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3.4.3 Giai dong lyc -- Dynamic range
3.4.3.1 Giéi han trén -- Upper Limits

Nguon DC cung cép gi¢i han trén cho dudng 6ng am thanh analog (phan 3.1). Nhiéu thiét bj mirc
micro va line c6 dién thé rail giéng nhau (+12-18VDC) va do d6 cé dién thé twong tu. Pay la gidi han clirng
(rock-solid), k&t qua cua clipping khi qué tai (Hinh 3.15).
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Hinh 3.15 bién thé rail DC va cong suét output cuc dai cho dudng 6ng dién tir analog

3.4.3.2 Gi6¢i han duéi -- Lower Limits

Ngudn tap &m bao gbm tap &m ngu nhién, phat ra tir bat ky mach dién tir nao, gay ra tap am tir
nhirng mach khac (thi du: nhiéu xuyén am, RFI va EMI) va vong dat (ground loop). Thach thirc dap (rng
tan sé chinh la phan trng cla dién dung va cam (rng, filter active va passive trong giai thdng cia mach hay
tham chi & bén ngoai.

3.4.3.3 Giai doan -- Stages

B Giai doan t6ng hgp (Summing): Nguén cung cép giai dién thé rail cho thiét bi & murc line, cho
giai doan t6ng hop so v&i input va output, hiém khi nao khac. Do d6 cung ap dung gigi han trén. Can giam
& giai doan t6ng hop dé ngan tin hiéu téng hop qua tai.

B Giai doan gain active: Thuorng quan ly do gain hay hao hut bang digu khién cd dinh (hay bién)
clia vong lap hoi tiép cua op-amp. Pre-amp cho micro c6 thé c6 mirc dé tang cuc cao, trong khi hau hét
muc db khac khéng vurot qua 10dB.
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B Giai doan tat dan passive: Giai doan t4t dan passive sé chuyén tin hiéu xuéng dét qua bién tro
(potentiometer). Output clia giai doan nay c6 thé chay tir t6i da (chdi tip xuc bién trg & dinh) dén tat hoan
toan (chai tiép xdc bién tré xudng dat-mass).

3.4.4 Ty |& hao hut -- Loss rate

Ty 1& hao hut khi truy@n mirc micro va mdrc line co thé khéng dang ké. Trong thure tién hién dai, sé
bat thud'ng néu dudng truyén mirc line bi hao di chi 1dB. Ba yéu t6 tro khang sé tham gia vao phuong
trinh: output (ngudn), input va cable. Ca ba déu la téng trd khang, tin hiéu chay qua d6. D6 hao hut 1a 20 *
Log10 (t6ng tr& khang/tra khang input).

Cong thirc tinh d6 hao hut nay la dang chuén nhung sé ré hon néu ching ta lat nguoc lai va tinh
gain ctia mach (t6i da la 0dB, ty 1& 1:1). Ty I& quyét dinh la tré khang input trén téng sé (output + cable +
input). Khi output va cable d&u la s6 khong (zero), chlng ta nhan dugc ty 1& khong hao: 01:01. Biéu nay
gilp dé thdy rang bt cr didu gi duwoc thém vao bai output hay cable dan ching ta xuéng.

Insertion loss examples \

Sending (£2) Receiving (£2) Result
jDescriplion Output  Cable Input Input Gain ratio  Loss (dB)
Lossless line (theoretical) 0.1 0 1000 1000,  1.00 SN 0.00
3.\13[&']]0(1 output, cable and input impedance 1000 10000 1000 1000 0.33
ILow Z output to High Z input (no cable loss) 100 0 10000 10000 0.99
TLow Z output to Low Z input (no cable loss) IOOI 0. 100 100 0.50
‘Ihgh Z output to Low Z input (no cable loss) 10000 0 100 100 0.01
Passive 600 line, 10m cable 600 05 600 600 0.50
?Microphonc to mixer, 10m cable 250, 0.5 3000 3000 0.92
':\cli\'c line output to input, 10m cable 150 0.5 10000 10000 0.99
| Active line output to input, 100m cable 150 5. 10000 10000 0.98
f.f'\cll\'c line output to input, 1000m cable 150 50, 10000 10000 0.98
T.»\cli\'c line output to 2 inputs (10k€2), 10m cable 150 05 5000 5000 097
'Active line output to 10 inputs (10k€2), 10m cable 150 0.5 1000 1000 0.87

Hinh 3.16 Tham chiéu vé cable va thiét bj insert bi hao do lines analog balanced (mdrc micro va line)

Hinh 3.16 la tap hop kich ban vé hao hut dong (line-loss), du loai tir ly thuyét, thurc hanh t6t (Z thap
dén Z cao), da hoc (600Q) va thurc hanh dé (tir Z cao dén Z thép). Bi quyét giam thiéu hao hut 1a 1am cho
tré khang input cao hon két hgp cla output va tro khang cable rét nhiéu. Tai sao lai khong tang tré khang
input dén 1megQ va giam thiéu thiét hai? Ly do I&n nhat 1a c6 lugng nhd dong chay cudng do lam giam
mién dich tap 4&m va CMRR. Nganh cong nghiép nay dang c6 khuynh huéng ung ho tré khang output thap,
giam thiéu thiét hai ngay ca khi khién cho nhigu input. Méi input b8 sung lam giam tr& khang hiéu qua va
tang line loss.

Phuc hoi hao hut khi mat két néi (Interconnection) rat dé, chi doi hoi co dién thé gain & giai doan
sau. Tac dung phu chinh la thém tap am, khéng lam giam kha nang t6i da. Mét két néi & chd nay kém quan
trong hon & cable loa, trong d6 viéc phuc hdi doi hoi dién nang (khong chi co gain) va két qua la bi mat kha
nang SPL.

3.4.5 Cable va jack néi analog
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3.4.5.1 C4u hinh cable chuén

Nhirng loai cable &m thanh analog thudng la 2 day day hay 3 day véi vai ngoai 1€ 1a 4 day va 5
day.

B 2 day: tin hiéu (+) va giap chan chung (common).

B 3 day: tin hiéu (+), tin hiéu (-) va giap chan chung.

B 4 day: tin hiéu (+), tin hiéu (-), chung va giap chan ngi dat.

B 5 day: 2 x tin hiéu (+), 2x tin hiéu (-) va giap chan chung (thi du StarQuad™).
3.4.5.2 Tré khang cable -- Cable Impedance

Tr& khang cable 1a két hop dién tré DC va dién khang AC reactance (dién dung va tu cam). Bién
tr& DC hoat déng nhu bé suy giam (attenuator) full-range trong khi dién dung néi tiép khai (block) thap va
ang ho khéi cao. Ty cam (Inductance) lam nguoc lai. M&c song song ca hai lai dao nguoc lan nira: Mac
ndi tiép tu cam va song song dién dung thi ca hai la filter HF. D6 ty cdm la can nh&c nhd trong viéc chay
day cable mirc dd line.

Pién dung gilra day dan va giap chan tao ra dudng di ngang (song song) cho tan sé cao, giam tre
khang input mét cach cé hiéu qua. Line-loss tang theo tan s6. Hang san xuét cable cung cép thong sé dién
dung (dién hinh bang picofarads/mét). Cable &m thanh chuyén nghiép phai nhd hon 250pf/m. Pudng day
line 100m chay bang ngudn tr& khang thép (<250Q) ¢6 hao hut HF<1dB. Chlng ta cap nhat tén cable chay
du dai dé quan tam vé dién dung: analog backup.

3.4.5.3 Giap chén -- Shielding

Day common cua day dan am thanh bao quanh toan day dan (khéng chay séng doéi véi no). EMI
phai di qua day dién bén ngoai, goi la "giap chan- shield ", trudc khi dén day dan bén trong. EMI méc ré
(shunt) qua giap chén t&i dét, khéng dé no tiép can day dan. Mau dién hinh la day kim loai min hay gidy
bac metalized (v&i day b6 sung & dau cuéi). Giap chan bén thai EMI cao hon nhuwng nhin chung ¢é chi phi
cao hon.

Analog audio cable

P P prm—
' A { \ J \‘»'.
iy ] ! ! ] ]
i J ! | " '
N 7 3 / s
NS, 7 J 3\ f
- \ -

2-conductor, twisted pair with 2-conductor, 2-conductor, Star Quad 4-

foll shield and drain wire twisted pair twisted pair conductor, 4
with braided  with foil shield  twisted pair with Y Individual
shield and drain wire braided shield g fod
Model Conductors Conductors Conductor Shield type, Capacitance’ Capacitance’
gauge, (strand #) % coverage (plift, m) (pf/fe, m)
Whirlwind Accusonic+2 = Flexible, polycthylene insulation 2 22 AWG (26) Braid 78% 19 (62) 35(115)
Belden 8412 Flexible, rubber insulation ‘ 2 20 AWG (26) Braid 85% | 30 (98) 55 (180)
Belden 8413 Flexible, EPDM insulation 2 24 AWG (45) Braid 56% 30 (98) 55(180)
Belden 8451 Hookup, polypropylenc insulation | 2 2AWG(7) | Foil 100% | 34(112) 67 (220)
Belden 1266 Hookup, polypropylene insulation | 2 22 AWG (7) Foil 100% | 30(98) 54(177)
Belden 1192 (Starquad) = Flexible, polyethylenc insulation - 24 AWG (42) Braid 95% | 40(131) 36(118)

Hinh 3.17 Tham chiéu cable &m thanh analog (hinh Belden.com)
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3.4.5.4 C4p xo0én

Xoan trong so dd cable &m thanh balanced 1a day dan khéng don gian, chay song song bén trong
giap chan. N6 xoén quanh nhau, lam giam dién dung va cai thién sy thai bd EMI. Bé bep EMI hiéu qua
nhét khi day nam & tam giap chan. Khong thé vai chi mét cap xoan, nhung mé phong lai trong phién ban 4
day xoan. Loai nay xur dung bén day dan (hai cdp xodn mang cung tin hiéu) cho mdi dudng tin hiéu & vij tri
trung tam giap chan hon (Hinh 3.17).

3.4.5.5 Jack néi mirc line -- Line-Level Connector

B XLR: Day la jack ndi chuén 3-pin (va vo). Chan 1: common, chan 2: tin hiéu +, chan 3: tin hiéu -.
[NEu ban chura co jack n6i XLR, hay doc Yamaha Sound Reinforcement Handbook (Davis va
Jones) va quay lai day sau.]

B Jack cdm dién thoai RTS: Cdu hinh jack khoen-chop-vd ngoai (ring-tip-sleeve) rat hiém vi n6
khong dang tin cay. Day la jack ndi th&t bai vi ban da di chuyén nd, hay vi ban khong lam. Chd co6
nhiéu kha nang tim thay cai nay nhét sé la bang patch analog. Sleeve: common, tip: signal +, ring:
tin hiéu -.

B Phoenix: Lai jack n6i/khéi dau cudi v&i nhiéu méi ndi van vit. Phd bién trén thiét bi &m thanh da
channel hién dai do ddu chan nho hon XLR riéng lé. Bang budn, khéng c6 cdu hinh day tiéu chuén.
Gidng nhu bat ky thiét bi dau cudi van vit nao, ti€p xuc day cable dé bi long. Tét nhét (rng dung

nén yéu cau insert t6i thi€u nhu cai dat cd dinh hay bén trong rack.

3.4.6 So do két n6éi mirc micro va line
3.4.6.1 Output

B Active balanced (push-pull): c4u hinh 3 day v&i common (C) va hai tin hiéu (+ va -). Output
negative bi phan cuc ngugc dé khién vao input op-amp phia sau. Gitr trd' khang output durdi 250Q
dé giam thiéu hao hut trén cable va cho phép n6 khién dugc nhiéu thiét bi.

B Transformer balanced: cdu hinh 3 day, ddu day giéng nhu active balanced, cé uu diém céach ly
tot va khuyét diém vé tuyén tinh, tap &m, méo dang, v.v ...

B Active unbalanced: cdu hinh 2 day, common (C) va tin hiéu (+). C4u hinh tiéu chudn cho mdrc
do loa va déi khi xtr dung khi di day murc rét rdt ngén (thi du: Insert, patch tir console mix cho thiét
bi bén ngoai) va irng dung khéng chuyén nghiép.

3.4.6.2 Input

B Active balanced (op-amp): c8u hinh 3 day vai tin hiéu common (C) va hai tin hiéu (+ va -), "b6
khuéch dai vi sai- differential amplifier" cé6 output la téng ctia hai input. Tin hiéu 4m thanh bi dao
nguoc hai lan (trong tin hiéu ngudn va & giai doan input) dan dén két hop phase phu hop (+6dB).
Tap am c6 trong duorng day chi dao cuc mét [an (& giai doan input), két qua phase bij triét tiéu, quy
trinh nay goi 1a "ché dé thai bd common - common mode rejection” (Hinh 3.18A).

B Transformer balanced: Bién thé balanced c6 thé thay thé cho input active, cé wu diém cach ly
gitra hé théng. Bién thé thud'ng hay gay cam (rng EMI, méo dang va nhiéu nira, nhung cé thé it
nguy hai hon khi cach ly vén dé phat sinh (Hinh 3.18B).

Bl Active unbalanced: Input unbalanced cé cau hinh 2 day véi tin hiéu common (C) va tin hiéu (+).
Ca&u hinh input nay tao ra sy khac biét gitra dang séng input va common. C&u hinh ban chuyén
nghiép nay khong c6 kha nang mién dich tap 4m, thai bé common culia line balanced va chi nén xtr
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dung cho dgt chay day rat ngén, chdng han nhu: Insert, patch tir console mix cho thiét bj bén
ngoai (Hinh 3.18C).

Interconnection: Active balanced source and receiver
Active balanced source Active balanced receiver

- Shteld (Pin 1) ——
conneclodatsouroe 1

Hinh 3.18A So do két n6i analog: active balanced

Interconnection: Transformer and active balanced

Shield (Pin 1) is
L_"_ connected only at
source.

-----------------------------------------------------------------------------------------------------------------------------

\ L -
. ‘ ~
Shield (Pin 1) is
connected only at
source.

Hinh 3.18B So d6 két ndi analog: active transformer balanced
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Interconnection: Active unbalanced

Active balanced source Active unbalanced receiver
>—d\/\/\«~

+ @ % —+

o'+ + O

> S o < Shiekd & receiver

L TJ n i are referenced to

* & technical ground

‘ Ac'tn"e‘unbalancvec‘l source ‘ Active balanced receiver '

L — +
l>—~vv—o
' &

Source shield
dnves receiver pin

1 30

Hinh 3.18C So do két néi analog: active unbalanced

3.5 Truyén tai analog sang digital --
Analog to Digital Transmission

3.5.1 Chuyén d6i analog sang digital (A/D)

D3 dén Itc chuyén déi tin hiéu dién tir analog sang mién digital. Chuyén déi A/D la quy trinh ma
héa, yéu cau phai chuén hda nghiém ngat hay ching ta sé khéng thé chuyén no tré lai khi hoan tat. No
giéng nhu béc mét chiéc xe tai: Ching ta can t6 chirc goi hang t6t dé chac chan moi cai déu & dé an toan
va di ra dang thir tu khi dén noi.

Viéc chuyén déi A/D la buéc dong goi dau tién. Ching ta chuyén déi dang song analog lién tuc
thanh rat nhiéu hinh tinh. Giéng nhu lam phim nhung ty 1& huéng hinh nhanh hon hang ngan lan.

Digu ché ma xung tuyén tinh (LPCM Linear pulse code modulation) la output phé bién nhét cua bo
chuyén doi A/D trong 4m thanh chuyén nghiép. Day la &m thanh khong bi nén va bién thé clia n6 bao gém
nhiéu tiéu chuén ndi tiéng nhur wav (Compact Disk), Blu-Ray, DVD Audio va AES3. Diéu ché ma xung la
quy trinh chuyén d6i ba bu¢c: Idy mau, lugng tir hda va ma hoa.

B L4y mau: LAy mau song.

B Lugng tir hda (Quantization): Xac dinh gia tri bién do.

B M3 hoa: Béng g6i n6 duéi dang nhi phén va guri n6.

Mau (sample) 1a shot &m thanh snap snap (bién do so v&i thai gian). Khi ddng hod néi "di-go" ching
ta chup hinh. M&i t&m hinh la can canh nhé hon ntra chu ky & bét ky tan s8 nao. Quy trinh quantization
phan loai gia tri bién dé va guri n6 t¢i bé ma hoa, két hgp nhirng gia tri bién dé véi nhau.

3.5.2 Ty 1& m&u -- Sample rate

C6 bén ty 1é mau xir dung phé bién. Tiéu chudn AES3 c6 thé doc tét ca:
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B 44.1kHz: Chuén nén 4m thanh Compact (16bit).

B 48kHz: Am thanh chuyén nghiép cii, 16-bit dén 20-bit.

B 96kHz: Phé bién trong &m thanh chuyén nghiép hién tai, thudng 1a 20-bit hay 24-bit.
W 192kHz: Hb tro b&i Audio DVD va vai loai khac.

3.5.3 Bbéng hd Word -- Word-clock

Word-clock dét thei gian bat dau cia méi mau. Tan s6 cia word-clock va "ty 1& mau" 1a nhirng diéu
khoan c6 thé hoan déi cho nhau. D6 1a xung, khong phai la séng sine, do do, dudng truyén can mo rong
b&ng théng dé duy tri chuyén ti€p sac nét. "Word" tham chiéu & day la "kh6i 4m thanh- audio block", bd dir
liéu hoan chinh, thu thap méi lan déng hé gé. Word-clock ly tudng cd dé dong nhét hoan hao. Bién thé cla
khoang thai gian thurc hién viéc 18y mau sém hay tré, gigi thiéu sai s6 gia tri bién do. Sé xay ra 16i twong ty
néu chang ta dy dinh 18y mau chinh xac nhiét do vao budi trura nhung thay vao do lai tréi dat tir 9 gio sang
dén 3 gior chiéu. D liéu bi xdm nhap, vi n6 sé Idy mau dung thdi gian nhung vai nhiét ké 1au ca. Thuat
nglr chun cho sy bt 6n dinh khoang thoi gian ctia word-clock 1a “bién déng-jitter”.

3.5.4 Khe th&i gian -- Time slot (bit clock)

Khe thoi gian dét 64 thao tac bit riéng |é bén trong khoang thi gian bén trong word-clock. Béng bd
héa bit bén trong tich tdc nhanh hon word-clock quan Iy viéc nay 64 lan (64 time slots @ 48kHz = 3072
kb/sec = 6.144 MHzbit clock). V& cdu tric dong bé hoa bit dac trung bai tan s6 chuyén déi va giao thirc ma
héa. AES3 hd trg ma hoa giai doan hai (BMC) va ma hoa 1-bit hay c6 thé xtr dung déng hd SMPTE nhing
vao.

3.5.5 b§ ché -- Latency

T6 chirc bét gitr dir liéu analog trong bé dém th&i gian dé xtr Iy chuyén déi digital. D6 cho cua thiét
bi 1a tir th&i gian danh cho viéc gitr va vai thdi gian can dé thure hién nhirng hoat dong quan trong khac. B6
cho chuyén doi khac nhau tir mé hinh nay sang mé hinh khac nhung thuorng c6 lwgng ¢6 dinh cho mot
thiét bi nhat dinh. C6 nhirng thiét bj xur ly digital v&i dé ché bién déi trong d6 nhurng phan bién c6 nhiéu kha
nang la két qua tir thiét lap b xir Iy do ngudi dung cai dat thay vi bo chuyén doéi A/D.

3.5.6 Chiéu sau bit (diém c6 dinh) -- Bit-depth (fixed point)

C6 ba mirc chiéu sau xir dung phé bién (Hinh 3.19). Tiéu chuan AES3 co6 thé doc tét ca:

B 16-bit: dynamic range 96dB, chudn am thanh Compact Disk Audio.

W 20-bit: dynamic range 120dB.

W 24-bit: dynamic range 144dB.

3.5.7 Thang do dB day du -- dB full scale (dBFS)

Bét ctr khi nao thay déi phurong tién, ching ta can yéu té chuyén déi, dé nhay. Trong khi chuyén tur
am thanh sang dién tir ching ta thdy sy chuyén d6i bang mv/Pa. o] day chung ta nhéan
mv/111111111111111111111111. Coi bd ng& ngén nhung can phai xac dinh cé bao nhiéu dién thé co
thém trén bo dém digital. D6 la 6ng néi: analog sang digital. Néu dat dé nhay qua thép, ching ta sé khong
bao gid x&r dung nhirng bit trén ctia bé chuyén déi, cach dé co dugc hiéu suat 16-bit véi mac gia 20-bit.
Néu dat qua cao ching ta dwa ra mat digital véi headroom khong xur dung dugc trong ngudn analog. Lam
sao chung ta xac dinh dung s6?
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Signal-to-noise ratio and resolution of bit depths (fixed-point) 64-bit

48-bit 36400 ( s
32-bit 288 dB (‘ l 9
rd
192 dB @ YR

>65 thousand

integer >1 million
values integer e
values >16 million
integer >4 billion
values integer
values >280 trillion

integer
values

>18 quintillion
integer
values

Hinh 3.19 Chiéu s4u bit va giai déng luc

Tim output t6i da cua thiét bj analog. Lam tuoi dBu va dBV, peak va RMS Ién, va chuén bi chao
tam biét analog (mét théi gian). Xac dinh dién thé peak cuc dai, vi bd chuyén déi chi doc peak.

Chung ta c6 thé doc chi tiét ky thuat hay don gian dat vao séng sine va ty tim ra cho minh. Xtr
dung bd phan tich dé tim ra mdrc output t6i da (diém clip). Khéng xtr dung dong hé VU vi né doc RMS trong
thé gi¢i analog va peak trong thé gidi digital. (Xem kiém tra xac minh & phan 13.3 dé c6 dugc kha nang
I/0 t6i da).

B Xem nhirng danh gia vé bé chuyén déi A/D. Bon vij la gi? Peak hay RMS? (DBu chi 1a RMS)
Chung ta c6 sy linh hoat ra sao? Méi buéc 1a 10dB, hay 3dB?

