thiét bi che gidu 15i g6i. Cac phwrong 4n duge wu tién md ta kh h
cap chét luong bu do céc khung hoic cic géi ton hao va sai lac xay ra khi truyén dan
ngit canh 4m thanh cho anh khéng gian duoc ma héa theo tham sé bsi hé bién hoa ma

héa am thanh dinh huéng (directional audio coding - DirAC).
Tinh trang k§ thuit ciia sing ché

Su truyén théng tiéng n6i va 4m thanh c6 thé gip cac van d& chit lugng khac nhau
do su tén hao goi trong khi truyén din. Céc didu kién thyc sy x4u trong mang, nhu céc
18i bit va chap chon, c6 thé din dén sy tdn hao mot s géi. Cac tdn hao nay din dén mot
s6 thanh phén la nghi€m trong, nhu céac tiéng lach cach, tiéng roi tdm hodc cac sy im
lang khong mong mudn ma lam suy giam déng ké chit luong duoc nhéan biét cua tiéng
n6i dugc khoi phuc hoic tin hiéu 4m thanh tai phia bd nhan. Dé giai quyét su anh huong
bat lgi ctia ton hao goi, cac thudt toan che gidu 15i (packet loss concealment - PLC) dugc
dé xuét trong cac so dd ma hoa tiéng n6i va 4m thanh thong thudng. Cac thuat toan nhu
vy thuong van hanh tai phia b nhén bang céch tao ra tin hiéu 4m thanh téng hop dé

che gidu dit liéu bi mét trong dong bit dugc nhén.

DirAC 1a cdng nghé xtt Iy 4m thanh khong gian dugc thic ddy vé cam quan ma
bidu dién mach lac va hiéu qué truong Am béi tAp hop cac tham sb khong gian va tin
hiéu tron gidm. Tin hi€u tron giam cé thé 1a cé4c tin hiéu don am, am ldp thé, hodc da
kénh trong dinh dang 4m thanh nhu dinh dang A, dinh dang B, ciing duoc biét dén nhu
Ambisonics tht tu the nhét (first order Ambisonics - FAO). Tin hiéu trén giam duoc
hoan thién béi c4c tham sd DirAC khong gian ma md ta ngit canh Am thanh vé huéng
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tGi (direction-of-arrival - DOA) va 49 khuéch tan mdi don vi thoi gian/t?m s6. Trong bod
nhé, cac tng dung truyén theo dong hosc truyén thong, tin hiéu tron gidm dugc ma héa
boi bd ma hoa 16i thong thuong (vi du, EVS hodc su mé rong dm lap thé/da kénh cua
EVS hoac bét ky bd ma hoa-gidi ma don/lap thé/da kénh), nhim muc dich bao toan dang
séng 4m l4p thé ctia mdi kénh. Bo ma héa 15i c6 thé duoc dung quanh so dd m3 hoa trén
co s& bién dbi hoic so d@d ma héa tiéng néi van hanh trong mién thoi gian, nhu CELP.
B ma héa 16i c6 thé con tich hop cac cong cu phuc hdi 16i c6 sén nhu cac thuét todn
che gidu tén hao goi (packet loss concealment - PLC).

Mit khac, khong c6 giai phap c6 san dé& bao vé cac tham sb khong gian DirAC. Do
d6, c¢6 nhu cau cho phwong phap dugce cai thién.
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Ban chét ky thuit ciia sang ché

Muc dich cta sang ché 13 d& xult nguyén ly cho su che gidu 16i trong ngit canh
DirAC.
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Muc dich nay dat duoc boi dbi trong cia cac diém yéu ciu bao ho doc 1ap kem

theo.

Céc phwong 4n ciia sang ché dé xuét phuong phap che gidu 13i ciia cac tham s6 Am
thanh khong gian, cic tham s6 4m thanh khong gian bao gdm it nhat thong tin huéng

t61. Phuong phéap bao gdm céc budc sau:

e  nhén tip hop thir nhit gdm cac tham sb Am thanh khong gian bao gdm théng
tin huéng t6i thir nhat va thong tin 6 khuéch tan thi nhit;

e  nhén tAp hop thit hai gdm cic tham s6 4m thanh khong gian bao gbm thong

tin hudng t&i tha hai va thong tin 4o khuéch tan thir hai;

e thay thé huéng thong tin t6i thir hai cia tap hop thir hai bang thong tin huéng
t61 thay thé dugc suy ra tir thong tin huéng t6i thie nhit néu it nhit théng tin huéng t6i

thr hai hoic mot phan thong tin huéng huéng téi thir hai bi mét.

Céc phuong 4n ctia sang ché dugc dya trén viée tim kiém ring truong hop ton hao
hodc hu hai clia thong tin t6i, thong tin t6i bi mAt/bii hu hai c6 thé dugc thay thé béi
thong tin t6i dugc suy ra tir thong tin t6i c6 san khéac. Vi dy, thong tin t6i thi hai bi mat,
¢6 thé thay thé boi thong tin t6i thi nhit. N6i cach khéc, diu nay c6 nghia ring phuong
4n cung cAp su che gidu ton hao géi cho 4m thanh tham s6 khéng gian ma thong tin dinh
huéng 13 truong hop ton hao truyén din dugc khdi phuc bang cach sir dung thong tin
dinh huéng dugc nhan tét va sy hoa sic. Do d6, cac phuong 4n cho phép giai quyét su
t6n hao goi trong sy truyén din Am thanh khong gian dugc ma hoa véi cac tham sd truc
tiép.

Céc phuong 4n khac dé xuit phuong phap, trong d6 céc tap hop thu nhét va thir
hai gdm c4c tham sé 4m thanh khong gian 14n luot bao gdm thong tin d6 khuéch tén thi
nhét va thit hai. Trong trudng hop nay, chién luge c6 thé nhu sau: theo cic phuong 4n,
thong tin do khuéch tan thir nht hodc thi hai dugc suy ra tir it nhit mot ti 1& nang lugng
tuong ng v6i it nhit mot théng tin hudéng t6i. Theo cac phuong an, phuong phép con
bao gdm thay thé thong tin d6 khuéch tan thir hai ciia tp hop thtt hai bing thong tin do
khuéch tan thay thé duoc suy ra tir théng tin do khuéch tan thtr nhét. Dy 13 mot phin

cta chién lugc dugc goi 13 gitr dya trén gia dinh réng d6 khuéch tan khong thay ddi
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nhiéu gitra hai khung. Vi ly do ndy, phuong phap don gian, nhung hiéu qua dé giir cac
tham sb cta khung dugc nhan tt cudi ciing cho céc khung bi mét trong khi truyén din.
Mdt phan khéc ctia toan bd chién lugc nay 13 dé thay thé thong tin téi thir hai bing thong
tin t&i thir nhit, trong d6 d3 duge thao lun trong ngit canh cta phuong an co ban. Nhin
chung an toan dé xem xét ring anh khéng gian phai 6n dinh tuong dbi theo thoi gian,
ma c6 thé duogc tinh tién cho cac tham sé DirAC, tirc 13, huéng t6i ma gia dinh ciing

khong thay dbi nhiéu gitta cac khung.

