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TOM TAT: Tai Dai Tiéng néi Viét Nam (TNVN), céc kénh am thanh s6 hién nay dang dwgc md héa theo chudn khéng nén. Do ban
chdt ma nhitng tép dm thanh dang khong nén cd dung luong cuc 1om, vi vdy yéu cau dung lwong 6 citng lwu trit cdc chwong trinh
phat thanh rdt I6n va viéc thao tic trén cdc doan am thanh rat khé khan. Nghién ciru dwoc thuc hién nham kiém tra viéc dp dung
thur nghiém cdc chudén nén ém thanh tai Bai TNVN, chudn bi cho viéc trién khai ma héa nén am thanh tai Badi theo ké hoach. Hai
chudn nén am thanh sé cé ton hao chét lwong cao dwgce chon dé danh gid hiéu nang va chdt hrong 1a MP3 (Moving Picture Experts
Group 1- Layer 3) va AAC (Moving Picture Experts Group 2- Advanced Audio Coding). Lan lwot cac chudn MP3 va AAC dugc dp
dung cho 18 tép Gm thanh trich chon tir cde chirong trinh khdc nhau gén day cua Pdi véi tong dung lwong ld 5546MB (twong dirong
thoi liwong hon 8 gio), sau do dwee danh gid dia trén cdc tiéu chi vé hidu ning bao gom thoi gian thiee thi va ty 1é nén. Tiéu chi chat
lwong nén duwoc danh gid bang phiwong phdp chii quan dwa vio nghe thir. Thi nghiém nghe thir duoc tién hanh trén 24 doan dm
thanh ngdn nhiéu thé loai, méi doan kéo dai trung binh la 20 gidy, véi s6 heong tinh nguyén vién tham gia la 35 nguwoi. Két qua
nghién ciru cho thdy tinh kha thi ciia viéc dp dung cdc chudn nén dm thanh méi tai dai TNVN, ddc biét gitip xdc dinh tdp gid tri cdc
tham $6 phix hop nhdt doi véi tirng chudn nén nham tiét kiém dung lheong luw trik div liéu va giam thoi gian thao tdc trén tin hiéu
trong khi van dam bdo chat lwong dich vu phdt thanh.

Tir khéa: M@ hoa nén &m thanh, ma héa MP3 (Moving Picture Experts Group 1 — Layer 3), m& héa AAC (Moving Picture Experts
Group 2 — Advanced Audio Coding), danh gia chu quan, nghe thaz.

I. GIOI THIEU

Trong vai thap nién gan day, nganh cong nghi¢p da phuong tién da c6 nhirng budce tién ngoan muc, chiu tac
dong tir sy phat trién ciia ha ting ‘mang mdy tinh va internet theo huéng dich chuyén tir mang chuyen mach kénh sang
mang chuyén mach goi va chuyén mach IP (Internet Protocol). Tiéu biéu nhu loai hinh truyén tiéng néi qua mang
internet VoIP (Voice over IP) thay thé cho dién thoai truyén théng; truyén hinh va phat thanh twong ty dang dan duoc
thay thé bang truyén hinh va phét thanh k§ thuét s6; cac dau thu am thanh sé di dong, truyén hinh theo yéu cau, v.v.
ngay cang gia tang nhanh chong vé sb lugng [1]. Vi nhitng wu diém ndi bat vé chat luong sao chép, d6 phan giai, kha
nang mien nhiém dbi voi nhiéu, tinh tuong tac, kha ning khai thac dich vu gia ting, v.v., nganh da phuong tién phat
trién theo xu hudng s6 hoa dan dan va hoan toan, kéo theo nhiing anh hudng manh mé den su phat trién ctia cac nganh
lién quan nhu phat thanh, truyén hinh, game, phim anh, tiép thi, v.v. [2].

Ddi véi loai dit liéu Am thanh, viéc s6 hoa trong giai doan dau tién duoc tién hanh theo dinh dang wave voi phén
dudi mo rong 1a *.wav [3]. Wave sir dung k¥ thuat didu xung ma PCM (Pulse Code Modulation) don gian dé chuyén
ddi dit lidu tr tuong ty sang s6 theo ba budc co ban la léy mau, lugng tr hda va ma hoa. Trudc tién, tin hidu tuong tu
dugc roi rac hoa theo thoi gian, tao thanh chudi méu rdi rac. Chudi méu rdi rac nay c6 bién do dugc diéu ché theo tin
hiéu twong tu va c6 chu ky tuan theo dinh ly lay mau Nyquist [4]. Sau d6, chudi mau dugc lugng tu hoa voi cac bude
luong tir déu hodc khong déu, tao thanh chudi miu c6 bién do dugc lam tron theo mure lugng tir gan nhit. Cudi cliing
cac mau luong tir hoa duge ma hoa dé chuyén doi thanh cac tir ma s6 nhi phan [4].

Dinh dang wave dua trén mi hoa dang song nén c6 thé dat dugc chat lwong gan véi chat lugng 4m thanh tuong
tu. Tuy nhién, dinh dang wave c6 nhugc diém rét 16n 1a dung lugng tin hiéu ty 1€ véi chét lwgng tin hiéu, nghia la tin
hiéu wave mudn c6 chat lugng cang cao thi tan s6 14y mau va sb bit ma hoa phai cang cao, dan dén dung lugng cang
16n. Dung lugng tin hiéu 16n dan dén khong gian luu trit tin hi¢u tang va thoi gian truyén dan tin hiéu 16n. Ngoai ra
dung lugng lon con kéo theo hau qua la bang thong duong truyen yéu cau phai 16n, ma bang thong lai la tai nguyén
hang dau can thiét dé co the truyen thanh cong dong dit liéu tir dau cudi dén dau cudi. Ngay nay, ngay ca khi ha tang
mang vién thong d phét trién dén mutc d6 bing réng (broadband) thi van khong thé du dé truyén tai lwong dir liéu da
phuong tién qua 1én bao gdm tiéng n6i, 4m thanh, hinh anh, video, v.v. [5].