B Két hop s6 dB/FS vai kha néang t6i da cua thiét bj analog, 1am cho diém clip cia analog va
digital giong nhau. Budng kinh dwdng 6ng ngoai da phu horp.

B Bat c(r ai quan tdm dén headroom cuia thiét bi analog, c6 thé hiéu chinh dB/FS v&i dién thé thap
hon. Ching ta m&t mét chat do chinh xac digital cho mdi 6dB cua headroom analog da thém vao.

Chung ta hay chay qua thi du. Thiét bi mirc line dién hinh c6 kha nang t6i da la +23dBVPK
(+20dBVRMS, +22dBu). Néu dat dB/FS & mirc "danh dinh" (0dBVRMS) thi sé khong bao gidr xir dung ba
bit dau. Xt dung tét ca bit néu dat -20dBFS thanh 0dBV (hay 0dBFS = +20dBV).

3.5.8 Lugng tor hdéa -- Quantization

Hay choi tro choi xa xua, goi la "20 cau hoi". Hay suy nghi vé mot sé tir 0 dén 1,048,575. T6i co
thé gianh chién thang méi khi téi lam theo trinh ty phwrong phap nay:

B Cau 1: N6 cb 16n hon 524,288 khéng? Khéng.

B Cau 2: N6 c6 I6n hon 262.144 khong? Co.
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B Cau 3: N6 c6 16n hon 393.216 khéng? C6.

Chi trong ba cau hai, t6i da thu hep pham vi xuéng 8 Ian, xuéng con 131,072 gia tri (>393,216 va
<524,288). Mbi cau hdi chia phan con lai mét nira. Vi téi thdi diém t6i hdi cau hoi thir 20, chi con lai ¢é hai
kha nang. Ba cau tra I1&i cho dén nay la khdng, co6 va co. Dich: 0-1-1. Day la tém lugc viéc chuyén doi
analog sang digital: &m thanh 20-bit 1a 20 c&u hoi. Trd choi sé khéi dong lai mbi khi word-clock tich tac vao
mau tiép theo.

Logic: Bat dau v&i toan bod pham vi bién do. Bién thé duong nam & trén dau, khdng & gitra va am
& phia duéi. Gia tri mau hién tai 1a chd nao do trong do.

B Cau 1: Co ntra nao trén (1) hay théap hon (0) khéng? Day la ddu hiéu (sign) bit. Dién thé duong

tang Ién va am di xuéng. L&y mét nira chién thang va chuyén sang céu 2.

B Cau 2: Co ntra nao trén (1) hay thap hon (0) khéng? DAy la bit cdp cao nhat. Néu "1" thi tin hiéu

nam trong %2 murc toan bd (cuc dai 6dB cla giai dong luc). LAy nira chién thang va chuyén sang

céu 3.

B Cau 3: Tiép tuc yéu cau cho dén khi nhirng bit chay ra (gi¢i han x&p xi).

Am thanh khéng don gian nhu tin hiéu I6n nhét thi tat ca déu la 1 (s6 nhi phan t6i da) va im lang
thi tat ca déu la 0. Chung ta cé nhirng gia tri dién thé analog duong va dm rdi nén xir dung bit dau tién dé
xac dinh d&u hiéu (+ 1a 1 va - 1a 0). Vi vay, tin hiéu 20-bit t6i da c6 thé 1a hai muoi 1 (+) hay 0 néu ti€p theo
la mudi chin 1 (). Sy im 1ang la ddu hiéu hay tiép theo 1a mudi chin 1 (hinh 3.20).

Bit# Binary Quantization comparison
15 RN P e e e e e e e e SR T
14 0/11111/0

i3 011]{1/0/1 . .

JE I LR IRIIL) 14 samples at 1-4 bit resolution

111 URNURIE

170 ol1io/10

[JE] DRCLE

0’8 L R L . P P R I S e e Aty

0’7 UIRIRIE

08 010111110

(5] 0[0/110] 1

04 010/1/0/0 a2

03 o L0 U B 1 (e cetnea o i — A 2

o1zl {0101010]_» 1-bit | - ~ {\Z-blt

01 010707011 = 7

00 0/6/0/0/0 == v S

15 0111 1—\

114 DRI

13 0110/ 1 . 2
i72] {0]1110/0 56 samples at 4 bit resolution
11 [JRIIRIE)

110 011107110

[JE) 0117001

08 01110/0/0

07 01011111

06 0107111(0

0% DURIGE

04 0]07170/0

03 0/0/0/11

02 010010

/1 0]0]070] Y

010 0]070/0/0

Hinh 3.20 Thi du vé lwgng tur: Hién thj sy khac biét gitra 4 mdrc do bit (1-4 bit). Cling thé hién tac dong
téng ty 1& mau Ién 4 x (56 mau so v&i 14).

Thi du theo tirng buédc mét 96kHz, 24-bit, 0dBFS = +20dBVRMS (10VRMS, 14.14VPK)

Khuére tir: Minh hoa don gian nay khong nhat thiét phai chinh xac tirng bit cho bét ky bd chuyén
doi thuong mai nao.

1. Dong ho gb 1: M& clra s6 thai gian 0,01ms va Idy mau [voltage = +4.5VPK].
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2. Ky hiéu bit: C6 dién thé duong khéng? Cé. [Bit0 = 1]

3. Hau hét bit quan trong: Co6 phai dién thé > 0.5 x (1) thang do? (7.07VPK) Khéng. [Bit1 = 0]

4. Bit quan trong ti€p theo: C6 phai dién thé > 0.25 x (14) thang do? (3.53 VPK) Cé. [Bit2 = 1]

5. Bit quan trong ti€p theo: C6 phai dién thé > 0.375 x (3/8) thang do? (5.3VPK) Khéng. [Bit3 = 0]

6. Bit quan trong tiép theo: Co6 phai gia tri analog > 0.3125 x (5/16) thang do? (4.42VPK.) Co. [Bit4
=1]

7. Tiép tuc quy trinh bay zic z&c (bracketing) theo gia tri cho dén bit cu6i cung. Tai 16i x8p xi bit
quan trong it nhét la I6n nhat (giéng ty 1& phan tram cua tin hiéu véi tap 4m). Quy trinh chuyén doi
c6 thé rung rinh (thém tap am trang) dé giam thiéu &m thanh chudng tai clia sy thiéu quyét doan
veé digital: "tap &m dinh lrgng- quantization noise".

8. Guri gia tri s6 20-bit cho bé ma hoa va lap lai.
3.5.9 Ma héa -- Encoding

Ma hoa la quy trinh dong goi. Chung ta quén quanh con s8 bang bd huéng dan cho bat cir ai tim
ra n6. BO ma hoa am thanh tiéu chudn chuyén nghiép la AES3 (va bién thé da channel), c6 su pha tron linh
hoat va do cirng cho phép két hop nén tang va tro choi v&i ngudi tiéu thu. Ca hai ty 1& mau va bit-depth
déu la bién; Chung ta chi can ghi nhan goi dir liéu vé&i nhirng cai ching ta da xur dung.

3.5.10 Sai s6t va xdp xi -- Error and approximations

Cé vai dai 16 cho sai sot, tir &n tugng curc ky dén giam gia tri.

B Nha ra (Dropout): Khdng can giai thich (ngoai trir quan ly). Néu khéng thé doc déng ho, show sé
dirng lai.

B Bién dong (Jitter): Thoi gian trong dong hd khong 6n dinh. Xung dén sé¢'m hay muén va gy mo
ho hay delay viéc xtr Iy mau. Chang ta c6 thé mét dong bo véi nhirng thiét bj khac.

B Phan doi: Néu khéng cén bang trd khang cable dung, xung déng hd co thé doi trd lai dudrng day.
biéu nay c6 tiem nang tao ra sy kich hoat sai.

B Réi loan (Aliasing): L&i giai ma do sy nhan dang nhap nhang. Thudng cd chuyén nay béi ham
lurgng tan s6 bén trén tan s6 Nyquist.

B Noi suy (Interpolation): Quantization 1a phép tinh gan ddng cua tin hiéu analog phan chia gép
boi. Sé xay ra I6i lam tron v&i quy trinh nay. Chung ta cling phai d6i méat vai sy that la cd nhigu sai
sét trong hé théng analog. Kim dia hat cay qua (va hoi ndu chay) duéng ranh bang nhyra vinyl
lwrgrn tron, c6 thé lam tron hoan toan theo nghia den véi mbi cach xir dung. Sé ¢ thém nhigu 16i
lam tron khi chiing ta di chuyén tin hiéu doc theo d6, roi sau do la tap cudi cung trong quy trinh tai
thiét tai b chuyén déi D/A.

3.6 Truyén dan Digital dén Digital

Tin hiéu cua ching ta sé& van con la digital cho dén khi tai thiét analog cho n6. Co nhiéu ché dé di
va nhiéu cach dé dén do. Phan nay mo ta viéc truyén am thanh digital ndi bé va truyén tai bén ngoai gitra
nhirng thiét bi. Trong dang nay, ching ta van nhan ra tin hiéu du¢i dang 4m thanh ma hoa va thyc hién
nhirng chirc nang nhu mix, filtering va delay.
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3.6.1.1 Truy@n ndi bd -- Internal Transmission

Truée day, ching ta da thdy truyén dan analog bén trong yéu cau it tiéu chuén hoéa va bao vé hon
bén ngoai. Biéu nay ciing dung v&i digital. Mot khi ludng dir liéu da an toan bén trong birc twdng, ching ta
c6 thé lam béat cir cai gi ching ta mudn va cho dén khi phai di. Chi tiét khac nhau tir mé hinh nay sang mo
hinh khac nén chlng ta chi s¢ t@i vai khia canh chung. Thao goi tin &m thanh ra dau tién, roi chia nho
thanh nhiéu khung (frame) riéng. Géi &m thanh digital 96kHz (192 khung) la 2ms dir liéu, cai nay sé khong
hoat déng t6t nhu tang &m thanh t6i thiéu clia ching ta! Phuong phap tirng khung cho phép tang do tré rat
hiru ich la 0.01ms. Truyén dan di chuyén qua dudng 6ng dan vj tri cia bd nhé may tinh. Giéi han téc do
bén trong la téc d6é xung dong hoé ndi bd va giéi han bén ngoai la vi tri bd nho.

Fixed point and floating point, internal and external

24-bit fixed point 32-bit fixed 64-bit fixed 32-bit floating 64-bit floating
point internal internal point internal point internal

24-bit fixed point

external
w2 6
) W o
L | "t
144 dB 192dB 384 dB 1541 dB 12,329 dB 144 dB
dynamic range dynamic range dynamic range dynamic range || dynamic range dynamic range

32 -bit floating
point yields an
S/N ratio of 150

64-bit internal
fixed yields the
insanely large

24-bit fixed point
arrives from an
external source

Range can be
expanded
internally. 8 more

64-bit floating
point yields SIN
ratio of 319 dB

In the end it must
come back down
to fit into 24-bit

bits adds 48 dB of 384 dB of dB (25 bits) and || (53 bits) and 11- fixed point pipe
dynamic range dynamic range 8-bits for the bits for the (144 dB)
exponent exponent
Hinh 3.21 Diém c6 dinh va diém tréi ndi (bén trong va ngoai)
3.6.1.2 Diém c6 dinh va tréi néi -- Internal Fixed and Floating Point

bay la chuyén théng thudng khi xem théng s6 ky thuat cho bd xur Iy am thanh 32-bit va 64-bit. Viéc
nay co vé la déi v&i nhirng thiét bi cé bd chuyén déi A/D 24 bit. Bit ngoai c& chi co6 s&n dé xir dung ndi bo,
mot trong nhirng man tién thud'ng danh riéng, hién hiru giéng nhu moét déng con s6. Pay la dudng 6ng noi
b6 tam thoi, mé réng duge, chay cho dén khi ching ta dap (rng gi¢i han diém c6 dinh chiéu séu bit clia bo
chuyén déi D/A (Hinh 3.21).

Nhé lai kich ¢& ¢6 dinh clia duwdng 6ng mire line analog. Sé tang nguy co qua tai khi téng hop
nhiéu tin hiéu vao ong co kich c& c6 dinh. C6 nhirng consoles mix analog that sy nhu thé nay vai rail 120
VDC cho mix bus ndi bé: La 6ng c6 thé mé rong! Md& rong chiéu sau bit ndi bd sé cung cép cling mét chirc
néang trong DSP ma khéng c6 nguy co bi shock. Cudi cling, chiing ta phai phu hgp mirc dé vao diém co
dinh bé chuyén déi D/A, nhung bén trong b xtr Iy, c6 nhiéu dynamic tirng giai doan tu do hon la ching ta
c6 thé lam dugc v&i analog. Ching ta co6 thé téng diém néi "qua tai" an toan va cét tya kich c& lai sau ma
khong anh huédng dén tin hiéu. Nguoc lai, cham vao canh dudng 6ng analog ndi bd lam giam dang song
vinh vién. Bua n6 xuéng sau nay sé khong gilp ich gi.
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Chiéu sau bit diém cé dinh ndi b6 32-bit cung cap kha nang md réng dynamic 1én 8-bit (48dB) trén
murc t6i da 24 bit cua bd chuyén déi A/D. Console analog sé can 3000 rail VDC dé dat dén diéu nay. 64 bit
ndi bd cong thém 192dB, vi vay ching ta c6 thé tham gia manh bén trong thiét bi, mién la dirng c6 dua nd
ra bén ngoai. Diém c6 dinh bén trong lam ting chigu sau bit & dinh ma khong can cong thém 16i lam tron &
bén dudi (it nhat cho dén ngay thanh toan tai bo chuyén déi D/A). Viec mo rong diém c6 dinh yéu cau
thém tai nguyén bd nhé vai chi phi lién quan va thach thirc vé toc do truyén.

Tinh toan diém trdi ndi vé ra gia tri bién dé nhu 1a s6 nguyén c6 doé dai cd dinh (25-bit hay 53-bit) va
s6 mi va hudng vector (+/-) (8-bit hay 11-bit twong irng cho 32-bit va 64-bit trong rng). N6 1a s6 mi bién
doi, tao ra thuat ngir "ndi- floating" & day. Kha nang phép nhan tiém &n trong s6 nguyén + s6 mii cho phép
con s6 vugt qua gici han bit nhj phan don gian cua cau tric lién két (topology) diém c6 dinh. Do d6 khéng
ap dung danh sach don gian vé gia trj t6i thiéu va t6i da. Hé théng tréi néi cé thé mang con sé "ngoai thang
do" bén trong bo xtr Iy ctia no, chi can di chuyén "trong thang do" tai diém chuyén déi D/A hay truyén tdi
thiét bi &m thanh diém ¢6 dinh. Nhirng 16i lam tron diém trdi n6i khdng déi theo mirc dd, vi chudi s nguyén
déu co6 cung do dai, bat ké s6 nhan s6 mii ra sao. Do d6 nhirng sai s6 lam tron giéng nhau cho nhirng tin
hiéu I&n nhét va mdrc tin hiéu thap nhat.

3.6.1.3 Diém trén -- Mix Points

Diém mix la digital, trong duwong v&i téng s6 bus. Tin hiéu cong thém con s6 vao va theo tién trinh
téng két nhu analog (phép cong/trr dura trén bién dd va phase twong déi). Co hoi lam tron 16i m&i, phat
sinh khi chdng ta mix tin hiéu lai v&i nhau va tao ra tin hiéu maéi.

3.6.1.4 Diém kiém soéat

Diém kiém soat quan Iy quy trinh hoat déng nhu dinh tuyén (routing) tin hiéu, gain (nhan), delay
(sidetracking vao ngan hang bd nho), filter (nhan, gain va dinh tuyén delay) va nhiéu nira. C6 thé thyc hién
thao tac lién quan trén nhirng ludng tin hiéu riéng biét, giong nhu VCA cua thé gi¢i analog (hién nay la viét
tat cua diéu khién dién thé bang s6 hoc- voltage-controlled arithmetic).

3.6.2 buong 6ng AES/EBU -- The AES/EBU pipeline
3.6.2.1 Output dén input

Chung ta c6 thé truyén am thanh digital gitra thi€t bi ma khoéng can chuyén sang analog. Chung ta
can lam theo quy trinh va déng goi dé van chuyén. AES3 1a giao thirc chuén, xir dung cho nhigu dinh dang
va phuong tién khac nhau. Phurong phap dong géi nong c6t rét phé quéat trong nganh cong nghiép roi ap
dung bang nhirng hinh thirc twong thich rét khac nhau. Tim thdy phién ban hai channel va nhigu channel
trong dinh dang day va quang hoc.

Truyén 4m thanh digital 1a n6i diém-diém, khéng cho phép chia tin hiéu output ra nhiéu input
(khéng giéng nhu truyén dan analog). Diéu nay chua yéu la giao ti€p RF, vi vay vai jack ndi va cable giéng
nhu dung trong RF va video.

3.6.2.2 Tré khang cable

Két néi dién tiéu chuén gitra output va input AES la cable 75Q hay 110Q. Tro khang cable 4m
thanh nay rat cao cho nhirng ngu¢i trong chiing ta dong khung trong tam trang analog. Bac biét cho cable
1m! Lam sao né co thé co cling tré khang vai cable 10m? Tré khang dugrc chi dinh cho truyén dan digital
la déng vat khac hoan toan, tir dién tré dong theo ty 1& chiéu dai, dién dung tu cam va song song ma ching
ta thay trong tin hiéu analog. Pac diém ky thuat 75Q Ia "tré khang déc tinh-characteristic impedance", bao
ham giai phAu cat ngang sgi cable, khong phai chigu dai cua n6. Sy khac biét gitra cable 75Q va 110Q la
dung kinh day dan, vat liéu cach dién, cach dién gitra n6 va giap chan, khdéng phai chiéu dai. “Tre khang
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d&c tinh” manh nhét trong day dan duy nhét & trung tam clia giap chéan tron: cable dong truc. Cable analog
cling c6 tr khang dac tinh (22AWG khoang 70Q), nhung chiing ta khong khién bang thong 20kHz di mét
dam hay truyén 6MHz. D6 la ly do tai sao ching ta khéng bao gi¢r lo lang nhiéu vé tro khang déc tinh,
nhung nganh dién thoai chac chan da co trude khi sgi fiber ndm quyén kiém soat.

Chu dé muén thud trong churong nay la khién Z thap sang Z cao. D6 l1a &m thanh. Con day la
truyén RF qua cable c6 trd khang twong (rng v&i ngudn va b thu, "dudng day truyén tai- transmission
line". N6 la line balanced, nhung theo cach khac hoan toan vé&i line &m thanh: tré khang balanced. Hang
loat tr& khang (dién trd + tur cam) béng tro khang song song (tror + dién dung). Biéu nay lam cho gan nhu
khong bi mét truyén tai cht nao, véi nhirng phan déi t6i thiéu trong cable (Hinh 3.22).

Trong thé gi¢i &m thanh analog chuyén nghiép, ching ta khéng nghi dén nhirng phan déi trong
cable, nhung c6 vai ngudi ching ta cling du gia dé nhé né trong nhirng cudc goi dién thoai dudng dai.
Phan doi tro thanh méi quan tam khi truyén dat buwée song theo chiéu dai cable. Bay 1a 1156m @ 20kHz
cho mach dién ttr, vi vay khong c6 van dé ¢ do. Ching ta dang lam viéc trong gidi 6MHz va cao hon. Phan
doi trong duwdng day truyén am thanh digital sé khong gay ra tiéng vong am thanh giéng nhu bo phan
analog cua né. Thay vao do, no tao ra nhiéu dir liéu bé sung gia mao ban gdéc, c6 dang rang cua cb thé
gay ra |6i truyén dan khién khong thé doc dir lieu dugc. Dau day cable nam tai tré khang dac tinh sé lam
giam phan xa tai diém dén.

Characteristic impedance of a transmission line

Source

- Dialectic insulator — o)
Plastic jacket — ‘
v
- ~\£ v mpedance
v b\ The load seen by the driving —_— EQUALS
i ® 1 T device is equal to its source v
Y y impedance because the cable N N
N\ f' 4
reactance is balanced. X-
\ Inductive reactance = c
Metallic shield Capacitive reactance
’ \ 4

(——
eouepadw
peon

Solid conductor
110Qand 75 Q Cable series inductive reactance
transmission lines The combination of series > EQUALS
are used for AES resistance and inductance C
port-to-port in the cable is equal to the ‘ 3 8
transmission parallel resistance and S apd
capacitance., T 825
The conductor must be centered inside Inductive reactance =
a circular shield - even at the connector Capacitive reactance =

Hinh 3.22 b3c tinh tré khang cable.
3.6.2.3 Quang hoc -- Optical

Hai quan da xur dung truyén théng khong day dé giri am thanh digital bang quang da mé hoéa gitra
nhirng tau: Mét thiy thu chép ma Morse béng cach mé va dong cira chép trén dén. Am thanh digital béing
soi quang nhanh hon nhiéu, nhung khai niém cling nhu nhau. Khi hé théng truyén dan quang dang nhép
nhay, n6 hoat dong dang. Truyén dan quang hoc thay anh sang cho dién thé. Cable c6 bé mat phan chiéu
gan nhu khong mét chét lugng. Cable quang c6 thé chay cho nhigu channel bang ghép channel (chay
nhiéu tin hiéu trong chudi va giai ma né riéng). Tin hiéu quang khong c6 van dé gi vé hoi tiép dét va co thé
patch nong ma khong so dot bién. Can phai can than, tranh gép cable quang vi né lam gian doan dudng
phan chiéu (Hinh 3.23).
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P Fiber optic transmission: Single-mode and multi-mode

s € Glass fiber core: Light travel path
i/ €~ Glass cladding: Traps light in the core by "total internal reflection”
\ p s Cooatting: Internal protection
N/ €. Buffer: External protection

Single-mode fiber:
Single signal in the
pipeline. Minimum loss,
superior long distance
capability

Multi-mode fiber:
Multiple signals share the
pipe. Maximum data
density, reduced range

Hinh 3.23 Truyén dan quang hoc
3.6.3 C4u hinh tuong thich AES -- AES-compatible configurations
3.6.3.1 AES / EBU (AES3)

Day la cau hinh hai channel (trén danh nghia la stereo nhung trén that té chi c6 hai channel doc
lap). Cable AES3 tiéu chudn 1a 110Q, 3 day xoan cadp v&i do dai téi da 1a 100 m. Jack néi XLR va RCA
chinh né da trai qua viéc chuyén analog sang digital va dugc tai ché cho AES3. T6i doan vao thai diém do,
day co6 vé la y tuang hay nhung c6 thé dan dén viéc patch sai. Jack néi cdm vao 16 phu hop, nhung cable
thi khdng turong thich va dan dén két qua khong béat ngd theo ca hai huéng. Két luan: Kiém tra cable cla
ban.