Theo cac phuong an khéc, thong tin huéng téi thay thé phu hop véi thong tin
huéng t6i thir nhét. Trong trudng hop nhu vay, chién Iugc duge goi 14 hoa sic ctia huéng
¢6 thé duge st dung. O day budc thay thé co thé, theo cac phuong 4n, bao gbm budc
hoa sic théng tin hudng téi thay thé. Ngoai ra hogc cach khéc, cac budc thay thé c6 thé
bao gbm dua khi nhifu 4m 13 thong tin huéng t6i dé thu dugc thong tin huéng t6i thay
thé. Sy hoa sic c6 thé gitp trudng 4m duge két xudt tu nhién hon va hai hoa hon bing
cich dua vao nhidu 4m ngiu nhién cho hudng truée d6 trude khi s dung ching cho
cung khung. Theo cac phuong an, buée dua vao duge thuc hién néu thong tin 4o khuéch
tan thi nhét hodc thit hai biéu thi d6 khuéch tén cao. Cach khac, c6 thé thuc hién néu
thong tin d6 khuéch tan thir nhat hodc thit hai 14 trén ngudng duge dinh trude cho thong
tin 46 khuéch tan biéu thi d6 khuéch tan cao. Theo cac phuong én khéc, thong tin 4o
khuéch tan bao gdm nhiéu khong gian trén ti 1¢ gitta cac thanh phén dinh huéng va
khong dinh huéng cia ngit canh 4m thanh dugc md ta bai tp hop thir nhét va/hodc tap
hop thir hai gdm céc tham s 4m thanh khong gian. Theo cac phuong én, nhiéu 4m ngiu
nhién s& dugc dua vao phu thudc vao thong tin do khuéch tén thit nhit va thi hai. Cach
khéc, nhiéu 4m ngiu nhién s& dugc dua vao duge dinh ti 1€ boi thira sd phu thudc vao
thong tin d6 khuéch tan thir nhit va/hodc thir hai. Do d6, theo phuong 4n, phuong phap
con bao gdm budc phan tich am diéu ctia nglt canh 4m thanh dugc mé ta boi tap hop
thir nhit va/hoic thir hai gdm c4c tham sé 4m thanh khong gian hodc phan tich &m diéu
cta su tron gidm dugce truyén din thudc vé tap hop th nhét va/hodc thi hai gém tham
s6 Am thanh khéng gian dé thu dugc gié tri am di¢u mo ta 4m digu. Nhiéu 4m ngiu nhién
s& dugc dua vao khi d6 phu thudc vao gia tri am di€u. Theo céc phuong an, sy dinh ti 1€
giam dugc thyc hién bédi thira sb giam cung nhau véi sy nghich d4o gié tri am diéu hodc

néu am diéu tang.
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Theo chién lugc khic, phwong phéap bao gdm buéc ngoai suy thong tin hudng t6i
thir nhat dé thu dugc hudéng thay thé cia thong tin t&i c6 thé dugc st dung. Theo phuong
phép nay, c6 thé hinh dung dé wdc lwong huéng cia cic sy kién 4m trong ngit canh am
thanh dé ngoai suy huéng duoc wéc lugng. Pidu nay lién quan cu thé néu sy kién 4m
dugc cuc bd héa tdt trong khong gian va ngudn diém (mo hinh truc tiép c6 a6 khuéch
tan thip). Theo cac phuong 4n, sur ngoai suy dyua trén mot hodc nhiéu thong tin huéng
t61 bd sung thudc vé mot hodc nhiéu tap hop gém cac tham sd am thanh khong gian.
Theo cac phuong an, phép ngoai suy dugce thuc hién, néu thong tin d6 khuéch tan thir
nh4t hogc thit hai bidu thi do khuéch tan thip hodc nu thong tin do khuéch tan thir nhit

va/hodc thit hai & duéi ngudng dugce dinh truée cho thong tin 4o khuéch tan.

Theo cac phuong an, tdp hop thir nhét gdm c4c tham s 4m thanh khong gian thudc
vé diém thr nhét theo thoi gian via/hodc khung thir nhét, ca tip hop thi hai gbm céc
tham s6 4m thanh khong gian thudc vé diém th hai theo thoi gian va/hodc khung thi
hai. Cach khac, thoi diém thit hai 12 tiép theo véi thdi diém thir nhét hogc khung thir hai
tiép theo khung th nhét. Khi tré lai phuong 4n trong d6 héu hét cac tap hop tham sé 4m
thanh khong gian dugc st dung cho phép ngoai suy, rd rang rang c6 thé c6 nhiéu tip
hop céc tham sé 4m thanh khong gian thudc v& nhiéu thoi diém/khung vi dy, tiép theo

14n nhau, duoc st dung.

Theo phuong 4n khéc, tip hop thir nhit gdm cac tham s6 am thanh khong gian
truge do, trong do6 tap con thir nhat gdm cac tham s6 am thanh khong gian cho bing tin
thir nhat va tap con thir hai gdm cac tham s§ 4m thanh khong gian cho bang tan thir hai.
Tap hop thtr hai gdm céc tham sb am thanh khong gian truéc d6, trong d6 tap con thu
nhét khac gdm céc tham sb 4m thanh khong gian cho bing tan thir nhit va tip con thir
hai khac gdm c4c tham s6 4m thanh khong gian cho biang tan thir hai.

Phuong 4n khic d& xuit phuong phép gidi ma ngit canh 4m thanh dugc ma hoéa
DirAC bao gdm su trén giam, tap hop thir nhét gbm c4c tham s 4m thanh khong gian
va tap hop thir hai gdm cac tham sd Am thanh khong gian. Phuong phép nay bao gdm
céc bude ciia phuong phéap cho su ton hao khung nhu dugc thio luan trén day.

Theo cac phuong an, cac phuong phép dugc thao luln trén day c6 thé duoc thuc

thi bing may tinh. Do d6, phuong 4n dugc d& cap dén vat ghi c6 thé doc duge bang may
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tinh chita trén d6 chuong trinh may tinh c6 ma chuong trinh dé thuc hién, khi van hanh

trén may tinh, c6 phuong phéap theo mét trong sd cac diém néu trén.

Phuong 4n khac d& cap dén thiét bi che giu ton hao cho su che gidu ton hao cac
tham s 4m thanh khong gian (tham sb twong tu bao gdm it nhit mot théng tin huéng
t61). Thiét bj bao gdm bd nhén va bd xtr 1y. B6 nhan dugc tao ciu hinh dé nhan tap hop
thir nh4t gdm cac tham sé 4m thanh khéng gian va tap hop thi hai gbm céc tham sé 4m
thanh khong gian (néu trén). B xt ly dugce tao cAu hinh d thay thé huéng thong tin t6i
thtr hai cia tap hop thtr hai bing thong tin huéng ti thay thé duge suy ra tir thong tin
huéng t6i thir nhit trong trudng hop théng tin huéng t6i thir hai b mét hoic hu hai.
Phuong 4n khac dé xuét bd giai ma cho so dd 4m thanh dugc ma héa DirAC bao gbm

thiét bi che gidu tén hao.
MBS ta vin tit cac hinh vé

Céc phuong an cia sang ché s& dugc thao ludn sau ddy vién din dén cac hinh v&
di kém, trong d6

Céc hinh v& Fig.1a, Fig.1b thé hién so dd khdi dang gian lugc minh hoa sy phén
tich va tbng hop DirAC;

Fig.2 thé hién so dd khdi chi tiét dang gian lugc cla sy phan tich va tbng hop
DirAC trong bd ma hoa 4m thanh 3D tdc d9 bit thip hon;

Fig.3a thé hién luu d6 gian lugc ctia phwong phap che giu 18i theo phurong 4n co
ban;

Fig.3b thé hién thiét bi che gidu 15i dang gian lugc theo phuong an co ban;

Céc hinh v& Fig.4a, Fig.4b thé hién céc so d gian luge cta cac him do khuéch tén
dugc do cia DDR (Fig.4a kich thudc cira s§ W = 16, Fig.4b kich thudc ctra s6 W = 512)
dé minh hoa phuong én;

Fig.5 thé hién so db gian lugc cia huéng dugc do (phuong vi va nang) trong ham

ctia do khuéch tan d€ minh hoa cac phuong an;

Fig.6a thé hién luu db gian lugc ctia phuwong phap gidi ma ngit canh 4m thanh dugc

mai hoa DirAC theo c4dc phuong an; va
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Fig.6b thé hién so db khdi dang gian lugc clia b giai ma cho ngit canh 4m thanh

dugce ma hoa DirAC theo phuong an.

Sau day, cac phuong 4n ciia sng ché s& dugc thao luin sau ddy vién dan dén cac
hinh v& di kém, trong d6 cac s6 tham chiéu gidng nhau dugc cung cip cho cac vat
thé/phn tir c6 chirc ning giéng nhau hoidc tuong ty, dé phin mé ta cua né cb thé sir
dung va thay ddi 13n nhau. Trudc khi thao luan cic phuong 4n cla séng ché cu thé, dua

ra su gidi thi¢u DirAC.
MO ta chi tiét sang ché

Gi6i thiéu vé& DirAC: DirAC 1a sy tai tao 4m khong gian duoc thiic ddy cam quan.