Vi thé cho nén vén dé quan trong dat ra d6i v6i linh vuc nghién ctru vé dir liéu da phwong tién ndi chung va am
thanh noi riéng 1a phai tim cach ma hoa dit liéu 4m thanh sé nhim nén xudng mot dung lwong phi hop ma van dam bao
chit lugng yéu cu. Néi cach khac, ching ta phai giai quyét mau thudn giita ty 1& nén dit liéu va chat lugng am thanh,
sa0 cho van dam bao yéu cau vé tiéu chuan phét thanh.

Tai Dai Ti iéng néi Viét Nam (TNVN) hién nay, hoat dong ma héa dir liéu Am thanh thuc sy van chua tun theo
mot bo tiéu chuan qubc gia thong nhat. Dit liéu 4m thanh van con dang ton tai song song hai hinh thic tuong tu va sb,
trong do dit liéu s6 dang s dung dinh dang wave. Khong ndm ngoai xu thé phat trién chung ctia phat thanh toan cau,
ha tﬁng k¥ thuat cia Pai TNVN da cé ké hoach hudng dén s6 hoa hoan toan [6]. pé dat dugc muc dich nay, mot trong
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c4c bai toan cép thiét dugc dit ra la phai chon dugce chuan ma hoa nén 4m thanh cing bo tham sé nén phu hop vai tinh
hinh Viét Nam.

Tir nhitng phan tich trén ddy, cau hoi nghién ctru dugc dit ra 1a xac dinh diém tdi uu (con goi 1a sweet pot) -
diém dam bao sy can d6i tot nhat gitra ty 1& nén va chat luong 4m thanh dé c6 thé Gmg dung vao phat thanh so tai Dai
TNVN trong twong lai. Pon vi dugc lya chon thir nghiém 1a Co quan thudng tri ctua Pai TNVN khu vuc Pong bang
song Ciru Long (PBSCL) tru s& & thanh phé Can Tho. Day 1a chi nhanh ciia Pai TNVN duoc thanh 1ap tir nim 1998,
chuyén theo ddi va thong tin vé cac van dé chinh tri, kinh té, x4 hoi, van hoa vin ngh¢, an ninh qudc phong trén dia ban
13 tinh thanh & PBSCL va dic biét c6 phat séng chuong trinh tiéng Khmer phuc vu dong bao Khmer Nam Bo.

Hai tiéu chudn nén dwoc lwa chon cho nghién ciru 1a MP3 (Moving Picture Experts ‘Group 1 — Layer 3) va AAC
(Moving Picture Experts Group 2 — Advanced Audio Coding), boi ly do day la hai trong s6 cac chuan nén 4m thanh s6
dugc to chirc ISO/IEC ban hanh rong rdi va da dugc sir dung pho bién trén thé gidi. Chuan MP3 thuong dugc ing dung
dé truyén tin hi€u 4m thanh qua internet va luu trit tin hi€u am thanh trong cac thiét bi nghe nhac bo tui. Chuén AAC la
chuén nén tiép theo MP3, dang duoc st dung trong cac thiét bi cta Apple, Sony, cira hang truc tuyén iTunes, v.v. hoac
1a trong chudn phét thanh s DAB (Digital Audio Broadingcasting) [1].

Tir van dé nghién ctru dit ra, ndi dung nghién ctru s& bao gdm céac bude chinh sau:

e Xay dung bd co so dir licu gém cac doan am thanh thr nghiém dang wave, dugc trich chon da dang tir cac

chuong trinh khac nhau ctia Bai TNVN BBSCL,

e Thyc hién nén cac doan am thanh thir nghiém theo chuén nén MP3 va AAC, sau d6 giai nén vé lai dang wave,

e Thyc hién thi nghiém déanh gia cac chuén nén vé hiéu ning,

e Thuc hién thi nghiém danh gia céac chuén nén vé chit luong,

e Phan tich két qua va dé xuat.

Phan tiép theo cua bai bao dugc cu trac nhu sau: muc IT tim hiéu nguyén 1y ma héa nén tin hiéu am thanh sd,
muc I1I 14n luot trinh bay vé cac thi nghiém danh gia hiéu ning va danh gia chat luong cac chuan nén 4m thanh va cudi
cung 1a két ludn & muc 1V.

I1. MA HOA NEN AM THANH SO

Vé 1y thuyét, chiing ta c6 thé ma hoa 4m thanh bang cach bat chudc ma hoa nén tiéng noi: thay vi ma hoa dang
s6ng cua tin hiéu nhu kiéu wave, ta tim cach mo hinh hoa co ché tao ra tiéng néi va mi héa cac thong sd quan trong
nhit ctia mé hinh, phia giai ma s dung cac thong s6 nay dé kich thich cic b tao ham sb va bo loc dé tong hop lai
tiéng noi. Tuy nhién trong thuc té, cach tiép can nay kho ap dung hiéu qua cho nén 4m thanh. Nguyén nhan l1a do am
thanh 13 tin hiéu tao nén tir nhiéu nguén khac nhau gém am thanh cua cac nhac cy nhu bd gd, bo hoi, bo day (do
gdy/kéo); am thanh do céac tiéng dong khac tir sinh hoat, san xuit; 4m thanh tir tu nhién, v.v. nén viéc mo hinh hoa
riéng cho tig ngudn 4m thanh 13 qua phirc tap va khong phu hop.