Jack néi tiéu chuén la jack XLR (input cai, output duc) c6 day giéng nhu t6 tién clia no, pin 1:
common, pin 2: tin hiéu +, pin 3: tin hiéu -. C4u tric dinh dang AES3

M&i m&u mang gia tri s6 duy nhét tir 16 dén 24 bit. M&i khung dir liéu can c6 ddu hiéu ddng nhét
dé gilr no theo thir tu. Sé rdt knong hiéu qua khi quén tirng khung (frame) cho méi channel. Thay vao do,
nhom no lai thanh b 192 khung, v&i dm thanh tan s6 48kHz dén 4ms (0.02083ms x 192).

San pham cudi cung la "kh6i &m thanh- audio block": 2 channel v&i 192 khung &m thanh va bé vat
liéu dong goi hoan chinh. Hay xem ching ta dén do ra sao. Mau am thanh da chuyén déi sé dong goi thanh
32-bit dé tao ra khung &m thanh. 24 Bit & gitra (bit &m thanh) la gia tri dai lwvg'ng trong dang s6 thap phan
diém c¢6 dinh. Chlng ta hay goi 24 bit nay la bit &m thanh va 8 bit dong goi khac dé dé thao luan. Tam goi
bit va 24 bit audio cung cap cho ching ta khung hinh don (m6t trong 2 channel). Tham gia vao khung phu
cling nhau dé tao ra khung hoan chinh (64 bit dir liéu 4&m thanh va théng tin). Chlng ta ti€p tuc hoat déng
nay 191 Ian va goi tat ca thanh mot goi &m thanh.

M®i khéi Am thanh yéu cau 64 hoat dong néi tiép truéc mau tiép theo (32/khung phu). Chia nhirng
hoat dong thanh nhiéu khe th&i gian, quan ly béi déng ho ma hda danh déu hai phase- biphase mark
coding clock (BMC), nhanh hon word-clock nhigu.

Thi du cho 48kHz, ching ta c6 64bit x 48kHz = 3072kb/sec v&i dong ho biphase la 6.144 MHz.
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Biéu dién bang khéi Am thanh mat bao 1au? Diéu nay phu thudc vao ty 1& mau. 192 khung cua am
thanh 48kHz 1a 4ms am thanh, t6c¢ d6 khung la 250Hz. Giam mot nira cho 96kHz (2 ms) va moét [an nira
cho 192kHz (Hinh 3.24).

AES3
Anal Bits 0-31: 32 time slots each subframe ["Bits 4-27: 16-24 bit audio samplo Bit 28: v-uan( bit.
naiog (Channel A) for oach frame To skip, or not to skip out
In 192 samples = 4ms (48 kMz), Bit 31: Parity bit (error
f 2 ms (96 kHz), etc. checking) 1

€ x 8-bit channel 4 x 8-bit ASCH 4 x 8-bit ASCH 32t sampio 32-bit ombedded | CRC error
format information h h address timecode check
Bit 30: Channel status builds a 192 bit word with 1 bit from each frame
FTRIMIO o o o o o o o o o o o e e o, o » Frame
0 2 channels of 192 frames make 1 audio block (1 channel shown) 191

Hinh 3.24 CAu truc khung AES3

Hay tro lai véi khung phu 32-bit. Nhirng bit &m thanh chira 192 con s6 24-bit duy nhét: luéng dir
liéu &m thanh. Bay gi¢' chiing ta c6 mang gié tri &m thanh (bién do 24 bit so v&i thoi gian 192 bit). Tat ca
dinh dang déu chia sé 16 bit quan trong nhat va |ap day dir liéu 20 va 24 bit trong nhirng bit thap hon. Binh
dang 16 va 20 bit guri tt ca 0s dén nhirng bit thdp hon khong xtr dung. Mang nay la trong tai (payload) cho
mot khéi Am thanh.

Xr ly vai phan dong goi khac nhau. N6 dugc truyén trén 192 khung la 24 word véi mbi 8 byte (24 x
8 = 192) dé cho chung ta biét cau chuyén vé khoi &m thanh nay. Doc bit &m thanh theo chiédu doc, khung
bén dudi bang khung bén duéi va doc hudng dan dong goi theo chiéu ngang trén 192 khung phu. Digu
nay lan truyén thong tin dong goi qua khéi Am thanh, hiéu qua cao hon viéc glri cac ghi chd hoan chinh
trén mdi khung rét nhiéu.

DPoéng goi 8 bit chia thanh hai phan: truéc-pre va sau-post. Bit 0-3 1a preamble, chuén bi sap xép
nhirng dir lidu di dén. O day c6 khung dAau tién cia channel A. Tiép theo 1a khung tir B v.v. B6n bit cudi
cung di theo dir liéu &m thanh. Kiém tra bit 28 d& xem néu dir liéu da s&n sang chuyén déi D/A hay chua
va néu chua thi dat 1enh dirng. Bit 31 1a bit chan 1€, bé kiém tra 16i truyén tai co ban.

Bit trang thai channel -- Channel status bit

Sy kién chinh dé dong géi la bit 30, "bit trang thai channel", c6 du thong tin chi tiét dé giai ma chinh
xac va tim ra cay kim am thanh nay trong cé déng co khoé cua hon 17 triéu goi tin. D6 la hon 12 gio am
thanh lién tuc & 96kHz (chdng ta c6 thé truyén soundtrack cho bé phim Lord of the Rings ma khéng can lap
lai s6 chi myc). Cling bao gém trong bit nay duwg'c nhiing ma thai gian SMPTE. Ban c6 thé ty hoi, lam sao
chuang ta thurc hién viéc nay chi trong 8 bit, vi phai mé&t 32-bit word dé lam mdi mé thai gian. Do 1a phan
thudng cho viéc truyén word trén toan b khéi thay vi dat n6 vao tirng khung hinh phu.

Nhirng dinh dang twong thich AES/EBU

B TOSLINK: Toshiba Link (TOSLINK) la phién ban s¢i quang ngén (<10 m) ctia AES3. Toshiba,
Sony Philips Digital In Format (SP/DIF). Jack néi 1a JIS F05.
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B S/PDIF: Binh dang giao dién digital ctia Sony/Philips (S/PDIF) la pham vi ngan, unbalanced, 1a
AESS vai tiéu chuan tham chiéu dién thé thdp hon. Phién ban c6 day xur dung cable dong truc 75Q
vGi jack nGi RCA va phién ban quang hoc xtr dung jack néi TOSLINK.

B ADAT Lightpipe (ADAT Optical Interface): Binh dang quang da channel dugc Alesis thyc hién
trurdre tién cho may thu ADAT cla ho nhung cling dugc nhigu hang khac xir dung. Jack néi giong
nhu TOSLINK va S/PDIF nhung giao thirc khéng tuong thich. Lightpipe c6 dung lrgng c6 dinh
nhung c6 thé phan bé theo s6 channel & ty 18 mau nhét dinh. Thi du, 8 channel & 48kHz, 4
channel & 96kHz.

B MADI (AES10): Multichannel Audio Digital Interface (MADI) c6 thé truyén tai nhiéu channel
khéng nén AES tuong thich 4m thanh. S6 channel chinh xac sé thay déi theo ty 1é mau nhung 56-
64 channel 48kHz cua &m thanh 24-bit 1a binh thugrng. S6 channel bi giam xuéng mét nira &
96kHz. Jack néi va cable cho ca hai dinh dang dién va quang hoc gidng nhu phién ban 2-channel
(AES3) vi vay viéc tiét kiém cable va két ngi rat dang ké. MADI tuan thu tiéu chudn AES10 va co sy
hé trg rong rai ctia hang san xuét. Chiéu dai cable c6 thé dat dén do dai dé nghi t6i da tir 100 dén
3000 mét.

3.7 Truyén dan mang digital -- Digital Network Transmission

Chung ta budc vao thé gigi digital trong mét ludng khac vai &m thanh I/O mo ta & trén. Néu ban da
vao 4m thanh vi ban muén ngdm chinh chdng ta trong hau hét phi nghé thuat, phi &m nhac, khéng c6 gi dé
lam vé&i phan tai ctia ban vé thwrong mai, thi day la chd cua ban. Mang digital 1a mét trd choi s6. Lam sao
chiing ta c6 thé di chuyén no6 cho nhanh dang tin cay? Khéng c6 muc tiéu hay cai thién dang séng, chi can
nhan ban va di chuyén n6 chung quanh.

Vai thiét bi mang 4m thanh phé bién déi véi nganh CNTT (IT-Information Technolog), trong khi vai
thiét bj khac lai thich nghi véi chiing ta. Ky nang g& rdi trén mang may tinh gia dinh that sy gitp d& & day
rat nhiéu.

Hay lam r6 trong mang cé cai gi va dang xay ra cai gi. Thiét bj glri va nhan géi am thanh da digital
héa truérc day da dua vao. Bo chuyén déi A/D va D/A quén va thao géi tin 4m thanh tir bén ngoai mang.
Nhirng thiét bi "trong mang" chinh 1a b diéu hogp mang, switch, déng ho va hon nira.

3.7.1 Téng quan vé mang

Khéng c6 phép so sanh dé hinh dung mang digital nhu dud'ng 6ng. Theo nghia den la vay. Mang
chi la hé thong giao thdng. N6 khong dua ra y ki€n gi vé chuyén do co phai la tweeter hay Twitter hay
khong. Ching ta mudn mang lam hai viéc: dong goi va van chuyén né (Hinh 3.25). Biém nhap mang yéu
cau phan cirng thich &rng (b6 diéu hgp mang) véi goi ludng dm thanh clia ching ta dé van chuyén. Quy
trinh ddo nguoc & phia bén kia.

Nh¢ lai, dwdng dan tin hiéu &m thanh analog |a theo tirng diém. Output c6 thé khién input don 1é
hay chia ra ("wye'd" apart) dé khién thém nira. Ngugre lai, nhiéu output khdéng thé "wye'd" v&i nhau ma
khéng co vai dién trg cach ly hay bién chirng phién ha. Thiét ké hé théng analog mét cach cén than, 1ap ké
hoach méi két ndi diém-diém trwrdc va dy doan nhirng diém tham chidu cé thé can sy linh hoat lién tuc.
Chung ta c6 thé tim thdy bang patch & day, cho phép tuy chon dinh tuyén lai (rerouting) va thém lién két rat
yéu co do tin cay. Am thanh digital AES ciing giéng nhu vay. Cai nay van con diém dén diém nhung tham
chi chia va két hop tin hiéu it linh hoat hon.

Tuy nhién, nhirng hé théng digital nay c6 thé mang nhiéu nhém tin hiéu Ién v&i nhau tai diém nong
c6t chung va dinh tuyén nhirng tin hiéu lai néu can. Hién tai c6 rat it nhu cau vé bang patch.
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Digital audio network function block (very simplified)

Audio control Audio < AoE >
Audio inputs interface processing Router tofrom WLAN
Audio delivered to A Audio is converted Audio connection to
the network exterior AoE /AOE for import/export external networks
Network Aok S| Networ AoE > roposter <,5°E S|  Audo
adaptor swilch P processing
Audio posted to
the network
Audio converted for g Used to extend
network transport Switch directs traffic AoE physical range
to appropriate network
[ locations AoE
0
4 Broadcast
Extemal clock Switch H feods. ehd
Clock provides sync for Expanded capability to
all network devices share data

Hinh 3.25 Mang am thanh digital: kh&i chirc nang don gian

Mang hoat déng khac nhau. Mac du két néi vat ly la diém dén diém, dong chay cua thong tin thi
khong. M6t tin hiéu xuat hién trén mang co6 thé doc badi tat ca thiét bi mang (néu chiing ta muén no). Ching
ta phat song tin hiéu va sau dé bat cir ai muén né cé thé nhat né Ién.

Thach thirc hé thong am thanh cho &rng dung &m thanh live:

B D6 cho thdp: han ché dung sai cho tin hiéu delay. D6 chd qua mirc lam giam méi quan hé cua
am thanh da gia c6 v&i dm thanh ty nhién va giam qua xa so véi thj giac.

B Dong ho thoi gian nhat quan: Tat ca lubng &m thanh lién quan phai bAm gi¢ cung nhau. Dung
sai clia chung ta & day rét nho (theo tiéu chudn mang), can & trong mot mau duy nhét (thi du:
0,01ms cho 96kHz).

B Cung c8p dung thdi han: Phai giri géi tin &m thanh c6 du thoi gian dé dém thém va giai nén.
Can phai nhét quan luéng dé ngan viéc bo roi ky tu (qua tré) hay tran bé dém (qua sém).
B Phat tan khéng co 16i: Chang ta can bd goi tin &m thanh hoan chinh ¢é stra 16i t6i thiéu.

Nhu cau truyén tai dac biét luén doi hoi phai tach mang am thanh vao mai trud'ng riéng (mang LAN
riéng), v&i channel quang ba dén nhirng mang LAN khac hay mang dién réng han ché.

3.7.2 M6 hinh 16p OSI

M6 hinh két n6i mang mé (Open Systems Interconnection-OSI) 1a khung khai niém dé giap hinh
dung thiét ké bén trong mang digital. Khung OSI do'n gian hoa viéc noi chuyén bang giong néi dé giup
ching ta hiéu vé cach dir liéu dang di chuyén chung quanh ra sao. Két qua 1a "mé hinh triru twong-
abstraction model" bay I6p. Dir liéu thd tir 1&p trén clng (nhu tin hiéu &m thanh cua chdng ta) truyén qua
|&6p theo 16p trong thiét bj cho dén khi né xuéng dén day va da san sang cho viéc van chuyén.

Co6 thé hinh dung mang digital nhu thanh phd nhigu tda nha bay tang, chd moi ngu i trén tirng
tang déu ndi ngdbn ngir khac nhau. Nguoi cu trd & tang thir bay trong tda nha muén lién lac v&i nhirng
ngu i & tda nha khac. Théng tin vé dich dén cong thém tin nhan vao, roi truyén xuéng tirng tang va
chuyén phat bang mét dat (I6p vat ly) t¢i toa nha tiép theo. Mbi tang cong thém goi bén ngoai dé gtri tin
nhan theo quy tac chuyén déi cua no (goi la giao thirc). Co thé giri goi hoan chinh di roi thao ra khi né 1én
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dén tang trén cua toa nha tiép theo. C6 thé doc tin nhan nay trén tang 7 vi ho noi cing ngén ngir (giao thirc
ndi bo).

Kiéu quan ly trong 16'p 1a tir trén xuéng (Hinh 3.26). Méi I&6'p quan ly I&p bén dudi nd, hoat dong
ngang hang dé binh déng v&i may chu (host) khac cing mirc d6 ctia n6 va c6 1&nh tir 16p & trén. DI liéu &
dang thé nhét & cép cao nhat. Méi lan chang ta chuyén dir liéu xuéng mét I&p thi né phai géi gon trong
giao thirc cla I6p méi. Bai thdi gian ching ta dén 16p durdi cung, dir liéu 16ng vao nhau nhu con blp bé
Nga bay cép. Giao dién ngudi dung clia ching ta ndm trén I&p cao nhat. Ching ta s& phan phdi goi tin am
thanh lén dinh ngan x&p va cung cap vi tri van chuyén. Goi tin sé dong goi lai khi n6 chuyén xuéng qua
nhiéu I&p va chuén bj truyén di.

L&p dudi cung 1a 16p vat ly, chd ching ta két néi dién hay quang gitra thiét bi. 100-Base-T, USB,
Bluetooth, RS-232 va nhiéu thiét bj khac la giao thirc 16p vat Iy. Nhan vién I6p vat Iy khéng doc tin nhan
clia chlng ta (khéng giéng nhu chinh phu); Ho chi géi va gtri nd di. Chung ta khéng quan tdm dén chi tiét
van chuyén mién la goi sé giao ding thoi gian trong digu kién co thé doc dugc.

OSl layer model OLD layer model
Digitally controlled
[ Analog process l | log process
|7: Hand on fader |7: Hand on mouse
Systom1 - Systom 2
Data transmission i
Layer Units Application/example Protocol, hardware Audio networks
7: Application Data Network process 1o application SMTP
: Data representation, encryption and
6: Presentation docription JPEG, ASCII, TIFF, GIF
: Interhost communications, managing
% Beovicn |between applications S{LOgoN Posse

X Path determination and IP (Logical - AESG7. AVB, Dante (Audinate),
3: Network Packets |, dressing) Router RAVENNA, Q-LAN (QSC)
2: Datalink Frames |MAC and LLC (Physical addressing) | Network switch AR (1722} Coranet

Hinh 3.26A va B M6 hinh I&ép OSI va OLD

Diéu quan trong can ghi nhé 1a mé hinh Iép OSI 1a triru turgng, tire 1a né 1a cdu trac don gian dé
gilp chlng ta hinh dung cu trdc vi mo va nhirng quan hé tuong déi phirc tap hon. Co vai sai lam trong
mang vong tron gitra mé hinh OSI bay I&p va mé hinh phan I6p TCP/IP. Nhirng diéu khoan khong thé
hoan déi cho nhau. Thi du: van chuyén am thanh nam & 16p 3 va 4 cia mo hinh I6p OSI nhung ¢c6 thé thay
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trén 16p 2 va 3 cia mo hinh TCP/IP. C6 lién két dén ca hai mo hinh phan 16p trong phan tham khao cua
chuong nay.

M6 hinh I&p OSI lam ré khoang cach khac biét véi tin hiéu Am thanh ma chang ta kiém soat bang
chuét hay GUI 1a bao xa. Trai ngugc véi mo hinh analog, noi tay ching ta tiép xuc trurc ti€p vai bién tror
diéu khién dong dién tin hiéu. Bay goi Ia mé hinh OLD (Gia giéng b6-Old Like Dad).

Vai thiét bj mang 4m thanh thuong mai hoat déng v&i giao thirc I16p 1, diéu nay c6 nghia la nd
phai tryre ti€p quan ly viéc truyén thong cua n6 bang phan cirng riéng chir khong phai qua thiét bi mang co
muc dich chung. Chlng ta c6 thé tan dung thiét bi mang cé6 muc dich chung nhiéu hon khi ching ta di
chuyén Ién I6p trén nhung chlng ta cling can long thuong x6t cua ho. Thiét bi mang am thanh phai rat kin
dao vé d6i tac cta noé vi thai gian la c6t yéu, va ty Ié 16i cia chung ta qua nhd. Hé thdng 16p 2 c6 thé xur
dung thiét bi chuyén mach am thanh qua Ethernet (AoE) va phan cirng mang khac. Hé théng 16p 3 dang
tre thanh 1anh dao trong mang am thanh vi n6 cé thé tan dung phan clrng giao thirc Internet.

AVB/TSN (da thao luan trong phan 3.7.6.5) dura trén tiéu chuan IEEE 1722- 2011, |4 giao thirc 16p
2 va 3. Tuy nhién, AVB’s Stream Reservation Protocol "vurgt qua nhiéu I&p" vi khung chi danh cho viéc van
chuyén gilra hai dau day va khong bao gid chuyén ti€p hay lam cau néi hay guri di, nhu thé n6 1a 16p 172!

3.7.3 C4u trac mang

Mang la gia dinh cuc b0, két ndi gitra ngu i n6i va thinh gia. Mang cuc bd két néi véi nhau dé tao
ra céu trdc toan cau.

3.7.3.1 Mang cuc bd -- LAN (Local Area Network)

Mang riéng, han ché sy giao ti€p cla né vai thiét bi mang da chi dinh, thi du nhu trong "vliing cuc
bd-local area". Mang cuc bd (LAN) c6 tudng ngan cach (thudng goi la "tudng Itra") gitra ndé va mang LAN
khac nhu Internet. V&i hé th6ng mang am thanh, viéc quan ly luu lugng rét quan trong vi ban chéat nhay
V@i thoi gian cua luong dir liéu. Thiét bj am thanh phai co6 kha nang trd chuyén véi nhau ma khong phai lo
show am thanh sé tam dirng dé thanh toan tién ban do Iwru niém. No6i tom lai, chling ta can dudng day
riéng, thay vi dudrng day chung, dé chac chan giao hang dung han.

