BO THONG TIN VA TRUYEN THONG ~ CONG HOA XA HOI CHU NGHIA VIET NAM
Poc lap - Tu do - Hanh phuc

S6: 34 201 7/TT-BTTTT Ha Noi, ngay B thang 44 nam 2017

THONG TU
Ban hanh “Quy chuin k¥ thuit qudc gia vé mirc am lugng
va mire dinh thue cwre dai cua tin hiéu am thanh
trong cic chuong trinh truyén hinh”

Can cte Ludgt Tiéu chudan va Quy chudn kv thudt ngay 29 thang 6 ndm
2006;

Can cir Lugt Vién thong ngay 23 thang 11 nam 2009,

Can cw Nghi dinh so 127/2007/ND-CP ngay 01 thang 8 nam 2007 cua
Chinh phu quy dinh chi tiét va hicong dan thi hanh mét s6 diéu ciia Lugt Tiéu
chuan va Quy chuan ky rhuar

Can cu Nghi dinh s? 06/2016/ND-CP ngay 18 thang 01 nam 2016 cua
Chinh phu quan Iy, cung cap va s dung dich vu phat thanh, truyén hinh;

Can ctr Nghi dinh s6 17/2017/NP-CP ngqy 17 thang 02 nam 2017 cua
Chinh phu quy dinh chirc nang, nhiém vu, quyén han va co cdu té chire ctia Bo
Théng tin va Truyén thong;

Theo dé nghi cua Vu truong Vu Khoa hoc va Cong nghé,

Bé mruong Bo Thong tin va T ruyén rhong ban hanh Théng ne quy dinh
Quy chuan ky thugt quoc gia vé mirc dm lwgmg va muee dinh thye cue dai cua tin
hiéu dm thanh trong cac chuong trinh truyén hinh.

Piéu 1. Ban hanh kém theo Théng tu nay Quy chuan ky thuat quéc gia vé
muc am lt;qmg va murc dinh thyuc cue dai cua tin hi¢u am thanh trong cac chuong
trinh truyén hinh (QCVN 115:2017/BTTTT).

Piéu 2. Thong tu nay c6 hiéu luc thi hanh ké tir ngay 01 thang 7 nam 2018.

biéu 3. Chanh Van phong, Vu truong Vu Khoa hoc va Cong nghé, Thu
truong cdc co quan, don vi thuge Bé Thong tm va Truyén thong, Giam doc So

Thong tin va Truyen théng céc tinh, thanh phé truc thude Trung uong va cac 16
chure, ca nhén ¢d lién quan chju trach nhiém thi hanh Théng turnay./. 4@,

. BOTRUONG

Neit nhin:
- Cac Bo. co quan ngang B9, co quan thuoe Chinh phu;,
- UBND va S¢ TTTT eac tinh, thanh pho trye thude TW; -
- Cyc Kiém tra van ban QPPL (B¢ Tu phap);
- Céng bao, Cong TTDT Chinh phu;
-Bo TTTT: B truong va cac Thir truong,
Céc co quan, don v thuge Bo,
Gdng thomg un dign tr B;
- Luu: VT, KHCN (250).



CONG HOA XA HOI CHU NGHIA VIET NAM

QCVN 115:2017/BTTTT

QUY CHUAN KY THUAT QUOC GIA
VE MU'C AM LUONG VA MUC DiINH THUC CUC PAI CUA TIN
HIEU AM THANH TRONG CAC CHUONG TRINH TRUYEN HiNH

National technical regulation
on Loudness and True Peak level of audio signals
in television programmes

HA NOI - 2017



MUyC LUC

1. QUY BINH CHUNG.........occoverrnrinnenn,
1.1, PRham Vi GI8U CRINN e e
1.2 D6 tONG AP UNG ..o,
1.3, TAINEU VIEN GAN ..o,

1.4, Thudt nglr, diND NGNTA ... e

Gy g v N

1.5.Chir viettat.....................ocooo..
2. QUY DINH KY THUAT ..ottt ittceiniresieessesssssesasssssresssesssessessssnsssssssssssssessssensssasnsssssnss 7
2.1. Am luong chuong trinh truyén hinh ... T
2.2 D81 Am IWOMIT e B
3. PHUONG PHAP DOttt e s sm s seaaes et saa e nsana s senanaes 8
4. QUY DINH VE QUAN LY ..o ccerseecasseeseassesesessassessseensssssesessssssssssssassssenes 9
5. TRACH NHIEM CUA TO CHUC CA NHAN ..ottt et sie e 9
6. TO CHUC THWPC HIEN......cocoieeeireeeecceetrevee e eaeas s ese e srs e esssesssnss s sas senesssnses 9

PHU LUC A (Tham khao) Hwéng dan thwe hanh chuan héa am lwong va mirc
dinh cho san xuat chwong trinh truy@n hinh..........cccocecinmeneeee s 10

PHU LUC B (Tham khao) Hwéng dan thyc hanh chuan héa mirc am lwong doi
v&i cac hé théng phan phéi theo EBUR 128......coiveeeiviorirercsieeseeevesessscerssenns 16

THU MUC TAI LIEU THAM KHAO ......ooeceieeeeerseeeeeeeeceeeeeessissessrsssssassssseseessesens 33




Lé&i noi dau

QCWVN 115:2017/BTTTT dugc xay dwng trén co s¢ cac tiéu
chudn EBU R 128, EBU Tech 3341, EBU Tech 3343, EBU
Tech 3344,

QCVN 115:2017/BTTTT do Trung tdm Nghién ciru Ung dung
Khoa hoc ky thuat Truyén hinh (BRAC), Dai Truyén hinh Viét
Nam va Vién Khoa hoc ky thuat Buu dién bién soan, Vu Khoa
hoc va Céng nghé tham dinh va trinh duyét, B Théng tin va
Truyén théng ban hanh kém theo Théng tu sé 34 /2017/TT-
BTTTT ngay& thang A4 nam 2017.



QUY CHUAN KY THUAT QUOC GIA
VE MUC AM LUQNG VA MU'C DINH THU'C CUC DA
CUA TiN HIEU AM THANH TRONG CAC CHUWONG TRINH TRUYEN HiNH

National technical regulation
on Loudness and True Peak level of audio signals
in television programmes

1. QUY BINH CHUNG

1.1. Pham vi diéu chinh

Quy chudn nay quy dinh vé murc é‘m Iwrong va moc qinh ghu'c cuwc dai cla tin hiéu am
thanh trong céc chuong trinh truyén hinh duoc truyén dan, phat séng truyén hinh tai
Viét Nam.

Quy chuan nay khéng ap dung doi v&i truyén dan, phat séng truyen hinh qua mang
Internet,

1.2. Péi twong ap dung

Quy chudn nay ap dung di véi cac don vi, doanh nghiép truyén dan, phat séng phat
thanh, truyén hinh tai Viét Nam.

1.3. Tai liéu vién dan
ITU-R BS.1770-2 (03/2011): Algorithms to measure audio pregramme loudness and
true-peak audio level.

EBU R 128 (08/2011): Loudness normalisation and permitted maximum level of
audio signals.

EBU Tech 3341 (2011): Loudness Metering: ‘EBU Mode' metering to supplement
loudness normalisation in accordance with EBU R128.

EBU Tech 3342 (2011): Loudness Range: A measure to supplement loudness
normalisation in accordance with EBU R 128.

1.4. Giai thich tr ngilr
1.4.1. Chwong trinh truyén hinh (programme)

M6t néi dung riéng biét chira &m thanh, hinh anh dwoc sl dung trong phat song
truyen hinh. Mét quang cao, gidi thi¢u, mét ndi dung thuwong mai hay ndi dung tuvong
tw cing dwgc xem la mét chwong trinh trong quy chuan nay.

1.4.2. Noi dung ngan (Short-Form Content)

Mét chwong trinh o6 thoi lwong ngan, théng thuong ngan hon 30 gidy (co thoi lvong
phat 13p lai mét s& phan khéng vurot qua 2 phut).

1.4.3. Dong hé do, may do am lugng

Thiét bj do chuyén dung twong thich EBU R128 hoac/va ITU-R BS.1770-2 si¥ dung
do am luong.

1.4.4. Mirc am lwong ky vong (target loudness level)
Mét gia tri &m lrong cy thé dung trong chuan héa am lueng.
1.4.5. Chuan hoéa am lwong (loudness normalisation)
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Puwa am lbong cac chuong trinh khac nhau vé cung mot miec am lwgng.

1.4.6. Thong tin metadata vé am lwong (loudness metadata)
Théng tin metadata co chiva céc théng tin vé mire &m lwong cla tin hiéu audio.
1.4.7. Viing nghe dé chju (comfort zone)

Ving nay la mét dai tr (+2,4 dB, -5.4 dB) cia am hrong audio dugc s dung dé
nghién ciru cho mét s6 mau cac doi twgng ngudi nghe.

1.4.8. Dialnorm

Thong sé biéu dién Am lwong co trong théng tin metadata va truyén trong dong bit
AC-3, cagiatrter 1 -31.

1.4.9. DRC Profile
B6 cac théng s6 mé ta cach thirc dung théng tin metadata dieu khién dai déng.
1.4.10. Muec tai tao am thanh (Sound Reproduction Level)

Mirc tai tao am thanh ding cho céac thiét bj rap hat tai gia (Home Theatre) |4 -31
LUFS hodc - 27 LUFS,

1.4.11. Bo xw ly gi&i han (limiter)
X ly gigi han mire dinh cua tin hiéu audio.
1.4.12. Giam muwc (Downmix)

Hé s6 dung cho tham chiéu va tron tin hiéu 4m thanh da kénh trong ky thuat hoa am
ctia mét chuong trinh da kénh thanh mét chuong trinh ¢é sé lwgng kénh it hon.