2R L S gt Ay
(ia dinn rang tai mot

hiéu diéu khién khac cho sy nhét quén lién thinh.

Dua trén céc gia dinh nay, DirAC biéu difn 4m khong gian trong mot bang tan
bing cach giao chéo hai dong: dong khuéch tan khong dinh huéng va dong khong
khuéch tan dinh huéng. Su xir Iy DirAC dugc thyc hién trong hai pha:

Pha thir nhét 14 sy phén tich nhu duge minh hoa béi Fig.1a va pha thir hai 13 su
tbng hop nhu dugc minh hoa boi Fig.1b.

Fig.1a thé hién giai doan phan tich 10 bao gbm mot hodc nhiéu by loc biang thong
12a-n nhén céc tin hiéu micro W, X, Y, va Z, giai doan phan tich 14e cho nidng lugng
va 14i cho mat d9. B?mg viéc st dung su sép xép theo thoi gian do khuéch tan W (sé
tham chiéu 16d) c6 thé duoc xac dinh. o khuéch tan ¥ duoc xac dinh dua trén su phan
tich nang lugng 14c¢ va mat dd 14i. Dya trén mét ¢ va su phan tich 14i, huéng 16€ ¢
thé duogc xac dinh. Két qua cia su xé4c dinh huéng 1a géc phuong vi va goc nang. ¥, azi
va ele dugc xuét ra nhu siéu dir lidu. Cac siéu dir liéu ndy dugc sit dung boi thuc thé

tbng hop 20 duoc thé hién béi Fig.1b.

Thuc thé tdng hop 20 nhu duoc thé hién bi Fig.1b bao gdm dong thir nhit 22a va
dong thir hai 22b. Dong thir nhit bao gdm nhiéu bo loc biang thong 12a-n va thuc thé
tinh toan cho cac micro a0 24. Dong thir hai 22b bao gdm cac gi tri trung binh dé xtr 1y

siéu dit liéu, cu thé, 26 cho tham s do khuéch tan va 27 cho tham sé huéng. Hon nita,
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b giai tuong quan 28 dugc st dung trong giai doan téng hop 20, trong d6 thuc thé gidi
turong quan 28 nhén dit li€u cua hai dong 22a, 22b. PAu ra ciia bd giai twong quan 28 c6

thé dwoc clp cho cac loa phat thanh 29.

Trong giai doan phan tich DirAC, micro trung nhau thir tu thir nhét & dinh dang B
duoc xem xét nhu diu vao va do khuéch tan va hudng téi cia &m duge phén tich trong

mién tan so.

Trong giai doan tdng hop DirAC, 4m dugc chia thanh hai dong, dong khong
khuéch tan va dong khuéch tan. Dong khong khuéch tan duoc tai tao nhu cac ngudn
diém sir dung su quét bién d9, ma co thé dugc thuc hién b%mg cach sir dung su quét bién
d6 gdc vécto (vector base amplitude panning - VBAP) [2]. Dong khuéch tan phu trach
sy cam bién cua sy phat trién va dugc tao ra bing cach truyén tai dén cac loa phét thanh

c4c tin hiéu duoc giai twong quan 1in nhau.

Céc tham sb DirAC, cling dugc goi 1a siéu dir liéu khong gian hodc si€u dit liu
DirAC sau day, bao gém cac bo dir liéu do khuéch tan va huéng. Céc hudng cod thé dugc
bidu dién trong toa d6 hinh ciu bai hai gbc, géc phuong vi va gbe nang, trong khi do

khuéch tan 13 thira s6 vo hudng gitta 0 va 1.

Sau déy, hé thdng ciia sy ma hoa 4m thanh khong gian DirAC s& dugc thao luén
vién din dén Fig.2. Fig.2 thé hién su phan tich DirAC hai giai doan 10” va su phén tich
DirAC 20°. Sau day, sy phan tich DirAC bao gém su phan tich gian loc 12, b uéc lugng
huéng 16i va bd ude lugng dd khuéch tan 16d. Ca hai, 16i va 16d xuét ra dit liéu do
khuéch tan/huéng nhu siéu dit liéu khong gian. Dit liéu nay c6 thé duoc mi héa st dung
bo ma hoa 17. Su phén tich truc tiép 20’ bao gdbm bd giai ma siéu dit liéu khong gian
21, su tdng hop du ra 23, su tdng hop gian loc 12 cho phép xuét ra tin hiéu dén loa phat
thanh FOA/HOA.

Song song véi giai doan phén tich truc tiép 10’ va giai doan tdng hop truc tiép 20°
duoc thao luan, ma xir 1y siéu dir liéu khong gian, bd ma h6a/bd gidi md EVS duoc sur
dung. Trén phia bd phén tich, viéc tao chum/lya chon tin hiéu dugc thuc hién dua trén
dinh dang B tin hi¢u du vao (xem thuc thé tao chim/Iya chon tin hiéu 15). Tin hiéu khi
d6 duge ma héa EVS (xem s6 tham chiéu 17). Tin hiéu khi d6 dugc ma héa EVS. Trén
phia bd téng hop (xem s6 tham chiéu 20%), bo giai m3 EVS 25 dugc sir dung. B gidi

8



52606 9/34

ma EVS ndy xuit ra tin hiéu dén sy phén tich gian loc 12, ma xuét ra cac tin hiéu cho

su tong hop dau ra 23.

Vi két cAu ciia su phén tich truc tiép/su tong hop truc tiép 10°/20° da dugc thao

luén, tinh ning s& dugc thao luén chi tiét.

Bo m3 héa thudng phan tich 10’ ngit canh 4m thanh khong gian trong dinh dang
B. Céch khac, sy phan tich DirAC c6 thé dugc diéu chinh dé phan tich cic dinh dang
4m thanh khéac nhu cac ddi tuong 4m thanh hodc céc tin hiéu da kénh hodc td hop cua
bét ky dinh dang 4m thanh khong gian. Su phén tich DirAC trich su bidu din tham sé
tir nglt canh &m thanh dau vao. Huéng t6i (direction of arrival - DOA) va do khuéch tan
dugc do mbi don vi thoi gian - tAn sb tao ra cac tham sb. Su phéan tich DirAC dugc theo
sau b&i bd ma hoa siéu dir liéu khong gian, ma lugng tir hdéa va ma hoéa cac tham s6

DirAC dé thu duogc su bidu din tham sb tc do bit thap.

Cung véi cac tham sd, tin hidu tron gidam dugc suy ra tlr cac ngudn hoic cac tin
hiéu dAu vao 4m thanh khac nhau duge ma héa dé truyén din béi bd ma hoa 16i Am thanh
truyén théng. Trong phuwong 4n dugc uvu tién, bd ma héa &m thanh EVS duoc uu ti€n dé
ma hoa tin hidu trén giam, nhung sang ché khong chi giéi han & bo ma hoa 16i nay va
c6 thé dugc 4p dung cho bat ky bd ma hoéa 16i 4m thanh. Tin hi€u tron gidm bao gbm
cac kénh khac nhau, dugce goi 1a cac kénh vin chuyén: tin hiéu cé thé, vi dy, 13 bdn tin
hiéu hé sb hop thanh tin hi€u dinh dang B, cdp am lap thé hodc su tron giam don am lap
thé phu thudc vao tdc do bit dich. Cac tham sb khong gian dugc ma héa va dong bit 4m
thanh duge ma héa duge ddn kénh trude khi dugc truyén din qua kénh truyén thong.

Trong bd giai ma, cac kénh vén chuyén dugc giai ma béi bo giai ma 16i, trong khi
siéu dit liéu DirAC dugc gidi ma dAu tién trude khi duge van chuyén vai cac kénh van
chuyén dugc giai ma dén su téng hop DirAC. Su téng hop DirAC st dung si€u dit lidu
duoc giai ma dé didu khién su tai tao dong am truc tiép va hdn hop clia ching véi dong
am khuéch tan. Trudong 4m dugc tai tao c6 thé dugc tai tao trén 16p loa phat thanh tuy y

hoiic c6 thé dugc tao ra trong dinh dang Ambisonics (HOA/FOA) véi thir ty tiy y.