3.7.3.2 WAN (Mang dién rdng)

Mang dién réng (WAN) la khong riéng tur, noi hé thong am thanh co6 thé phat séng di hay nhan tur
bén ngoai mang. Ttr quan diém LAN (local), WAN la bét ky céi gi trong thé gi¢i hoang da ngoai céng cla
chiing ta. Khi chling ta guri tin hiéu ra khéi mang (thi du: show online trén Internet), chling ta khéng néi truc
tiép v&i moi giao dién trén Internet. Thay vao do, ching ta di du lich qua hang loat mang LAN réng (nhu
dich vu Internet) da mé nhirng két néi thich hgp dé cho phép dir liéu cua chung ta truyén dén ngdi nha &
Tasmania. Phai dinh rd nhirng nguy co giao théng tiém &n khi di qua WAN ngay 18p tirc, vi bét ky diém nao
cling c6 thé thi€u t6c do can dé duy tri ludng khdng bi gian doan. Néu ban gap su cd nay, hay truy cap
youtube.com. Néu ban bj dong bang, mat ky tu va thay tir "buffering" trén man hinh, ban cé thé gap phai
tinh trang tdc nghén mang WAN. Ban sé la dé khung khi gtri show &m thanh cta ban ra khoi sy kiém soat
cua mang LAN cho dén khi bat budc, nhung khéng co nghia la khéng duoc thyre hién nd. Do do, trong am
thanh chuyén nghiép, chling ta phai t6i da hoa sy kiém soat tai cuc bé va thure hién nhirng bién phap tét
nhé&t dé ch&c chan chung ta nhan dugc séng wu tién trén mang WAN (Hinh 3.27).
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Digital audio and network flow chart examples (very simplified)
AES3(2) AES3 (2)
Input Active mic | ) System . to speaker
channels - splitter ) Mix console processing system
AES AND MADI
e AES10 (84) AES10 (64)
v - Active mic S : S System . tospeaker
channels w3 splitter > Mix console > processing ’ system
Input « | Active mic Monitor s s
channels ww——3p External clock system w—  Spoaker
‘ spiitter console processing system
l AES10 (64) A Zoe Py
AoE AoE Audi
Network Network Network |~ udio over
adaptor ) switch < > switch : B i) Ethernet (AoE)
N\
NEE’ AoE A N AoE
Y \
\\
FOH Console FOH Console 4 FOH system > 1o FOH speaker
L w2 processing system

Hinh 3.27 Khai chirc ndng mang digital cho hé théng ca nhac (rét don gian)
3.7.4 Toc do/bang théng mang -- Network speed/bandwidth

Mang cuia chuing ta cé thé (gia thuyét) chuyén bao nhiéu dir liéu qua dudng 6ng trong mét giay?
bay la cach phan loai mang chinh. Mang hoat déng & téc d6 1Mb/gidy goi la bang théng 1MHz. Mang nay
c6 thé truyén mot file cé kich ¢& 1Mbit hay 10 file c6 kich c& 100kb/giay.

Thi du vé trong tai &m thanh digital la 24 bit’/khung @ ty I& mau 48kHz. Pay la 1.152 Mb/gidy (24 *
48.000). Bay la nhirng cai ching ta dang glri xuéng dudng éng, cung véi huéng dan va dong goi.

Toi nhé khi nang cdp modem Internet cua toi Ién 14.4 Kb/giay! chinh toi dé ngay, t6i sé dé ngay
thang cho sach nay bang cach noi ching ta hién thdy 100Mb va téc dé6 mang gigabit. Gigabit 1a gi? Do la
1000Mbits/giay. Bay la téc d6 nhanh hon 100Mb 10 lan (100BASE-X), nhanh hon 10Mb (10BASE-T) 10
lan. Néu mang clia ban cham hon 10BASE-T, ban c6 thé mudn bo tai khoan AOL clia minh.

3.7.5 Thiét bi mang -- Network devices

Vai thiét bj ndi gitra nhigéu mang khac nhau (router), vai thiét bi khac chuyén dir liéu gilra nhiéu thiét
bi trong cling m6t mang (switch) va vai thiét bi ngi talker/listener véi nhau (interface/ports).

B Giao dién (cong)-Interface (port): Diém két ndi t&i thiét bi khac trong mang. Chirc ning cua no la
guri va nhan goi dir liéu. Biéu nay twong tu nhu két ho'p input va output trong thé gi¢i analog. biéu
chiing ta phai déi méat gan nhat ma la hé thong lién lac trong truo'ng hoc rét ¢, xtr dung loa lam
micro va nguoc lai.

B Router-b6 dinh tuyén: K&t néi mang v&i mang. Router gia dinh cua téi n6i mang cuc bd véi cong
ty truyén hinh cable khong hoat déng. D6i khi b dinh tuyén phai chuyén déi dir liéu gitra nhirng
céu hinh mang, trong tu nhu transducer (chuyén déi gitra nhirng phuong tién). Router quan ly
viéc trao déi dir liéu, diém kiém soat lién lac v&i nhirng quy tac cu thé dé chac chan viéc chuyén
thong tin thanh c6ng. Router analog: 1a bién thé cach ly am thanh, cho phép chuyén dir liéu (dang
soéng) trong khi hé théng két ndi van an toan trong quy dao tuong (rng cua no.
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B Hub: K&t ndi nhiéu thiét bj trong mét mang duy nhét. Giao dién cua thiét bi mang nhat dinh noi
vGi giao dién trong hub. Goi dir liéu da guri Ién mang di vao giao dién trén hub roi phat song téi tat
ca giao dién. Nhirng thiét bi da két néi ¢ thé chon nghe hay khéng (nhu thanh thiéu nién). Hub
trong tu nhu console mix tdng hgp matrix véi mbi bo digu khién dé dong nhét: T4t ca input di dén
tat ca output. Bay khong phai la diéu mudn c6 trong mixer va c6 khuyét diém twong tu nhu hub
mang: Lam tac dudng 6ng bang cach guri dir liéu ma khéng ai nghe. Day l1a ly do tai sao bay gio
phan I&n hub da 16i thai (thay thé bang switch).

B Switch: Hub biét phan biét. Thay vi c6 quan hé v&i moi cai n6 gép (giéng nhur hub khéng phan
biét) thi switch chi néi/nghe theo giao dién da chap nhan. Cau hinh n6 dé gtri gdi tin gitra nhirng
thiét bj cu thé, theo dai bang dia chi MAC duy nhét cua n6. Hinh dung ra diéu nay nhu la matrix
analog co6 sy phan bé dong nhét tai nhirng giao 16 muén c6. Hay nhé, giao dién co ca guri lan,
nhan vi vy matrix analogy tang gap doi

B Repeater: Céng/ban sao giao dién. Tin hiéu duwgc nhan tai mot giao dién va chuyén lai nguyén
mau tlr cai khac. Xur dung repeater khi chay cable qua dai dé co két néi port-to-port dang tin cay.
Phién ban digital cta line driver analog.

W BO6 digu hop mang- Network adaptor: Thiét bi dong goi va dich dir liéu, cho phép may tinh
truyén théng qua tiéu chuén dir liéu cu thé nhu Ethernet. Bo chuyén déi goi va giai nén dir liéu
dén/tlr giao dién véi giao thire c6 lién quan (thi du: TCP/IP). B6 diéu hgp mang la trinh bién dich
cua giao dién néi bang ngén nglr cua ca may tinh I&n mang cuc bé.

3.7.6 Giao thirc m& va doc quyén -- Open and proprietary protocols

Giao tuyén gitra mo va déc quyén la hoi mau xam trong linh viyre nay. Rét cudc, mang la két néi
cta nhiéu thiét bi, do dé, trir khi hang san xuét lam cho moi céi trong chudi tin hiéu tra tién dé xuét ban giao
thirc cua ban va khuyén khich hang khac tao ra thiét bj twong thich. Mang nao néi dén tat ca phan cua hé
théng sé dugc wra chudng cao, vi vay ching ta khéng phai déi giao thirc mang khac méi lan chung ta guri
dén thiét bi cua hang san xuét khac. Nhiéu hang san xuét mang xur ly van dé nay béng cach thiét 1ap quan
hé hop tac va thoa thuan cap phép cho nhirng hang khac dé tao diéu kién cho viéc mé réng mang (Hinh
3.28).

3.7.6.1 COBRANET

Phat trién vao thap nién 1990 boi Peak Audio, CobraNet la giao thirc mang da channel Audio over
Ethernet (AoE) xtr dung réng rdi dau tién. CobraNet xtr dung goi tin Ethernet thay vi TCP/IP (loai xir dung
trén Internet phé bién), ngan khoéng cho no di qua router chuén. Két néi qua cable Cat5 va jack néi RJ45.
Cé phién ban Ethernet 10MB va 100MB. Xem thém tai www.cobranet.info.

3.7.6.2 DANTE ™

Dante la hé th8ng Audio over Internet (AoE) thé hé thir hai, phat trién b&i Audinate véi sy hd tror
cua chinh pha Uc. Bay la giao thirc ddc quyén cé nhigu cong ty déi tac. Dante la giai phap dua trén nén IP
(tréi vai CobraNet & trén) cung cép téc do truyén khéng dong bd nhiéu channel, téc do truyén dén gigabit
V@i d6 tré thép. Vi Dante la giao thirc dura trén nén IP, n6 c6 thé di qua thiét bi hub switches va routers
Internet. D& biét thém thong tin, hay truy cap www.audinate.com.

3.7.6.3 AES67

AES67 la giao thirc chudn mé I&p 3, phat trién vao nam 2013 dé tao thuén lgi cho két néi gitra
nhirng hé théng canh tranh nhu Ravenna, Livewire, Q-LAN, Dante va nhirng hé théng khac bao gém AVB.
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Khai niém dang sau AES67 la thiét Iap giao thirc truyén tai tiéu chudn (Realtime Transport Protocol) ma
nhirng nén tang khac nhau co thé cung clp nhu la sy thay thé cho phién ban déc quyén cla ho. Biéu nay
cho phép ngurdi dung két ndi cac nén tang mang thuong mai khac nhau va ngan chan cudc chién dinh
dang, dap tat sy tién bd trong ITnh vire nay. Thong tin thém tai AES.org.

Digital audio transmission (very simplified)

Point-to-point

AES3 input
L o 2 channels
AES3 output
2 channels
110Q or fiber
AES10 output // 56-64 channels, 16-24 bit @ 48 kHz (100 mbiv's) AES10 input
(MADI) 28 channels, 16-24 bit @ 96khz (100 mbit's) (MADI)
75Q or fiber N o N 750 or fiver

100 mbit/sec 100 mb:vsoc
AOE 100-BASE-T : : & AOE 100-BASE-T
CAT-5 portor fiber & S4ch.@48kHz 92 ch. @ 96 iz CAT-5 port or fiber
AE 1000-BASE-T /N / \ / \ , AE 1000-BASE-T
(Gigabit) 1000 mbit'sec, 1000 mbit/sec, > (Gigabit)
CAT-6 port or fiber 256ch. @48kz | g  128ch @96 kHz | CAT-6 port or fiber

HINH 3.28 Truyan am thanh digital: point to point va mang
3.7.6.4 Q-LAN (Q-SYSTM)

Q-LAN la hé théng cua QSC thé hé thir hai, thay thé cho hé thong RAVE cua ho, hoat déng theo
CobraNet. Bay la hé théng dyra trén gigabit IP. Thong tin thém tai www.gsc.com.

3.7.6.5 AVB (Lién k&t Video Am thanh), goi |a Mang c6 do nhay thé&i gian (TSN) --
AVB (Audio Video Bridging), A.K.A. Time-Sensitive Networking (TSN)

That tuyét néu nhiéu cau tha I&n trong mang, vién théng, &m thanh va video tét ca ngdi cing nhau
tao ra tiéu chué@n chung cho viéc truy&n am thanh va video? C6, di nhién, mién la ho lam chu tinh huéng dé
thurc hién viéc dé (d6 la cong viéc dang tién trién rat nhiéu tai thei diém viét sach nay). Do la muc tiéu cua
lién minh Avnu, dang nd lyc tiéu chudn hoa viéc chuyén tiép video &m thanh (AVB) nhur thé hé mang
truyén théng tiép theo. S& n6i mang &m thanh chuyén nghiép (dac biét 1a &m thanh live) co6 thoi gian va
giao thong nhay hon nhiéu so véi hau hét irng dung truyén dir liéu. Néu mang khong bao dam thoi gian
giao nhan, show cua chung ta sé gap rui ro.

Toi sé dé Jeff Koftinoff lo ti€p chuyén nay:

AVB |a tén cla tap hg'p nhigu tiéu chuén ctia Vién Ky thuat Dién va Dién tur -- Electrical and
Electronics Engineers (IEEE) cung cép cach xtr dung Ethernet dé truyén tin hiéu &m thanh va hinh anh cé
do trung thuc cao v&i do tré t6i thiéu, bang thong bao dam va véi mau output dong bo & tét ca giao dién
trén mang. Nén tang cua AVB bao gém PTP téng quat chinh xac cao (gPTP), lwru trir bang théng lubng va
phuong tién giao thong Ethernet nhan dang phuwong tién truyén thong. Cé thé xur dung nén tang nay cho
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van tai truyén thdng AVB trén bat ky I&p mang nao va co thé xir dung cho mang khéng nhay thdi gian
(TSN).

AVB la nd lyc phéi hgp nhigu nganh céng nghiép c6 y nghia sau rong vé kiém soat hé théng video
am thanh & ca cép do chuyén nghiép va ngu¢i ding. V& phia &m thanh chuyén nghiép, ching ta quan tam
nh&t dén hira hen vé do tré t6i thiéu va kha nang gitr nhirng mau 4m thanh di qua hé théng cua chung ta
déng bo.

3.8 Truyén dan digital t&i analog

Chung ta da c6 niém vui trong thé gidi digital nhung bay gi¢ 1a lic tré lai hanh tinh analog. B
chuyén d6i céu truc dang song analog tir chudi sé digital cudi. Vé diéu nay, chang ta khéng can phai bat
dau tir s6 khong, vi nhigu quy trinh la sy dao nguoc A/D da thao luan trude day.

3.8.1 B4t dau "C6" -- Getting to "yes"

Hay nh¢ lai, kh6i am thanh AES cla chlng ta co6 riéng mét bit dé kiém tra xem c6 thé chuyén déi
mau hay khong, phién ban bao mat giao thong. kiém tra tirng géi dé bao dam khong co bom trong d6. Néu
n6 phat hién ra cé van dé sai s6t khdng thé stra chira thi "khéng c6 4m thanh cho ban!" Té nhu vay dé, n6
cham vao con s6t am thanh digital.

Phai dong gdi tin hiéu va chuyén dén bo chuyén d6i D/A & trang thai s&n sang: Mét chudi s6 diém
cd dinh (fixed-point) chura ré dinh dang, chiéu sau bit, thir bac bit, tan sé clock, ... T4t ca 192 mau phai theo
thur tur thoi gian.

3.8.2 dBFS (dB full-scale)

Chung ta can tai liéu tham khao vé dé nhay cua 16i ra (nghich véi 16i vao). N6 thudng la tham sé do
ngudi dung dinh doat. Tai thoi diém nay, digital full-scale tao ra (khdng phai la doc) dién thé nhat dinh. D6
la dBFS & phia input, do dé, c6 |1é chiing ta nén goi n6 la FSdB (c6 |1é khong, vi khong ai lam vay). dBFS &
bén A/D va khéng phu hop bén D/A. C6 thé t8i wru hda méi cai dé chuyén vai thiét bi dau va cudi nguon
tuwong rng t6t nhéat. Trong &m thanh chuyén nghiép, ching ta nghi c6 thé chuyén sang hé thdong analog co
mrc line tiéu chuén (+20dBV) con goi la -20dBFS = 1V (0dBV). Analog t6i da va digital t6i da sé két hop
néu ching ta nhdm muc tiéu dBFS dén giai nay. Nhirng gia trj thdp doi hoi phai thém gain analog vao sau
khi chuyén dé dat dugc tin hiéu analog full-scale (Hinh 3.29).

3.8.3 NQi suy va lam min -- Interpolation and smoothing

Da dén luc choi "ndi nhirng ddu chdm". Biéu nay sé khong don gian nhu tro choi thdi tho &u, hoi
ching ta v& mét dudng thdng ngén nhat va thdng gitra chudi s6 chdm. Hay bat dau bang cach tim hiéu sé
xay ra cai gi néu chung ta khong lam gi, roi tiép tuc viéc giai quyét né ra sao.

Néu lam theo hud'ng dan digital theo nghia den, ching ta sé gilr gia tri dién thé hién tai cho toan
b6 mau thai gian réi BOOM, di chuyén gan nhu 18p tirc dén thiét 1ap ti€p theo (nhu 1a song vudng). Day
dugrc goi la "ham bac thang-step function" vi né giéng véi cau thang. Tin hiéu analog cua ching ta can mot
doan dudng ndi gilra nhirng trang thai, t6i doan vi n6 quéa cti. Nnwng nghiém tuc, ching ta khéng thé yéu
cau thiét bj analog tai san xuét sy chuyén tiép sac nét cia ham bac thang. D& lam nhu vay, tao ra séng
hoa 4m khong phai la mét phan cua tin hiéu géc. Ching ta dang phai déi mét vai song rang cua tir hudng
nguoc lai moét lan nira vi ham bac thang sé tao ra sy méo dang séng hoa am out-of-band.

Thay vao dé, chang ta néi nhirng chdm bang duorng cong tron tru chuyén tiép thanh hinh dang co
ban dé chuyén dong hai hoa trong thé gigi vat ly. Ching ta biét minh dang day loa vong quanh nén hay lam
tron nhirng canh dé c6 thé theo dai trung thyrc hon. Ham béc thang la cong thirc cho sy that bai cho loa.
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N6 c6 khéi lugng, dong lurgng, tudn tha, trer lai EMF va nhigdu nira dé ngan chan né khoi thay déi tir phan
con lai tire thoi dé dich chuyén day du. Biém méau chét, loa sé khéng theo déi ham béc thang, vi vay hay
gilp no ra khai, lam hét kha nang cua ching ta.

Analog 20-bit Analog Analog 24-bit Analog
12008@ 12008@ 120d8® 12008 B 14408 on 12008 (BN
e o'l plem o - S e B S— L .
¥ . == Analog maximum =
l M n I 1 digital maximum:
| u u H | I Full digital range is
available

Analog minimum =
digital minimum:;
24-bit system does
not reach full range

120 B @ 120 98 ﬂ Overload | 40048 w 144 d8 w Overload
"""“:."“ ﬁ ~420d8 @ - SRS us@ »| Mismatched input and
l u H output:

Upper digital range
overloads analog
output

12048 es 120 dB eg N S
Q) gy i‘”""” NI
| | | v f digital
| i e i

Hinh 3.29 Ty |é dBFS cho dynamic range t6i da

Quy trinh toan hoc goi 1a "bo loc téai thiét-reconstruction filter", xem xét tirng budc chuyén déi va ap
dung thuat toan lam min khoang van hanh tin hiéu analog x&p xi t6t nhat. M&i mé hinh D/A tiép can cach
ndi suy nay déu khac nhau, nhu "nhay vot cua dirc tin" gitra hai diém da biét. RG rang, day la khac biét
quan trong vé chét lwgng &m thanh cua bd chuyén déi. Lam sao chung ta cé thé biét phép noi suy la gia
dinh t6t? Chlng ta sé can phai so sanh ban géc analog véi ban sao analog dén digital dén analog (hinh
3.30). Biéu nay bao gobm hai chuyén doi va tat ca moi céi gitra, vi vay rat kho cé 1ap thanh nguyén nhan
duy nhét, nhung c6 thé tim ra nhirng khac biét (goi 1a 16i lugng tir) mién la chang ta chi truyén tin hiéu qua
hé théng digital (khéng phai mix, filter v.v). Moi ngudi déu ndi suy khac nhau, do do, tir quan diém tiép thi,
ching ta c6 thé di t&i vai khdu hiéu: "I6i cua toi tét hon 16i cua ban”.

3.9 Truyén tai dién thé analog sang cdng suét analog --
Analog Voltage to Analog Power Transmission

Chung ta da di xa ra sao trong thé gigi truyén dién thé mét chiéu va gia tri s6. Giai doan ti€p theo
doi hoi nang lwgng, va dién ning c6 cudng do yéu cau. No co rat nhieu. B4 dat tén bo khuéch dai cong
suét rat chinh xac. N6 khuéch dai cong suét ngay ca khi dat dugc dién thé théng nhat. Volt diéu khién input
mirc line 10kQ 1a déng vat khac véi volt khién loa 4Q (2500 x curdrng do). B khuéch dai cong suét doi ty lé
dang song tir mirc line t&i 6ng c6 mirc d6 I6n hon nhiéu va thém hé théng bom manh hon. Bay la nhirng
gi can dé day dang sbng vao may phat 4m thanh dang doéi nang lugng (tai loa). Tim thdy diém néi 6ng bén
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trong bo khuéch dai cong suét trong hai giai doan. Giai doan diéu khién doi ty |é dién thé dén kich c& 6ng
cao thé va giai doan output cung cap may bom cudng do cao.

7 O O O  Quantized value
. Analog response
6 O Q Digital with lollipops
5 o \ we Quantization error
QD : \
— ]
=4
>
e 3
3 Q
=
= 2
I
2 oo T
A pre— S 6o s ey

| 2 3 B 5 6 7 8 9 10 11 12 13 14
Sample #

Hinh 3.30 So sanh tin hiéu ngudn analog véi ban sao digital hoa va tai tao lai. Hay coi 16i lwgng tir 1a sy
khac biét.

3.9.1 Giai doan khuéch dai c6ng suét -- Power amplifier stages
3.9.1.1 Ngubn -- Power Supply

Ngudn cung cdp khong phai la giai doan &m thanh ma la b6 duy trir cudng do va dién thé co sdn dé
truyén. Bay la bom duy tri &p luc trong dudng 6ng cé khdi cirng dién DC tiém nang. Tin hiéu output cla
ampli 1a sy diéu ché dién thé DC truyén dén tai loa. Bo diéu bién la dang sbng 4m thanh. Bo cdp ngudn
phai c6 nang lugng tire thoi va du trir dé theo doi nhu cau méo dang sbng &m thanh. Nguon cung cép
chuyén nang lugng tir nguén dién AC sang nguon duy trir DC. Chung ta cé thé vurgt qua céng suét cla né
bdng cach yéu cau quéa nhiéu dién thé (cat dién thé), qua nhiéu cuwdng dé (cat cudrng dd). Cat dién thé don
gian khi dat dén gi¢i han cua rail DC (dudng kinh ngoai ciia dudng 6ng dan am thanh). Xay ra cat cuong
do khi ngudn dién chay ra ngoai dung lugng luu trir, |am sup dé rail va cat & dién thé thap hon truée (hat
thém nuée so vai bom cé thé cung cdp). Ngudn cung cdp nang lwgng co6 thé cé kha ning gay ra doan
mach dién nhung sup dé khi dang séng yéu cau duy tri & mirc cao. Py la ddu hiéu cua rail cao nhung
khong du kha nang Iuu trir. Kndng thé tin amplifier cé thdng so6 ky thuat cong suét cao, can phai kiém tra
coi n6 c6 thé duy tri dugc bao lau (Hinh 3.31).