Downmixing la mdt thuat nglr duoc st dung dé thao tac am thanh, trén tin hiéu am
thanh da kénh trong ky thuat héa am cua mét chuong trinh da kénh thanh mét
chwong trinh ¢d sb lweng kénh it hon. Vi du khi chuyén déi 6 kénh am thanh
(thuwdng dwoc goi la Am thanh 5.1) veé am thanh stereo (2 kénh) qua trinh dwoc goi 12
downmixing.

1.4.13. Headroom

Khoang dur phong cho murc dinh tin hiéu &m thanh dé tranh méo tin hiéu xay ra.

1.4.14. Ba khung théi gian do

Cac khung thoi gian do am lugng, ¢o ba khung nhw sau:

- Khung thoi gian ngan nhat duoc goi 1a 'tire thei' (momentary), viét tit la ‘M.
Khung thoi gian trung gian dwoc goi 1a 'khung ngan’ (short-term), viét tat 1a 'S".

- Khung thoi giarj mot chuwong trinh hoac moét phan doan dugc goi la ‘tich hop'
(integrated), viét tat 1a ',

1.5. Chir viét tat

DAB T4 chirc quang ba phat thanh sé Digital Audio Broadcasting
DAB+ DAB suir dung b ma AAC DAB using the AAC codec
dB decibel decibel
R Pon vi do lwdng muc tin hiéu twong The unit for measurements of
dBFS : . : )

doi trong toan thang do signal level relative to fuil scale



dBTP

DvB
EBU

HDMI

HE-AAC

DTV
IPTV

IRD

LU

LUFS

LKFS

Max TP
ML
MPEG
PRL
QPPM
RMS

SCART
TPL

Pon vj do ludong muc tin hiéu dinh
am thanh twong dbi trong toan thang

do
T chirc quang ba truyén hinh s6

Hiép hai phat thanh truyén hinh chau

u

Giao dién HDM|
Ma héa ACC hiéu suét cao

Tivi s6 tich hop

Truyén hinh giao thic Internet

B§ giai ma thu tich hop (hay con goi

la STB: Set-top Box)

Trong sé K

Bon vi do am lwgng hay dai am

lwong (phép do twong doi)

Bon vi do am lugng so voi toan

thang do (phép do tuyét doi)

Bon vi do am luvgong toan thang do

voi trong s6 K

Mtrc dinh thyre cyre dai

Am lrgng chuong trinh tirc thoi
Nhém chuyén gia anh déng
Mtrc tham chiéu chuong trinh
May do twa dinh

Gia tri trung binh binh phuwong

Chuan dau nbi 21 chan dung dé két

noi thiét bi Audio/Video
Murc dinh thuce
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The unit for measurements of
true peak audio level, relative to
full scale

Digital Video Broadcasting
European Broadcasting Union

High-Definition Multimedia

Interface

High Efficiency Advanced Audio
Coding

Integrated Digital (or Decoder)
TeleVision

Internet Protocol television

Integrated Receiver Decoder
(also known as STB, Set-Top
Box)

K-weighted
Loudness Unit

Loudness Unit relative to Full
Scale

Loudness K-weighted Full Scale

Maximum True-Peak Level
Momentary Lk

Moving Pictures Experts Group
Programme Reference Level
Quasi-Peak Programme Meter
Root Mean Square

Radio and television receiver
manufacturers' association

True Peak Level

2. QUY DINH KY THUAT

2.1. Am lwong chwong trinh truyén hinh
a. binh nghia

Mic am [uong téng hop trung binh do theo khung thdi gian tich hop trong suodt
khoang théi gian cia chwong trinh truyén hinh. Mire am lugng chuong trinh 1a gia tri
dugc tinh theo don vi LUFS cua am lwgng chuong trinh, ky hiéu Lk,
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b. Chitiéu mirc am luong Lk
=-23LUFS +10LU

Vi cac chuong trinh véi ndi dung ngan (<30 gidy) (vi du nhw chwong trinh thurong
mai, quang cao), ngoai mc am luong chwrong trinh Lk & trén phai dap (rng thém
diéu kién sau:

+ Am luong tbi da voi khung thoi gian ngén:
Le = -18,0 LUFS (+5,0 LU trén thang do tuong doi).
2.2. Dai am lwong
a. binh nghia
Phan bo cta am lvong trong mét chwong trinh truyén hinh, ky hiéu LRA
b. Chi tiéu
LRA <20 LU
CHU THICH: Chi tiéu nay khéng ap dung ddi voi cac chuong trinh véi ndi dung ngén.
2.3. Mrc dinh thuc
a. Dinh nghia

Muc dinh thuc chi bdo muc cwe dai (dwong hodc am) cua dang §c’mg tin hiéu lién tuc
trong mién théi gian, va gia tri nay co thé cao hon gié tri dinh mau Ién nhat dugc lay
mau, ky hiéu Max TP,

b. Chi tiéu
Max TP = -1 dBTP.

CHU THICH: Chi tiéu nay ap dung vén mgi loai chuong trinh,

3. PHUONG PHAP DO

3.1. Yéu cau thiét bi do
- May do phai twong thich véi tiéu chuan ITU-R BS.1770-2 va EBU R 128.
- May do phai ho tro do theo ba khung thoi gian theo EBU Tech 3341.
May do phai hé trg toi thiéu hién thi cac chirc nang do theo EBU Tech 3341.
3.2. Phwong phap xac dinh

- Do am lwong “tire thei" theo khung thei gian "M st dung clra s6 truot thdi gian céd
dé dai 0.4s. Phuong phap do khong dung gating;

- Bo am lwong trong mét khoang thoi gian ngan theo khung théi gian “S” s& dung
cira so truot thevi gian c6 do dai 3s. Phuong phap do khéng dung gating. Toc dé cap
nhat cho dong héd do true tiép it nhat 1a 10 Hz:

- Do am lwong thdi gian mdt chwong trinh hodc mét phan doan chwrong trinh theo
khung thoi gian “I" st dung phuong phap do gating nhu trong ITU-R BS.1770-2. Téc
dé cap nhat cho déng hd do chuong trinh truyén hinh truc tiép it nhat 13 1 Hz; s
dung nguéng gating “yén lang” & mirc -70 LUFS dé tinh toan mirc &m lirong gating
tuyét doi; sir dung nguéng gating twong déi -10 LU so voi mirc am lugng gating
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tuyét déi; ngd vao dugc do vdi ngudng gating la cac khung 400 ms véi hang sb
chdng lap gitra cac ctra sb lién tiép 1a 75%.

Phan d@ liéu cudi cla qua trinh do am lwong tich hop néu khéng da mét khung thi
sé dugc loai bo.

- So dd do

Tin hiéu c&n do ——————p» Mdy do

CHU THICH:
Tin hiéu do: Néu do &m thanh mono thi chi cén 1 kénh audio ngd vao.
B0 &m thanh stereo: Do trén 2 kénh L va R va tinh todn loudness.

o am thanhiin hiéu 5.1 audio: Chi do loudness 5 kénh LUR/C/LS/RS, Bé qua kénh LFE (xem so g6 trong 1ITU- R
BS5.1770-2).

4. QUY DINH VE QUAN LY

Mdc am lwgng va mirc dinh thuc cye dai cda tin hiéu &m thanh trong cac chuong
trinh truyén hinh duoc truyén dan, phat séng truyén hinh tai Viét Nam thudc pham vi
diéu chinh myc 1.1 phai tuén thi cac yéu cau quy dinh tai Quy chuan nay.

5. TRACH NHIEM CUA TO CHU'C CA NHAN

Cac don vi, doanh nghiép truyen dan, phat song phat thanh, truyén hinh tai Viét Nam
¢ trach nhiém dam bdo tin hiéu truyén dan, phat sdng truyén hinh tuadn thd Quy
chuan nay, thyc hién cong bd hop quy va chiu sy kiém tra clia co quan quan ly nha
nwéc theo cac quy dinh.

6. TO CHU'C THUC HIEN

6.1. Cuc Vién théng, Cuc Phat thanh, truyén hinh va thong tin dién t& va cac So
Théng tin va Truyén théng c6 trach nhiém huwéng dan, trién khai quan Iy cac to chire,
doanh nghiép thyc hién theo Quy chuén nay.

6.2. Trong trudng hop céac quy dinh néu tai Quy chuln nay cd s thay ddi, bd sung
hodc duwoc thay thé thi thuc hién theo quy dinh tai van ban méi.

6.3. Trong qua trinh trién khai thyc hién quy chudn nay, néu cé van dé phat sinh,
vwdng mac, cac td chirc va ca nhan cé lién quan phan anh bang van ban vé B
Thégg tin va Truyén théng (Vu Khoa hoc va Céng nghé) dé duoc hudng dan, giai
quyét /.
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PHU LUC A

(Tham khao)

Hwéng dan thwe hanh chuan héa am lwong va mire dinh cho san xuat
chwong trinh truyén hinh

A.1. Cac phwong phap chuan héa am lwong

A.1.1. Khau san xuéat, hau ky

Phuwong phap chuan héa am lwong trong khau san xuat, hau ky cé 02 cach sau:
+ Phuwong phap 1 1a gitr mire tin hiéu thire té va xur Iy dich mie;

+ Phwong phap 2 la kiém soat am luong va chuan héa (khi d6 khéng can dich mure
hoac chi dich v&i mirc rat nhd), xem Hinh A.1.