Vi viy, d6i v6i nén am thanh, thay vi tiép cin dua trén ngudn phat ra 4m thanh, ching ta chuyén huéng tiép can
sang dya vao co ché thu nhan am thanh, tirc 1a dya vao hé thong thinh giac & nguoi. Ma hoa theo hudng nay dugce goi
la ma héa nén cam quan, 1a loai ma héa dua trén 1gi dung nhirng dac di€ém tam 1y cam nhan 4m thanh & nguoi.

A. Hé thong thinh gidc thu nhin dm thanh ¢ nguwoi
Hé thdng thinh gidc & nguoi bao gom tai va nio, thu nhan 4m thanh theo hai co ché 1a sinh 1y va tam 1y [7].

Vé mit sinh 1y, tai bao gom tai ngoai, tai gilta va tai trong. Mbi b phan & tai ddm nhiém nhiing chirc nang khac
nhau: tai ngoai tiép nhan am thanh rdi truyén qua dng tai va dwa vao mang nhf; tai gitra bién ddi song ap suat am thanh
thanh chuyén dong co hoc tac dong 1én cac xuwong nho; tai trong chira ¢ tai nim trong mot mang co s6, dc tai chuyén
d6i chuyén dong co hoc & xuong tai gitta thanh chuyén dong & mang co s& va kich thich cac t€ bao than kinh thinh giac
¢ day roi chuyén tin hi¢u dién 1én ndo.

V& mit tam 1y, sy cam nhan am thanh & ngudi lién quan dén mot s hiéu Gng tam 1y ddc biét. Ma hoa nén loi
dung diéu ndy dé nén 4m thanh ¢ nhitng viing ma tai ngudi cam nhan &m thanh kém.

Nghién ctru [7] cho biét mot sé hiéu tng tdm 1y cam nhén 4m thanh bao gdm:

e Tai cdm nhan 4m thanh phy thudc vao mirc 4p lyc (cuong d9) am thanh. Ma hoa nén cé thé lgi dung diéu nay
dé luong tir hoa voi kich thude bude lugng tir hoa khdng dong deu trong toan bo dai dong cua tin hi¢u, nghia
la ma hoéa tin hiéu & viung bién do 16n véi kich thudc bude 16n (s6 bit ma héa nhd) va nguoc lai.

e Trong dai nghe 20Hz-20kHz, d6 nhay ciia tai khac nhau ddi v6i cac thanh phan tan sé khac nhau. M& hoa nén
loi dung di€u nay dé phan chia dai 20Hz-20kHz thanh céc bang con r6i ma hoa véi so bit khac nhau cho moi
bang con, dan dén sb bit trung binh giam xuéng nhu néu ra trén Hinh 1.

e Khi nghe dong thoi hai 4m thanh manh yéu khac nhau véi tan s§ gan nhau, &m manh hon lam bién dang
ngudng nghe tuy¢t doi va lam cho tai khong nghe dugc dm nhdé hon. Hi€u Ung ndy goi 1a che tan so
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(frequency masking). Twong tu nhu vay, néu am yéu hon dugc phat ra ngay trude hodc ngay sau am manh hon
thi cling bi “che”. Hi€u (ng nay goi 1a che thoi gian (temporal masking). Ma hoéa nén tién hanh tao thém céac
tin hiéu “che” thoi gian va “che” tan sé dé lam tang ngudng nghe, tr 6 giam s6 bit md hoa trong cic bing
con khac nhau ma van dam bao 16i lugng tir hoa (lGc ndy bi tang 1én) van & dudi mirc ngudng nghe.
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Hinh 1. Phan chia bang con va ma hoa vé6i sb bit thay dbi
B. Nguyén Iy md héa nén am thanh sé

Nhu d gidi thiéu & Muyc I, nghién ctru nay tap trung vao hai chuin nén am thanh sé phd bién MP3 va AAC do
t6 chitc MPEG thiét ké va duogc ISO/IEC phé duyét ban hanh rong rdi. Dy 1a hai chudn nén &m thanh cam quan chét
lwong cao dwa vao mod hinh tdm 1y cua tai ngudi. V& nguyén 1y, ma héa nén cam quan thuc hién chuyén di tin hiéu sb
dinh dang wave thanh tin hi¢u nén qua cac budc xtr Iy nhu minh hoa trén Hinh 2. Cy thé cac bude xtt 1y nhu sau [8]:

e Chuyén tin hiéu wave sang mién tan s, sau d6 phan chia thanh cac bing con qua mét gian loc bang con. Viée
Iam nay 1a nham loi dung dic diém d6 nhay cua tai thay doi d6i v6i cac thanh phan tan s khac nhau nhu trén
Hinh 1.

e Lap md hinh tdm Iy cim nhan 4m thanh cua tai bang cach phan tich tin hiéu vao. Pay la khau quyét dinh chét
lugng ma héa nén. M6 hinh nay gitp xac dinh ty 1¢ tin hi¢u va ngudng nghe ciia mdi bang con.

e Luong tir hoa cac thanh phan phd sao cho théa man yéu cau nhidu luong tir hoa thap hon ngudng nghe duoc
trong mdi bing con.

e M3 héa cac gié tri lugng tir hoa dua vao mé entropy véi bang mi thay ddi ddi voi cac dai tAn khac nhau dé dat
hiéu qué nén tot hon.

e Cudi cung la dinh dang dong dit lidu theo nhitng chuin dinh dang quy dinh.

i hl@um Chuyén thoi gian sang tins6| | Luong tir hoa J Tin hi¢u nén
Ma héa bang con - M3 hoa —»| Dinhdang ——>
0
Lap mo hinh tm
ly cua tai

