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SU DUNG PIEM CAT ZERO DE NEN
VA GIAI NEN DU LIEU AM THANH

Tran Anh Tudn’
ABSTRACT

In the field of audio compression, it has been known to the popular compression
standards such as MPEG, MP3, JPEG.. A common feature of the compression
algorithms are: high compression performance and best sound quality after
decompression. However, due to the complexity of the algorithms so that compression
and decompression process must always be separated into two distinguished processes
makes these algorithms that can not be used in the case of online data compression and
decompression. This paper proposed an algorithm for compression and decompression of
the voice signal based on the zero-crossing points.
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TOM TAT

Trong linh viee nén am thanh, nguoi ta da timg biét dén cdc chudn nén khd phé bién nhie
MPEG, MP3, JPEG...Pdc diém chung cua cdc thudt toan nén trén la: hiéu sudt nén cao,
chat lwong dm thanh sau khi gidi nén tot. Tuy nhién do tinh phirc tap ciia cdc thudt todn
do nén qua trinh nén va giai nén luén phai tach thanh hai qua trinh riéng biét. Bdac diém
nay lam cho cac thudt toan trén khong thé sir dung trong cdc truong hop can nén va giai
nén truc tuyén. Bai bao nay dé xudt mot thudt todn cho phép nén va gidi nén dir liéu tiéng
néi dwa trén diém cdt zero.

Tir khoa: Diém cat zero, nén, gidi nén, am thanh

1 Y TUONG
Diém cit zero 1a mot khai niém duoc sir dung phd bién trong ky thudt dién, toan

hoc va xu 1y anh. Trong cac khai niém toan hoc, diém cét zero 1a diém ma ¢ do
ham sé ddi déu, vi du tir duong sang 4m va dugc biéu dién bang diém cit trén

hoanh d9.
/Nnm clit zero /

i)u m cit zero

v

‘ Didm el zero

Hinh 1: Diém cit Zero biéu thi twong quan giita dién ap va thoi gian
Y twdng cia thudt todn nén véi diém cdt zero nhw sau:

Chung ta xem duong cong tao boi tin hi€u cua am thanh 1a duong hinh sin lién tuc
theo thoi gian t, khi d6 di€m cat zero la dieém dudng cong cat truc thoi gian (t).

! Phong KH & HTQT, Trudng Cao ding nghé Cong nghiép Thanh Hoa
36



Tap chi Khoa hoc 2012:22b 36-42 Truong Dai hoc Can Tho

Thay cho viéc luu gitt cac mau do cia tin hiéu trén cung ABC chiing ta chi luu
thong tin vé tam giac ABC nhu mé ta ¢ hinh 2.

A =

Hinh 2: Hinh mé ti cach biéu dién doan tin hiéu giira hai diém cit zero qua tam giac ABC
Thong tin vé tam giac ABC gom:

- Do dai canh AC duoc do béng X= th-tg

- Do dai dén vi tri cuc dai cta doan tin hiéu ABC y=ti-to

- Do 16n cuc dai max cua tin hiéu trén doan ABC ki hiéu la z

Khi d6 qué trinh nén tép dir liéu f.wave thuc chét 1a dua tép dir liéu 4m thanh vé
tép dir li€u text ma moi doan nam giira cia 2 diém cat zero lién tiép ung vdi bo ba
tham so (x,y,z).

Vi thudt toan nén néu trén, chung ta co thé xdy dung lai thuat toan giai nén rat
don gian thay vi tinh d6 16n DD ta tinh doan thang gan vai né 1a D,Dj; theo tinh
chat tam gidc dong dang nhu mé td ¢ hinh 3: trong d6 D,Ds=k.z; véi
k=D;C/DC.

Hinh 3: Hinh md ti cho y twong thudt toan gidi nén ding diém cit zero

2 THUAT TOAN NEN DUNG PIEM CAT ZERO

Ngé vao: Tin hiéu tiéng noéi, 1a chudi cac bién d6 twong ing cac thoi diém do.

Ng6 ra: Dir li€u la mot chu01 cua cac bo 3 tham s6 (x,y,2) tuong ng tin hi¢u tai
moi doan gifra cia 2 dlem cét zero lién tiép. Thuc chét 3 tham sé nay dai dién cho
toan bo dir liéu tng v6i sb mau trong doan dang xét nén nd lam giam dang ké s6
dir liéu 6 ngo ra (vi the ta goi 1a nén dir li€u).

Dt n = do dai tép dit liéu f.wave, dung mang A dé doc dit liéu tiéng noi tir tép dix
liéu f. Duyét tir byte thir 44 cho dén cu6i mang A (do cau trac t€p dir liéu dang
wave, 44 byte dau tién luu thong tin Header cua tép dit liéu), xét dau tirng mau
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trong tin hiéu, néu ¢ su d6i dau cua tin hiéu & mau lién ké tic 13 c6 tdn tai mot
diém cit zero. Trong doan giira cac khong diém nay, tinh z = max {|AG)[}, y = vi
tri tinh z va x = D0 dai doan tin hiéu dang khao sat, néu chon budc lay mau 1a don
vi thi x cling Ia $6 mau duoc 1§y trén doan tin hiéu trén. Luu bd 3 gia tri nay vao
tép dir liéu 1. Tiép tuc thuc hién nhu trén cho dén khi hét tép dit liéu f, tép dir licu
fl.txt nhén duogc s€ 1a t&p dir liéu nén cua tép dir li¢u f.wave.