Vugt qua kha nang cuong dé cua thiét bi output cling co thé gay ra cat cuong dé va co thé la diéu
kién nhiét dé khi khéng bao vé thiét bi day du.
3.9.1.2 Giai doan input/xtr ly -- Input/Processing Stage

Giai doan input la mirc d6 line (hay digital) tiéu chuén. Théng s6 cho ngu&i dung diéu chinh nhu
do6 nhay (diéu khién gain) va nhiéu nira, sé thdy & day. Co thé chuyén sang phién ban digital sau input (giai
doan truéc tang khién) hay & giai doan output. Input chi co6 mot chirc nang quan trong: dé nhay, ma ching
ta c6 thé xtr dung dé déng nhét clu tric gain cho hé théng loa.

3.9.1.8 Khién va output

Giai doan diéu khién néi mirc do line va loa, cing mang ngudn, input va output clia giai doan cong
suat. Bay la noi dang song input diéu chinh nguodn cap vao giai doan cong suét dé tao ra dang song output.
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Giai doan diéu khién tang dién thé va diéu khién transistor output, cung cép dong dién I&n va gtri tin hiéu ra
ngoai tai. X&r dung hoi ti€p am tir output dé 6n dinh giai doan cong suét va giam méo dang, tr& khang
ngudn va (quan trong nhat) bao vé ampli va loa.

Voltage DC Rails | Current (Amperes) | Impedance Power (Watts)
rms | pk +VDC* rms | —pk 7 Q | rms ‘ pk
14 20 20 1.8 2.5 8 25 | 50
28 | 40 40 35 | 50 8 100 | 200
2 | 6 60 53 | 15 8 25 | 450
57 | 80 80 71 | 100 8 400 | 800
| 100 100 88 | 125 8 625 | 1250
8 | 120 120 106 | 150 8 90 | 1800
9 | 140 140 124 | 175 8 1225 | 2450
13 | 160 160 141 | 200 8 1600 | 3200
14 20 20 35 5.0 4 50 | 100
28 | 40 40 71 | 100 4 200 | 400
2 | 60 60 106 | 150 4 450 | 900
57 | 80 80 141 | 200 4 800 | 1600
7| 100 100 177 | 250 4 1250 | 2500
8 | 120 120 212 | 300 4 1800 | 3600
99 | 140 140 248 | 350 4 2450 | 4900
14 20 20 7.1 10.0 2 100 200
28 | 40 40 141 | 200 2 400 | 800
2 | 60 60 212 | 300 2 900 | 1800
57 | 80 80 283 | 400 2 1600 | 3200
71 | 100 100 354 | 500 2 2500 | 5000
8 | 120 120 24 | 600 2 3600 | 7200

Hinh 3.31 banh gia dién thé/cong suét rail DC va tham khao ampli VI

3.9.2 Phan cyc — Polarity

Ampli chuyén nghiép véi input analog c6 input balanced/output unbalanced. Mét curc lién két output
(+) sang input (+). Tiéu chuén la "Pin 2 Hot" (dau output di sang input pin 2). B4t ky model ampli nao cé
input digital hay analog, san xué&t sau nam 1990 déu theo tiéu chuén nay, vi vay khéng con can canh giac
diéu nay nira. Van canh giac Crest cli, BGW hay do c6 khac ctia M.

3.9.3 D¢ khuéch dai/dd nhay cua amplifier -- Amplifier gain/sensitivity

Chung ta c6 thé gia dinh 100% gain dién thé ctia ampli I&n hon dé dong nhéat, nhung 16'n bao nhiéu
thi khong ai biét. Khéng co tiéu chuin AES nao, dirng noéi téi hai. Nhiéu hang san xuét khac xir dung gain
khac nhau va tham chi trong mét hang san xuét cling khac gain tuy tirng model. Chuing ta cé thé dua 1volt
vao nhung khéng biét roi sé co gi. That do.
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Voltage multiplier to voltage gain decoder

44 2

42 |1 800 w (8Q) @ .775 v sensitivity |~~~ === =====

40 |1 800 w (8Q) @ 1.0 v sensitivity |~~~ =~~~ ~"~~
38
36 || 800w (8Q) @ 1.4 v sensitivity

xl Nf———— 4 200 w (8Q) @ .775 v sensitivity

Voltage Gain (dB)

Ty Y] e — [ VI I AT § 200 w (8Q) @ 1.0 v sensitivity

200 w (8Q) @ 1.4 v sensitivity

|

30

28

26

20 25 32 40 50 63 79 100 125 158
Voltage multiplier (X)

Hinh 3.32 Giai ma gain do nhay/dién thé cua ampli
3.9.3.1 Gain dién thé -- Voltage Gain

W Gain dién thé (tuyén tinh): thé hién du¢i dang s6 nhan output /nput; Output 20V v&i input 1V 1a
gain 20 x.

W Gain dién thé (log): thé hién duai hinh thirc log nhu 1a s6 nhan output/input; +26dBV output v&i
input 0dBV la gain 26 dB. Pay la irng dung khac cta céng thirc 20 * Log10 (output/input).

Luu y, hai thi du tuyén tinh va log hién thi & trén phl hop: 20 x gain = gain +26dB
3.9.3.2 b6 nhay -- Sensitivity

Cach biéu hién gain ampli thir ba xtr dung thuat ngtr chuyén déi cam bién: “d6 nhay”. Khéng giéng
nhu micro hay loa, ampli khdng chuyén déi trung binh; Thay vi d6 n6 chuyén dién thé dién thanh dién nang.
Trong trud'ng ho'p nay, "dd nhay" biéu thi mirc input can thiét dé dat dwgc mirc output du (Hinh 3.32). Gia
str chlng ta c6 ampli c6 mirc output t6i da 1a 40V. N6 dat téi cOng suét du khi khién vai 2volts. Digu nay
goi la danh gia do nhay clia 2V (+6dBV) dé dat t&i cong suét dinh mirc. Luu y, mot lan nira, & day ciing
cling ampli (20 x, gain dién thé 26dB).

3.9.3.3 So sanh d6 nhay va gain dién thé

Né&u nhirng phan vé gain dién thé va dé nhay trurdc day khién ban gai dau, cam thay c6 don,
nhung hay yén tam vi c6 cai vong giai ma (hinh 3.33). Phan mot kha dé: Gain dién thé tuyén tinh va log
lién quan dén phurong trinh 20 * Log10 (output/input). Gain dién thé rat don gian. Khong c6 van dé gi néu
danh gia ampli la 10 hay 1000W. Né la chu ky output/input. P& nhay la phan ngoai (va dac diém ky thuat
phé bién hon).
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D0 nhay la luvgng khién input can dé dat t¢i cong suét output danh dinh (diém clip). Sy khac biét
gitra ampli 8W va 800W sé c6 ngay bay gio. Néu ca hai déu c6 cling do nhay (thi du: 1V), ca hai déu sé
clip tai cung murc khién. Ampli 800W sé can thém gain dién thé 20dB dé t¢i mirc do. Nguoc lai, néu ching
ta cho ca hai model c6 gain dién thé tuong tw, n6 sé mét mirc khién input thém 20dB dé dua ampli 800W
[én rail.

Sensitivity to voltage gain decoder
47.00 1
| 0.775v (0 dBu)
44 .00 Y
: 1.0v (0 dBV)

41.00 - —y

s | 38dBgain |
e |
()
Z 3500 1.4v (+4 dBu)
= P
& 3200 - 'L 32 dB gain I
&
8 2900
E .

26.00 '//' p - > +> > * 26 dB gain ]

23.00

20.00

17.00

5 50 100 200 400 800 1600
8Q rated output power (watts)

Hinh 3.33 Giai ma dj nhay amplifier

Phan cua cai lam bai réi la ampli la dién thé chuyén sang cong suét (wattage). Tiép theo, viéc xir
dung thang 20 * Log10 cho dién thé va thang 10 * Log10 cho wattage sé Idy kha nhiéu chat xam cua néo.
Rat it hang san xuat cho biét danh gia dién thé t6i da, vi vay ching ta phai tinh toan né theo dinh luat Ohm
tlr mirc cOng suét va tré khang. Xtr dung danh gia 8Q vi n6 can phai c6 du trir cud'ng do du dé khai bj sut
& mirc dién thé t6i da.

Dién thé =/ (cong suat/dién tra). Vi vay, 8 watt @ 8Q yéu cau 8volts. 800 watt @ 8Q yéu cau 80
volts. Néu dd nhay cho cé hai la 1 volt (0dBV) thi gain dién thé lan lugt la 8 x (18dB) va 80 x (38dB). Néu
chiing ta theo hudng khéc, chon dién thé duy nhat 1a 20 x (26dB) thi mirc khién can dé dat cong suét du
sé la 0,4volts (-8dBV) va 4 volts (+12dBV) twong irng.

Cai nao t6t hon, phu hgp v&i do nhay hay phu hop gain dién thé? D6 nhay phu hop gitr input phu
hop trong khi nhirng output khac nhau. Co6 wu diém, trong tat ca ampli d&u c6 so sanh headroom (gan qua
tai). Ampli nhé trén loa nho sé dat dén giGi han & cling mirc khién nhu ampli I&n trén loa I&n. Chlng ta
khong can phai khién hé chinh nang hon hé frontfill 20dB, phai khong?

Nh¢ lai dudng 6ng ¢& ¢6 dinh co mirc line. Ong analog bi gi¢i han bdi ngudn cép dién thé ciing
nhu 6ng digital thudrng chué@n hoa thanh moét dBFS khi cai dat nhat dinh. U'u diém cung mdrc khién analog
la né duy tri dugrc headroom & cung mirc line dé dé khién tét ca ampli 1én cong suét t6i da.

Gain dién thé phu hop cé gia tri trong viéc b6 sung cho hé théng loa bi-amplified hay tri-ampilified,
noi tin hiéu tir ampli HF va LF sé tai két hgp Am thanh. Thiét lap crossover &m thanh dé& hon khi ampli phu
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hop v&i gain dién thé. Thi du: néu ching ta dang xur dung thiét 1ap DSP cua factory hay controller loa
chuyén dung, gia dinh sé cai dat gain ampli phu hgp. Néu khéng phu hop, sé bu mirc dé twong doi tai
crossover 4m thanh, gay ra viéc dich tan s6 crossover (xem hinh 4.27).

Tai sao gain dién thé khoéng phlu hop? Loa HF va LF, khién bai ampli ¢d nhiéu céng suét cuc dai
khac nhau sé& khong phu hg'p néu co input dura trén dé nhay. Tiép tuc tr thi du trén, ampli LF 400W di cép
vGi ampli HF 100W c6 bu gain 6dB tai crossover néu ampli dura vao dd nhay (so sanh dé déng nhat néu
dyra vao gain dién thé).

Han ché hoat dong dura trén gain dién thé. U'Gre tinh tiéu hao nang luong loa (cong suat) dua trén
dién thé thay trong vong hoi tiép gi¢i han. U'dc tinh cong suét chinh xac dua vao mirc gain dién thé da biét
gitra gi¢i han va output cua ampli. Khong xac dinh dugc gain dién thé sé tao ra han ché khong kiém tra
dugrc, hay sé lam giam dynamic range (vuot qua gidi han) hay khong cung cép sy bao vé can.

3.9.3.4 biéu khién mac d6 -- Level Controls

Chung ta khéng thyrc hién gain dién thé va do nhay hoan toan. Ampli c6 it nhat mét nat didu khién
cho ngudi dung xai: mire d6. Ngudi dung cé thé khéng mudn xdr dung nat nay néu nd gén nhan
"Sensitivity/voltage gain de-calibrator". Néu may man, bang diéu khién sé& cho chung ta biét cach cai da biét
clia chlng ta bi xa (sai) bao nhiéu (va khéng chi danh dau hay bam).

Diéu khién mirc d6 lam suy giam tin hiéu ndi bé va tac dung nhu bd diéu chinh dé nhay/dién thé.
NO khéng lam giam cong suét ngudn ra néu nhu ching ta co6 thé dat dén mirc t6i da truge khi cét tin hiéu
mtrc line. Digu chinh lai chan ga trén xe hoi cua ban khéng thay déi téc do t6i da cua né mién la no van co
thé dung t&i san xe.

Khong co cach tiép can tiéu chudn dé hién thj viéc thay doi gain. Hau hét 1a & mdrc tang giam dB
vé&i 0dB & bén trén (nhu thé day 1a gain dong nhat!). Co vai cai nhé danh ddu bang gain dién thé that. Co
thé lam dugc! Hau hét k§ sur déu kin dao rdi khoi hé théng vai gain ampli khac vi s sau dé cé ai d6 chinh
lai mirc @6 nay. Biéu nay chirng minh vi khéng chac c6 kha nang khéi phuc cai dat bj gia mao nay. May
thay, khuynh huéng hién dai cho phép ngudi dung diéu khién mirc do bang digital va luu trir cai dat rét an
toan. Ly do diéu chinh mirc do bao gom giam tap 4m, gain va chinh crossover.

3.9.4 Z th4p dén Z thédp: truyén tai ning luvgng --
Low(er) Z to low Z: power transmission

Dai khai, két ndi gitra ampli va loa la output tré khang thap khac sang tai trd' khang cao, nhung &
day chang ta dang phan loai theo dudng biéu dién. Mac du hinh nhu 8Q khéng du tiéu chuén la tai tré
khang cao, nhung no6 sé vay khi so sanh vai tre khang ngudn 0.01Q cyrc thap cua ampli. Biéu chinh tré
khang quen thudc nay cho phép ampli giam thiéu tai nhiét va t6i da hda viéc chuyén nang lugng sang loa.
Tré khang téng thdp cho phép rét nhiéu cudng dé dén dong chay, va do do c6 rét nhidu nang lugng.

3.9.4.1 Tré& khang ngudn -- Source Impedance

DAy la tai nai tiép, tach transistors output khoi tiép xdc trure ti€p véi loa. Cai nay cé trd khang réat
thap, thwdng nhd hon 0,1Q dang ké. Viéc truyén nang lwgng hiéu qua phu thudc vao tre khang nguon réat
thdp so vai tré khang tai. Thi du, 0,1Q coi rdt nho so v&i 8Q. Téng tai ampli coi nhur két hgp ndi tiép cua
ngudn va tré khang tai (vi vay, theo thi du, ching ta cé tong tai 8.1Q trong do khoang 1.25% maét trong tr&
khang ngudn). Tré khang ngudn 1a ¢ dinh, nhurng tai la bién. Néu tai 1a 4Q, téng tai la 4.1Q (mat 2.5%).
Véi tai 2Q (trd thanh 2.1Q), ching ta dang phai d6i mét véi hao hut 5% (0.5dB).

Chung ta chua cdng tré khang cable loa, ma don gian la chi thém tré khang nguén nai tiép. Tre
khang cable c6 dinh s& c6 nhiéu hao hut khi tro khang tai giam (xem phan 3.9.6).
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3.9.4.2 Tré khang tai

Tré khang tai ndm bén ngoai ampli nhurng anh huang rét I6n dén viéc xay ra cai gi trong hé théng.
Nhu cau cudong do tang khi trd khang tai sut. Hao hut viéc chén (nguén va cable tré khang) cling sé tang
khi tr& khang tai giam. Sy dao dong dién thé curc dai cling sé giam khi nhu cau cuwdong do vuot qua kha
néng cung cap.

Tro khang tai that té thay trong ampli cach xa con s6 don gian chlng ta thudng thao luan (8Q).
Trd khang 1a tham s6 vé tan s6 thay déi, va no rét bién doi. Trd khang quy dinh cao hon dién tré DC
(thuong 1a 6Q cho loa 8Q) va thap hon hau hét gidi tan s6 cua loa. Trd khang & dinh cong hudng cho thay
do6 gia tang dac trung (5x hay nhiéu hon danh dinh). Tré khang sé trd lai pham vi danh dinh trén céng
hudng roi leo 18n cao khoi biéu dd khi tang tan s6. Hao hut vat chén mé ta & day sé thay doi theo tan s6,
c6 hao huyt I&n nhét trong gidi co tré khang thap nhét, cé thé ngay cang phu thudc tan s6 khi vat chén bj
hao hut I&'n (thi du nhu tré khang tai thdp va cable dai). Gilr tré khang nguon thép so vai tré khang tai sé
giam thiéu khia canh phu thudc tan sé.

3.9.4.3 Hé s6 tdt dan -- Damping Factor (DF)

Hé s8 tat dan (DF) la thuwde do chét lwong kiém soat tai ciia ampli (sai s6t chuyén dong tat dan).
Chuyén dong mang loa theo sau tin hiéu output ampli, nhung cling ddy nang lugng trd lai dudng day, lam
cho n6 dé bi qua tai (d&c biét 1a loa I&n nhu subwoofers). D&c tinh DF dura trén ty 18 tro khang tai t6i thiéu
cho phép (théng thudng 1a 4Q hay 2Q) trén tré khang ngudn. Gia tri trén 20 c6 thé chap nhan dugc déi véi
hé thong prosound va 50 dugc coi la trung thurc cao. Thong sé ky thuat san xuét tiéu biéu (khéng cé cable)
cho thay gia tri dao dong tr 150 dén tud'ng twong khdng kiém ché duoc.

DF la danh gia dé qua mdrc. Chi c6 ampli di cable cuc ngan mai co thé dat duoc bét cir didu gi
gan gii that té véi con sé quy dinh. Mac du tré khang output ciia ampli thuorng durdi 0,05Q, dién trd cable
sé I&n hon va tré thanh tay choi néi tréi, lam cho DF thanh ly thuyét suéng. Dién trd cable cdng vao tré
khang ngudn va giam ty 1& nay. DF t6i wu la di cable ngan, 1&'n cho loa 8Q. Truorng hgp x8u nhat Ia di
cable dai, nhd dén tai 2Q. Biéu nay co thé gilp hinh dung hé sé DF: (a) Viét tén ban I1én manh gidy. (b)
Béng keo cay but vao thanh tre dai mét mét va do theo chir ky cta ban. Khéng dé lam vay, eh? D6 la chay
cable ngan & 8Q. (c) Bay gi¢ lam céi sao tre I6n hon 4 1an va dai hon 10 lan va thur lai. D6 |a cable dai voi
tai 2Q. Khong lam dugrc truong ho'p nay cho loa tu cdp ngudn giong DF.

3.9.5 Kha nang céng suét ra -- Output power capability

Chung ta da dat dén giai doan cong suét output. Ong dan 1a v& viéc co thé xur ly rong hon nhidu va
nhiéu ap Iyc (dién thé) va dong chay (cudng do) hon dé ching ta cé thé truyén tai vai loai nang lugong hé
trong.

Dinh mdrc cong suét ctia ampli 1a output t6i da (watts) khi bat dau cét (<1%THD). Danh gia nhiéu
tré khang output khac nhau: 8Q (chuén) va co thé 1a 16Q, 4Q, 2Q va 1Q. Du¢i day la thi du vé cong suét
cho ampli cong suét that: 8Q, 800 watt, 4Q, 1250watts, 2Q, 2000watt. Luu y, ching ta cé dugc téng nang
lrgng I6'n hon khi khién tré khang thdp hon. Gia tién ampli d&u nhu nhau, cho du ching ta khién n6 & 2Q
hay 8Q nhung lai c6 dwgc cong suéat gdp 2.5 Ian & tré khang thdp. Yéu t6 nay anh hudng rét nhiéu vao
ampli va phan bé nguén luc cho loa nén t6i da dat ra thuat ngir "econQics" cho quy trinh ra quyét dinh.
Chung ta sé quay tré lai d6 nhanh théi, nhurng trurdre hét hay nhin vao s6 wattage mét 1an nira: 800watt @
80, 1250 watts @ 4Q, 2kW @ 2Q. Chlng ta dang giam mét nira sirc dé khang (va thém Ian nira) nhung
chung ta khéng thdy cong suat géap déi (hay tang gdp doi). Pang xay ra cai gi & day? Ba dén lic dua dinh
luat Ohm vao cudc choi.
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Chung ta co6 hai théng s6 can thiét dé phan tich diéu nay bang dinh luat Ohm: nang lugng va sirc
dé khang. V@i cong suét va dién tré da biét, ching ta c6 thé giai quyét dugc dién thé theo cong thirc sau:
E =/ (P x R). Hay giai quyét cho 800watt @ 8Q: E =y 800 x 8, E =V 6400, E = 80volts. C6 thé giai quyét
dong cudng do bang | = v P/R. Diéu nay mang lai nhirng chuyén sau: | = /" 800/8, | =4 100, | = 10amps.
Ampli d&t 80volts vai 10ampe vao 8Q dé tao ra 800watt.

Khi tro khang giam xuéng mét nira (8Q sang 4Q), yéu cau cudng do sé tang gap doi, néu (cuc ky
quan trong néu) dién thé van gitr nguyén. Roi sau do cong suét sé tang gap déi. Néu ngudn cung cdp dién
khong thé cung cép dugc cudrng do yéu cau thi dién thé khéng thé vuron l1én dé dat dén cong suét gédp doi.

3.9.6 Cable loa

Cable loa thuong dé bi hao hut vi n6 di chuyén dién nang that syr. Trd khang cla cable c6 thé
dang ké so véi tai ctia loa. Ty I& hao hut phu thudc chu yéu vao ba yéu t6: chiéu dai cable (ty & thuan),
dudng kinh day dan (ty 1& nghich) va tré khang tai (ty 1& nghich).

Cable loa lam tang chi phi va ting trong lugng, vi vay chung ta chd y dén sy can bang. S6 tién tiét
kiém dugc tur chi phi cable b6 budc ampli va loa. Co6 thé nghi hao hut & cable ba decibel 1a loa chi chay &
70% cOng suét. Xem xét tién tiét kiem dugrc trén cable tranh d6 hao hut khi dau tu loa (Hinh 3.34).