Hinh 2. So dd nguyén 1y mi hoa nén 4m thanh

Dua vao nguyén 1y ndy, cac chudn nén khac nhau c6 nhiing bién thé khac nhau nham cai thién ty 1& nén va chit
lugng nén. Phan sau trinh bay cu thé hon vé cac bién thé ap dung cho MP3 va AAC:

1. Mé&hoa MP3

MP3 thudc nhém ma hoa nén 4m thanh cam quan MPEG-1. MPEG-1 hoat dong & ba ché @ khac nhau goi la
I6p (layer), véi mic do phirc tap va hiéu qua tang dan tir 16p 1 dén 16p 3. MP3 1a nhém MPEG-1 16p 3. Pay la nhom
MPEG-1 phic tap nhat, cung cap chét luong Am thanh gin vé6i chét lwong CD véi ty 16 nén am thanh 1én dén 12 1an
[1]. B6 ma hoa nén MP3 tir tin hidu wave c6 mot s6 ddc diém nhu sau:

* Trudc tién tin hiéu wave dugc chia thanh 32 bang con bang gian loc, sau d6 dwa dén bg bién doi cosin roi rac
MDCT (Modified Discrete Cosine Transform) dé tiép tuc phan chia thanh 576 bang con nhim dat d phan giai
t6t hon trong mién tan sé.



Nguyén Thanh Phong, Hoang Lé Uyén Thuc 463

. De ude luong ngudng nghe tt hon, trudc kh1 lap mo hinh tdm 1y cdm nhdn 4m thanh cua tai, bd ma hda MP3
tién hanh 4nh xa tir mién thoi gian sang m1en tan s6 bang phép bién doi Fourier nhanh FFT (Fast Fourier
Trasform) 1024 diém, dé gitip phan giai tan s tot hon.

e Viéc lugng tir hoa cac thanh phan phd duge thyc hién dya vao lugng tir hoa khong déu. Hé s6 nén duge chon
trudce khi lugng tir hoa bang cach dung hai vong lap 16ng vao nhau: vong lap trong hié¢u chinh tang dan kich
thude bude luong tir hoa, nhim giam dan s6 muc lugng tir hoa dan dén giam sd bit, vong lap ngoai hidu chinh
tang s6 mirc lugng tir hoa dan dén dam bao chét lugng ma hoa.

e Viéc ma hoa céc gid trj lugng tir hoa duge thyc hién dwa vao ma Huffman. D6i voi méi thanh phan pho khéc
nhau, bing ma Huffman t6i vu khac nhau dugc chon ra tir trong s0 nhi€u bang ma Huffman d€ thich nghi tot
hon véi ddc trung thong ké ctia &m thanh trong tirg thanh phan pho.

* Dong bit MP3 duoc dinh dang theo timg khung, dau khung 13 header bao gom tir ma dong bo, téc do bit, tin
s0 lay mau, lop, mode ma hoa (mono, stereo,...).

2. Méahoéa AAC

AAC 1a chuan ma hoa thuoc nhom MPEG-2. AAC ¢ kién trac twong tw nhu MP3 nhung khac véi MP3 ¢ chd
AAC dung phuong phap modul hda va phat trién thém nhiéu céng cu md héa mai, gitp cai thién chat lwong 4m thanh.
Sau ddy 1a mot s6 cong cu phat trién thém trong AAC so véi MP3 [1]:

e AAC tang kich thu6c gian loc trong MP3 tir 576 1én 1024 nham tang d6 phan giai tan s6 so véi MP3.

e B6 sung bo taoqnhiéu trong mién thoi gian dya vao cong nghé TNS (Temporal Noise Shaping) nham thay doi
ngudng nghe dé¢ giam so bit ma hoa.

e B6 sung bo du doan dé ting ty 1é nén bang cach hudng cho bd lugng tir héa tap trung vao cic mau tin hiéu
dang quan tam.

* Dur liéu trong AAC dugc dinh dang thanh ting khung nhu MP3, nhung tir ma ddng bo va tham sé ma hoa thay
doi tuy theo tirng ing dung cu thé.

111. PANH GIA CAC CHUAN NEN

Viéc danh gia cac chuén nén dua vao hai tiéu chuép chinh 12 hi¢u nang va chét luong, dugc tién hanh trén bd co
0 dit liéu xay dung tir cAc chuong trinh phat thanh thyc té cia Bai TNVN khu vuc BPBSCL.

A. Xay dung co so dii liéu
Co so dir lidu xay dung dé danh gia cac chuan nén bao gdm hai tap dir liéu:

e Tap dit liéu thir nhit bao gdom 18 t&p &m thanh nhu m6 ta mot phan trong Bang 1. Céc t¢p am thanh nay dwoc
trich ra tir cac chuong trinh khac nhau cua bai; xudt phat tir da dang ngudn goc khac nhau bao gom tleng noi,
4m nhac cac loai va hdn hop tiéng noi va 4m nhac; dugc phat trén cac song didu ché khac nhau véi cac tan sd
khéc nhau. Téng dung lugng tap thir nhat 1a 5.546MB, tuong duong thdi luong 13 hon 8 gid (650MB/gid).
Tap thir nhat dugc dung dé thir nghiém cac chudn nén véi ty 16 nén thay ddi nhim danh gia hiéu ning cua cac
chuén nén va xac dinh mdi lién quan giira thoi gian thyc thi va ty 16 nén.

e Tap dit liéu thtr hai bao gdm 3 doan am thanh cac loai dinh dang wave gdc va 24 doan nén/giai nén am thanh
gbc vai cac ty 18 nén khac nhau. Chuan nén va cac tham sé nén ddi voi tap thi hai dugc néu ra trong Bang 2.
Tap nay dugce dung dé danh gia chit luong nén dwa vao phuong phap danh gia chu quan 1a nghe thir. Mdi
doan am thanh c6 thoi luong gidi han 1a 20 gidy. Viéc han ché thoi gian ndy 1a nhdm dam bao kha ning tap
trung cao cta ngudi tham gia thi nghiém.