Gilr mire tin hséu

; Chuln hda mirc &m lugng
thiye t&

Khéng xir ly dich

Xir ly dich mure mirc

Hinh A.1 - Hai cach thirc chuan héa am lwong trong khau san xuat, hau ky

MUrc chap nhan sai s6 + 0,1 LU xung quanh muc ky vong -23 LUFS, trlr cac truong
hop dac biét (cac chwong trinh kich cam...).

Phuong phap 1 (gitr mic thue té) phan Ién cac truong hop la can dich do Ipi voi
mirc am (lam suy giam). Nén buée x( ly ti€p theo la giam dai déng va/hoac gidi han
murc dinh thuc cwe dai thudng khéng can thiét. Do phan ién truéng hop 13 diéu
chinh giam d6 loi nén giai phap dung metadata khéng phu hop véi phwong phap 1.

Phurong phap 2 (chuan héa am lwong): Sau khi chirong trinh da duoc do va kiém
tra, mdt déng hd do am lugng dugc gén song song véi ddng hd do théng thudng
(thwong la QPPM) dé giam sat am lrong. Tuy nhién, dai déng cé thé tang 1én do tin
hiéu am thanh dwoc cdng thém bdi cac hiéu (ng khac (nhu cac chuong trinh thé
thao cdng thém tiéng nén tir ngudi hdm mé, hiéu ng am thanh trong cac chuong
trinh tré choi cd khan gid). hay phan thoai trong phong thu thudng duoc nén dai
dong vi cac ly do nghé thuat dugc can bang béi nhiéu ban thu gitr nguyén dai dong
goc

A.1.2. Bo am lwong trong khau san xuat, hau ky

Dong hé do am lweng dung co ché do “EBU mode” hd tro theo 3 khung théi gian do,
voi clra sO thoi gian M va S duoc st dung cho do murc tire théi va xtr ly trén cac tin
hiéu audio. Qua trinh cai dat mirc khéi d6ng cd thé duoc thirc hién tét nhat véi déng
ho do &m lwgng M cho diéu chinh mdre ca cac thanh phan chinh, thanh phan “neo”
cua tin hiéu audio (thoai, &m nhac hoac hiéu (rng am thanh) dén gan mirc muc tiéu -
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23 LUFS. Ban than bd trén c6 thé biét dé to &m lugng & bat ky thei diém nao cla tin
hiéu thwe nhw cac ché dd doMva S.

Do s khéng nhat quan gitra ITU-R BS. 1770 va ITU-R BS.1771, quy chuadn nay dé
nghi cac ky hiéu nhw sau:

* Ky hiéu cho m&c am lwgng, dwdng cong trong sé K (Loudness Level, K-
weighted) 1a “L".

e Ky hiéu don vi “LUFS” chi bao gia tri cia Ly trén toan bd thang do sé (digital
full scale).

e Ky hiéu “LU" chi bao gia tri cia Ly md ta két qua tham chiéu twong ddi hay sy
khac nhau cta méc am luong so véi mic tham chiéu.

Giao dién clia bat ky déng hd do am lwong tuong thich véi “EBU mode” sé dinh
nghfa 2 thang do: “EBU +9 Scale” dung chung cho hdu hét cac chuong trinh, va
“EBU +18 Scale” chi dung cho cac chuong trinh ¢6 LRA réng. Ca hai thang do hoac
c6 thé hién gia tri mrc 4m (wong twong déi theo LU, hodc tuyét ddi theo LUFS. Cu
thé, “0 LU" trong “EBU mode" sé tuong dwong véi mire muc tiéu -23 LUFS.

A.1.3. LRA cho khiu san xuét, hau ky

Viéc chuén hoéa am lwong dat yéu cau cling ¢é nghia phai kiém soat dwoc gia tri
LRA (khi ma murc dai déng co thé mé rdng qua qua trinh xir ly). Diéu nay c6 y nghia
quan trong trong dam bao cé duroc tin hiéu Am thanh phi hop cho déi twrgng khan
gia nhdm dén va cho chudi phan phbi. V&i khau san xuat, hau ky, mét mé hinh trén
chung cé thé duoc chon (voi gia tri LRA tuong dbi cao va mire Max TP 1a -1 dBTP),
(rng véi khau khac cé thé dung gia tri LRA va mdc Max TP thap hon (nhwng van
phai dam bao mirc Lg 1a -23 LUFS)

Khi do LRA, hé thdng co thé xac dinh cac do dac thich hop dé nén dai déng clia mét
chwrong trinh (rng véi mirc chip nhan duoc. Pé dat mirc muyc tiéu -23 LUFS, tuy
theo mirc am Ilwrgng goc cé thé thyrc hién dich mirc song song véi didu chinh d6 loi
cla qua trinh nén.

A.2. San xuét va phat lai (playout) dwa trén tap tin

Véi (rng dung dong lam viéc dya trén tap tin, viéc chudn héa am lugng cén thich
trng theo méi quy trinh. Cac nguyén tic co ban van gilr nguyén 1a: chuan héa am
lrong va kiém soat dai déng cua tin hiéu 4m thanh, dic biét Ia cho cac néi dung méi.
Tuy nhién, khi théng tin metadata dwoc tich hep nhu mét thanh phén trong hé théng
dwa trén tap tin thi cac giai phap sir dung thdng tin metadata lai cé nhirng wu diém
réng.

Maét tap tin quang ba ban dau chira cac tin hiéu am thanh c6 thé lAy tir qua trinh
nhap liéu (ingest), truyén tlr mot may chi khac, hoac tir mét bé lvu tri (archive) dwra
trén tap tin. Cac chwong trinh hién nay (cac néi dung lwu trr) ¢ 4 tuy chon xir ly dé
dat yéu cau vé chuan héa am luong nhu sau:;

- Diéu chinh mirc am lrong cla tat ca tap tin &m thanh dén mirc muc tiéu;
- Chi diéu chinh mirc am luong khi cé yéu cau;

- Dung cac két qua do mire 4m leong dé didu chinh mirc phat lai ma khéng diéu
chinh mtrc am lwgng géc;

11



QCVN 115:2017/BTTTT

- Truyén dinh kém théng tin metadata cho khach hang dé thiét bj cia ho chuan hoa
am luvong duwa trén théng tin metadata nay.

Mét cach thire thue té dé s dung théng tin metadata sé phu thubc vac nhiéu yéu to
nhe ha tang, dong lam viéc, viéc quan ly tai nguyén MAM (media asset
management), tinh san cé cla thiét bi phi hop, nguén tai chinh, théi gian, .. Trwéc
tién, ngay tor buwéc dau “vong doi” cua mot tap tin trong hé théng, né phai duoc do
dac dé thu duoc 3 théng sé 1a: Lx, LRA, Max TP cuc dai (mirc &m lwong khung thoi
gian S, M cuc dai ciing duoc do dbi véi nhirng ndi dung ngén < 30 s). Tuy thudc vao
két qua do va phwong phap chon dé chuan héa am luvong cung véi mirc LRA cho
phép, gidi phap x(r ly 4m luong sé xir ly theo: tirng théng sé riéng (Hinh A.2) hoéc
déng thai nhiéu thong s6 (Hinh A.3).

Ba so db khéi trong Hinh A.2 co vai tro cdi I6i trong xur ly kiém soat chat lweng tap tin
dya trén cac thong sb ky thuat do tir ndi dung am thanh. Bat dau clia qua trinh xr ly
ba théng sb Lx. LRA va Max TP duoc do, tir két qua clha do nay viéc diéu chinh mdi
théng so duoc thuc hién nhw trong cac lvu d6 Hinh A.2.

N HAN L7
e Crinen 06 LN e wEN LRA ey TICTH THE:JLBH

Kbk LG CHLPONG meure Din e T

DA O

TR KT

Xir Iy PL b Xirly LRA 6 Xir Iy PLeyc dai
Hinh A.2- Xtr ly chuin héa tirng théng sé riéng
Hinh A.3 mo ta cac tredng hop cé thé xay ra véi cac théng s, cu thé:

Trwwong hop (a): ca ba théng sbé déu dat yéu cau. Day 1a trudng hop ly tudng khi
mirc Ly 1a -23 LUFS, mirc LRA trong gidi han clia nha quang ba (phu thudc vao thé
loai va/hodc nén tang phan phéi) mée Max TP bang hoac dudi mire cwe dai xac dinh
trréc cho hé thong phan phoi da thiét ké.
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v v v » v v K v v
(a) (b) (c)
() i) ()0 e (S ] e
& » v s o» v v o »

(d) (e) (f)
Hinh A.3- Cac giai phap x ly am lweng déng thoi nhiéu thong sé

Trwong hop (b): Lx> -23 LUFS. Huéng giai quyét la giam d6 loi boi:
Gain (dB) = Lg{ mirc ky vong) - Lx(mcrc do)

Vi du: do Lx = -19.4 LUFS, muc ky vong = -23 LUFS, d8 loi cdn didu chinh la: [-23 -
(-19,4)] = -3,6 dB, khi dé Max TP ciing giam mét lwong nhw L.