Su wéc lugng tham sd DirAC: Trong mbi bing tan, huéng téi clia Am cling véi dd

khuéch tan ciia 4m dugc wéc lwong. Tir sy phén tich thoi gian - tAn sé cia cac thanh
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phin dinh dang B dAu vao 4p sudt wi(n), x'(n), y'(n), z!(n), va vécto vén téc cd thé
duoc xac dinh la:
Pi(n,k) = Wi(n, k)
Uiln, k) = X!(n, ke, + Yi(n, ke, + Z (n, k)e,
trong d6 i 1a chi sd cta dau vao va, k va n 1a céc chi s6 thoi gian va tin sb ciia 6 thoi
gian - tin 8, va ey, e,, e, biéu dién céc vécto don vi Dé-cac. P(n, k) va U(n, k) dugc

stt dung dé tinh toén cac tham s DirAC, cu thé, DOA va do khuéch tén qua sy tinh toan

cua vécto mat do:

I(k,n) = %SR{P(k, n).U(n, k),

trong d6 () bidu thi phép lién hop phirc. PO khuéch tan ciia trudng am duge 0
hgp dugc cho béi:

_IE(ICk, )l

Ylon) =1= Frem3

trong d6 E{.} biéu thi toan tir tinh trung binh theo thoi gian, ¢ 13 tdc d6 am va

E(k,n) la ndng lugng truong dm dugce cho béi:

Bl =B U I +— P01

Poc?

D0 khuéch tan cia truong am duge xac dinh 1a ti 1€ gitra mat d§ 4m va mét 4§ ning

luong c6 céc gia tri gitta 0 va 1.
Huéng t6i (direction of arrival - DOA) dugc biéu dién bing vécto don vi
direction(n, k), dugc xac dinh nhu

I(n, k)

direction(n, k) = _m

Hudng t6i dugc xac dinh baoi sy phén tich ndng lugng cua d4u vao dinh dang B va
¢ thé dugc xac dinh nhu hudng trai ngugc clia vécto mat d§. Hudng dugce xéac dinh
trong hé toa do Pé Cac nhung c6 thé dé& dang duogc bién dbi trong hé toa d¢ hinh ciu
dwoc x4c dinh boi ban kinh thng nhét, géc phwong vi va géc nang.

10
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Trong trudng hop truyén din, cac tham sb cin dé dugc truyén din dén phia bo
nhan qua dong bit. i véi su truyén din nhanh qua mang v6i dung lugng c6 han, dong
bit tbe do bit thip duoc vu tién ma c6 thé dat dugc bing cach thiét ké so d6 ma héa hiéu
qua cho céc tham s6 DirAC. C6 thé sir dung cho cé4c k¥ thuat minh hoa nhu tao nhém
bang tin bang cach tinh trung binh cic tham s theo c4c bang tin khac nhau va/hoic cac
don vi thoi gian, du bdo, su lugng tir héa va sy ma hoa entropy khac nhau. Tai bd giai
ma, cac tham sb ¢6 thé duogc giai ma cho mdi don vi thoi gian/tan sb (k,n) trong trudng
hop khong c6 16i xay ra trong mang. Tuy nhién, néu céc didu kién mang khong du tot
d& dam bao su truyén dAn goi phit hop, gbi c6 thé bi mét trong khi truyén din. Sang ché

nhdm muc dich cung cip giai phap trong trudng hop sau.

Ban diu, DirAC khong dugc du dinh xit Iy c4c tin hiéu ghi dinh dang B, cling duoc
bit dén nhu cAc tin hiéu Ambisonics th ty thir nhat. Tuy nhién, sy phén tich c6 thé dé
dang duoc mé rong dén bt ky mang micro nio t5 hop cac micro ding huéng hodc dinh
huéng. Trong truong hgp nay, sang ché vAn lién quan vi ban chét cic tham s6 DirAC

khong thay ddi.

Ngoai ra, cic tham s6 DirAC, cling dugce biét dén nhu siéu dir liéu, c6 thé duogc
tinh toan truc tiép trong khi xtt 1y tin hiéu micro trude khi dugc chuyén dén bd ma héa
4m khong gian. Hé thong ma héa khong gian trén co s¢ DirAC khi d6 dugc nap truc
tiép béi cac tham sb am thanh khéng gian tuong duong hodc gidng véi cac tham sb
DirAC & dang siéu dit liéu va dang séng 4m thanh cta tin hiéu tron gidm. DoA va do
khuéch tan c6 thé duge suy ra d& dang mdi bang tin tir siéu dit liéu diu vao. Dinh dang
d4u vao nhu vay d6i khi dugc goi 1 dinh dang 4m thanh khong gian hd tro siéu dit liéu
(Metadata-assisted spatial audio - MASA). MASA cho phép hé théng bo qua su dic
hiéu clia cac mang micro va cac thira s tao ra ciia chiing can dé tinh toan cac tham sb
khong gian. Piéu nay s& dugc suy ra bén ngoai hé théng ma hoa 4m thanh khong gian
st dung su xtr ly cu thé cho thiét bi ma két hop céc micro.

Céc phuong an cla sang ché c6 thé str dung hé thdng mi héa khong gian nhu dugce
minh hoa béi Fig.2, trong d6 bd ma héa va b gidi ma dm thanh khong gian trén co s¢
DirAC dugc biéu thi. Céc phuong an cé thé dugc thao luan vién dan dén Fig.3a va

Fig.3b, trong d6 cac m& rOng dén m6 hinh DirAC s& dugc thao luan trude.

11
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MO hinh DirAC c6 thé theo sang ché ciing dugc mé rong bsi cac thanh phén dinh

hudng khac nhau véi ciing 6 thoi gian/tin s6. C6 thé duge mé rong theo hai cach chinh:

Su mé rong thir nht bao gbm guri hai hodic nhiéu hon hai DoA mdi 6 T/F. Mbi
DoA khi d6 phai dugc Két hop v6i nang lugng, hodc ti 1€ nang lugng. Vi du DOA thir [
c6 thé duoc két hop véi ti 16 nang luong I;  gilta ning lugng clia thanh phén dinh huéng
va toan b0 ning luwong ngit cdnh 4m thanh:

E{L (k, M) }|

cE{;E (k,n)} .
trong d6 I;(k,n) 1a vécto mat d6 dugc két hop vdi hudng thir I. Neéu L DoA duge

L (kn)=

truyén dan ciing véi L ti 1& nang luong, do khuéch tan khi d6 c6 thé dugc giam tir L ning

Iugng nhu:

L
Ykn)y=1- ) I (k,n)

Céc tham sb khong gian dugc truyén din trong dong bit c6 thé 1a L ti 1 nang lugng
hogc cac tham sb mai nhit nay c6 thé ciing dugc chuyén ddi dén L-1 ti 1é nang luong +

tham sé d6 khuéch tan.

L
w=1—21;

=1 D 7
Su mé rong thir hai chia khong gian 2D hodc 3D thanh cac phan khong chong lap
va truyén dan mdi phin tip hop cac tham s6 DirAC (DoA+dd khuéch tan theo phén).
Céc tac gia sang ché khi d6 n6i vé DirAC cép cao nhu dugc dua ra trong tai lidu [5].
C4 hai sy mé rong thuc té c6 thé dugc td hop, va sang ché lién quan dén ca hai su

mé& rong.

Céac hinh v€& Fig.3a va Fig.3b minh hoa cic phuong 4n cua sang ché, trong d6
Fig.3a thé hién phuong phap véi su tap trung trén nguyén 1y co ban/phuong phap dugc
sir dung 100, trong d6 thiét bi duoc st dung 50 dugc thé hién boi Fig.3b.

Fig.3a minh hoa phuong phap 100 bao gdm cac budc co ban 110, 120, va 130.