Open(f)
\/

s

[ Header = & }7
4

Tao header

T

\l]\
n = f.length

read(f,A)
1=44; dem = 0;
z=A®sy =1
dau = lay_dau(A(i))

v

=1+l

[ ) } S
i<=n
d x = dem; write (f1, X, y, z)

= : S k=A();y=i;dem=0
[ dau lay\I/dau(A(l)) J dau = lay_dau (A(1))
d

dem = dem +1 —_—

z < A(i)
d
fl. close

§ z=A(),y =1 stop

Hinh 4: So' dd m ta thuit toan nén diém cit zero

Céc bién duoc sur dung trong thudt toan nén di€m cat zero dugc mo ta trén Hinh 4 :
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dau: nhdn gid tri - hoac + dé nhén biét day tin hiéu déi dau c6 nghia la tin hiéu co
cat truc 0 (co diém cat zero).

A: lwu gia tri tin hiéu

X: luwu $6 mau ciia mét bude song.

y: vi tri mau cé bién do cuc dai.

z: gia tri bién do cuc dai.

n: s6 mau thudc toan bé tin hiéu khdo sat.

dem: bién trung gian dém sé mau trong mot buéc song (gidi han béi 2 diém

cdt zero)

File f: chita dit liéu tiéng néi ngé vao.

File f1: chura dir liéu nén ngé ra.
Nhén xét:
Thuét toan trén c¢6 thé 1am viéc truc tuyén vi qua trinh nén chi thyc hién hai thao
tac chu yéu Ia so sanh hai tin hiéu lién tiép va dém.
Thuat toan md ta boi so d6 khdi hinh 4 ¢6 thé cai tién dé ting toc qua trinh nén.
Trong day x, y ,z c6 gia tri z 1a bién dd tiéng noi va khi thay doi gia tri z, ta cd thé
diéu chinh bién d¢ tin higu tiéng nodi & ngd ra 16n 1én hay nho di. Thuat toan cé thé
cai tién bang cach khong can luu gia tri z vao t€p dir liéu text nira (do thuat toan
nay khong quan tam t&i dang diéu duong cong, mién bién d6 ma chi quan tam to1

khoang cach zero tirc 1a mién thoi gian), diéu nay giup nang cao hiéu suit nén,
giam kich thudc tép dir liéu nén.

3 THUAT TOAN GIAI NEN UNG VOI THUAT TOAN NEN DUNG DPIEM
CAT ZERO

Dir li€u nén dang (x, y, z) do thudt toan nén trinh bay & trén duogc thuc hién giai
nén bang cach tinh gia tri mdi tin hiéu theo cong thirc tinh tam giac dong dang khi
d6 do 16n cua tin hiéu  k =1/(x-y) véiy >0; 1 =1, ...,y. Qua trinh tinh todn khoi
phuc tin hiéu dugc thé hién nhu hinh 5.

Input(x, y, z)
For (i=1; i <=y; it++)
=i/y; A(l) = k¥*z;
|
For (i=1; 1 <x —y; i++)
k=1/(x—y) ; A(x-i-1) = k*(x-y);
|

Return (A)

y X-y

Hinh 5: So' dd mé ta thi tuc khoi_phuc(x, y, z, A)
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Thuét toan giai nén tng voi thudt toan nén dung diém cit zero duge mé ta trong so
d06 khoi hinh 6.

Ngo vao: t€p dir li€u text chira dir li€u nén g@)m cac bd x, y, z tuong Gng voi )
diém lay mau, vi tri dat gia tri [6n nhat (nhé nhat) va gia tri 16n nhat (nhé nhat)
gitra cac khong dieém, da luu trong t&€p dir li€u f1.txt.

Ngé ra: n dit liéu da dugc giai nén chira trong tép dir liu 2

n = fl.length
read(f1,B)

!

1=1

v

>|  x=tach(B(i),1); y = tach(B(i),2); z = tach(B(i),3) |2

v

Khoi_phuc_cung(x, y, z, A) 3)

v

Write (A,C) [4)

1))

v 5)

i<=n Write (header,f2); write(f2, C) | Stop

Hinh 6: So' dd md ta thut toan giai nén zero-cross

Cic ki hiéu trong so do khéi

— Khéi 1) tha tuc Read(f1,B) doc tép dir liéu text vio mang B, mdi phan tir B(i)
ung voi dong text dang x; y; z

— Khdi 2) tach ba thanh phan tir dong xyz;

— Khdi 3) khoi phuc cac diém gan véi cac diém trén tin hiéu gdc, két qua dat
trong mang A;