Toan b co s& dir liéu dugce luu & dia chi sau:

https://drive.google.com/drive/folders/1FyX47938ErWQHXxFUIKDBmMEfZupxDFgs

Béng 1. Co s dit liéu 4m thanh — Mot phéan tap dit liéu thir nhit

'I;e&;%p Chuong trinh Kénh Phét séng Dung lwgng | Thé loai Am thanh
01.wav Chuong trinh thoi sy hé 1 VOV1 AM 711kHz 244MB Tiéng noi
03.wav Poc truyén dai ky VOV2 AM 558kHz 326MB Tiéng noi
08.wav Chién si mién Tay VOV4 AM 873kHz 304MB Tiéng ndi
10.wav Dan ca cac mién 101 ¢ VOV3 AM 783kHz 302MB Nhac dan ca
11.wav Thinh phong giao hudng VOV3 AM 783kHz 380MB Nhac c6 dién
12.wav Cau chuyén VPOP VOV3 AM 783kHz 290MB Nhac POP
14.wav Din ca c6 nhac VOV4 AM 873kHz 604MB Cacd
15.wav Ca nhac theo yéu cau VOV4 AM 873kHz 302MB Nhac tré
18.wav Qua tang am nhac VOV Giao théng PBSCL FM 90MHz 309MB Tiéng né6i + nhac
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Bang 2. Co s¢ dir liéu am thanh - Tap dir liéu thr hai

£ an 4 oA g Chuan nén

Toc do nén Ty 1€ nén NP3 AAC
32kbps 44:1 3 doan 3 doan
64kbps 22:1 3 doan 3 doan
128kbps 11:1 3 doan 3 doan
192kbps 7:1 X 3 doan
256kbps 5,5:1 3 doan X

B. Quy trinh thi nghiém dinh gid cic chudn nén

Dé danh gi4 cac chuin nén, quy trinh thi nghiém dugc thiét ké nhu trong Hinh 2, véi cac khoi hinh chit nhat thé
hién cac budc xur ly/do dac, cac khoi hinh try tron thé hién dit liéu dm thanh va cac 6 hinh bau duc 1a két qua cac do do.

Do do thoi gian
gidi nén

Tinh khoang thoi e Tinh khoang thoi
gian t; — tg giant;—t,

Do do thoi gian
nén

Xac dinh t, Xac dinh t, Xac dinh t, Xac dinh t3
A A 7 A

Dit liéu gbe Nén | Dit liéu nén Giai nén > Dit liéu khoi phuc

So sanh dit liéu gbc va dit
liéu khoi phuc

\ 4 \ 4
Po dung lugong x DPo dung luong x* :
Do do chat
luong
> Tinh ty 1€ x/x* b

{

Do do ty 1€ nén

Hinh 3. Quy trinh thi nghiém danh gia cac chuin nén
1. Thi nghi¢m danh gia hiéu nang nén

O thi nghiém danh gia hiéu ning nén, d6i v6i mdi tép 4m thanh rat ra tir tap dit liéu thir nhat, ta 4p dung 1an luot
cac chuan MP3 va AAC dé nén dit li¢u, sau do thyc hién giai nén d€ thu duogc dir liéu khoi phuc ¢ dang wave.

Dé do thoi gian nén, ta tién hanh ghi lai thoi diém trude khi nén to va sau khi nén ty, tir 46 xac dinh dugc do do
thoi gian nén t; - tp. Tién hanh tuong ty cho qua trinh gidi nén dé€ xac dinh d6 do thoi gian gidi nén t3 - t,.

bé do ty 1€ nén, tién hanh x4c dinh dung lrong tép 4m thanh trude khi nén x va sau khi nén x*, tir d6 xac dinh ty
1€ nén 1a ty so gitta hai dung luong x/x*.

2. Thi nghiém danh gi4 chat lugng nén

Chat lugng nén dugc danh gia dya vao viéc so sanh dir liéu gbc véi dir liéu khoi phuc. Viée so sanh nay duoc
ghi trong khdi “So sanh dit liéu nén va dir liéu khoi phuc” trén Hinh 2. Dé danh gia cheit luong nén c6 thé ding phuong
phép cht quan hodc khach quan. Panh gia khach quan 1a phuong phap dwa vao ty s0 tin hiéu trén nhleu SNR (Signal to
Noise Ratio). Tuy nhi€n ma héa cam quan b ¥ tao thém nhiéu che trong mién thoi gian va mién tan s6 dé thay doi
ngudng nghe nam giam s6 bit md hoa, nén c6 thé din dén SNR thép. Vi vay viéc danh gia dya vao SNR co thé din dén
két qua khoéng phu hop.

~ Cho dén nay thi danh gi4 chu quan bing cch nghe thir van la phuong phap don gian va hi¢u qua dé dénh gia
chat lugng cua cac thuat toAn ma héa 4m thanh khac nhau. T6 chirc ITU-R (International Telecommunications Union,
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Radiocommunications sector) cung voi nhom MPEG phu trach am thanh da dé xuat mot loat cac quy tic nghiém ngit
dé danh gia chat lvgng nén bang cach nghe thir [9].