Trwéng hop (c): Ly< -23 LUFS. Hudng giai quyét |a tang d6 loi (gain offset), khi d6
mirc Max TP phai duoc tinh lai: Max TP (gbc) + Bu dd loi (gain offset) = Max TP
(didu chinh) dg kiém soat kha nang mirc Max TP diéu chinh Ién hon mirc cho phép.
Khi mic Max TP diéu chinh 1&n hon murc gidi han, xt ly gi¢i han dinh thuc TPL
duoc thire hién (Hinh A2 (c)). M6t gidi phap khac ¢c6 thé thyc thi (khdng ding gidi
han dinh thyc) 1a vin gitr mirc Lg gbc va bd sung thém théng tin metadata vé am
lgng thich hop. Dé thyc hién didu nay can hé théng ma héa 4m thanh c6 day du
chire nang vé hé tro va truyén metadata (nhu Dolby Digital, hodc MPEG-4).

Ca hai treong hop (b) va (c) gia tri d6 loi duoc lwu trir dwdi dang metadata va co thé
dung cho buéc xir ly tiéP theo néu Max TP vuot qua gigi han (truwéng hop (c)). Gia
tri d6 loi nay cling c6 thé duoc dung dé didu khidn mirc phat lai cia tap tin dén mirc
ky vong -23 LUFS.

Trwong hop (d): Mirc Lk< -23 LUFS va LRA réng hon mirc cho phép cta thé loai
chuong trinh hodc kénh phan phéi. Mic L cé thé duoc xi ly nhu trong truéng hop
(c), con mirc LRA cé thé didu chinh giam dung so dd khéi Hinh A 2 (b), budrc xir Iy
nay cé thé lam giam mirc Max TP. Khi diéu chinh mirc Lk thi mirc Max TP ¢6 th
tang vuot mirc cho phép, nhung co thé khéng can xir ly mirc Max TP gia tang vi qua
giai doan xtr ly LRA lai lam giam mirc Max TP. Do 4, chi can tinh va diéu chinh mdrc
Max TP trong qua trinh giam muc LRA.

Trwéng hop (e): LRA rong hon mire cho phép cua thé loai chuong trinh hoac kénh
phan phéi (tfrong khi Lx va Max TP dat yéu cAu). Nhur da trinh bay & phan trudc, mét
bd nén v&i ngudng thap va ti 1& nén thich hop c6 thé 1am hep LRA (Hinh A2 (b)).
Véi tap tin, viéc xur ly ty dong dé dat mdc LRA dé thuc hién va két qua do LRA kich
hoat bé nén dai ddng véi cac théng sé thich hop. Thong sé Max TP sau diéu chinh
LRA thuéng sé thap hon mirc ban dau nén khéng can phai x(r ly thém.

Trwong hop (f): Mirc Max TP vurot mire cho phép. Mirc Max TP vwot qua mic cho
phép trong hé théng phan phéi khién cé thé gay ra méo trong dong tin hiéu xubng
(downstream) (khi chuyén déi D-A, chuyén dbi tdn s6 lay mau, ma héa giam téc d6
bit,...). Viéc xtr ly thire hién nhw so d6 Hinh A.2 (¢) dé dwa ra mirc Max TP thap hon.
DU murc Lk c6 thay ddi dang ké thl mirc Max TP chi bi anh hudng béi sé dinh (peak)
do dugc trong tin hiéu.
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Cac treorng hop khac co thé xdy ra cla cac théng s6 Lk, LRA, Max TP ¢6 thé phan
vao moét trong cac trudng hop trén.

A.3. Metadata
A.3.1. Thong tin metadata L

Vol yéu cau ve chuan hoéa tin hiéu am thanh trong san xuat dén mirc ky vong -23
LUFS, théng s6 metadata lién quan cing duoc cai dat dé chibao -23 LUFS.

Cac tredng hop co gia tri khac -23 LUFS c6 thé xay ra la:

- Cac chuong trinh khéng tuan theo yéu cau vé mirc -23 LUFS va -1 dBTP. Biéu nay
xay ra véi cac b phim c6 sy bién déng I6n vé dai dong va dai phat mubn truyén cac
chwong trinh nay voi ti so am lueng/dinh (loudness/peak) Ién.

- Cac chwong trinh ¢ t& cac kho lwu trir khéng duoc diéu chinh trong hé théng dé
dat cac thong s6 yéu cau cua tiéu chuan nay.

- Céac churong trinh tre tiép co6 cac mirc 4m lwong va metadata khac nhau.

- Mét hé thdng hoan thién vé metadata trong chudi tin hiéu, khi dé tin hiéu va
metadata duoc truyén dén khach hang va thiét bj clia ho ty thye hién viéc diéu chinh
murc theo tiéu chuan nay dwa trén dir liéu nhan duwoc.

A.3.2. Metadata dung kiém soat dai dong

Viéc xr Iy LRA twong tu nhu chudn héa am luong cé thé thue hién trén ban than
nguon tin hiéu 4m thanh hoac thdng qua metadata. Néu dung metadata, théng tin
nén dai déng duwoc glri nhr mét phan trong dong di liéu (datastream) dudi dang
gain-words (cac tir ma chi dé lgr). Trong thiét bi tai nha cda khach hang (nhu thiét bi
rap hat tai gia), théng tin nay duoc sir dung dé giam dai déng cua tin hiéu (mac dinh
tir thiét bi hodc do nguwdi dung kich hoat). Viéc kiém soat dai déng bang cach dung
metadata dong vai trd cung cap “théng tin dinh kém” khi ngudi ding mubn cé méot
dai déng thap hon.

Cé hai co ché nén hién dung trong ma hoéa Dolby Digital la: “Line mode” va "RF
mode” twong trng voi moi cach thiet lap co che nén riéng.

V&i hé thong twong thich tiéu chuan nay, khai niém chuan hoéa audio dya trén mic
am luong -23 LUFS va dung théng sé LRA dé xac dinh cach thire xir ly, va thiét lap
“None" duoc st dung. Trong thuc té, ma hoa Dolby Digital co thé thiét lap voi “Line
mode” hoac mac dinh voi “RF mode”,

Viéc kiem soat LRA cla tin hiéu am thanh khi truyén dan sé dwa trén dong
upstream. V&i mét chwong trinh xac dinh, nha quang ba c6 thé chon mét thé loai
profile doi véi cac hé théng RF-mode hoac chon “None” cho hé théng Line-mode.
Nha quang ba cling cé thé tao nhirng thiét lap khac “None” dé hé tro dong lam viéc
dac thu cda ho (nhung thiét 1ap nay c6 thé khdng trong thich hoan toan véi cac thiét
bi cua ngudi nghe).

A.3.3. Cac hé sb giam mirc (downmix)

Cac théng s& metadata nay (cho hé théng Dolby Digital) chi 4p dung cho cac tin hiéu
am thanh vom (surround). N6 hd tro kiém soéat d6 lgi (dB) cia kénh gira (centre),
cac kénh vom tron vdi cac kénh trai va phai dé tao ra tin hiéu 2 kénh (Stereo). Am
lwong cla 2 kénh do dwoc tlr xt ly mirc giam tu déng (tron giam kénh, vi du tir &m
thanh vom dén 2 kénh) dung cac théng sO metadata phu thudc vao:

- Ban than cac hé sb downmix: +3/+15/0/-15/-3/-45/-6/-x,
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- NGi dung cua cac kénh gilra va cac kénh vom,

- Kha nang cta gi&i han an todn dé tranh tinh trang qua tai.

O day, tinh trang qua tai cla tin hiéu sau xt Iy giam mirc xay ra khi dung bé xtr Iy
dai dong cho dong tai Ién (upstream). Nén dung mét thang do linh hoat vi 4m lwong
cga tin hiéu hai kénh sau x(r ly giam murc c6 thé khac biét Ién so véi tin hiéu vom
goc.

Trong hé théng Dolby Digital, cac hé sé gidm murc tuan theo 2 bang hé sé giam muc
(downmix profile). Ban dau chi co mét bang murc cung cép cac théng sé “thé”, cu thé
la -3/-4.5/-6 dB cho kénh gilra va -3/-6-- o cho cac kénh vdém. Hién nay, cd bang murc
thir hai gém théng tin mé rong (BSI - Extended Bitstream Information) dé& cung cap
cac thdng sbé “tinh” hon (tham khao DVB TS 101 154, phan cac hé sb giam mirc).
Tuy nhién, can chd y khéng phai tit ca thiét bj co thé hiéu dugc cac hé sb giam muc
ding théng tin mé& rong BSI cla bang mdc thir hai, nén néu bd gidi ma (decoder)
khéng thé hiéu dugc théng tin tir bang mirc thir hai thi sé st dung cac hé sé cla
bang mirc “thd” (thir nhat).

Trong tredng hop thang tin metadata cla cac hé sb gidm mirc méat hoac khéng tin
cay. khuyén céo sir dung cac hé sb theo ITU-R BS.755-2 la:

- Trai, Phai (L, S front):  0dB,

- GiCra, Trai vom, Phai vém (C, Ls, Rs): -3 dB.

CHU THICH: cac kénh vom c6 trong sb +1,3 dB trong sudt qua trinh do 4m lugng (theo ITU-R BS.1770). Tuy
nhién, ndu dung xUr ly gidm mirc twr ddng thi trong s nay khéng duoc ap dung do két qua chi cé &m thanh hai
kénh {trai va phai). Cac chuong trinh cé nhidu kénh vém hon s& dan dén cé sy bién thién I&n hon vé Am lugng
khi xir by gidam kénh dén am thanh 2 kénh so véi chirong trinh co it kénh vom hon.