Céc budc thir nhat 110 va 120 13 ¢6 thé so sanh v6i nhau, cu thé dé cap dén viéc
nhéan c4c tp hop tham sé am thanh khong gian. Trong budc thir nhit 110, tap hop thi
nhét dwgc nhan, trong dé trong budc thir hai 120, tap hop thir hai duroc nhan. Ngoai ra,

12
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cac buéc nhan khéc c6 thé c6 (khong dugc thé hién). Nén Ivu ¥ ring thiét 1p thir nhat
c6 thé d& cap dén thoi diém thir nhit/khung thtr nhét, tip hop thtr hai c6 thé d& cap dén
thoi diém thir hai (tip theo)/khung thir hai (tiép theo), v.v.. Nhu dugc thao luén trén
day, tp hop thi nhét ciing nhu tip hop thir hai cé thé bao gbém thong tin do khuéch tan
() va/hodc théng tin hudng (géc phuong vi hodc géc nang). Thong tin nay ¢ thé dugc
m3 héa bing cach sir dung bd ma héa siéu dit liéu khong gian. Bay gior gia dinh duoc
thuc hién ring tdp hop thi hai gdm thong tin bi t6n hao hodc hu hai trong khi truyén
dan. Trong trudng hop, tip hop thir hai dugc thay thé béi tap hop thu nhét. Diéu nay
cho phép su che gidu tdn hao géi cho cac tham s6 am thanh khong gian nhu cac tham s6
DirAC.

Trong trudng hop ton hao goi, cic tham s6 DirAC bj x6a cua cac khung s& dugc
hoan lai dé han ché 4nh hudng 1én chét lugng. Diéu niy c6 thé dat dugc bang céch tao
ra mot cach téng hop céc tham s bj mét bang cach xem xét cac tham sd d4 nhéan trong
quéa khtr. Anh khong gian khong én dinh c6 thé dugc nhan biét nhu khong hai long va
1 thanh phin la, mdc di anh khong gian bat bién ghiém ngit c6 thé dugc nhan biét 1
khong tu nhién.

Phuong phép 100 dugc thao luan véi Fig.3a ¢ thé dugc thuc hién béi thyuc thé 50
duoc thé hién boi Fig.3b. Thiét bi che gidu tn hao 50 bao gdm giao dién 52 va b xit
ly 54. Qua giao di¢n, tdp hop céc tham s6 Am thanh khong gian, W1, azil, elel, Y2, azi2,
ele2, Wn, azin, ele c¢6 thé dugc nhan. B xir ly 54 phan tich céc tap hgp duge nhén va,
trong tredng hop tap hop bi mét hoic ton hao, tip hop nay thay thé céc tp hop ton hao
hodc hu hai, vi du, béng tdp hop dugc nhén trude d6 hodc tdp hop cod thé so sanh. Cac

chién lugc khac c6 thé duoc sir dung, ma dugc thao ludn sau day.

Chién lugc giir: Nhin chung an toan dé xem xét rang 4nh khong gian phai 6n dinh
tuong di theo thoi gian, ma co thé dugc tinh tién cho cac tham s6 DirAC, tirc 13, huéng
t6i va d6 khuéch tan ma ching khong thay dbi nhiéu gitta cac khung. Vi 1y do nay,
phwong phéap don gian, nhung hiéu qua dé giit cac tham s6 cua khung duoc nhén tot

cudi cling cho cac khung bi mét trong khi truyén dan.

Su ngoai suy ciia cac huéng: Cach khéc, c6 thé hinh dung dé uéc lugng quy dao

cla cac su kién 4m trong ngit canh am thanh va sau d6 thir ngoai suy quy dao dugc ude
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lwong. Piéu nay lién quan cu thé néu su kién am dugc cuc bd hoa t6t trong khong gian
va ngudn diém, ma duge phan anh trong m6 hinh DirAC boi d6 khuéch tan thip. Quy
dao dugc ude lugng cod thé dugc tinh toan tlr cac sw quan sat ciia cac hudng trong qua
khir va khép véi dudng con trong sé cac diém nay, ma c6 thé khai trién phép noi suy
hoic 1am nhin. Su phan tich hdi quy cé thé ciing dugc st dung. Phép ngoai suy khi d6
dugc thuc hién bang cach danh gid dudng cong duge khdp vuot qua pham vi dit ligu

dugc quan sat.

Trong DirAC, cac hudéng thudong dugc biéu hién, dugc luong tir hoa va duge ma
hoa trong cac hé toa d6 cuc. Tuy nhién, thuong thuan tién dé xtr Iy cac huéng va khi do

qu¥ dao trong cac hé toa do Dé-cac dé tranh modun xir 1y cac thuét toan 2 pi.

Hoa sic cua hudng: Khi su kién am khuéch tan hon, cac huéng it c6 nghia va co
thé duge xem xét nhu sy nhan biét cia quy trinh nglu nhién. Sy hoa sic c6 thé gitp
trurdong 4m dugc két xut tu nhién hon va hai hoa hon bing cach dwa vao nhiéu 4m ngiu
nhién cho céc huédng trudc d6 trudce khi sir dung chung cho cac khung t6n hao. Nhiéu

am dua vao va phuong sai clia né ¢6 thé dong vai trdé nhu do khuech tan.

St dung su phén tich ngit canh &m thanh DirAC ti€u chudn, chung ta c6 thé hoc
sy anh hudng cua d6 khuéch tan vé dd chinh x4c va nghia clia huéng ctia m hinh. St
dung tin hiéu dinh dang B nhan tao ma ti 1€ ning lugng truc tiép dén khuéch tan (Direct-
to-Diffuse energy Ratio - DDR) dugc cho gitta thanh phin song phing va thanh phan
truong khuéch tan, chiing ta c6 thé phan tich cc tham s6 DirAC thu dugc va d chinh

x4c cua chung.

Do khuéch tan theo 1y thuyét W 1 ham ti 1€ nang luong tryc tiép dén khuéch tan
(Direct-to-Diffuse energy Ratio - DDR), I, va dugc biéu thi la:

v Pagy 1 _ 1
Paigr +Pow {4 Ppw 1+ 107/10
Paiss

trong d6 P,,, va Py;rr 12 song phéng va cic ning lugng do khuéch tan, trong tng, va
I'la DDR duoc biéu thi theo thang dB.
Puong nhién, c6 thé mot hoic td hop trong s6 ba chién lugc dugc thao luan co thé

dugc st dung. Chién lugc duge sir dung dugc lya chon boi bd x 1y 54 phu thudc vao
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céc thp hop tham s 4m thanh khong gian dugc nhén. Déi v6i didu nay, cac tham sb am
thanh c6 thé, theo c4c phuong 4n, dugc phén tich dé cho phép tmg dung cac chién lugc

khac nhau theo cac dac diém cia ngit canh 4m thanh va theo do khuéch tan cu thé hon.

Diéu nay c6 nghia 13, theo cic phuong 4n, bd xit Iy 54 dugc tao cAu hinh dé cung
cép su che gidu tén hao goéi cho 4m thanh tham s6 khéng gian bing cach sir dung thong
tin dinh huéng dwgc nhan tdt truée d6 va hoa sdc. Theo phuong 4n khac, sy hoa sdc 1a
ham d¢ khuéch tén dugc wéc lugng hodc ti 16 ning luong gilta cac thanh phan dinh
huéng va khong dinh huéng cia nglt canh am thanh. Theo cic phuong 4n, sy hoa sic 1a
ham 4m diéu dugc do cda tin hiéu tron giam tron gidm dugce truyén din. Do d6, bd phan
tich thuc hién sy phén tich cia minh dya trén d§ khuéch tan dugc ude lugng, ti 1€ ndng

lugng va/hodc am dicu.

Trén Fig.3a va Fig.3b, d khuéch tan dugc do dugc cho trong ham DDR bang céch
md phéng trudng khuéch tan véi N=466 nhiéu 4m mau héng khéng tuwong quan duge
dit déu nhau trén hinh cu va song phéng bdi nhiéu Am mau héng do6c 1ap duoc dat tai
goc phuong vi 0 dd va géc nang 0 . Pugce x4ac nhén rang d6 khuéch tan dugc do trong
sy phan tich DirAC, 1 uéc lugng t6t cia do khuéch tan theo 1y thuyét néu chiéu dai cira
s6 quan sat W dua 16n. Diéu nay chi ra réng d6 khuéch tan c6 cac dic diém dai han, ma
x4ac nhan ring tham s c6 thé trong trudng hop ton hao goéi duge dy bao tt bang cach

don gian giir cic gia tri d4 duoc nhan tot trude do.