Trong nghién ctru nay, v6i nd luc tbi da, thi nghiém nghe thir duoc tién hanh theo cach thirc va cac diéu kién
gan giong vdi cac quy dinh ve danh gia chu quan [9]. Thi nghi¢m dugc thuc hién trén tap dit li¢u thir hai nhu mo ta
trong Bang 2. Cac budc chuan bi va cac quy tac cho thi nghiém bao gom:

e T4 chirc dir liéu thanh cic thu muc chira hai tép 4m thanh, trong d6 c6 mot tép dang wave gbc va mot tép dir
liéu khoéi phuc & dang wave. Viéc dung chung dinh dang wave nham gitup cho nguoi nghe dung chung mot
phan mém xuat &m thanh ra loa, nham dam bao sy cong bang trong khi danh gia chat lugng.

e D¢ tranh quan tinh ctia nguoi nghe 1a cho diém chat lugng tép nén thap hon tép gdc, bd tri mot s thu muc
chtra hai tép am thanh déu la tép goc dang wave.

e Trong khi thi nghiém, dé tranh sy phan tam, yéu cau chi c6 mot nguoi tham gia thi nghiém & trong phong
cling v6i nhan vién hd tro k¥ thuat khi ¢6 su co.

e Trong khi thi nghiém, tat tat ca cac chwong trinh dang chay trén mdy tinh, tit dién thoai di dong nham tranh
anh huong dén am thanh nghe thir (néu co).

e Moi ngudi tham gia déu nghe thir 4m thanh trén cing mot mdy tinh, dung cting loai tai nghe. Mic du diéu nay
s& khién kéo dai thoi gian thi nghiém rit nhiéu (do khong thé tién hanh thi nghiém dong thoi cho nhiéu nguoi)
nhung gitp dam bao sy cong bang trong khi danh gia chat luong.

* Nguoi tham gia duoc yéu cdu ling nghe that tap trung timg thu muyc gém mot tép 4m thanh gdc va mot tép
kiém tra (c6 thé nén hodc gdc), sau dé cho diém chit luong theo thang diém: 1- chit luong khong chap nhén
dugc (am thanh kiém tra khac nhiéu so v6i 4m thanh gdc), 2- chat luong chap nhan dwuoc (Am thanh kiém tra
khac mot it so v&i am thanh gbc), 3- chat lugng tot (Am thanh kiém tra gan gidng hodc khong phan biét duoc
so v6i am thanh gbc).

e Ngudi nghe c6 thé nghe lai nhiéu 1an, ¢6 thé nghi giai lao tiy y trong khi lam thi nghiém nhung khong duoc
mang theo thirc dn vao phong thi nghiém.

C. Két qua dinh gid higu nang

~ Nhu da néu trén, hi¢u ndng cua chudn nén dugc danh gia dya vao céc tiéu chi vé ty 16 nén x/x* va thoi gian thuc
thi. O day thoi gian thuc thi bao gom ca thoi gian nén t; — ty va thoi gian giai nén t; — t,.

e Trudc tién, véi mdi tép &m thanh trong co s dit liéu thir nhét, tién hanh thi nghiém theo quy trinh nhu ¢ Hinh
2 nham do thoi gian thuc thi va ty 1€ nén, st dung lan luot cac chuan nén MP3 va AAC véi tde do cao nhét 1a
256Kkbps va tan s6 lay mau 44.1kHz. Nhu vy, tong s6 lan thuc thi nén/giai nén 1a 18 1an twong ting véi 18 tép
am thanh. Két qua thu duogc 13 ty 16 nén trung binh déi véi MP3 1a 4.46:1, d6 1éch chuan 12 0.14:1 va dbi véi
AAC 12 4.66:1 v6i do 1éch chuan 13 0.40:1. D¢ 1éch chuan kha thip trong khoang thoi gian dai chimg to sy on
dinh cua chuin nén kha tdt.

e Chon ra hai t€p am thanh trong tap dir liéu thur nhét g@)m mot t&p tiéng no6i (08.wav) va mét tép am nhac
(15.wav). Thuc hién thi nghiém nhu vira néu trén, st dung tan sd léy mau la 44,1kHz, véi toc do thay ddi lan
luot 64kbps, 96kbps, 128kbps va 256kbps ddi véi MP3 va 64kbps, 96kbps, 128kbps va 192kbps dbi véi AAC.
Két qua thi nghiém duoc thé hién & Bang 3. Tir ddy suy ra thoi gian thuc thi nén cua hai chuin nén chénh 1éch
khong dang ké, thoi gian thuc thi trung binh khoang 70 gidy cho 300MB dir liéu, chwa dén nira gidy cho 1MB
dit liéu. Nhu vay kha nang nén/giai nén thoi gian thuc 1a hoan toan kha thi. Ngoai ra, ¢6 vé nhu thoi gian thuc
thi nén khong lién quan véi ty 18 nén: trong thi nghiém nay, véi chudn MP3 thi thoi gian thyc thi tot nhat cho
nén tiéng nodi twong (g véi ty 1€ nén 1a 11:1 nhung dbi voi am nhac lai 1a 22:1, v6i chudn AAC thi thoi gian
thyc thi t6t nhat twong ing voi ty 16 nén 1a 14:1.

e Tiép tuc thir nghiém anh huong cua tan s6 14y mau dén thoi gian nén thi nhan thay rang muon giam thoi gian
nén, c6 thé xem xét giam tan sd lay mau. Thi nghiém trén tép 08.wav cho thdy khi tin s6 iy miu giam mot
nua (nghia la giam tir 44,1kHz xudng con 22,05kHz) thi thoi gian thyc thi trung binh giam con 38 gidy cho
300MB dit liéu (d6i voi thn sé 44,1kHz thi thoi gian nay 1a hon 1 phut 10 gidy).