— Khéi 4) thu tyc write(A,C) chuyén cac diém tir mang A vao buffer C;

- Khéi 5) write(header,f2) thuc hién stra header cua tép dir liéu wave cho phu
hop so6 li€u trong buffer C va ghi vao tép dit li¢u f2; Thu tuc write(f2,C) ghi
buffer C vao t€p dir licu 12; {2 1a t&p dir liu khoi phuc tir tép dir liu nén f1;
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4 PQ PHUC TAP TiNH TOAN CUA THUAT TOAN
4.1 Nhin xét danh gia thuit toan nén dung diém cit zero

Nhu d3 d& cap ¢ trén ban chét cua thuat toan nén 1a so sanh lién tiép timg gia tri
cua cac mau trong tin hi¢u (t€p dir li€u wave) dé tao ra céc bo (x,y,z). R0 rang 1a s
phép so sanh nay phu thudc vao so tin hi¢u n trong t&p dit liéu wave. Tu day suy ra
do phirc tap cia thuat toan 1a O(n).

4.2 Nhan xét danh gia thuit toan giai nén dung diém cit zero

Thuét toan giai nén ding diém cit zero liy 1an lugt cac bo (xi,yi,z; ) 1a thong tin vé
tin hiéu trén duong cong gidi han boi hai diém cat zero lién tiép thir i, voii=1,2,.m

(m 1a s6 khoang giira hai dlem cit zero lién tiép cua tin hiéu). Ta can phai khoi
phuc lai cic gi tri ciia cac mau thanh phan trén cung cong thi i.

MGdi gia tri tin hi¢u trén doan khong diém thir i dugc tinh bang mot phép nhan dang
k*z; hodac k*(x;-y;) voi k=i/y; hoac k=i/(x;-y;). Nhu vay véi bo tham sb (Xi,yi,z) ta
can cb 2x; phép nhan, trong d6 X x;=n; véin la sb tin hiéu cua tép dir liéu wave.
Tom lai @6 phure tap ctia thudt toan giai nén 1a O(n).

Véi d6 phirc tap O(n), thuat toan nén va giai nén dung diém cat zero c6 thé lam
viéc & ché do online.

5 PANH GIA CHAT LUQNG NEN

Thtr nghiém thuat todn nén dung diém cat zero va gidi nén dung diém cat zero trén
10 tép dir li€u tiéng noéi dang tép dir liéu wave. Cac t€p dir liéu nay cd cau tric
nhu sau:

Bit rate: | 705 kbps

Kich thudc mau: | 16 bits

Channel: | 1(monno)

Tan s6 ldy mau: | 44 kHz
Dinh dang: | PCM (khong nén)

Két qua dugc thé hién trong Bang 1

Bing 1: Két qua thir nghiém thuit toan nén va giai nén ding diém cit zero

Lan Kich thuée Kich thuéc T§ 1¢ nén (%)
thir trudc khi nén(bytes) sau khi nén(bytes) yie °
1 27048 2684 10.077
2 25644 1999 12.828
3 32876 2369 13.878
4 29164 1908 15.285
5 30124 2770 10.875
6 22956 1838 12.49
7 24876 2668 9.3238
8 23340 1971 11.842
9 27180 3115 8.7255
10 29484 2596 11.357
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Két qua trong bang 1 cho thiy ty 1é nén trung binh ma thuét toan nén dung diém
cat zero dugc khoang hon 10 lan. Nhu vay, sau khi nén, t&€p dir liu co6 kich thudce
nho di khoang 10 lan so véi tép dir liéu goc.

6 KET LUAN

Bai bao dé xuat mot thuat toan nén va giai nén tleng noi dap ung thoi gian thye,
tiép can theo mot hudng méi, chi dua vao cac diém cat zero cia tin hiéu tiéng noi.

Hiéu suét nén cua thut toan nén dung diém cét zero kha cao, vu diém cta thuat
toan 1a lap trinh don gian va cé do phtrc tap tuyén tinh (O(n)), cho phép nén va giai
nén nhanh nén phu hgp vdi cac bai toan xir 1y truc tuyén.

Mit khéc, c6 thé thdy dir liéu nén cua tiéng néi ciing c6 thé coi nhu dic trung mo
ta doan dir li€u d6. Y tuong cta thuit todn nay con co6 the st dung vao mot so bai
toan nhén dang hodc khoéi phuc am thanh goc tir diém cat zero cua tin hiéu.

C6 thé cai tién thuat toan nang cao hiéu suit nén bang cach c6 thé khong can luu
gia tri z vao t&p dir li€u text dé giam bot dung lugng tép dir li€u nén.txt.

Thuét toan trén co thé dugc dung dé xay dung chuong trinh doc béo truc tuyén.

Nhuoc diém cua thut toan 1a méi chi tha nghiém trén cac tép dir li€u am thanh c6
cau trac tép dir li€u wave theo chuan ctia hang MicroSoft. Dit li€u am thanh thu
nghiém dugc thu dugc trong moi trudng cd nhicu.
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