Mit khéc, sy udc luong cac tham sd huéng cé thé ciing duge ddnh gia vé ham d6
khuéch tan dung, ma da duoc béo cdo trén Fig.4. Puge thé hién rang goc nang dugc udc
lugng va géc phuong vi cia vi tri séng phéng 1&ch tir vi tri ding nén tang (goéc phuong
vi 0 do va g6c nang 0 dd) véi do 1éch tidu chuin ting véi d6 khuéch tan. Déi véi do
khuéch tan 1a 1, do 1éch tiéu chudn 1 khoang 90 do ddi v6i goc phuong vi dugc dinh
nghia gitta 0 d6 va 360 d6, twong tng v&i goéc hoan toan ngau nhién cho sy phan b6
ddng déu. Néi cach khéc, goc phurong vi khi d6 12 v6 nghia. Su quan sat twong tu c6 thé
duoc thuc hién cho géc nang. Nhin chung, dd chinh xac ciia huéng dugce udce lugong va
d6 y nghia giam véi do khuéch tan. Khi 6 dugc hi vong ring huéng trong DirAC sé&
dao d6ng theo thoi gian va do 1€ch tir gia tri dugc mong doi véi ham phuong sai ciia do

khuéch tan. Sy phan tan ty nhién 1a mo6t phin cia mé hinh DirAC, ma 1a ban chét cho
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su tai tao dung ctia ngit canh 4m thanh. Nhin chung, két xuét tai huéng bét bién thanh
phfin dinh hudng cia DirAC méc du do khuéch tan cao, s& tao ra nguén diém ma nén

duge nhén biét rdng hon trong thuc té.

Déi véi cac 1y do néu trén, céc tac gia sing ché @& xuét 4p dung viéc hoa sic trén
hudng trén dinh cua chién lugc gitr. Bién do ctia sy hoa sic dugc tao ham cua do khuéch
tan va c6 thé, vi duy, theo sau cdc mé hinh dugc vé trén Fig.4. Hai m6 hinh cho céc goc
duoc do nang va phuong vi ¢6 thé dugc suy ra cho do 1&ch tiéu chuin ma dugc biéu dién

la:

Ma gia cla sy che giu tham s6 DirAC khi d6 c6 thé:

for k in frame_start:frame_end

{
if(bad_frame_indicator[k])

for band in band_start:band_end

{
diff_index = diffuseness_index[k-1][band];
diffuseness[k][band] = unquantize_diffuseness(diff_index);

azimuth_index[k][b] = azimuth_index[k-1][b];
azimuth[k][b] = unquantize_azimuth(azimuth_index[k][b])
azimuth[k][b] = azimuth[k][b] + random() * dithering_azi_scale[diff_index]

elevation_index[k][b] = elevation_index[k-1][b];

elevation[k][b] = unquantize_elevation(elevation_index[k][b])

elevation[k][b] = elevation[k][b] + random() * dithering_ele_scale[diff_index]
}

else

for band in band_start:band_end

{
diffuseness_index[k][b] = read_diffusess_index()
azimuth_index[k][b] = read_azimuth _index()
elevation_index[k][b] = read_elevation_index()

diffuseness[k][b] = unquantize_diffuseness(diffuseness_index[k][b])
azimuth[k][b] = unquantize_azimuth(azimuth_index[k][b])
elevation[k][b] = unquantize_elevation(elevation_index[k][b])

}

output_frame[k] = Dirac_synthesis(diffuseness[k][b], azimuth[k][b], elevation[k][b])
}

trong d6 bad_frame_indicator[k] 1a c& hi€u bidu thi lidu khung tai chi s k da dugc

nhan tét hay khéng. Trong truong hop khung tbt, cac tham sd DirAC dugc doc, duge
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giai ma va khong dugc luong tir héa cho mdi biang tham sb turong tmg véi pham vi tan
s6 da cho. Trong truong hgp khung xhu, 4o khuéch tan dugc giit truc tiép tir khung dugc
nhéan biét cudi cliing tai bing tham sb gidng nhau, trong khi gc phuong vi va goc nang
duoc suy ra tir viéc khong lugng tir héa cac chi sb6 dugc nhan tt cudi cung véi viée dua
vao gia tri ngiu nhién dugc dinh ti 1¢ boi ham thira sb ctia chi s6 do khuéch tan. Ham
random() xuét ra gié tri ngAu nhién theo sy phan bd da cho. Quy trinh ngu nhién c6 thé
cho phép vi du su phan bd thong thuong tidu chudn véi trung binh 0 va phuong sai don
vi. Cach khéc, c6 thé theo sau su phén bd di‘mg déu gifta -1 va 1 hodc theo sau mét do
x4cC suit tam giac st dung, vi du, ma gia sau day:

random()

I
L

rand_val = uniform_random();
if( rand_val <= 0.0f )

{

return 0.5f * sqrt(rand_val + 1.0f) - 0.5f;
}
else
{

return 0.5f - 0.5f * sqrt(1.ef - rand_val);
}

Céc ti 18 hoa séac 12 cac ham cua chi s6 @6 khuéch tan dugc ke thira tur khung dugc
nhan tt cudi cing tai biang tham sb twong tu va c6 thé dugc suy ra tir cac md hinh dugc
giam tao ra Fig.4. Vi dy, trong trudng hop nay, do khuéch tén dugc ma hoa trén 8 chi
s0, ching c6 thé tuong Gng v6i cac bang sau:
dithering_azi_scale[8] = {

6.716062e-01f, 1.011837e+00f,  1.799065e+00f,  2.824915e+00f,  4.800879e+00f,
9.206031e+00f, 1.469832e+01f, 2.566224e+01f
s
dithering_ele_scale[8] = {

6.716062e-01f, 1.011804e+00f, 1.796875e+00f, 2.804382e+00f, 4.623130e+00f,
7.802667e+00f, 1.045446e+01f, 1.379538e+01f

}s

Ngoai ra, d0 manh hoa séc c6 thé cling dugc hudng phu thudc vao ban chét cua tin
hiéu tron gidm. Thuc té, tin hiéu rat Am c6 xu huéng dugc nhan biét nhu nguén duoc
cuc bd héa hon nhu cac tin hiéu khéng 4m. Do d6, sy hoa séc ¢c6 thé dugc diéu chinh
khi d6 trong ham ctia 4m diéu cua sy tron gidm duoc truyén dan, bang cach giam anh

huéng hoa sic cho cac muc dm. Am diéu c6 thé dugc do, vi dy, trong mién thoi gian

17



52606 18/34

bing cach tinh todn d6 khuéch dai du béo dai han hodc mién tan s bang cach do do

phéng ph.

Vién din dén Fig.6a va Fig.6b, cac phuong 4n con vién din dén phuong phép giai
ma ngit canh 4m thanh dugc ma hoa DirAC (xem, Fig.6a, phuong phap 200) va bd giai
ma 17 cho ngit canh 4m thanh dugc ma Hoa DirAC (xem Fig.6b) s€ dugc thao luén.

Fig.6a minh hoa phuong phap 200 méi bao gdm céc buéc 110, 120 va 130 cia
phuong phap 100 va budc gidi ma 210 bd sung. Buéc giai ma cho phép sy giai ma ngir
canh 4m thanh dugc ma héa DirAC bao gém su tron giam (khong dugc thé hién) bﬁng
cach st dung tap hop thi nhét gdm c4c tham s6 4m thanh khong gian va tip hop thi hai
gdm c4c tham sd Am thanh khong gian, trong d6 & déy, tap hop thir hai dugc thay thé
duge st dung, dugc xuét ra béi bude 130. Nguyén Iy nay dugc sir dung bai thiét bi 17,
dugc thé hién béi Fig.6b. Fig.6b thé hién b6 giai ma 70 bao gbm bd xt 1y che gidu ton
hao ctia c4c tham sb 4m thanh khong gian 15 va bo gidi ma DirAC 72. B6 gidi ma DirAC
72 hoic, cu thé, bd xir 1y ciia bd giai ma DirAC 72, nhén tin hiéu tron gidm va tap hop
gém cac tham sb 4m thanh khong gian, vi du, truc tiép tir giao dién 52 va/hodc dugc xur

1y bGi bd xir ly 52 theo phuong phap dugc thio luan trén day.