D. Két qua dinh gid chit lwong

Nhu da néu trén, thi nghiém danh gia chat lugng duge thuc hién bang phuong phap nghe thir. Dé c6 két qua
toan dién hon, thi nghi¢m dugc tién hanh véi hai nhém tinh nguyén vién khac nhau gdom nhém khong chuyén va nhém
chuyén gia vé am thanh.

Cu thé 1a nhom tinh nguyén vién thir nhat gdm 25 sinh vién Truong Cao dang Qudc té TP. H6 Chi Minh. Thi
nghiém dién ra tai mot cin phong cach am tt dat tai Truong ¢ dia chi 460 D Kinh Duong Vuong, phuong An Lac,
quan Binh Tan, TP.HCM. Nhom tinh nguyén vién thr hai 1a 10 chuyén vién cua Pai TNVN khu vuc BPBSCL. Thi
nghi¢m diénra & phong thu am chuyén dung cta DPai dat tai 102 Ly Ty Trong, quan Ninh Kiéu, TP. Can Tho. Két qua
thu dugc tir hai nhém tinh nguyén vién dugc thé hién cu thé trong cac Bang 4 va 5.
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Bing 3. Két qua danh gia hiéu nang cac chudn nén

File*wav | Dungl 0 MP3 AAC
) ung ugng goc Dung lwgng nén | Ty 1é nén | Thoi gian thwe thi | Dung lwgng nén | Ty 1€ nén | Thai gian thue thi
13,8MB 22:1 1’10 14,4MB 20,9:1 1'11”
S 20,7MB 14,6:1 1°10” 21,3MB 14,1:1 1'10”
WIEHTEY il 27,6MB 111 1°09” 28,2MB 111 1'12”
55,3MB 55:1 1’10” 42,1MB 717:1 1'16”
13,7MB 22:1 1°08” 14,3MB 22:1 1’07
. 20,6MB 14,6:1 1’12 21,2MB 14,6:1 1°07”
15 (3m nhac) 302MB 274MB 111 12” 28,IMB 111 10"
54,9MB 55:1 1’13 41,9MB 7,2:1 1’137
Béang 4. Diém danh gia chit lvong 4m thanh nén MP3
Loai Ty 1€ nén 44:1 Ty 1€ nén 22:1 Tylénén 11:1 Ty 1€ nén 5,5:1
dit lieu Nhém Nhém TB Nhém | Nhom TB Nhém Nhém TB Nhém Nhém TB
; 1 2 1 2 1 2 1 2
1 1,72 1,00 1,36 2,32 1,90 2,11 2,56 2,50 2,53 2,84 3,00 2,92
2 1,68 1,60 1,64 1,68 1,90 1,79 1,96 2,40 2,18 2,32 2,30 2,31
3 1,24 1,00 1,12 2,00 2,10 2,05 2,40 2,40 2,4 2,68 2,70 2,69
Tong 1,37 1,98 2,37 2,64
Bang 5. Diém danh gia chat luong 4m thanh nén AAC
Loai Ty 1€ nén 44:1 Ty 1€ nén 22:1 Tylénén 11:1 Ty 1€ nén 7:1
dit lidu Nhém Nhém B Nhém Nhom B Nhom Nhém B Nhém Nhém B
; 1 2 1 2 1 2 1 2
1 1,08 1,10 1,09 2,20 2,00 2,10 2,72 2,80 2,76 2,64 2,70 2,67
2 1,80 1,90 1,85 2,32 2,10 2,21 2,56 2,60 2,58 2,64 2,60 2,62
3 1,08 1,30 1,19 2,28 2,30 2,59 2,60 2,60 2,60 2,76 2,90
Tong 1,38 2,30 2,65 2,83

Trong Béang 4 va 5, cot diém “TB” chinh 1 trung binh cong ciia hai diém cua hai nhém tinh nguyén vién thir
nhét va thir hai va diém “Tong” 1a diém trung binh cua tat ca cac tép 4m thanh thi nghiém. Theo 1y thuyét thi viéc tinh
diém “TB” 1a trung binh cong diém ciia Nhém 1 va Nhom 2 1a khong hop 1y, do s6 luong thanh vién caa nhom 2 chi
bang 40% s thanh vién nhém 1. Tuy nhién ¢ day bo qua diéu nay 1a vi mot s6 1y do sau day:

e Diéu kién thi nghiém cta nhém 2 t6t hon so v6i nhom 1 do phong thi nghiém ctia nhém 2 1a phong thu am
chuyén dung. Do d6 két qua danh gia ciia nhém 2 c6 kha nang chinh xac hon.

* Nhom 2 gdm céc chuyén vién chuyén Vg“: ky thut &m thanh cua Dai TNVN nén co kinh nghiém t6t hon trong
viéc tham dinh chat luong 4m thanh. Diu nay the hién rd qua két qua thi nghiém: vi du nhu nhom 2 cho diém
tuyét doi doi V(’I@ cac tép am thanh goc dugc tron vao dit li¢u thi nghiém (trung binh nhém 1 cho 2.8 diém,
nhém 2 cho 3 diém).