Speaker cable loss reference

Speaker cable loss Speaker cable loss Speaker cable loss
(2.5mm, 10AWG) cos o

Sich +160

80 80

= 40 @ ) 40
5 - i
S 2 3 32
1 _'-'/A ) _— -—(>>-—‘
0 — 1 0
0 30 60 90 0 30 60 90 0 30 60 90
(100) (200) (300) 120 150 (100) (200) (300) 120 150 (100) (200) (300) 120 150
Length in meters (1£300) (500) (00) (500) Sudibo,

Length in meters (ft) Length in meters (ft

Hinh 3.34 Tham khao dé hao hut truyén dan cable cua loa

Chung ta thwdng phai déi mét vai viéc lyra chon di day mét cdp loa bang mét day duy nhat (chia ra
O cu6i) hay chay hai day. N6 giam s6 lwgng day dong mot trong hai cach. Day cable I6n gidng nhu hai day
cable nho khi n6 cong thém vao cung mat cat ngang. Thém mot cable thir hai c6 cung kich c& 1a 1.4 x
dudong kinh. Trong American Wire Gauge (AWG) tuong duong vai ba s6 (day 2 @ 14AWG twong duong
véi1l @ 11AWG).

Hao hut cable cla loa gay khé khan khi do tryre tiép, do mirc dién thé cao va vi phai gan loa vao
ampli dé theo doi hiéu qua tai. Trong that t€, ching ta chi don gian do két qua theo dap trng 4m thanh clia
loa. Thuc hién digu chinh cho dap (rng chua phu hgp & bé diéu khién mirc d6 ampli cong suat.

3.9.7 Jack ndi loa

Nhirng jack n6i nay mang theo rét nhiéu cudng do, co tir day tran dén day chuyén dung quéan sy
khong thdm nurée. Sau day la vai loai phé bién nhét.

B Hop phan day (Terminal block): thanh néi day da tuéc vé don gian dén dau 6c van, gia ré
nhung rét dé bij rung, cang va dit méi nGi. Day phoi tran cé thé cé thé lam doan mach ampli. Trong hé
théng di dong nén tranh nhirng cai nay. Ching ta thudrng gap cai nay tai bang phan phéi va trong ampli
cong suét va loa phién ban "nha thau".
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B Jack trai chudi (Banana plug): Jack néi duc c6 hai dau day hinh trai chudi véi ma séat phai lac ra
khdi jack cai. Cach thir hai la phién ban cua hdp phan day, ciing la ma séat khéng tin cay hop khac. Jack
néi nay dang tr& thanh lich str ¢ dai (vO tay). Toi chura bao gior tim ra cach thir nam, mét trong nhirng bi
an I6'n clia cudc song.

B Speak-on ™: Jack néi chué@n céng nghiép cta Neutrik 1a ky thuat sang tao co khi vai jack néi
khoa khong dé cho 2 dau cubi cham nhau (va da cru séng dugc vo s6 ampli). Ampli va loa chia sé cung
jack néi gén trén chassis trong khi cable c6 hai néi trurc tiép két hop. Ap dung cho ca di dong Ian cai dat.

3.10 Truyén tai tir ndng lrgng analog dén am thanh --
Analog Power to Acoustic Transmission

3.10.1 Quy trinh truy&n tai -- Transduction process

Chung ta dang & cu6i chudi dién tir. Bude cudi cung la chuyén nang lrgng dién sang ndng lugng
am thanh. D6 1a quy trinh chuyén déi da giai doan: dién dén tir tinh dén co hoc dén am thanh. Sach nay
tap trung vao rng dung loa, khéng phai la hoat ddng bén trong, vi vay day khéng phai la chuyén luan rong.

Dong dién chay qua cudn day phat am bj lo' Itrng trong khoang cach gitra hai tir trurorng déi lap.
Cudrng do trong day tao ra tir trrdrng cho riéng no, vén dugc hat béi (hay day) nam cham cé dinh, tao ra
lwc co hoc di chuyén cudn day trong khe hé. Cuén day di dong gén vao mang, di chuyén theo d4u tin hiéu
am thanh va tao ra sy truyén am thanh.

3.10.2 Gi&i han

Chung ta tr¢ lai [an nira, dén dud'ng 6ng analog. Gidi han bén ngoai cua dudng éng la hanh trinh
t0i da cua loa, diéu khién bdi sy tuan theo mang nhén va vién quanh. Sy bién dang tang khi strc khang co
gia tang gan dén gidi han vat ly. Néu lan tran hoan toan, cuén day c6 thé dung day nam cham hay di
chuyén qua xa vé phia truwdc va nhay ra khdi khe hé. Trong mét trong hai trrd'ng hgp nay cé nguy co uén
cong c6n ddy mong manh va pha huy loa.

Vién quanh va nhén (spider) cé thé bj yéu dan theo thi gian va dan dan mat kha nang kiém soat
chuyén dong. Co6 rat nhigu cach pha huy phan co loa nhu bong keo, gép day néi véi cudn day, bé mang
kim loai va nhiéu cach nira. Ky sir &m thanh sang tao tim ra cach tiéu diét loa méi hang ngay!

Nhiét la ké thu khac, san pham phu cua dong dién di qua day cudn day. Nhiét du c6 thé lam tan
I&6p cach nhiét, cham vong day. Day cham lam giam tr& khang, bat dau vong xoay cuén day loa chét ngudi.
Cham nhiéu vong nira sé lam giam tré khang, tang cuorng do va tang nguy co' doan mach nhiéu hon
va/hay gay nguy hiém cho nguén dién ampli. Nhiét cling co6 thé bé cong cudn day, lam né ma sat vao khe
hd. Mach sé ho ra va loa cam néu day tGi diém nong chay.

Tré khang cudn day loa tang 1én véi nhiét do. Cudn day nong co hiéu suét thdp hon khi ngudi va
do dé loa c6 thé mat mirc do trong show khi bi khién ndng. Néu ban tirng nghi hé théng hinh nhu dang
mat dan tac déng khi show tiép tuc, ban c6 thé da dang. Chuong trinh bat dau trén driver ngudi, tré khang
nho, nhung khdng nhat thiét phai két thic nhu thé.

3.10.3 Cong suét dén do nhay SPL (1W/1m)

Tiéu chuén danh gia do nhay cua loa la tra 1&i cho cau hoi "C6 bao nhiéu SPL & 1mét khi t6i khién
1watt?" Tim ra hai phuong trinh log khac nhau & phia déi dién cta chuyén déi nay. SPL tao ra & khoang

cach xa hon la ngoai suy tir day bai 6dB/tang gdp doi ty 1& hao hut (20 * Log10). Cong suét tiéu thu la
ngoai suy tai ty 1& 3dB (10 * Log10). Loa c6 d6 nhay 100dB (1W/1m) tao ra 103 dB khi khién 2watt va
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120dB v&i 100watt. Khong cé nghia la n6 sé cho ra 130dB khi chay & mirc 1000watt. N6 c6 thé tao ra khoi
mu dé thay thé.

D0 nhay néi va&i chlng ta ra sao? Driver ¢ dé nhay 97dB (1W/1m) can gép hai cong suét dé phu
hop v&i SPL cua driver ¢ dé nhay 100dB. Néu ca hai co thé dat dén cung SPL t6i da, thi driver dé nhay
cao la mét moén hoi do giam chi phi ampli. Nhwng dé nhay chi la diém khéi dau. N6 sé khong cho ching ta
biét nang lurc t6i da. Ferrari va Prius co thé bang t6c d6 & s6 1, nhung mirc t6i da khac nhau ca dam.

D6 nhay phu hop khong bao dam dap (rng pht hg'p & tan s6 nhét dinh cho driver co giai phé khac
nhau. Do gia tri SPL la tich hg'p ca toan giai, chiing ta khong thé gia dinh driver LF va HF cé d6 nhay twong
thich s& bang nhau & tan s6 crossover dy dinh.

3.10.4 Dién thé dén d6 nhay SPL (dB SPL/volt) -- Voltage to SPL sensitivity (dB
SPL/volt)

Chung ta da ndi day ca déng loa va sdn sang bat dau show. Lam sao ching ta bao dam da tan
dung hé théng t6i da va van c6 cai gi do cé gia tri trong xe tai khi hét show? Da két hgp ampli va loa, da
chay cable va set mirc crossover dé dat dugc dap (rng tan sé két hgp du dinh. B4 hiéu chinh limter dén
mirc cyrc dai va nong nhét.

Chung ta tré lai cho vong chung két vé dudong 6ng. Biéu quan trong la phai c6 tin hiéu sach di qua
mirc do line, mirc d6 loa va dudrng 6ng dan am thanh ma khéng co6 diém tac nghén nao. Console khién
dién thé hay "faux voltage" (tin hiéu digital) va sé t6i da vao khoang 10V (+20dBV). Ching ta phai chac
chén t&t ca tin hiéu khac nhau da di dén nhirng loa khac nhau (cao va thap, main va fill) van hoat déng
tuyén tinh cho dén giai doan cudi cung.

Tra |&i cho cau héi "Bao nhiéu SPL tai console?" c6 thé dura xudng dang do nhay khac: ty 1&
SPL/console. Diéu nay nghe 16 bich nhung ban da lam n6 hoai ma. Khién console dén mirc line danh dinh
(0dBV) va do SPL tai console. D6 la gia tri dB SPL/volt co s& ctia ban. Néu moi cai & cubi ngudn chay
hoan hao, ban c6 thé c6 headroom dén 20dB truéc khi dung tudng.

D0 nhay cling khéng dong gop nhiéu cho viéc ghép néi ampli/loa vi chiing ta can biét kha nang toi
da cua loa. Thyc hanh nganh céng nghiép hién tai 1a danh cho hang san xuét chi ra kha nang cong suét t6i
da va pham vi ampli d& nghi. Roi ky su chi dinh ampli c6 gié tri cao hon nhiéu.

Banh gia 1W/1m khéng c6 y nghia trong viéc gain dién thé ampli vi nd chi dyra trén cong suét ra.
Do do, khién loa phu hgp do nhay véi ampli khong phu hop do nhay (c6 cung thuat nglr nhurng chuyén doi
khac nhau) van phu hop va&i gia tri 1W/1m nhung mirc SPL chua phi hop. Truong hop trd khang loa roi
vao mix nay thi sao? Néu loa 8Q va loa 16Q phl hop v&i dé nhay, nd sé can do nhay ampli (gain dién thé)
khac nhau dé dat dén output phi hg'p véi 1watt. Chong mét chura?

Hay thém moét (hay hai muoi) I6p nira. Rat nhigéu kha nang ching ta sé nghe array loa: pha tron
phtrc tap nhiéu loa da way active c6 do nhay, tré khang, mirc do khién, ampli va lugng &m thanh b6 sung
trén nhiéu tan s6 khac nhau. Cau hdi ching ta that sy mudn tra I 1a: "Co6 bao nhiéu dB SPL c6 thé thoat
khoi console?". Day la tin t6t. Ban co 1€ khéng bao gior can phai suy nght vé dac tinh do nhay, trir khi ban
dang thiét ké loa dé san xuét. Ghép loa v&i ampli cho ding chi dya trén xép hang cong suét t6i da va diéu
chinh dd nhay cua ampli (gain dién thé) bang cach do dap (rng tan s6. Téi da thiét ké va diéu chinh trong
ba muoi nam ma chua hé dua ra quyét dinh phan tich théng s6 dé nhay 1W/1m nao céa (Hinh 3.35).

Bay gidr ching ta hay lién hé viéc nay vai loa ty cdp ngudn. That ra, mirc danh gia do nhay 1W/1m
chi 1a hoc thuat trong hé théng c6 input mirc line. Hinh dB SPL/volt minh hoa tiém nang cua loa & mirc
khién danh dinh.

FR
Sound & Lighting



Truyén dan

Loudspeaker sensitivity reference
Amplifier power 94dBiw/m | 100dBiw/m |  106dB 1w/m 112 dB 1w /m
rating | SPL@ 1m | SPL@ 1m ‘ SPL@ 1m SPL@ 1m
160 80 40 || 160 8n 4a | 162 8a 4 | 162 8Q 40 | 1602 8u 40
T 1024W  2048W "*”Ti’i&" 127 130 | 130 133 136 | 136 139 142 | 142 145 148
256W 512w 1024wl 118 121 124 | 124 127 130 | 130 133 136 | 136 139 142
64w 128w 256W|| 112 115 118 | 118 121 124 | 124 127 130 | 130 133 136

6w 32w e4w|| 106 100 112 | 12 15 18 [ 18 121 124 | 124 127 130

4W 8W 16wl 100 103 106 | 106 109 112 | 112 115 118 | 118 121 124
W 2W aw|| 94 | 97 100 [ 100 | 103 106 [ 106 | 109 112 | 112 | 115 118
0.5W| 1w 2wl o1 | %4 97 | 97 | 100 | 103 [ 103 | 106 | 109 | 109 | 112 | 115
025W  05W)| iW|| es 91 | 94 | 94 97 | 100 | 100 103 | 106 | 106 109 | 112

Hinh 3.35 Tham chiéu dé nhay cua loa
3.10.5 Pac trorng géc bao quat

Bay gio &m thanh dang di chuyén qua khong khi, chiing ta can mo ta dap (rng khong gian cua no.
Co6 rét nhiéu cach mo ta dap (rng, vai cach da 16i thei trong théi dai hién dai clia phan mém dy doan am
thanh. Chéc han ching ta xtr dung biéu hién géc bao quat dé hd trg' quy trinh lyra chon loa, géc ma,
khoang cach va marc do ty 1&. Bay gidr, trong nganh wa chuéng dir liéu hé tro trure tiép quy trinh nay hon
nhiéu (Hinh 3.36).

3.10.5.1 So 60 cyc va dudng dang ap -- Polar Plots and Isobaric Contours

Nganh céng nghiép nuéc dong chai cé so do bi mat, ddy nhanh sy dm 18n toan cau dé ho c6 thé
khai thac nhirng tang bang tan & Nam Cuc (so do curc). So do curc khac la phai canh log clia goc do trén
(Hinh 3.37). Do loa trén truc va lam cho né tré thanh dap (rng tham khao hay "binh thuorng hoa-
normalized". Bay gid xoay loa trén truc va biéu dé hao hut (hay gain) cua no6 theo dB. V& két qua trén nhiéu
vong tron dong tam khoang céach theo log. Loa (hay micro) omnidirectional tréng giéng hinh tron, trong khi
nhirng phan ddi theo hué'ng ngay cang cho thay ty 1& géc do bao quat co lai theo log. Vén mo hinh cyc
truyén théng khong co gi sai. Nhung né dé bj 1an 16n véi dap rng khéng gian ching ta thdy trong phong.
Phong déu tuyén tinh (khdng phai log) vi vay chlng ta khéng thé 18y so d6 cyrc va dat ndé vao phong, vé va
phu hop v&i hinh dang ctia n6. Sé mat 6, 12 va 18dB dudi dang dudng vién ngang trén so dé cyrc, nhung
thé hién sy giam thiéu lién ti€p dén kich c& Y2, % va 1/8 trong phong.

Pudng déng ap dong mirc la ban dd ap suét. Ching ta thudng thdy né trong du bao théi tiét. Day
la k&t qua phé bién nhét trong churong trinh du doan c6 nhiéu loai mau biéu thi mirc d6. Co thé thay truc
tiép dang bao quat mirc do dong nhét bang cach di theo bat ky dudng chuyén tiép mau nao. Day la ché do
coi loa trén khéng gian tiéu chuén. Téi da c6 thé thuyét phuc nha xuét ban &n ban dau ctia sach nay thuc
hién sach du mau vé am thanh chuyén nghiép dau tién, vi tam quan trong cta anh xa mau trén dudng
déng ap dong murc.

3.10.5.2 Géc bao quat huéng tam -- Radial Coverage Angle

Goc bao quat 1a vung hudng tam (téa hinh quat), gitra nhirng diém ngoai truc (6dB so vai trén
truc). Hao hut do toan bo gobc, vi tat ca diém doc theo cung tron déu cach déu nhau (Hinh 3.38). Goc bao
quat la gia tri khac cho cai gi do thay déi theo tan s6 rét nhigu. Ching ta nén xir dung loai gia tri "danh
dinh" nao? Lam sao biét v& 1kHz sé ra sao tir khi chiing ta xr dung n6 cho thiét bj dién tir? Co6 1€ 1a lua
chon d&. Diéu quan trong la thiét 1ap pham vi noi ngu¢ri nghe sé nhan thirc duwgc sy chuyén déi tir bao
quat t6t sang t6i. HF bj tut xuéng la dau méi rd rang, chung ta dang & xa hay khéng nam trong ving bao
quat ctia ngudn am thanh. Mid-range rat kho bao quanh tai néu ching ta van nhan dugc dap irng HF manh.
Diém mac dé tim la doan bang (plateau) cua dé réng ludng &m (beamwidth), duy tri pham vi tut xuéng 6n

FR
Sound & Lighting



Chwong 3

dinh. Hé théng thiét ké t6t sé dat dén doan bang & mid-range va mang né qua HF. Géc "danh dinh" 1 vi tri
ma ban sé xur dung dé dat d6 dong nhat vai thiét bi thir hai (2 loa x 60° & 60° sé& c6 0dB & gitra).

Radial coverage angle Equal level contours Forward aspect ratio (FAR) Lateral coverage width
Radial equidistant Equi-level distance over angle Equi-lave! length/width Lateral equidistant
B6dB level change over angle Distance changes over angle Defined by depth/width ratio 608 level change over width

3 ¢B level changes by color Defined by depthiwidth ratio
Lateral width ratio = 0.7
Coverage angle = 90* Coverage shape is one color FAR = 1.4 (90°) Effective wiith = 72°

Hinh 3.36 So sanh déc tinh goc bao quat

Isobaric and polar plot comparison
(Isobaric @ 3 dB/color, polar @ 6 dB/div) isobaric | -6 | Potar

Omnidirectional Cardioid Super-cardioid
0 dB reference at outer circle edge -6 dB: £90° -6 dB: £78°
Isobar: Lowest level at outer edge <12 dB: £120° -12 dB: £102*
Isobar: Highest level at outer edge < -18 dB back lobe -12 dB back lobe

Hinh 3.87 So sanh két xuat cuc va vé dudng dang ap cta cung dir liéu

Limitations of radial coverage angle characterization
67.5° total

90° total 8
(45° + 45°) -

Unity splay angle Asymmetric target Overlapped splay Asymmetric level
45° speakers @ 45° splay 45° speaker aimed at asy i 45° speakers @ 22.5° splay 45° speakers @ 45° splay
Combined coverage is 90° 45" target Actual combined coverage is 45° Lower spkr level is set at -6 dB
with 0 dB at center Radial coverage shape does with +3 dB at center Coverage is asymmetric
Radial ge shape ly not show that the upper scats Radial coverage shape shows 67°  Radial coverage shape misses
shows 90° are down In level and 0 dB at center

the level change entirely

Hinh 3.38 bic tinh han ché cua goc bao quat hudng tam
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Isobaric coverage angle characterization

R [ 6
90° coverage K Combined 45° coverage I Th
2x -6 dB 6 dB change LSk o

(45°+a5°) [

Unity splay angle Asymmetric target Overlapped splay Asymmetric level
45° speakers @ 45° splay 45° speaker is aimed at an asymmetric 45° speakers @ 22.5° splay 45° speakers @ 45° splay
Combined coverage is 90° 45° target Lower spkr level is set at -6d8
with 0 dB at center Isobaric coverage shape accurately Isobaric coverage shape shows Coverage is asymmetric
Isobaric coverage shape shows upper area is 10 dB down. 45* coverage (from +3dB at Isobaric coverage shape
accurately shows 90° Wider speaker or array is needed center to -3dB at £ 22.5°) tracks the level change

Hinh 3.39 Dang bao quat cta loa: duéng déng ap

Dang huéng tam co thé tao ra vai diém gay hiéu lam dang luru y. Bau tién la nhin thay dang canh
ngoai cirng nhu canh chét lwgng am thanh bi cirng. Am thanh khéng ndm ngay trén cung tron va khéng
gidam manh & canh. Bén trong canh la -5dB va bén ngoai la -7dB. Thir hai, luu y, néu ching ta & khoang
cach khac véi canh bén ngoai thi chliing ta dang c6 nhiéu mirc dé khac nhau. Thir ba, khong cé thang do
goc bao quat hudng tdm. Hinh dang tiép tuc vo cling, khéng thay déi theo khoang cach hay mdrc twong déi,
thi du: dud'ng goc bao quat clia hé front-fill chay dén tan phia sau phong mac du & dé khéng nghe thay no.

3.10.5.3 Hinh dang bao quéat cua loa -- Speaker Coverage Shape

Su khac biét gitra "md hinh bao quét-coverage pattern" va "hinh dang bao quéat" trong sach nay va
may sach khac cua t6i la doc nhat. Téi xtr dung "hinh dang" khi tham chi€u dén duong gain déng nhat
trong ban do ap suét dang ap (dudng biéu didn tiéu chuén trong chuong trinh du doan). Hinh dang bao
quat thay déi theo khoang cach (ndé mé réng ra) va véi mirc tuong déi (hgp dong 1a néu loa bj tat). Hinh
dang vung bao quat lién két v&i nhirng méc quan trong cua goc bao quat (trén va ngoai truc). Biém ngoai
truc néi va&i diém trén truc tai khoang cach gép doi. Quan hé gidra "trén truc dén gan ngoai truc" sé la cha
dé 1ap lai nhiéu lan & day (Hinh 3.39).

3.10.5.4 Ty 1& huéng chuyén tiép -- Forward Aspect Ratio (FAR)

Hinh dang bao quat co6 thé khai niém nhu hinh chir nhat co ty 1& chiéu dai va réng. Kién tric su mo
ta hinh dang phong theo ty |& (chiéu dai theo chiéu réng) va ching ta cé thé lam twong ty véi loa ching ta
dang dat & do. Hinh chir nhat chi bao gém phan thuy trwrérc dap (rng, do do co tén "ty I1é chuyén tiép-
forward aspect ratio (FAR)". Hinh dang FAR néi trén truc xa (chiéu dai) dén truc gan (chiéu réng). Ty 1&
huéng tang 1én khi géc bao quat cua loa thu hep (Hinh 3.40).