Mic du mot vai khia canh d3 dugc mo ta trong ngit canh cia thiét bi, rd rang ring
céc khia canh nay ciing thé hién md ta ciia phuong phap twong tng, trong d6 khéi hozic
thiét bi twong tng véi bude xit y ciia phuong phéap hodc dic diém cua bude xir ly cla
phuong phap. Tuong ty, cac khia canh duge mo ta trong pham vi ciia buéc phuwong phap
cing biéu dién sy mo ta cia khdi hoic muc hodc ddu hiéu twong tmg cta thiét bi twong
{ing. M6t s6 hoic tt ca cdc budc phuong phép c6 thé dugc thuc hién béi (hodc sit dung)
thiét bi phin ctng, nhu vi du, bd vi xi Iy, may tinh c6 thé lap trinh hodc mach dién tu.
Trong mt s phurong 4n, mot s mot hoic nhidu trong s cac budc phuong phap quan
trong nhét ¢6 thé dugc thuc hién bﬁng cac thiét bi nhu vay.

Céc tin hiéu 4m thanh dugc ma hoa theo sang ché c6 thé dugc luu trir trén moi
truong luu trir k§ thuat s hodc c6 thé dugc truyén trong moi trudng truyén nhu moi
truomg truyén khong day hogc moi truong truyén c6 day nhu Internet.

Phu thudc vao cdc yéu ciu thuc thi nhat dinh, cic phuong an clia sing ché c6 thé
dugc thuc thi trong phan cing hoic trong phan mém. Phwong 4n c6 thé dugc thuc hién
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stt dung v4t ghi luu trit s6, vi dy, dia mém, DVD, Blu-ray, CD, ROM, PROM, EPROM,
EEPROM hoic bd nhé FLASH, ¢6 céc tin hiéu diu khién c6 thé doc bang dién tir dwgc
Iwu trit trén d6, ma két hop (hodc c6 thé két hop) véi hé théng mdy tinh kha trinh sao
cho phuong phap twong ung dugc thyc hién. Do d6, vét ghi luu tri sb ¢6 thé doc dugc

bing may tinh.

Mot sb phuong 4n theo sang ché bao gdbm vat mang dir liéu c6 céc tin higu diéu
khién c6 thé doc dugc bing dién tir, ma c6 kha ning két hop v6i hé thong mdy tinh kha

trinh, sao cho mét trong sb cac phuong phap dugc mo ta & day duoc thyc hién.

Noi chung, cac phuong 4n cia sang ché c6 thé duge thuc thi nhu san phim chwong

b 14 14 &
trinh may tinh véim

UL AAARR

2

chuong trinh, ma chuong trinh hoat dong dé thyuc hién mot trong
cac phuong phép khi san phim chuong trinh may tinh chay trén mdy tinh. Ma chuong

trinh ¢6 thé vi du dugc luu trit trén vat mang c6 thé doc dugc b.'?lng may.

Cac phuong an khac bao gdm chuong trinh may tinh dé thyc hién mdt trong cac

phuong phép dugc mo ta & ddy, dugc luu trit trén vat mang co thé doc dugc bang may.

N6i cach khéc, do d6, phuong an cia phuong phép theo sang ché 13, chuwong trinh
may tinh ¢6 mé chuong trinh dé thuc hién mot trong s cac phuong phap dugc md ta &

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

Phuong 4n khéc cta cac phuong phap theo sang ché 13, vat mang dit liéu (hoac vt
ghi luu trir sb, vat ghi doc duoc bﬁng may tinh) gém cd, da duoc ghi lai trén do, chuong
trinh may tinh dé thuc hién mt trong cac phuong phap duge md ta & déy. Véat mang dir
liéu, vat ghi luu trit sb hodc vat ghi da dugc ghi thuong 1a hitu hinh va/hoac khong tam
thoi.

Do d6, phuong an khac cia phuong phép theo sang ché 12 dong dit liéu hodc chudi
céc tin hiéu biéu dién chuong trinh may tinh dé thuc hién mot trong sb cac phuong phap
dugc mé ta ¢ day. Viduy, co thé cAu hinh dong dir liéu hodc chudi tin hiéu dé dugc truyén

thong qua su két ndi truyén thong dir liéu, vi du thong qua Lién mang.

Phuong 4n khac gdm c6 phuong tién xtt 1y, vi du mdy tinh, hodc thiét b 16gic 1ap
trinh dugc, dugce tao cAu hinh dé hoic dugc lam thich tng dé thuc hién mot trong s cac

phuong phap dugec mo ta & day.

19



52606 20/34

Phuong 4n khac bao gdbm may tinh c6 chuong trinh méy tinh duoc cai dit trén may

tinh dé thuc hién mot trong sb cac phuwong phap dugc md ta & day.

Phuong an khéc theo sang ché gdm c6 thiét bi hodc hé théng duoc cdu hinh dé
truyén tai (vi du, bang dién tir hoic quang hoc) chuong trinh may tinh dé thuc hién mot
trong sb cac phuong phap duge mo ta & day dén bo nhan. Bo nhén c6 thé 13, vi dy, may
tinh, thit bi di dong, thiét bi nhé hodc twong tur. Thiét bi hodc hé théng c6 thé, vi du,

bao gdm may chui tép tin dé truyén tai chuong trinh may tinh dén bd nhan.

Theo mot sb phuong an, thiét bi 16gic 1ap trinh dugc (vi dy, mang cdng 1ap trinh
duoc dang truong) ¢ thé dugc sit dung dé thuc hién mot sb hodc tit ca cic chic niang
cua cac phrong phap dugec md ta & diy. Trong mot s& phuong 4n, méng cdng 1ap trinh
duoc dang trudng c6 thé két hop véi bo vi xtt Iy d8 thyc hién mot trong sb cac phuong
phap dugc mé ta & diy. Thong thuong, cdc phuong phap t6t hon 13 duge thyuc hién boi
thiét bi phin ctng bét ky.

Cac phuong 4n dugc md ta & trén chi mang tinh minh hoa cho cac nguyén ly cia
sang ché. Can hiéu ring céc cai bién va bién dbi ctia cac phuong an va cac chi tiét dugc
mo ta & day s€ 1a rd rang d6i v6i ngudi c6 trinh do trong linh vyc k§ thut twong tng.
Do d6, muc dich cua sang ché 1a chi dugc gi6i han béi pham vi cia céc diém yéu cau
bao hd sép dua ra duéi day va khong bi gi6i han béi cac chi tiét cu thé dugc biéu dién

bing ban mo ta va giai thich cua cac phuwong én & day. -
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YEU CAU BAO HO
1. Phuong phép (100) che gidu t6n hao cac tham s6 am thanh khdng gian, cac
tham s6 4m thanh khong gian bao gbm it nhét thong tin huéng t6i, phuong phéap bao

gom céac budc sau:

nhéan (110) tap hop thu nhét gdm cac tham s6 khong gian bao gom it nhét thong
tin hudng t&i thir nhat (azil, elel);

nhén (120) tdp hop thir hai gbm cac tham s6 4m thanh khong gian, bao gbm it nhét

thong tin huéng tGi tht hai (azi2, ele2); va

thay thé hudng thong tin t6i thir hai (azi2, ele2) clia tap hop thir hai bing thong tin
huéng t6i thay thé duoc suy ra tir thong tin hudng t6i thir nhét (azil, elel), néu it nhat
thong tin huéng t6i thu hai (azi2, ele2) hodc mot phan thong tin huéng hudng t6i thir

hai (azi2, ele2) bi mét hogc hu hai.

trong d6 budc thay thé bao gdm budc hoa sdc thong tin hudng t6i thay thé; trong
d6 nhiu am ngiu nhién s& dugc dua vao phu thuc vao thong tin khuéch tan thir nhat
va/hodc thr hai (¥1, ¥2); va/hodc trong do nhiu 4m ngiu nhién s& dugc dua vao dugc
dinh ti 18 boi thira sé phu thudc vao thong tin do khuéch tan thir nhat va/hodc thir hai
(¥1, ¥2); hodc

trong d6 budc thay thé bao gdm budc hoa sic thong tin hudng tGi thay thé; trong
d6 budc dua vao duoc thuc hién, néu thong tin do khuéch tan th nhét hodc thi hai (¥1,
¥2) biéu thi do khuéch tan cao; va/hodc néu thong tin do khuéch tan thi nhét hodc thir

hai (¥1, ¥2) & trén ngudng duogc dinh trude cho thong tin d khuéch tan.