Quan s&t Bang 4 va Bang 5 ¢ thé c¢6 mét s6 nhan xét nhu sau:

e Dya vao diém téng nhéan théy: véi cung mot ty 1€ nén, chuén AAC ludn dat dugc chét lwong cao hon MP3 cho
tat ca cac loai dir liéu. Ta cling nhan thdy chat luong AAC {mg véi ty 18 nén 22: 1 tvong duong voi nén MP3
ty 16 11:1 va AAC g vai ty 18 11: 1 ¢6 chat lwong twong dwong voi MP3 ty 18 5.5:1.

e Nén AAC dat chit luong tot hon nhiéu so voi MP3 & ciing ty 16 nén va thoi gian thyc thi AAC nhin chung
khong chénh 1éch nhiéu so v6i MP3 (theo Bang 3). Do vy AAC dugc d& nghi nén sir dung hon so v6i MP3
trong phét thanh.

e Theo thang diém danh gia chat lugng sir dung trong thi nghiém thi diém tir 2 tror 1én 1a dam béo sai khac giira
tin hiéu khoi phuyc va tin hidu gbc khong dang ké. Nhu vay, voi chudn nén AAC, ty 18 nén 22:1 1a c6 thé chip
nhan dugc nhung voi chudn nén MP3 thi ty 18 nay phai 1a 11:1.

e Chét lugng tin hi¢u nén ting khi hy sinh ty 1¢ nén. Diéu nay dic biét thay r6 khi giam ty 1¢ nén tir 4:1 xudng
22:1 & ca AAC va MP3. Tuy nhién khi tiép tuc giam ty 1é nén hon nita thi chat lugng gia ting khong déng ké.
Chang han nhu véi AAC khi giam ty 18 nén tir 44: 1 xuéng 22:1 thi chét lugng ting thém 30% so véi diém téi
da, nhung khi giam ty 16 nén tir 22:1 xudng 11:1 thi chat lugng chi tang 12%, khi giam ty 1& nén tir 11:1 xudng
7:1 thi cht luong tang it hon, chi tang 6%. Tur déy ta co thé xac dinh dugc diém sweet-pot dbi voi AAC 1a ty
16 nén 11:1, 1a diém can ddi tot gitra ty 16 nén va chit lugng. Tuong tu, diém sweet-pot cho MP3 14 5,5:1.

Toém lai, qua thtr nghi€ém, mot s6 y kién sau day duogc dé xudt cho viéc ung dung vao Pai TNVN giai doan sb
hoa hoan toan:
e Nén 4p dung chuan nén AAC vao nén am thanh sd.

e Nén 4p dung ty 1¢ nén AAC 1a 11:1 vao nén 4m thanh s6 dé cd chat lugng t6t. Trong truong hop can tiét kiem
hon nita dung lugng luu trit, thoi gian truyén, bang thong truyén thi c6 thé xem xét nén AAC o ty 1€ 22:1.
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IV. KET LUAN

Tom lai, bai bao da thuc hién danh gia hai chuan nén 4m thanh s6 chit lwong cao phd bién 12 MP3 va AAC, 4p
dung thtr nghiém trén mot s6 chuong trinh phét thanh ciia Pai TNVN thuong trt Can Tho. Qua trinh danh gia bao gom
danh gi4 hiéu nang dya vao tiéu chi thoi gian thuc thi va ty 1¢ nén va danh gia chat luong dua vao nghe thir. Nghién
ctru duoc thuc hién trén co so dit liéu xay dung bang viéc trich chon phong phii vé thé loai 4m thanh, dam bao dung
luong dir liéu d 16n tir nhiéu chuong trinh khac nhau cua Dai. Tir cac thi nghiém, bai bao di rat ra mot s6 dé xuat nhu
sau: (1) chuan nén am thanh nén dugc ap dung 1a AAC va (2) ty 1 nén nén duoc ap dung la tur 11:1 dén 22:1. Trong
truong hop dung MP3 thi ty 1¢ nén uu tién nén chon la tir 5.5:1 dén 11:1. Pay la nhiing két qua ban dau dé tlep tuc phat
trién cac nghién ctru thir nghiém trong twong lai véi s0 luong dir liéu 16n hon, s6 luong ngudi tham gia nhiéu hon va
trén quy md rong rii hon, nham xac dinh chinh xac nhit chuan nén va tap tham s6 phu hop cho viéc s6 héa hoan toan
dich vy phat thanh & Viét Nam nhu ké hoach [10].

V. LOI CAM ON

Chuing t6i tran trong cam on cac chuyén vién cong tac tai Dai Tiéng noi Viét Nam thuong tri Can Tho, dic biét
1a Can b6 quan ly phong Ky Thuét da nhiét tinh hd tro xay dung co sé dit liéu va co sé vt chat cho nghién ctru. Ching
t6i goi 101 cam on sdu sac dén cac chuyén vién tai Dai va sinh vién Truong Cao dang Qudc té Thanh phé HO Chi Minh
d4 nhiét tinh tham gia vao thi nghiém danh gia chat luong ciia cac chuén nén.
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TESTING RESULTS OF THE APPLICATION OF DIGITAL AUDIO TECHNIQUES TO
THE VOICE OF VIETNAM NATIONAL STATION

Nguyen Thanh Phong, Hoang Le Uyen Thuc

ABSTRACT: At the Voice Of Vietnam national station (VOV), the digital audio channels are currently encoded by uncompressed
audio codings in wave format. Naturally, the size of wave format-based audio files is extremely large, so the capacity to store the
radio programs is very high and the manipulation on audio file is very complex. This study aims to experimentally validate the
application of audio compression standards to The VOV, prepairing for the deployment of audio compression coding as planed.
Two high-quality lossy audio compression techniques including MP3 (Moving Picture Experts Group 1- Layer 3) and AAC (Moving
Picture Experts Group 2- Advanced Audio Coding) are evaluated for performance and quality. MP3 and AAC are sequentially
applied to 18 audio files extracted from different instant VOV programs during over 8 hours, and then are measured based on
performance metrics including processing time and compresstion ratio. The audio quality is evaluated subjectively based on
listening tests. Listening tests are implemented on 24 multi-genre audio files with a participation of 35 volunteers. The experimental
results show the feasibility of the application of MP3 and AAC techniques to The VOV. Based on the experimental results, the most
appropriate parameter values of new audio techiniques are also determined in order to save the storage capacity and the signal
manipulation time while ensuring the required quality of audio service.