Trong mét sb trwwong hep, théng tin metadata dugc cung cap tir tap tin rieng ma
khéng dinh kem tap tin &m thanh nén c6 thé khéng chinh xac, hodc mét théng tin
metadata,... khi d6 metadata cho Lg sé Iéy thong tin mac dinh tr nha san xuat 1a -
27 (gia tri mac dinh cho dialnorm trong hé thdng Dolby Digital) hoac -31 (gia tri thap
nhat cho phép trong hé théng).

Khuyén cdo: néu théng tin metadata vé am lugng hodc théng tin kiém soat dai déng
cé tlr cac ngudn bén ngoai khéng duoc dam bao thi nén loai bo (trlr trréng hop that
st tin cay). Cac hé s6 downmix tir théng tin metadata chi dugc chdp nhan véi hé
théng hd trg hoan chinh, hoac khép kin. Néu khéng dam bao dugc didu nay, can xi
ly do dac lai 3 théng s audio chinh d& dam bao qua xt ly tiép theo duoc chinh xac.
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PHULUCB
(Tham khao) .
Hwéng dan thwe hanh chuan héa mirc am lwong dbi véi cac hé thong
phan phéi theo EBU R 128

B.1. Chuan hoéa am Iwong trong cac hé théng phan phéi sé

B.1.1. Cac khac biét vé mirc am lwrgng trong khau phan phéi

Thuc té khi phan phdi (truyén dan, phat séng) truyén hinh trén thé gidi, cac mirc am
lwong cua tin hiéu am thanh kha khac biét trong cac vung lanh thd sudt mot thoi gian
dai véi nhiéu ly do nhw canh tranh gitra cac Dai truyén hinh, cac chuong trinh truyén
hinh...

Phia nguéi dung ngay cang doi hdi cao 4m lugng cua tin hiéu khi ma ho c6 diéu kién
tiép xGc nhiéu véi cac chwong trinh truyén hinh chat luong cao.

Viéc chudn hoa am lrong trong khau phan phéi sé loai bo co ban s khac biét va
ngudi ding ¢é thé chuyén t dich vu nay sang dich vy khac mét cach thoai mai ma
khéng gap van dé kho chiu vé am lrong.

B.1.2. Chuan héa am lwgng cha déng cho phan phoi cac dich vy truyén hinh
SO

Hinh B.1 trinh bay so' do khoi trong mét hé thong phan phoi (head-end) s6 tich hop
c6 thé trng dung cho phan phdi trén cac nén tang khac nhau nhuw IPTV, vé tinh.

Viéc chuan héa am lwgng duoc thuc hién qua 3 khdi chire nang chinh la:

- Khoi do (measurement unit):

- Khbi lai (steering unit);

- Khbi thich nghi (adaptation unit).

Khai thich nghi cé thé dwoc tich hop trong bo ghép kénh DVB hoac thiét bj x( Iy s6
twong duong. Cac khoi do va khai lai co thé dugc tich hop chung trong mét (ng
dung riéng. Viéc xir ly thich nghi cac mirc am luong co thé chiu tac doéng thém tur
qua trinh kiém soat dé loi ngd vao cla cac thiét bi ma hoa (encoder). Tuy nhién, giai
phap ma hoa lai cta cliing dinh dang nén khéng dwoc chon do cé thé 1am suy giam
chat lvong va ton chi phi.

Hé théng chuan hda am luong cé thé hd tro mét hodc nhiéu loai ma héa (codec).
Giai phap x ly thich nghi cua mirc am lwong tuy thudc vao loai méa héa dugc dung:

- Trure tiép trong dong tin hiéu am thanh cho ma héa MPEG-1 Layer .

- True tiép trong metadata di kém cho ma héa DD/DD+ va HE-AAC

Am luong cla cac tin hiéu giai ma dugc do lién tuc trong ca ngay (24 gid), chia
thanh 24 doan, méi doan ¢6 d dai 1 gi. Thoi gian bat dau ctia doan 1 1a 03:00 gio,
va cua doan 24 1a 02:00 cia ngay hém sau. Ly do cho viéc st dung thoi gian nay 1a
nd anh hudng it nhat den chuong trinh hang ngay. Thyc hien do am luwong theo
khung théi gian “1I” riéng cho moi doan.
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Hinh B.1- Mo hinh hé théng phan phoi tich hop chuan héa am lwong

Véi triedng hop st dung cac ma hoa DD/DD+ va/hoac HE-AAC, théng tin metadata
vé am lwvong duoc xac dinh trong sudt qua trinh do cho muc tiéu truy van khi tai tao
murc &m lwong. Hé théng do sé ap dung mirc tham chiéu am luong 1a -31 LUFS doi
vé&i ma héa DD/DD+ va -23 LUFS déi véi ma hoa MPEG-1 Layer Il va HE-AAC. Voi
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hé théng dung ma hoa DD/DD+, théng tin metadata duoc ghi nhan théng qua bd mé
ta Dialnorm cuda dong dir liéu DD/DD+ va ding mic SRL chuan la -31 LUFS SRL.
Vi hé théng ding ma hoa HE-AAC, thong tin metadata dugc ghi nhan bang cach ap
dung bé maé ta muirc tham chieu chwong trinh — PRL (Programme Reference Level)
(dung théng sb prog_ref_level theo ISO/IEC 14496-3) ctia dong di¥ liéu HE-AAC va
bo md ta mure ky vong giai ma (target_level theo ISO/IEC 14496-3) & mure -23 LUFS.
Trweng hop dong HE-AAC khéng chira théng tin metadata vé Am lwong, dich vy sé
chén di liéu méi hodc ma hda lai néu thong tin Am Iwong dich vu khéng twong thich
voi-23 LUFS £ 0,1 LU

24 doan (block) trong ngay dwoc do va gia tri cua cac doan khéng nho hon 2 LU so
vori gia tri cao nhat duwoc lwu gilt (dieu nay cing tuong duong voi dung sai 1 LU
trong EBU R128). Gia tri trung binh cua cac am luong to cac doan dugc luvu gir
(trung binh cac gia tri téi da) dwoc biéu dién cho hoat dong cua tram phat séng va
duoc xem la Am lrong dich vu. Gia tri nay cb thé sai léch déi chit cho tirng chuong
trinh riéng dwoc do theo mire muc tiéu. Mire am luvong va dung sai cho phép cua cac
chuong trinh phai dugc do & thdi diém trwdc chudn hoa. Khéi do c6 thé duoc tiy
chon cho nhiém vu nay. Viéc can béng am lweng cho cac dich vy néeng duoc ap
dung cho tat ca cac chuong trinh diwa trén két qua do tong hop ca ngay.

Danh sach cac dich vu duoc luu trong mét co s& dir liéu sé gitip cho biét tt ca cac
tram truyén hinh da dugc do va chuan hoéa (gdm ca dich vu &m thanh dac trung cho
da ngon ngtk, dich vu audio mé ta) va co s& dir liéu nay cling sé chira cac két qua do
am lvong. Khoi lai so sanh théng tin Am luong dich vy (gém cac hé sb diéu chinh
twong rng trong metadata) voi mire ky vong cho cac dich vy dung ma hoa MPEG-1
Layer Il va HE-AAC; va voi mure SRL cho dich vu dung ma héa DD/DD+.

Sau khi di¥ lidu cua tat ca cac dich vu da thu dwoc vao luc 03:00, khéi lai so sanh dir
liéu véri mire muc tiéu va diéu chinh dé léch (offset) néu dung sai cia muire do 1on
hon £0,1 LU so véi mie ky vong. V&i cach nay, tat ca cac dich vy dugc gilr de tiep
can mure ky vong.

Bé nhat quan, khdi 1ai sé dung buéec tinh 0,5 LU trén 24 gio. Dya trén ma hoa cila
hé thong, gia tri budc tinh co thé thay doi, cu thé dung gia tri buée tinh:

e 2 LU cho hé théng thich nghi dong tin hiéu ding ma héa MPEG-1 Layer |l
e 1 LU cho hé thdng thich nghi ma hoa dung ma héa MPEG-1 Layer |l, va cho
hé théng thich nghi metadata dung ma héa DD/DD+ va HE-AAC.

Mét tuy chon co thé do thém cac gia tri dinh thuc cyc dai cua cac tin hiéu giai ma.
Viéc do cac gia tri dinh thye cwe dai cda tin hiéu 2 kénh stereo giam murc tir dich vu
da kénh cé v nghia nhat 1a khi mGc am luong cla cac dich vu gia tdng. Két qua do
cling dwoc chuyén dén khoi lai. Khoi lai co thé hé tro tly chon thém viéc do cac dich
vu cho muc dich giam sat, hodc giam sat dac biét voi viec chuyén ddi, chia sé cac
dich vu.

Dé hd tro chi bao am lwong bién ddi déng nhw thé hién qua cac théng sb trong
metadata cua cac ma héa (nhuw Dialnorm va PRL), qua trinh xt ly bu trir sé duoc ap
dung voi mét do l1éch cho gia tri thu dugc. B§ léch ap dung cho cac hé théng dung
ma hoa DD/DD+ va HE-AAC thudng la gidam am lvong cua dich vy va dé 1éch cé xu
huong tang; trong khi o léch ap dung cho cac hé théng ding ma héa MPEG-1
Layer Il cOng thudng la giam am lweng cua dich vu, nhwng dé 1éch c6 xu hudng
gram
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Hinh B.2 biéu dién so 34 do am lvong va cach thire chudn héa cho cac dich vu voi
ma hoa khac nhau.
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Hinh B.2- So' d6 khéi qua trinh do cac dich vu (rng véi cac ma hoéa s dung
(a) MPEG-1 Layer II; (b) DD/DD+ valhodc HE-AAC
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B.1.3. Dich vu gia tang moi

Céc dich vu gia tang méi dugc thém vao hoac trrong hep cé sy sao tron vé gia tri
budc tinh va thi gian biéu cé thé cdu hinh bang tay, vi du do am luong truc tiép &
ngay cudi hodc vai gio cudi. Tot nhat la phai thiee hién trwdc véi cac dich vu méi nhu
dich vu am thanh cho nguoi nghe. Khoi lai sé chju trach nhiém xt ly trong trrong
hep nay.