2. Phuong phap (100) theo diém 1, trong d6 céc tap hop thir nhét va cac tip hop
thr hai gdbm cac tham s& 4m thanh khong gian 1an luot bao gbm thong tin do khuéch tan

tha nhét va tha hai (¥1, P2).

3.  Phuong phap (100) theo diém 2, trong d6 thong tin do khuéch tan thir nhat
hodc thir hai (Y1, ¥2) dugc suy ra tur it nhit mét ti 1& nang luong tuong Gmg voi it nhét

mot thong tin hudng téi.
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4.  Phuong phap (100) theo diém 2 hoic 3, trong d6 phuong phap con bao gbdm
thay thé thong tin d khuéch tan thir hai (¥2) ca tap hop thir hai bang thong tin do
khuéch tan thay thé dugc suy ra tir thong tin do khuéch tan thir nhit (P1).

5.  Phuong phap (100) theo mot diém trong s cac diém néu trén, trong d6 thong

tin hudng t6i thay thé tuan theo thong tin huéng t6i thir nhat (azil, elel).
6. Phuong phap (100) theo mdt diém trong sb cac diém néu trén,

trong d6 budce thay thé bao gdm dua nhiu 4m ngiu nhién vao thong tin hudng téi

(azil, elel) dé thu dugc thong tin huéng t6i thay thé.

7.  Phuong phap (100) theo diém 6, trong d6 thong tin do khuéch tan bao gdbm
hodc dua trén ti 1€ gitta cac thanh phan dinh huéng va khong dinh huéng cia ngir canh
am thanh duoc md ta boi tap hop thu nhét va/hodc tap hop thi hai gbm cac tham s6 am
thanh khong gian.

8.  Phuwong phap (100) theo mot diém trong s6 cac didm 1 dén 7, phuong phap
con bao gdm budce phan tich am diéu cua ngir canh am thanh dugc mo ta boi tap hop
thir nhét va/hodc thir hai gdm c4c tham $6 am thanh khong gian hodc phén tich 4m di¢u
cua su tron gidm dugc truyén dan thudc vé tap hop tht nhit vd/hoic tht hai gém cac

tham s6 Am thanh khong gian dé thu dugc gié tri 4m diéu mo ta 4m digu; va

trong d6 nhiéu 4m ngiu nhién s& dugc dua vao phu thugc vao gia tri am diéu.

9. Phuong phép (100) theo diém 8, trong d6 nhiu 4m ngiu nhién duoc dinh ti
1€ boi thira $6 giam cung véi sy nghich dao cta gia tri am di¢u hodc am diéu tang.

10. Phuong phap (100) theo mdt diém trong s céc diém néu trén, trong do
phuong phap (100) bao gdm budc ngoai suy thong tin huéng t6i thir nhét (azil, elel) dé
thu dugc thong tin hudng té1 thay thé.

11. Phuong phap (100) theo diém 10, trong d6 su ngoai suy dua trén mot hodc
nhidu théng tin huéng t6i bd sung thudc vé mot hodc nhidu tap hop gdm céc tham s
am thanh khong gian.

12. Phuong phap (100) theo diém 10 hoic 11, trong d6 phép ngoai suy dugc thuc
hién, néu thong tin d6 khuéch tan thir nhét hogc thtr hai (¥1, ¥2) biéu thi do khuéch tan
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thip; hoc néu thong tin d6 khuéch tan thir nhat va/hogc thir hai (¥1, ¥2) & dudi ngudng
duoc dinh trude cho thong tin 4o khuéch tan.

13. Phuong phap (100) theo mot diém trong s6 cic diém néu trén, trong do tap
hop thir nhat gdm c4c tham sb6 am thanh khong gian thudc vé didm thu nhét theo thoi
gian va/hodc khung thir nhét va trong d6 tap hop thtr hai gbm céc tham s am thanh

khong gian thudc vé diém th(r hai theo thoi gian va/hodc khung thir hai; hodc

trong d6 tap hop thu nhét gdm cac tham s6 4m thanh khong gian thudc vé diém
thir nhat theo thoi gian va trong d6 diém tht hai theo thoi gian 12 tiép theo diém thi nhét
theo thoi gian hodc trong d6 khung thir hai tiép theo khung thir nhit.

14. Phuong phap (100) theo mot diém trong s6 cac diém néu trén, trong do tap
hop thi nhat gdbm cac tham s6 4m thanh khong gian trude do, trong d6 tap con thir nhét
gbm céc tham s6 Am thanh khong gian cho bang tAn thir nhét va tap con thtt hai gbm cac

tham s Am thanh khong gian cho bang tan thi hai; va/hodc

trong do6 tap hop thir hai gdm céc tham s6 Am thanh khong gian trude d6, trong do
tap con thir nhat khac gdm cac tham s6 am thanh khong gian cho bang tan thir nhat va
tap con thir hai khac gdm cac tham s6 4m thanh khong gian cho bang tan tha hai.

15. Phuong phap (200) giai ma ngit canh &m thanh dugc ma hoa DirAC, phuong
phép bao gdm cac budce sau:

giai ma ngit canh Am thanh dugc ma héa DirAC bao gbm sy tron giam, tap hop
thir nhat gdm cac tham s6 am thanh khong gian va tp hop thir hai gbm cac tham s6 am
thanh khong gian;

thuc hién phuong phép theo mot diém trong sd cac budc trude do.

16. Vit ghi luu tri¥ s6 ¢6 thé doc duge bang méay dugc luu trir trén d6 chuong
trinh may tinh c6 ma chuong trinh dé thyuc hién, khi chay trén mdy tinh phuong phap
(100) hodc phuong phap (200) theo mdt trong sd cac diém néu trén.

17. Thiét bi che gidu tdn hao (50) dé che gidu tén hao cac tham sd am thanh
khong gian, cac tham s6 4m thanh khong gian bao gbm it nhét thong tin huéng tdi, thiét

bi bao gdm:
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bo nhén (52) d& nhan (110) tp hop thit nhit gbm cac tham s6 4m thanh khong gian
bao gdm thong tin hudng t6i thir nhét (azil, elel) va @& nhan (120) tap hop thtt hai gdbm

céc tham sé am thanh khong gian bao gdm thong tin hudng téi thi hai (azi2, ele2);

bo xtt Iy (54) dé thay thé huéng thong tin t6i thir hai (azi2, ele2) cua tap hop thi
hai bang thong tin hudng t6i thay thé duoc suy ra tir thong tin hudng toi thir nhét (azil,
elel), néu it nhat thong tin hudng t6i thi hai (azi2, ele2) hodc mdt phan thong tin huéng

toi thi hai (azi2, ele2) bi mét hodc hu hai;

trong d6 thay thé bao gdm budc hoa sdc thong tin hudng t6i thay thé; trong do
nhidu 4m ngau nhién s& dugc dua vao phu thudc vao thong tin khuéch tan thir nhat
va/hodc tht hai (¥1, ¥2); va/hodc trong d6 nhicu 8m ngau nhién s& duge dua vao duge

dinh ti 1& boi thira s6 phu thude vao thong tin do khuéch tan tht nhét va/hoge thir hai
(W1, ¥2); hoac

trong do thay thé bao gébm budc hoa sic thong tin hudng t6i thay thé; trong @6
bude dua vao duoc thue hién, néu thong tin do khuéch tan thr nhat hogc th hai (¥1,
¥2) biéu thi d6 khuéch tan cao; vi/hodc néu thong tin do khuéch tan thtr nhét hogc thi
hai (¥'1, ¥2) & trén ngudng dugc dinh trude cho thong tin d6 khuéch tan.

18. Bo giai ma (70) cho ngit canh 4m thanh dugc ma héa DirAC bao gbm thiét

bi che gidu ton hao theo diém 17.
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