Thuéat nglr dudng phé cho viéc nay |1a "phéng-throw". Loa phong xa (long-throw) cham vao phia
sau, trong khi loa phong gan dirng choi phia truwdc. Lam sao dinh lrgng? Loa phong tuy tién xa dén dau?
That sy khong gidi han, trir khi c6 cai gi do can lai hay hét khong khi. Ty 1& huéng cho chiing ta hinh dang
c6 thé mé réng murc d6. Loa c6 FAR cao sé phong. . . xa (far).

3.10.5.5 Géc bao quat canh bén -- Lateral Coverage Angle

Hinh dang géc bao quat tiéu chuén la huéng tdm nhung ching ta thudrng thdy minh c6 muc tiéu
bao quéat phdng. Xem xét loa trén cao, ndm trén san béng phang. Ngu&i nghe truc tiép bén duéi ndm trén
truc va gan hon bét ky ngudi nao khac. Xir dung dap rng & day nhu la tham khao va di chuyén di, ching
ta s& méat 6dB do két hgp goc va hao hut khoang cach. Loa cé goc bao quat huwdng tam 90° trén dudng
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bao quat phang sé dat duoc it hon do hao hut khoang cach (thi du néu né bi hao hut 2dB theo khoang
cach, no chi co thé hao hut 4dB theo goc do, téng cong la 6dB) . Két qua, md hinh bao quat co lai dang ké
V@i ty 1& phan tram hao hut cao hon & géc hudng tdm rong.

3.10.5.6 Chidu rong bao quat (Ty I&é huéng khia canh bén) --
Coverage Width (Lateral Aspect Ratio)

Pham vi bao quat la bién thé vé hinh dang bao quat hai bén, xir dung cho muc tiéu bao quét
dudng phang- flatline (Hinh 3.41). M6 ta viing bao quat bang khoang cach (mét hay feet) thay vi géc. Po
réng pham vi bao quat |a tra & cho cau hai, "Loa 90° xa 3m bao quét bao nhiéu trén mét dudng béng
phéng?" Dap: 4.2 m. Muc tiéu gan hon hay loa hep hon bao gém muc tiéu twong déi nhé hon. Xir dung
pham vi bao quéat dé xac dinh khoang cach gitra loa va gilp xac dinh cé can phai lap day (fill) v.v. Hién thi
thi du &rng dung trong hinh 3.42.

Ct::‘egr;ge FAR Forward aspect ratio (FAR) reference chart (depth vs. width)
360° 0.50 ‘ ’ ‘ \
270° 0.75 ‘ ; ‘ ‘ 1 ‘
180° 1.00 [ D)eeechens fouedennabensbansdonashens 1930 §200 M i v Y O O A e I fala
150° 1.04 ‘ € Depth: 1.4 =—> ‘ ‘ f ‘
120° 1.15 Nonlinear region:
90° 1.41 Bl RN AR B FAR changes slowly
~ T in comparison to
80 1.56 coverage angle
70° 1.74 ‘ ‘ T [
60° 2.0 BespRBRRARE Peesfraadeees [T PR Erre Foeapans proefesedondons ‘: .......
50° 2.3 ‘
|
45° 2.6 4. ‘
40: 3.0 Bizi A N
35 33 Linear region:
30° 3.9 ! FAR doubles each
25° 46 - ‘ - time coverage angle
20° 5.8 - ‘ ‘ is halved
15° 7.7 -
10° 11.5
7.5° 15.4
5 23.0
|1 2|3|4(5|6(7|/8|9(10[{11|12(13{14|15/16|17 18;19 2021 22 23

Hinh 3.40 Hinh dang bao quat cua loa: ty 1& hudng chuyén ti€ép (FAR)
3.11 Hoan tat truyén tai -- Transmission Complete

Do la hanh trinh dai qua nhirng bién thé cua hé théng truyén tai hién dai. Toan bd con dudng la
analog khi t6i bat dau sy nghiép am thanh chuyén nghiép va cudi cung hau nhu tat ca la digital. Hién van
con nhiéu bién thé l1am phurc tap quy trinh nay. Nhiéu hé théng hién tai c6 thé hé cong nghé van con trong
chudi tin hiéu. Vai nguai thiét ké thich cong cu va thich phirc tap hon 1a don gian. Chung ta co6 thé gap
phai bat ky, tat ca bién thé truyén tai, chuyén tai, chuyén doi va nhirng con s6 da néu trong chuong nay
vao bat ky ngay nao. Hy vong thdng tin nay sé gilp duy tri tam nhin cla tin hiéu khi n6 tién chuyén tior dau
dén cudi.
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r::‘;'l:' E::;?:‘ Eﬁgzt)ive :{g Lateral aspect ratio (LAR) reference chart (width/depth)

360° 120° 33% 3.46

180° 90° 50% 2.00 180° speaker 90° speaker 45° speaker

150° 88° 59% 1.90 € D059 € Dopth:0.7 D  E e Depth: 1.3 wp
120° | 82° | 68% | 1.75 T =180 75 —
100° 75° 75% 1.60

90° 70° 78% | 1.40 S

80° | 65° | 81% | 1.25 § =

70° 60° 86% 1.15

60° | 53° | 88% | 1.00 l e

50° 46° 92% | 0.85 Wi = 2. WiD = 1.4 Width/Depth = .77

45° 42° 93% 0.75

Hinh 3.42 Ap dung thi du ty I1& huéng ngang, down-fill & trung tam
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Trap 'n Zoid by 606

Networking is the big

v No man! | mean data exchange
thing now, Zoid.

over audio networks.

You still don't get it. Let me
explain it to you.

Yeah. | make a Gotit. | use Pro Not now. I'm checking out
lot of random Sound Web too. PA of the day on
noise on Some stuff is Phasebook. Hah! Look at

that cute little kitten
mixing the Stones
concert!

actually true!

Tweeter.

4

| Was last night's concert loud? ] Was it long?

] =

Was it mixed well? Was the audience happy?

—

Trap 'n Zoid by 606

You keep giving me the same
answer every time!

| am a speaker with a
minimum very-ance
response
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(Trang trang)
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Chuong 4

Cdéng am -- Summation

(Trong sach nay, cé rét nhiéu tur, thudt ngr chuyén dung cho am thanh chuyén nghiép rat maoi, cé
thé chura co trong nhirng sach khac tur trude toi nay. Ngay trong chuong nay, ¢ tr “summation” lam téi
béi réi, khéng biét dich ra sao. Y nghia cua tir nay trong tiéng Viét la: phép cong, t6ng cong, tém tit, két
luén v.v. Khéng cé nghia nao phu hop véi nglr canh trong sach nay. Mai dén khi djch xong gén hét
chuong 4, t6i moi tim ra tur thay thé: “cdng 4m”, cé nghia, hai hay nhiéu ngudn am thanh gap nhau, cng
lai va tang bién do. Thuét ngir nay kha di c6 thé nam trong bt cir ngir cdnh nao trong sach nay ma van du
nghia.

Trong churong nay con thém tir “crossover”, kha quen thudc trong linh vure pro-sound. V@ thiét bj,
crossover la bo phan tan, vé ky thuédt né la diém giao cét tan sé trong giai 4m phd (crossover 4m phd). o
séch nay, tac gia con gan cho né thém nghia khac: Biém giao cat giira nhirng vang 4m thanh do nhiéu
ngudn tao ra (crossover khéng gian). Téi xin dé nguyén ban tiéng Anh, khéng dich, c6 thé gitp cac ban dé
hiéu hon vi néu djch cho ding theo turng ngir canh sé rét I6n xén, phire tap — ND).

Sy that hién nhién clia ngudi lam am thanh khon ngoan, "chia canh nghe I&én cho khan gia." o 1a
l&i khuyén t6t cho loa don. Néu c¢6 hai loa hay nhigéu hon, sé phat sinh ra nguén ly'c mai rat manh, cé thé
hudng dm thanh t&i nhirng phan chura biét: Coéng dm. Khé hinh dung ra hinh dang &m thanh tir loa don,
nhung ching ta phai dao sdu hon dé hiéu dugc su két hgp. C6 nhidu dang tuong tac khac nhau & moi tan
s6 va mai vi tri. Mac du phirc tap, van co thé du doan no va ching ta co6 chia khoa giai ma: mae do va bu
phase.

Hiéu dugc cong am la thach thirc I6n nhurng that ra con In hon vay nira. Hiéu biét vé mirc do va
bu phase cho chlng ta quéa cau pha & lam viéc. Toi da do hé th6ng 4m thanh trong ba muoi nam va chua
bao gi¢ thdy ngoai 1& nao vé quy tac cong &m d6. Chung ta co6 thé lam rd vé xay ra cai gi & bét cir chd nao
c6 driver thap gép driver cao, loa gép loa hay loa gap tuong.

Chuong nay dic két sur lién tuc gitra ba khia canh trong tac va dé bét 6n dinh nhat cta hé théng
am thanh: b6 chia &m phé (crossover), array (array) loa va phong. Hanh vi cong &m cua nhirng thyc thé
hinh nhu khac biét nay lién quan chat ché dén ndi cé thé gép nd vao mot thé loai duy nhét: crossover am
thanh. Crossover la chd nhirng dang séng twong quan c6 mirc do tuong duong gap nhau. Khi nd nhu vay,
cho dl né dén tur nhidu loai driver khac nhau, thung loa khac nhau hay khac thuéorng, né déu tuan theo quy
tac cong am.

4.1 Cong thém va bét &m thanh -- Audio Addition and Subtraction

Xay ra cong Am bét clr khi nao va & dau cé hai hay nhiéu tin hiéu am thanh tan sé phu hop két
hop vé&i nhau. Chi co thé xay ra ba két qua: mdrc tin hiéu téng sé I&n hon, nhéd hon hay giéng nhu tin hiéu
riéng lé.

4.1.1 Tiéu chi céng am lién quan -- Correlated summation criteria

Chung ta c6 thé danh gia cong am vao thoi diém nay va sé cé cau tra I&i. Ching ta sé c¢6 nhirng
khoanh khac khac hoan toan néu ching ta két hgp nhirng tin hiéu khéng lién quan. Chi c6 tin hiéu tuong
quan téng hop trong thei gian 6n dinh, tao ra dap (rng tan sé phu hop, cé thé du doan va phan phdi khong
gian. Chién lurgrc t6i wru hda dya trén két qua 6n dinh cua cdng 4m tuong quan. Nhirng tin hiéu twong
quan duy tri mdrc dé tuyén tinh va quan hé phase, nghia la n6 hat cung mét bai hat.
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4.1.1.1 Ngudn twrong quan -- Source Correlation

Nhirng dang séng tuwong quan la hau dué cta ngudn chung (Hinh 4.1). V& mat di truyén, dé la
nhirng dlra tré c6 cling dang séng v&i cha me nd. Néu ching no 1a cdp song sinh giéng hét nhau thi téng
sé giébng nhu phép tinh don gian: 1 + 1 = 2. Néu c6 sy khac nhau gitra no, chiing ta danh gia sy tuong tac
duéi dang phirc tap: bién do va phase. Dap (rng la én dinh, c6 thé du bao, do va cé thé didu tri bang delay,
equalization va/hay nhirng thu tuc sap xép khac. Nguoc lai, cong &m khong lién quan dén Symphony thir 9
cla Beethoven véi "lron Man" clia Black Sabbath s& khong 6n dinh, vi sé khéng c6 nhirng giai doan két
hop ma nguén phu hop. Truwdng hep lai gitra hai cyrc nay la am thanh stereo, cong &m tuong quan mot
nira. Chi c6 phan trung tdm cua mix sé tao ra céng &m 6n dinh. Mix mono chu yéu sé c6 do 6n dinh cao
hon cai cé ti 1é tach biét cao.

Matched single frequency Stable
summation

soat1 Wy A
oz WL Wl

Correlated complex signals Stable
summation

Signal 1
Z Summation

Signal 2

Uncorrelated complex signals

Not stable

Signal 1 W 2 Summation ?
1.3 W
16 BB M

Hinh 4.1 Hiéu (rng trong quan ngudn véi cong &m: Nhirng ngudn lién quan cb cong am tan sé én dinh.
Nguén khéng lién quan tao ra cdng am lién tyc.

4.1.1.2 Thoi han

Signal 2

Cong &m hai ban sao cua tin hiéu khéng bao dam moi céi sé I&'n hon. Tin hiéu phai gan dang du
thari gian né chia sé khong gian (hay trong day dan, v.v). Phat bai nhac qua hai loa song song lam né I&n
g4p hai Ian, nhung khéng 1au hon. Phat hai lan ndi ti€p 1am né lau hon, nhung khdng 16n hon. Khi cong
nhirng ngudn bu thai gian, két qua mix la hiéu trng ndi ti€p va song song: hoi I6n hon, va hoi l1au hon
(Hinh 4.2).

FR
Sound & Lighting



Chwong 4

Téng ngudn trong quan bu thai gian c6 thé mang lai ba két qua: chdng 1én nhau, chéng hay tach
biét nhau t6i thiéu. V& mat toan hoc, cai nay khéng phan biét ro rang, nhung nhan thire thinh giac cua
chiing ta sé khac nhau theo sur lién tuc nay. Coéng dm chéng 1én nhau cao phai hiéu la tang do I16'n va stra
d6i cdu truc am thanh. O curc khac 1a cdng am khong chong 1&n, phai hiéu la sy tach biét, tach ra, lap lai va
lap lai (echo). Mot phan chong la dién tich gian nd gitra né khién chiing ta phai xem xét ngudén nguyén liéu
va tan so lién quan. Chung ta sé khong bao gio cam thay do tach néu ngudn la tap am lién tuc. Chung ta
c6 thé thdy nhip tim tach biét bang cach dung xung tam thdi. Ngudng nhan thire thay déi theo &m nhac vi
no trdn tin hiéu lién tuc va tam théi vai nhau. Ngudng tach sé nhanh hon khi ting tan s6, thi du: Phan doi
rét nhanh cé thé lam cho am thanh cua hi-hat thanh ra hai nguon trong khi phai cé réat nhiéu phan doi dé
cam nhan ra c6 hai &m basse. Dap (rng tan s6 quasi-log cua b phan tich sé diéu chinh cho viéc thay déi
nhan thirc nay béng cach nam bat th&i gian & nhirng tan s6 thép lau hon. Nhirng tin hiéu dén sau thoi
gian ndm bét cia bd phan tich (thi du cho tan s cao nhat khoang 5ms) sé coi la tach biét (duoc coi la tap
am khong lién quan t&i bd phéan tich).

Overlap duration perception effects I

k —:WNJ&W“ 2 Summation n n n A A ﬂ ﬁ A
2 VIV — i

Multiple wavelength overlap

Perceived tonal fusion

= —WJWMA 2 Summation f
o2 VAW —— L

0 wavelengths of overlap

g1 — WW'—13 summaion— N AW
S2 J‘\JVV‘ Perceived separation
Multiple wavelength gap

Hinh 4.2 Tin hiéu cdng chdng 1én nhau: Sy nhan thare vé hiéu (rng céng thay déi theo lurgng tin hiéu chong
4.1.2 Coéng am dién va am thanh -- Electrical vs. acoustical summation

Méc du déu ap dung hau hét tinh chat cong 4m cho hé théng dién va &m thanh nhung cé vai khac
biét ro rang. Céng &m dién c6 kich c¢& hinh hoc khong dang ké, trong khi d6 khong thé xem xét cong &m
am thanh néu khéng c6 nd. Thém va bt dién sé in ddu trén tin hiéu & bét cir chd nao ma day mang no. Co
thé triét tiéu nhau hoan toan. Bat ky diém don nao trong khong gian &m thanh sé hoat dong nhu cdng 4m
dién tur, nhung dirng mong sé thdy cung ddu vét nay & chd khac. Dién ra viéc thém va bat cong am am
thanh khac nhau & moi vj tri trong phong. Khdng thé triét tiéu tai chd nay ma khéng can thém cho chd khac.
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4.1.3 Huéng ngudn am thanh -- Acoustical source direction

Cong dm am thanh bao gébm nhirng tin hiéu dén tir séng truyén theo nhigéu huwéng khac nhau (Hinh
4.3). Huéng lan truyén turong déi khéng anh hudng dén mirc ap suat 4&m thanh tai vi tri nhat dinh. Hwéng
chuyén dong cua hat (cuorng d6 &m thanh) khac véi nguén dugce téng hop tir nhidu vi tri khac nhau nhung
khong phai la yéu t6 dap rng Am thanh téng ho'p (quan tdm cla ching ta trong viéc t6i uu hda hé théng).

Huéng ngudn twong doi co anh hudng rat I6n dén tinh déng nhat cua sy phan phéi cong am trén
toan bd khong gian. Quan hé dinh huéng gitra nhirng nguén &m thanh nay sé 1a yéu té chinh dan dén bién
doi téc do cuia cong am trén khong gian (xem phan 9.1).

4.1.4 Tinh todn cfng am don gian -- Simple summation math

Hay bat dau véi cong va trir am thanh. Dang thire don gian nhat a1 + 1 =1 (x1) * véi ddu hoa thi
nh&c nhé ching ta, né phu thudc vao phase twong déi. Sy két ho'p cla hai tin hiéu mirc dé béng nhau co6
thé tang gép doi s6 lugng, pha v hay mat tat ca. Ba két qua khac nhau diéu khién béi gia tri phase twong
déi ctia 0°, 120° va 180° turong (rng. Chlng ta sé quay trd lai phase s&'m théi. Bay gidr gia sir phase két
hop va co 1ap co ché b sung bién do.

Cong am hai ngudn am thanh twong quan déng bé la:

. . (A +B)
Summation = 20 x Log,

Trong dé A la tin hiéu manh hon va B la tin hiéu quan binh hay yéu.

Multiple correlated inputs ’ Stable
Summation

signal 1 I\
signai2 f\[\\ 2 Summation ﬁ A A n

Signal n JVVU\

Correlated from multiple directions ]

Signal 1 M Signal 2 E
] Stable
Signal 3 Summation
ol ALK feul| ‘
Signal 4 M z Summation

Hinh 4.3 Céng am nhiéu input: Khéng gigi han lugng input tirong quan. Huéng ngudn khéng anh hudng
dén su 6n dinh cua cong am.

Cong thirc nay doi hoi may tinh ham log. Con béng khéng co, ching ta co6 thé doc bang tham chiéu
nhung khéng gilp hiéu n6. Van dé khong phai tai ban. Chung quy la tai log. That tuyét voi khi theo dbi viéc
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thay d6i mirc d6 4m thanh, nhurng lai nhat nh&o khi hoc toan. Tinh toan 4m thanh sé tré thanh tryc quan
sau khi dich sang tuyén tinh trd lai. Ching ta thuwgng khong nhin thdy mirc 4m thanh thé hién dui dang ty
|& tuyén tinh ctia n6. Néu lam nhu vay, ching ta s& b6 sung hai tin hiéu mirc do bang nhaula 1 +1 =2,
Thay vao dé, chung ta xtr dung bdé nhé da hoc vet cho phuong trinh twong tu duéi dang log: 0dB + 0dB =
+6dB. Chdng ta phai nhé (-6dB) + (-6dB) = 0dB, ban dich cua 2 + %2 = 1.

Téi sé ca ban da khdng nhé cau tra | cho (-12dB) + (-12dB) nhung ban sé khéng gap rac réi voi
Ya + Va = ¥» (-6dB). CO mau & day: Téng cla hai mirc do (va phase) tin hiéu phu hop la tang gép doi (2 x
6dB).

Moi céi thanh ra thach thirc khi mirc dé khdng phlu hgp. Hay giai 0dB + (-6dB). Ban c6 thdy minh
nght ra la -3dB khong? Giai ma tuyén tinh la 1 + 0.5 = 1.5 (+3.5dB). D4 giai quyét bi 4n! S& thay viéc
chuyén do6i mirc tuyén tinh sang mdrc log cho ngudn don trong hinh 4.4.

Cong thirc A + B = AB tim ra gain khi t6ng hop hai ngudn phase phu hgp béang cach thém tuyén
tinh, xtr dung gié tri ngudn don. T4t ca viéc ching ta can la tinh méi mirc do twong déi (tinh bang dB) roi
chuyén déi no ra tuyén tinh. Thi du, 100dB SPL (A) + 98dB SPL (B) = AB. Bu¢c 1 la ghi nhan dé khac biét
clia 2dB. Ngudn (A) dugrc cho gia tri tworng déi 1a 0dB (1) va (B) 1a -2dB (0,8). Chlng ta cong n6 nhu 1 +
0.8 = 1.8. Bang giai méa cho thay ty 1& tuyén tinh 1a 1.8, twong rng v&i do tang cla 5dB. Céng &m clia
chung ta: (AB) 1a 100 + 5 (105dB SPL).

Hinh 4.5 la chuyén déi tuyén tinh/log (1ap lai 1dB) ctia A + B = AB. Vé dep clia m6 hinh ty I& tuyén
tinh 1a chang ta khéng phai dirng lai & hai. Ba hop (thung loa) c6 mirc do bang nhau sé c6 ty 1& tuyén tinh
la 3:1, va bén hop la 4: 1. Yes, that don gian (trong tuyén tinh). Ban dich sang log sé la +10dB va +12 dB
tuwong trng. Chung ta ciing c6 thé thém nhiéu ngudn & nhiéu mirc dd khac nhau va tim ra két qua dé dang.
Hay thtr -3dB + (-6dB) + (-9dB) + (-12dB). Tim ra ty 1 tuyén tinh 12 0.7 + 0.5 + 0.36 + 0.25 = 1.81 (Mot lan
nira, la 5dB).