B.1.4. Thong tin lwu ky va canh bao

Viéc luu ky am leong va cac théng bao dwoc thire thi trong khoi 1ai nham giam sat
qué trinh chuan hoa tu dong. Cac théng tin vé gia trj dé léch, cac gia tri metadata vé
am lwong clia mic thu thye té, mirc diéu chinh cling dwgc thong bao. Mot s6 théng
diép canh b4o co diéu kién co thé duoc tao ra:

- Néu mirc dinh thye cla tin hiéu gidi ma vuot mirc -1 dBTP sau khi chudn hoa.

- Néu mure dinh thye cda tin hiéu 2 kénh do giam mtrc clia tin hién giai ma vuot mic
-1 dBTP sau khi chudn héa.

- Néu két qua do am Iwrong dich vu trong hai ngay lién tiép co su khac biét lon hon
ngwdng xac dinh cho trwdre, vidu 3 LU.

- Néu gia tri do léch cho hé théng dung ma héa MPEG-1 Layer |l thap duoi hoac
virot trén cac nguwdng xac dinh, vidu +6 va -14 LU.

- Néu gia tri do l&ch khién cho théng tin metadata vé am lwong cla cac dong tin hiéu
am thanh diing ma héa DD/DD+ ho&c HE-AAC diéu chinh dudi -31 LUFS hoac trén
nguwéng xac dinh (vi du -10 LUFS).

- Néu théng tin metadata vé am lugng trong cac dich vy ding ma héa DD/DD+ hoac
HE-AAC khéng hop & hoac bj mat,

Viéc chuadn héa am lugng phai dugce xd ly lién tyc va tw déng. Cac thong bao canh
bao ctia hé théng do phai dwoc giam sat hang ngay va viéc do am lugng tai phong
tdng khéng ché hoac tai trung tdm hoat déng clia hé thdng (mang) phai cho phép héd
tro' kiém tra ngdu nhién khi can thiét.
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B.1.5. Cac hé théng phan phéi sé cuc bd

Mgudn tin hige

Hé thitng phiin phéi ey bd 1

HT phdn phbis&

Hé thing phin phi cye bd 3

Ludng tin hitu

Slam saf mic

phin phéiy | amlugmg Ingc

bep

Hé thing phin phdi cye b 3

(' n higy '..'1-.:] ( Ths it d81 ]

A

Ludng fin hidu

Hinh B.3 - M6 hinh phan p'hc")i am thanh chuan hoa tir hé théng phan phoi trung

tam dén cac hé thong phan phéi cuc bo

Cac hé thong phan phoi cuc bé duoc phan phoi ndi dung am thanh da chuén hoa am
lwong tr hé thong phan phot trung tam. Hinh B.3 bieu dién qua trinh phan phoi am
thanh da chuan hoa tir hé thong phan phoi trung tam dén cac hé théng phan phéi

cuc, mé hinh nay cé thé dung trong phan phéi theo phwong thire IPTV,
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Ngudn tin higu

Ngudn tin hidu

HT ghin phd! 58
T phdn phél cpt b

B gheég kénh

{1y rhdn)

4 . f

Bidu chi Dibu chi

Hinh B.4 - Cung cap va kiém soat div liéu am lwong tir head-end trung tam v
cac head-end cuc bg

Trwdng hop néu hé théng phan phéi trung tdm khéng cung cap am thanh da chuan
hoa thi cac hé théng phén phéi cuc b co thé tu chuan hoa nhu trong mé hinh & muc

B.1.2. Trwedng hop tuy chon, dir liéu &m lwong tir hé thdng phan phdi trung tam ciing
o thé dugc sir dung dé kiéem soat am lrong tw xa tai cac hé thong phan phoi cuc bo
théng qua cac két noi dir I|eu Khi do, can dam bao tin hiéu cung cap cho h¢ thong
do khong co sw khac biét vé 4m luong gitra cac ngudn tin hiéu thu @ phia hé thom
phan ph01 cuc bé va ngudn tin hiéu cung cap boi he théng phan phai trung tam 1

cac Két ndi tir phong thu (Hinh B.4). Néu nguodn tin hiéu thu ti hé thong phan phoi
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cuc bd nhu tir thu mat dat cé mire am leong khac thi ngudn tin hiéu nay phai dugc
cung cap dong thoi dén hé théng do cta hé théng phan phdi trung tam (théng
thuong dé kiém soat am luong tir hé théng phan phdi trung tdm thi cac nguén tin
hiéu thu khac tir hé théng phan phéi cuc bd phai duge mac dinh cung clp dong thoi
dén hé théng phan phdi trung tdm du co khac biét v& am lveng hay khéng, du tin
hiéu nay co dwoc str dung lai tai hé théng phan phéi trung tam dé phan phoi tiép hay
khong). Thirang thi chi c6 phan am thanh tir cac hé théng phan phéi cuc bé dugc
cung cap cho hé thdng do clia hé théng phan phéi trung tdm, phén hinh anh sé duoc
tach riéng khong phan phdi nham tiét kiém bang théng. Hinh B.5 trinh bay mé hinh
kiem soat nay.

B.1.6. Cac ngudn tin hiéu audio khéng dong nhat

Cac hé théng phan phdi cé thé duoc cung cap cac ngudn tin hiéu am thanh khong
théng nhat, mét sb dich vu cdn duge gia tang am lugng. Viéc mét dich vy cung cép
cho nguei nghe véi mire am lwong “mem” sé khdng lam ngudi nghe khé chju nhung
lai co van dé khi nguei nghe chuyén kénh dén dich vy khac. Trong mét sb truéng
hop am thanh trong dich vu 1a am nhac nén lap lai dung trong cac ban tin téc hodc
tin thai thiét, khi d6 can cd sw tham khao y kién gira cac dai phat va nha phan phéi
dé dam bao cac mirc am lwong lam hai ldng nguoi nghe, hoac cé thé théng qua mét
phuong thirc chuan hoa cd dinh cho cac dich vu c6 cac nédi dung bat thwéng nay.
Phuong thirc chuén héa co dinh c6 thé hiéu 1a mirc am lwong dugc didu chinh bang
tay va théng qua kiém tra tan sé lap lai tir cac thong tin luu ky (logging) trong khéi
do. con viec xtr ly viec chuan héa cé dinh sé duoc hién béi khbi lai.

B.1.7. Chén quang cao

Vo1 cac hé thong thue hién chén quang céao riéng thi tin hiéu chén cé thé nam & phia
sau ctia hé théng chuan héa am lwong. Cac tin hiéu quang cao cé thé dwoc chuan
hoa trudre dén mire am lwong cla quy chuan dung giai thuat phan mém. Khi dé, murc
am lrong trung binh cla ndi dung phat quang ba dwoc can bang véi mire ky vong &
vi tri chén quang cao. Trong cac hé théng am thanh ding ma héa DD/DD+ hoac HE-
AAC. thong tin metadata cua cac quang cao chén cuc bd sé chi bao chinh xac mirc
am luong thuc té, va dich vu truyén qua hé thong phat lai quang cao sé khéng duoc
diéu chinh vé d6 loi hay suy hao tir hé thong. Cac giai thuat trong hé théng phat lai
duoc thiét ké dé bam theo mirc 4m lirong trung binh cla chwong trinh chinh (khéng
X\ 1y voi die iéu da duoc xi Iy chuan héa trudc do). Qua trinh do &m lwgng de giam
sat sau gqua trinh chén quang cao la tuy chon.

B.1.8. Cac hé théng truyén hinh theo yéu cau (VoD) va phat lai khac

Cac don vi cung c¢ap dich vy VoD cing dugc xem nhu 1a mot dai phat (hé théng
phan phéi) va tin hiéu am thanh trong hé théng ctia ho ciing cé thé chuan héa. Cac
néi dung lwu trr trong cac hé thong phat lai ciing duoc kiém tra va chuan héa (vi duy
bang phan mém), nghia la miéc Am lwong trung binh clia ndi dung quang ba duoc
can bang voi mire muc tiéu. Trong cac hé théng st dung tin hiéu am thanh c6 ma
hoa DD/DD+ hoac HE-AAC, thdng tin metadata vé am luong tir cac chuwong trinh
VoD sé luén luén chi bao dung véi mirc am lvgng thuc té. Viéc do am lwong lién tuc
cua noi dung VoD cho muc dich giam sat duoc khuyén céo.

Hinh B.5 trinh bay mé hinh chuan héa &m lwong trong hé thdng VoD va chén quang
cao. M6 hinh nay cé thé duoc (rng dung cho phurong thirc phan phéi IPTV.
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Audiofvides files
itr cac nguén tin higu

Dong TS tir
cac ngudn tin hiéu

Hé thang phan phdi s6

B9 ghép kénh

Hé thong quan
{thu nhan)

Iy ndi dung

Cac file C".JL chuin hoa
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Hinh B.5 - Sor dd khéi mot hé théng phéan phéi sé tich hop chuan héa am lvong
cho VoD va chén quang cao
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8.1.9. Cac dich vu thay doi theo khu vuc

Dang T3 Yr R ) Dang TS tr dich vy
] g TS {0 dich wig chinh )
a2 ngubn 1 tidy Oéng f T g iR cui bdia phuromyg

Hé thdng phan phbi so

Bk ahén fEnk
B ghep kén

{thu nhgnj

Transpod sireams

Hé théng phin
phéi cyc b

B3 ghép kénh
phén phoi va
{ ghép ndi)

%,

T g

Transgpon greams

3 truyén dén mang M e a g
Lrorg, 15 Inyen GEN Mgng

quang ba cuc b phuong

Hinh B.6 - So' do khéi cua head-end sé tich hop chuan héa am lwong va mét
head-end cuc bo thwe hién thay mot dich vu trong dong truyén chinh béi dich
vu khu vwe

Mot dich vu chinh ¢ the dugc thay bdi mot dich vu khac tuy theo khu vire phan phdi
(ghép ndi vao dong dir liéu DVB) va co thé xay ra sw khac biét vé am lwong gitra cac
nguon tin hiéu. Néu dich vy cua khu vwe dugc phat lai tir hé théng dua trén file,
phuong phap chuan héa am luwong gidng nhu dung cho cac dich vu VoD ¢o thé
duoc ap dung. Trwéng hep dich vu khu vuc la chwong trinh trige tiép, phong thu
phan phai tin hiéu phai dam bao muc am luvong phan phéi dat y&éu ciu clia quy
chuan nay. Dich vu khu vy cb thé dwoc diéu chinh am luong néu cin bang cach do
riéng tin hiéu coa khu vire va thyc hién diéu chinh trong sudt théi gian truyén tin hiéu
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khu vie. Khéi lai s& dam nhiém qua trinh truc thi nay. So dd Hinh B.6 mé ta viéc
chudn hoa am luwgng khi thay dich vu khu vuc vao déng truyén chinh, mé hinh nay
ciing cé thé dugc (rng dung cho phuong thirc phan phéi IPTV.

B.2. Chudn héa am lwgng trong cac hé théng phan phéi twong ty

B.2.1. Cac khac biét cia mirc am lweng trong qua trinh phan phoi

Tuong tw nhu trong muc B.1.1, sy khac biét cla am Iwgng chiu sy tac dong cua x
ly tién nhan (pre-emphasis).

Sau qua trinh chudn hoa, cac mirc am lugng do trong khung thoi gian dai sé can
bang, nhung cac mic dinh thuc toi da, QPPM va x( Iy gidi han tién nhan cla cac
dich vy cé thé khac nhau va viéc chudn héa am lugng khéng tac dong dén cac gia tri
do nay (cét gidam muc {clipping) sé khong xady ra khi c6 xt ly gi¢i han phu hop &
khau diéu ché).

B.2.2. Xt ly gi@i han (limiting)

Sau khi chudn hda am lugng, cac mirc dinh va xt ly gici han tién nhan co thé sé qua
cao déi véi hé thong truyén dan tuong ty. Do dé, xt ly gidi han (fimiting) dinh thuc
va xtr ly gi¢i han tién nhzn sé duoc ap dung {v&i hé théng AM L thi khdng dung xu Iy
giéi han tién nhan nén chi can x& ly gidi han dinh thyc & dd). Qua trinh x(r ly nay ¢
thé thuc hién véi thiét bj chuyén dung hoac dugc tich hop trong chinh bd diéu ché
tuong ty.

Véi cac hé thdng truyén dan truyén hinh ding diéu ché FM, viéc x(r ly gi&i han tién
nhan can dugc thuc hién (theo ITU-R BS.842) nham giam khoang dy phong cho
murc dinh tin hiéu @m thanh dé tranh méo tin hiéu xay ra. Vi tri pht hop nhat cho bd
gi¢i han tién nhan 1a két ndi trire tiép hodc tich hop trong chinh bd diéu ché.

B.2.3. Chuén héa am lweng chu dong cho phan phéi truyén hinh tuwong tw

Cac hé théng phan phéi twong tu duoc wvu tién phan phdi tin hiéu am thanh da
chudn hoéa am lwong tir cac hé théng phan phébi sb trung tam nén cac hé thong
truyén déu dat hiéu qua vé yéu cau am lugng. Cac bo diéu ché tuong ty o the
duoc cai dat cac mirc diéu chinh mac dinh nham kiém soat 6n dinh cac mic audio,
cing nhw don gian héa qua trinh hoat dong, tdi wu chi phi va dat duoc sy nhat quan
trén hé théng.

B.2.4. Cac hé théng phan phéi twong tw cuc bo

Vé&i cac hé thong phan phdi tuvong tu ding cac nguodn tin hiéu chua dwec chuan hoa
am Ileong thi thuc hién chudn héa dm lwong tai hé théng phan phdi cuc bd. Mot tay
chon a dir liéu vé am luong tai hé théng phan phdi trung tam co thé duoc sl dung
dé kiém soat tir xa am lugng tai hé théng phan phéi cuc bé thdng qua két ndi dir iéu
nhu trong cac hé théng phan phoi s6.

B.2.5. Thiét ké hé théng phan phéi twong tw cho hé théng truyén hinh

Hinh B.7 trinh bay moét thiét ké chung clia hé théng phan phdi twvong tu cho hé thong
truyén hinh véi viéc chuan héa am luong da duoc thuc hién trong hé théng phan
phéi sé hodc & mét khau trong tu trede d6. Ngudn tin hiéu co thé 1a déng dir liéu
am thanh ma héa MPEG-1 Layer !I, DD/DD+ giam muc, HE-AAC giam muc, hoac
trwe tiép tlr phong thu. Hinh nay ciing bac gém khéi bo loc théng thap 15 kHz twong
thich va&i chuan truyén dan ndm trudc bo xtr Iy gidi han tién nhan chan x{ ly gi¢i han
dén cac ndi dung trong ving tan sé trén 15 kHz.
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B.3. Can chinh mirc trong cac hé thong phan phoi twong tw va sb

B.3.1. Can chinh murc gitra cac hé thong va cac giao dién

Pé tranh viéc rmong théng nhat vé am lrong, cac co ché can chinh am lugng grua
cac hé lhong truyén dan va cac giao dién ngd ra phai dwoc thue thi. Cac bo théng sbé
dung dé gitp nang cao chat lwgng am thanh cho cac hé thong hién dwgce dung duoc
minh hoa nhw Hinh B.7

Ngudn tin hidy PCM

PCNELi=-23LUFS POM-Le=-P3LUFS PCM-Le 23LUFS

" PCM-Li=-23LUFS

PCM-Li=-23LUFS

PCM-Le=-23LUFS

PCM-Li=-23LUFS

Tin hieu diéu chée RF
Lk = -23 LUFS
Hinh B.7 - Mot thiét ké trung tam phan phéi twong tw cho hé théng truyén hinh
B.3.2. Cac mirc dieu ché dung cho hé thong truyén hinh twong tw

Neu tin h|é}lu audio dwoc chuan héa am Iuo"ng dyra trén mure ky vong -23 LUFS truéce
khi cung cap cho b diéu ché trong ty, thiét bi sé thyc hién ché a6 cai dat mac djnh
va khéng can diéu chinh mirc am thanh.
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Séng sin 1 kHz dugc stk dung cho muc dich tham chiéu (theo CENELEC EN50049),
cac ngudng cla bd x ly gidi han gém ca d loi x(r ly gidi han tién nhan dugc xac
dinh dwa trén cac gia tri dinh thirc.

Bang B.1 - Cac théng sé dwgc sir dung cho cac hé théng truyén hinh

Hé théng truyén hinh B,B1,D,D1.G H. K K1, lvali
Didu ché FM

Can chinh mure 6,7 dBTP st dung séng sin 1 kHz déng pha cho
kénh trai va phai voi do di thn FM 50 kHz

-12 dBTP sr dung séng sin 1kHz déng pha cho kénh
trai va phai v&i do di tAn FM 27 kHz

Ngudng cua bd gidi han -6.7 dBTP tham chiéu & 1 kHz
Xir ly gidi han tién nhan 50 ps
B4 loc théng thap 15 Hz

B.4.3. Can chinh mirc cho hé théng truyén hinh

Hinh B.8 trinh bay can chinh mic gitra cac hé théng va cac giao dién (interfaces) va
phlu hep cho cac hé thdng sir dung ddng thdi ca kénh am thanh trai va phai. Budng
mau do biéu dién muirc dinh cuc dai cha qua trinh truyén dan, cac dwéng mau tim chi
bdo mirc cla bd gidi han cho hé théng truyén dan va cac can chinh twong (rng dén
ngd vao va ngd ra tai cac giao dién. Phan bén trai cla vach dé biéu dién mdre dinh
circ dai cho phép & giao dién hoac hé thong ma héa. Néu tin hiéu la séng sin 1 kHz,
duwong mau dé chi mire co thé do duoc.

M clia chuong trinh c6 thé ¢6 dinh cao hon dwéng mau do tai giao dién dau ra do
sy tang dot bién (overshoot) trong hé théng ma hoéa. Tuy nhién, cac tang dét bién
nay sé khdng viron dén giéi han vach dd vi bj cat gidm muirc. Trén co sé& do dudng
truyén dan tryc tiép, co thé cAn phai giam murc clia bd xi¥ ly gi¢i han & phia trudc hé
théng codec néu toc d6 bit trong ddi thap 1a nguyén nhan chung gay nén tang dot
bién. Cac dwdng mau xam nhan manh méi lién hé khi can chinh & cac mic dac
trung:

-12 dBTP tuong (rng v&i mirc tham chiéu xac dinh theo CENELEC EN50049.

-18 dBTP la tin hiéu can chinh xac dinh theo ITU-R BS 645, muc tin hiéu duoc biéu
dién & ngd vao va ngd ra cla hé thong ma hoa, hé théng diéu ché RF, va cac giao
dién c¢6 thé tim thy tir hinh vé B.8.
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Mét s chi gidi trong hinh vé nhu sau:

Mirc san xuét: day la mure tin hiéu am thanh sb do dung don vi dBTP cua cac nguén
am thanh nhap liéu (ingest) va phat lai trong phong thu. Theo quy chudn, x& ly gidi
han cho Mirc san xuét la -1 dBTP, day la mire t6i da cho phép cla mrc dinh thuc
(diing déng hd do True-peak st dung bd loc ndi suy véi tan sb lay mau gép 4 1an).

Cac bd ma héa: MPEG-1 Layer II/HE-AAC/DD(+)/DAB/DAB+: Pay la muc tin hiéu
am thanh sé do bang don vi dBTP cla &m thanh ma héa sir dung mét trong nhirng
ma hba da liét ké ra. Budng mau do dai dién cho murc dinh lon nhat. Trong thuc té,
diéu nay c6 nghia la tin hiéu sé di qua tAng cudi clia bd x(r ly gi¢i han dinh thiét lap &
muc -3 dBTP trudc khi dwa vao bd ma hoa, cé thé can giam bét mirc cla bd gioi
han & phia trivéc hé thdng ma héa néu s dung tée d6 bit twong déi thap.

Cac bd giai ma: MPEG-1 Layer II/HE-AAC/DAB/DAB(+) va DD+ & RF Mode: Day la
murc tin hiéu am thanh sé do bang don vi dBTP cua tin hiéu am thanh dung bé giai
ma voi ma hoa HE-AAC, MPEG-1 Layer |l hoac ma héa DD/DD+. Néu gia tri
Dialnorm hoac mirc PRL (Programme Reference Level) khéng tuong thich véi mirc
ky vong -23 LUFS thi mbi lién hé vé murc tin hiéu sé khac nhau. V&i mét chwong
trinh, mirc ngd ra cha b gidi ma cé thé cao hon mirc ngd vao do tac déng cla tang
dot bién, tuy nhién nhirng tang got bién nay phal duwec duy tri bén dudi mire xac dinh
clia vach mau doé. Truong hop néu str dung tbc dé bit twong déi thap, Hinh B.8 ¢
thé dung dé so sanh cac mirc do duoc véi mic toi da xac dinh trudc nham giam
murc clia bd x(r ly gi¢i han khi can.

V&i cac b gidi ma dung ma héa HE-AAC, MPEG-1 Layer I, va DD/DD+ trong RF
Mode, mirc dinh t6i da khac nhau dwoc cho biét. Do mirc ky vong am lwong ndi bd
clia bo giai ma DD/DD+ 1a -20 LUFS duoc giam xudng -23 LUFS (dung bé suy hao
phdn mém gidm 3 dB), khi d6 mirc cat gidam thuc té néu s dung song sin 1 kHz 1a -3
dBTP. Mirc ngd ra lén nhét khuyén céo cua bd giai ma DD/DD+ treng RF Mode cho
mot chuong trinh dugc xac dinh & mic -4 dBTP (thap hon 1dB) Mirc cua bd xur ly
gi¢i han trong phong thu khuyén céo 1a -3 dBTP, tuy nhién diéu nay khéng gay ra 15i.
Thuwdong hé théng diing ma héa DD/DD+ tich hop hé théng bao vé qua tai bén trong
nén murc dinh toi da cho qua trinh ma héa khéng can phai giam.

Pau ra: HDMI/SPDIP/HDMI ARC trong ché dé tai nha: Day 1& mic tin hiéu PCM
(Pulse Code Modulation) s& hoa ctia qua trinh giai ma &m thanh, do bang don vj
dBTP tai cac giao dién HDMI, SPDIP hoac HDMI ARC néu thiét bi IRD, IDTV hoac
da phuwong tién trinh dién @m thanh & ché dé tai nha (Home Theatre Mode). Cac
thiét bi IRD/IDTV hoat déng & cac ché do xuat am thanh theo ma hoa dong dir liéu
(dong @m thanh dwoc ma hoa theo loai ma), cac bd giai ma ma hoa DD/DD+ hoac
HE-AAC & bén trong thiét bj sé dugc bo qua va dong dir liéu ma hda duoc chuyén
dén cac giao dién SPDIP va HDMI (ARC) dé xuat dir liéu (trir khi c6 mét rng dung
dac biét nhu théng tin mé ta dong am thang (Audio Description) thi déng dir ligu am
thanh méi phai qua cac bd giai ma ma hoa dé trich cac théng tin cta (rng dung, hoac
cod thong tin dir liéu dinh danh hién thi md rong (E-EDID: Extended Display
Identification Data) xac dinh thiet bi phat lai chi hé tro @m thanh co ban). Thudng cac
thiét bi IRD, IDTV ho&c da phuong tién cé 2 dong co ban hién thi cac murc ngd ra tly
thudc vao co ché clia ché do tai nha trong menu I3p dat cda thiét bi.

Pau ra HDMI véi ché d6 TV/SPDID/HDMI ARC/AES3 trong ché dd am thanh hai
kénh: Day la muc tin higu PCM (Pulse Code Modulation) so hoa cta am thanh giai
ma, do bang don vi dBTP tai giao dién HDMI néu thiét bi IRD hoat déng trong che do
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TV, hoac tai giao dién SPDIF, HDMI ARC hodac AES3 néu thiét bi IRD/IDTV hoat
déng & ché dd hai kénh.

CHU THICH: AES3 {con goi la AES / EBU) 13 mét chudn cho viéc trao déi cac tin higu am thanh b gilra cac thiét
bi am thanh chuyén nghiép. AES3 dugc Higp héi Ky thuat Am thanh (AES) va Lién minh Phat thanh chau Au
(EBU} phat trién

Pau ra: giao dién SCART hoac RCA: Day la mic tin hiégu RMS twrong ty, do bang
mV, cua tin hiéu &m thanh da gidi ma tai ngd ra SCART hoac RCA cua thiét bi IRD,
IDTV hoédc da phuong tién. N6 cing biéu dién cho murc tin hiéu RMS tuong tu, do
bang mV, trén ngd ra SCART/RCA clia may thu hinh ding ngd vao 1a giao dién
HDMI hoac SPDIF.

Pau ra; XLR hoac giao dién twpng ty: Bay la mic tin hiéu am thanh RMS tuong tw
do tai ngé ra XLR (can bang) cla thiét bi IRD chuyén nghiép. Vl du, muc tvong déi
dBuOs duoc hiéu nhu nhu mic tuyét dbi theo don vi dBu néu hé sb chuan hoa
0dBrs hoac -3 dBrs duwoc ap dung theo thi ty (xac dinh theo ITU-R BS.645).

Diéu ché RF: Hé théng B, B1, D, D1, G, H, K, K1, | va I1: Day la do di tan FM dinh do
bang kHz cla tin hiéu am thanh gidi ma (da xu Iy gidi han tién nhan ) cung cap cho
ngd vao cla bd diéu ché RF. Vach mau d6 biéu dién cho mirc dinh Ién nhét. Trong
thire té. tin hiéu co thé sé vurot qua mic -6,7 dBTP (mirc ngudng cua bd xu Iy gioi
han dinh x{& ly gi¢i han tien nhan & khau x ly tredc dd) trede khi cung cap dén b
diéu ché. Budng mau tim chi bao viéc can chinh mic ctia bd xt¢ Iy gi¢i han. Bo xiv Iy
giGi han ciing c6 thé dwoc thiét ké tich hop trong chinh bé diéu ché nén cé thé can
giam mdrc cua b xir ly gidi han.

Déu ra IRD: Giao diégn SCART hoac RCA: Pay la muc tin hiéu RMS tuvong ty do
bang mV cua tin hiéu am thanh da dugc giai diéu ché trén ngd ra cua giao dién
SCART hodc RCA ding lam bé diéu chinh RF bén trong Tivi hoac thiét bi ghi am.
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[1] EBU Tech 3205-E The EBU standard peak-programme meter for the control of
international transmissions.

[2] ITU-R BS 645 Test signals and metering to be used on international sound
programme connections.

[3] ITU-R BS.1770 Algorithms to measure audio programme loudness and true-peak
audio level.

[4] EBU Tech 3341 Loudness Metering: 'EBU Mode' metering to supplement
loudness normalisation in accordance with EBU R 128.

[5] EBU Tech 3342 Loudness Range: A measure to supplement loudness
normalisation in accordance with EBU R 128

(6] EBU Tech 3343 Guidelines for Production of Programmes in accordance with
EBUR 128

[71 EBU Tech 3344 Guidelines for Distribution and Reproduction of Programmes in
accordance with EBU R 128.

(8] EBU R 128 Loudness normalisation and permitted maximum level of audio
signals.

[9] EBU R128 s1, 2014 Loudnes Parameters For Short-Form Content.
[10] EBU R128 s1 V2, 2016 Loudnes Parameters For Short-Form Content.
[11]ITU-R BS.642-1, 1990 Limiters for high quality sound programme signals.

33



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35