A+B = AB (2 elements combined at various levels with 0° relative phase)

Unear ratios
A+B = AB
100 ¢+ 100 = 200
00+ 089 = 189
100+079 = 179
00 +071 = 171
100 +063 = 163
100 + 056 = 156
100 + 050 = 150
100 + 045 = 145
100 +040 = 140
100+035 = 135
00 +032 = 132
1004025 = 125
100 +018 = 118
2 [ 18 100+013 = 113
dB relative 0d8 + - = +0.9 dé 100+011 = 111

dB

Hinh 4.5 Tac dong mirc dé Ién hai téng input & dang log va dang tuyén tinh

Hinh 4.6 cho phép gain tuyén tinh va log v&i s6 lugng 1én dén 32 don vj. Cau hoi phé bién vé array
loa hién dai lién quan dén hiéu (rng mirc d6 giam dan trong vai thung loa. Cau tra 1, c6 thé tinh gan ding
bang cach thém tuyén tinh. Thung loa nao khdng giam tinh la 1 trong khi nhirng don vi nao giam dan sé
giam ty lé twong dwong (thi du -3dB = 0.7). Thé hién thi du trong hinh 4.7, c6 thé ap dung cho bét ky array
nao.
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Multiple input summation reference
Linear | Log gain* Example
+0 dB [

1
2
3n
4
5
6
8
10 +20 dB
12
16
20

24 +28 dB|
32| +30dB|
* All inputs matched in level and phase

Hinh 4.6 Gain cta cdng &m nhiéu input

8 speakers @ various levels |A B Cc D E F G H |SUM Loggain Taper loss

8@0dB | 1.00] 1.00] 1.00/ 1.00 1.00/ 1.00 1.00] 8  +18.1dB[ -0.0dB
7@ 0dB, -1dB | 1.00/ 1.00, 1.00| 1.00! 1.00| 1.00; 0.90 7.9 +18.0 dB -0.1dB
6@0dB,-1,2dB | 1.00/ 1.00, 1.00| 1.00 1.00, 0.90! 0.80 £474 +17.7 dB -0.4 dB
5@04dB,-1,23dB | 1.00/ 1.00, 1.00| 1.00! 0.80| 0.80! 0.70 7.4 +17.4 dB -0.7 dB
4@0dB,-1,234dB . 1.00, 1.00, 1.00! 0.90! 0.80| 0.70! 0.63] 7.03 +16.9 dB -1.2dB
3@0dB,-1,234,5dB . 1.00. 1.00/ 0.90| 0.80! 0.70] 0.63| 0.55| 6.58 +16.4 dB -1.7.dB
2@ 0dB, -1,2,3,4,56 dB 1.00] 0.90! 0.80 0.70| 0.63| 0.55/ 0.50| 6.08 +15.7 dB -2.4 dB

3885385

Hinh 4.7 Thi du vé b6 giai ma log/tuyén tinh vé két hgp mirc dé cho tam loa (b6 qua phase). Giam dan theo
tirng budre 1dB. Sy hao hut c6 thé tir cong am t6i da, thé hién trong cot cudi cung.

4.1.5 Tinh toan cdng am phirc tap -- Complex summation math

Chung ta hay vugt qua cach nhin mét chiéu téi mé hinh cong 4m phirc tap bao gom bién do va
phase. Phase rét quan trong dén két qua clia céng &m nhung chiing ta khong danh gia né qua cao. Ro
rang, n6 phu thudc vao bién do. Sao lai nhu thé? Néu loa cla t6i Ién hon cla loa ban 100dB, thi phase
khong c6 nghia la nhiéu, phai khdng? Ngugec lai, khi loa c6 mirc d6 phu hop, dap (rng phase sé chay trong
show. D6 1a hiép phu. Néu chung ta c6 ngudi chién thang rd rang trong thé loai bién do, thi hiéu irng phase
chi la chi tiét. Khi gan t&i mirc do, phase sé ra quyét dinh vé dap (rng tan sd cla tin hiéu va sy phan phéi
khéng gian.

4.1.5.1 Hé s6 nhan phase -- Phase Multiplier

Thém phase cho phuong trinh cong &m doi héi phai tinh toan vurgt qua pham vi cua ching ta &
day: b6 sung nhirng s6 that va s6 ao phire tap. Mién 1a c6 mirc d6 phu hg'p, ching ta lam mé hinh hiéu
(rng phase giébng nhu phép nhan tang phase don gian, giam gain khi bu phase. D6 la khi chlng ta tron
bién bu phase va bién bl mirc d6 v&i nhau dé dat t&i diém tinh toan phirc tap. Nhur ban cé thé tudng
twgng, phuong trinh that sy 1a tron s6 that va so o, ro rang la vi pham I&i hira sé tinh toan toi thiéu cla t6i.
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Sé cung cap bang két qua cong 4m vé mirc do va phase trong hinh 4.8 vi vay chlng ta c6 thé c6 cau tra I
ma khong can dao sau hon nira, nhung chlng ta co thé tach vai I6p ra va n6 tro' gitip sy hiéu biét cho
chiing ta ma khéng lam nhirng nha toan hoc biéu tinh bén ngoai hoi trudng.

Co thé mo phong cong &m don gian & hai cuc phase bang cach thém yéu t6 nhan thir cdp dé cong
thém tuyén tinh ma ching ta da thyc hién trudc day. Nhé lai cong thire tuyén tinh don gian: 1 +1 =1 (1)
*, trong dang chir céi la A + B = AB. Hay thém vao hé s6 nhan "a" nhu (A*a) + (B*b) = AB. Vi moi cai & day
déu trong doi, ching ta ty dong dét ca hai gia tri "A" va "a" thanh 1, giam phuong trinh cua ching ta thanh
1 + (B*b) = AB. Hé s6 nhan la 1 cho 0° va -1 cho 180° twong (rng. Hay lam hai cong &m mirc d6 phu hop
vGi dd 1éch (bu) phase 0° va 180° tuong (rng:

Thém t6i da (0°): (A*a) + (B*b) la 1+ (1*1)1a 1+ 1 =2 (+6dB)

Trir t6i da (180°): (A*a) + (B*b) la 1 + (1*(-1)) 1a 1-1 = 0 (-o=dB)

Bai tap nay cho thay vai trd cia bu phase khi thém t6i da (ghép) va phép trir (triét tiéu).

Bay gi¢r ching ta hay tinh hé s6 bu béang cach bién "B" xuéng 6dB:

Thém t6i da (0°): (A*a) + (Bb) a1+ (0.5*1) la 1 + 0.5 = 0.5(+3.5dB)

Trir t6i da (180°): (A*a) + (B*b) la 1 + (0.5*(- 1)) 1a 1 - 0.5 = 0.5(-6dB)

Bay gidr, chung ta thdy rang néu khéng c6 mirc do phu hop, hiéu (rng ctia cong &m va trr phase
sé giam di.

Di t&i mirc tiép theo bang cach bién "B" xuéng 12dB:

Thém t6i da (0°): (A*a) + (B*b) la 1 + (0.25*1) 1a 1 + 0.25 = 1.25(+2.0 dB)

Trir t6i da (180°): (A*a) + (B*b) la 1 + (0.25*(- 1)) la 1- 0.25 = 0.75(-2.5dB)

Tai thoi diém nay ,ching ta c6 du dé chénh léch vé mirc do dé giam hiéu (rng bu phase xudng
dugi +3dB. Chung ta da dat duwgc sy cach ly cé hiéu qua, nghia la khéng xay ra thém hay trir dang ké,
khu vurc tang tinh trung 1ap v&i bu phase.

Nhirng phuong trinh don gian nay mang lai két qua tuong ty nhu phién ban phirc tap & hai cuc
phase 0° va 180°. Hé s6 phase la con s0 tir 1 dén -1 cho tét ca gia tri phase khac nhung no thay déi theo
mirc do twong déi nén khdng thé gén s6 duy nhét véi gia tri phase cu thé nao. Tuy nhién, ching ta co thé
udc lugng hé sé nhan vai sé don cho dd bu phase 90° hay nho hon va & +0.5dB cla két qua phrc tap.
Néu chua du gan thi xir dung cong thirc day du, nhu sau:

(L)
Re, =10 20) -cos(D, )
(L)

Im, =10"*" -sin(®,)

n)

ZR(: = Re,\+ Ren+ e I Reu
Z’““., = ]]]].\ =+ ll]l“+ e ln]”

R(“.

Ls :20-log( 5o L )
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Hé s6 nhan phase gian thé

W 0° = 1: thém vao B & mirc that té cua nd.

B 30° x&p xi 0.92 (+0.15dB): thém vao B bang gia tri nho hon -1dB dudi mirc that.

W 60° x&p xi 0.7 (x0,25dB): thém vao B bang gia tri suy giam l1a -3dB du¢i mirc that.

W 90° x&p xi 0.35 (x0,5dB): thém vao B bang gia tri a0 la -9dB dudi mire that.

B 120° bang 0 khi mirc bang nhau (vi vay khéng thém gi vao B) va trir di mot chat 1a mdre bu.
W 150°: trir B di tir A nhung t6c d6 qua cao so v&i mic dé don gian hoa.

W 180 = -1: trir B di tlr A & mirc that té.

Bay gi& ching ta hay so sanh 1dB cua bu m&rc d6 (mét minh) v&i 30° cua bu phase (mdt minh) va
hinh dung bu phase bat chuéc hiéu irng bu mdrc d6 ra sao.

B dugc bu -1dB @ 0°: (A*a) + (B*b) la 1 + (0.89*1) la 1 + 0.89 = 1.89 (+5.5dB)
B dugc bu 0dB @ 30°: (A*a) + (B*b) la 1 + (1 0.92) la 1 + 0.92 = 1.92 (+5.7dB)*
* Két qua phuong trinh phire tap khac bang 0,04dB.

Vi vay, thém 30° cla bu phase la nhu bién loa B xuéng va thém dB. Khi tirng cép hiéu (rng -1dB
nay da két hop, két qua tuong duong -2dB clia mirc bu @ 0°:

B dugc bu -2dB @ 0°: (A*a) + (B*b)la 1 + (0.8*1)la 1 + 0.8 = 1.8 (+5.2dB)
B dugc bu-1dB @ 30 °: (A*a) + (B*b) la 1 + (.89*0.92) la 1 + 0.82 = 1.82 (+5.2dB)*
* Két qua phurong trinh phire tap khac bang 0.03 dB.

Muc dich & day la dé coi cach phase khién thém cong am va trir khi khong c6 chd hé ra sao. Tinh
toan don gian nai léng sy hinh dung cdng &m khi dé Iéch (bu) phase dugi 90° hay gan 180°. Khoang cach
gilra nay réat bién dong trong bat ky trurd'ng ho'p nao, diéu nay lam han ché Iyra chon clia ching ta & do. Noi
tom lai, & d6 c6 sy hédn don 16n xon.

R6 rang, co su bu phase (va gia tri s6 nhan véi mire bu khac nhau) lién tuc gitra nhirng méc quan
trong 0° va 180°. C6 hai diu hiéu nho hon khac ma ching ta co6 thé xtir dung dé gitp hinh dung ra. Bao
dam c6 cong thém khi bl phase <90° va bu mirc dé <6dB. Khi bu phase la >120° tat ca két hgp clia bu
mirc d6 cung cp vai lugng trir di.

Chung ta da thuc hién vai bi 8n cua ca hai co ché, bién do 1an phase, va da gép bu mirc do lién
quan trong khoang 20dB. P4 bién soan cai nay thanh bang tham chiéu (hinh 4.8) két qua cho cong 4m hai
chiéu (bién do chinh xac 1dB va phase 30°). DAy la chia khoa giai ma hoan chinh cho viéc két hgp ngudn
nhu loa. Luru ¥, chi c6 mét cach dat dugc 6dB cong thém (0dB @ 0°) trong khi ¢6 b6n cach c6 duoc +3dB
(0dB @ 90°, -4dB @ 60°, -7dB @ 30° va -8dB @ 0°). Vé mat t6i, viéc giam hon 6dB doi hoi do bu pha
>150°).

Chung ta c6 thé vugt qua cong 4m hai phan tir nhung phai luu ¥, quan hé phase la thanh phan
clia tirng phan tir. Cong &m ABC ch(ra bu phase phase giira AB, BC va AC. R6 rang, AC la duy nhat va
I&n hon. Bigu nay vuot qua bang don gian nhung sy hiéu biét vé cong &m hai phan tir sé gilp ching ta céd
chang dudng dai huéng dén nhirng két qua cé thé doan truéce.
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The phase multiplier (2 elements combined at various levels)
Level offset Phase offset
Log|Lincar ” » o s R v 1

0dB| 1 a2 sn a7 Caon 00 872 -60.00)
-1d8] 059 553 50 420) 254 044 601 1920
248 0.5 508 478 ass| S 212] om|  se  -am
348 ol 464 43 34 176|100 s61l -1064
— ran| om| a2a 39| (am)  1ae|  -uis| sas| s&
—— & a8 0.56} 388 30 2% 119 122 466 BAL
N 4dB 0.50) 382 326~ 244 097 -128 417 601
N Jd8| 048 121 298)  216] o7 13| Im| 4
% san| 0wl WY 16 192 o6 19 329 a3
948 : \ 5 dB 03| 763 240 10, os .13 291 3M
VP d0aB| o3| 235 206| 1| 041  -les| 258
[y 498 @ 60" a2l oas| a4l uas] w9l oa7]  0so]  200f 250
748 @30 -1548 0.18 142 127 083 014  0® 140 1.6
168 DR Qo 013 103 091 0S8 007 081 098] 116
R 0.10 082 073 048] 0.04 041 077 091

Hinh 4.8 Gia dinh hé s6 nhan céng am clia dap (rng vé cong dm hai phan tir. Tim thdy cdng am hai cyc &
0dB, 0° va 180°. Hiéu trng céng va trir sé giam khi mirc do giam. Luu ¥, co thé dat cong 4m +3dB theo bén
céach (0dB @ 90°, -3dB @ 60°, -7dB @ 30° va -8@ 0°).

The phase cycle (2 elements combined at equal levels)
/—0' phase offset: T \
*64B (141=2) [T°¥ ¥
: \A /
B e e
(s 46 | |90° phase offset:
/ = +3dB (1+1=1.4)
‘v e -12 ¢ ——————cemges)
f FELE
’;' 043 dB 0 g 24 |
/ 4 % 20!
“ B\ S ol [120° phase offset: |
] A \ g 1008 (141=1) |
i ) 21 -
| /) 1150° phase offset:
; / 180" — {-6 dB (1+1=0.5)
/ /1™_]180" phase offset: | "** |
| 0 TS L) QR T N N S . S5 S N N S = -—
[ 0 M 60 W 120 150 180 210 240 270 N0 3N W0
_ Relative phase (deg) (180) (150) (120) (%) (60) (30) (0)
+6 +3 0 6 12 -18 24 -30 -36 -42 Note: Loss at the exact 180" relative phase point exceeds the -24 dB8 shown in the color guide

Hinh 4.9 Chu ky phase

4.1.5.2 Hiéu rng chu ky phase trén céng am --

Phase Cycle Effects on Summation

Theoi gian va phase c6 lién quan nhung khéng c6 nghia la cing chung mét cai. Thai gian tién vé
phia trwéc theo dudng théng, trong khi phase di vong tron (Hinh 4.9). N6 bat dau cung lic véi thdi gian &
Oms va phase & 0°. Phase di qua 359°, resets vé& 0° va nd c6 cam giac ngd ngo lai tor dau. Chung ta coi
hiéu irng bu phase trén cong &m gidng nhur ham s6 vong, goi la "chu ky phase". Ban chét hinh tron co y
nghia quan trong.

B Chu ky phase bat déi x(rng, nghia 1a % la céng va 5 1a trir.

B Gain va hao hut (loss) chung bang nhau nhung phan phéi béat di xirng, tirc 1a céng thém nho
va dan dan, trong khi phép trir la d6c va sau.

B D4u hiéu phase (+ hay -) khong lam thay déi gain hay giam, tirc 1a -90° ciing giéng nhu +90°.
Mcrc cong khéng quan tam ai dén truée.

B Bién do cong 4m dyra trén vi tri hwong tdm trong chu ky. Thi dy, nguén dén & 0° va 360° da
khop vi tri hudng tam va cong thém nhu 0° va 0°. Tuy nhién, & day c6 han ché khong quan trong, thdi han

@ Sound & Lighting

161



Cong am

tin hiéu dat diém dirng cudi vao bao nhiéu chu ky nao do, ching ta co thé roi phia sau va van cong thém
murc doé.

4.2 Coéng am tan s6 phy thuéc --
Frequency-Dependent Summation

Chung ta da sén sang ap dung bién dé va hiéu rng phase vao dap (rng tan s6. Ngay khi gi¢i thiéu
bu thai gian gilra nhiéu ngudn, co6 bién bu phase theo tan sé. Vai tan sé thém vao trong khi nhirng cai khac
trir di. Day két qua cla peak va dip 1a du doan hoan toan dugc vi né di chinh xéac theo cling kich ban ma
chang ta vira trai qua. Chung ta chi don gian phai chay nhiéu con s6 cho méi tan sé thay vi chi mét. N6
khong khé nhu am thanh, mét khi chiing ta nhin thdy mé hinh.

Truée day, chung ta da bu mirc dé va b phase cho hai thanh phan. Ching ta sé gitr trao d6i mirc
do va bu phase cho bu thei gian (dan dén bu phase/tan s6). Bu thai gian 1a tuyén tinh va tao ra bu phase
tuyén tinh theo tan s6. Thi dy, bu 1ms tao ra vong xoay chu ky, quay véi téc do 1kHz. D6 la 360° @ 1kHz,
720° @ 2kHz va v.v. Biéu nay ciling tao ra 180° @ 500Hz va 540° @ 1500Hz. tim thdy c6ng thém t6i da &
mdi giai 1kHz va trur t6i da & diém gitra tuyén tinh gitra nhirng dinh (500Hz, 1500Hz v.v).

Delay effects on phase over frequency

Fixed time offset rotates the phase wheel at different rates over frequency
Example 63 Hz, 125 Hz, 250 Hz and 500 Hz at Oms and 1ms delay

_, 180" of phase shift

= N 500 Hz @ 180°
’ 0' o
250 Hz @ 90°
125 Hz @ 45°
No delay: phase cycles at all
frequencies are aligned With delay: phase cycdie rotation doubles as frequency doubles

Hinh 4.10 Hiéu (rng bl th&i gian trén chu ky phase theo tan sé

BU thai gian tao ra bién phase va cong dm sinh ra nhiéu tén: ghép nai, triét tiéu va chai (coupling,
cancelling and combing) c6 lién quan v&i ching ta nhat. Co thé xir dung ghép ndi va triét tiéu c6 chon loc
theo lgi thé cia ching ta. Chai la san phdm phu, ching ta lam hét minh dé giam thiéu no.

Nh¢ lai, giai tan s6 cho hé théng 4m thanh kéo dai ty I& it nhat 600:1, c6 kich c& (18.000Hz dén
30Hz). Thai gian bu nhat dinh tao ra dich phase & 18kHz, gép 600 Ian & 30Hz. Thi du 33ms tao ra 360 ° (1
chu ky) ctia bu phase ¢ 30Hz va 216.000° (600 chu ky) & 18kHz. Hay suy nght vé bu thi gian nhu la truc
khuyu dan dong 600 ty & khac nhau. Thi gian duy nhét tit ca xép hang v&i nhau 1a Oms (Hinh 4.10).

Cau chuyén vé bu thi gian tiéu chuén giéng nhu cau chuyén Iang man. N6 bat dau cung nhau, roi
n6 danh nhau va va cir 1ap lai nhur vay. Tién trinh nay chuyén déng cham va ching ta chi c6 vai sy ¢6 néu
thai gian bu nhoé.

Néu I6n, ching ta thdy rét nhiéu cai lén va xuéng. Bat ky thdi gian bu nao, du I&n hay nho, déu bat
dau tién trién. Sau khi lan dip dau tién xuéng dén tam nghe cua ching ta, show da bat dau (Hinh 4.11).
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Comb filter identification reference
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Hinh 4.11 Bang tham khao hiéu (rng loc lugc (Comb filter)

Cau chuyén bat dau & tan sé thdp nhat, giéng nhu ghép ndi hanh phic cho dén khi dé bu phase
dat dén 120°. Tiép theo la cudc chién dau tién (bu phase = 180°), rdi chlng ta lai hanh phuc lan nira & 360°.
Xay ra diém thap nira khi dat dén 540° va dén khi n6 di. N&u thei gian bu nho, chang han nhu 0.1ms, giai
ghép ndi dau tién sé mad rong tat ca con dudng dén 3kHz trugre khi roi vao cai 16 & 5kHz va quay trd lai &
10kHz. Nguoc lai, vai thei gian bu 10ms, viing ghép néi tu do chi kéo dai dén 30Hz, v&i sy chai cat lén tét
ca moi cai trén do. Hay dat tén cho nhirng churong trong chubi: ghép néi (peak0), dip1, peaki, dip2 v.v. N6
luén gilr cing thir bac. Chang ta chi can dién tan s6 tuong irng vao cho médi lan bu thoi gian.

Su chai trai déu xuyén qua &m phd, day la &m phé tuyén tinh. D& cho thinh giac log cua ching ta
nghe nhigu churong trong chudi c6 &m thanh khac nhau. Vung ghép ndi (peak0) la gain thuan nhét. Dip1 1a
16 I6'n nhat va peak1 1a bd diéu chinh &m diéu d& nhan ra nhét. Dip va peak tiép theo déu lan luot, it bi
nhan dang nhu bién thé am diéu. Peak (va dip) co kich c&/tuyén tinh, duwgrc nhan thirc nhu bi thu hep vao
tai log clia chung ta. Sy chuyén déi tuyén tinh sang log cua khoang cach gitra chudi peak la dao nghich
clia sO peak thdp hon (peak1 dén peak?2 la mot bat do (octave), peak2 dén peak3 |a 12 octave v.v). Peak
rong la cach dé phan biét dac diém am diéu nhat, trong khi peak100 (rong khoang 0,01 octave) tai ching ta
sé khong thé nhan ra c6 tan s trung tam nao.

4.2.1 Vung céng am -- Summation zones

Chung ta da thdy cach bu thai gian khién cong am tiéu chuén, tir ghép ndi dén nhirng co6t cay s6
chai dip1, peak1 ra sao roi... Hay thém mdrc dé tuong déi vao mix va tao ra thu vién nhirng dap rng cong
am tiéu chuén da thay trong tu nhién. Nhiéu quyét dinh t6i uu hda dyra vao viéc xac dinh hanh vi cong am

that chinh xac. Sé thuc hién nhirng vung céng nay qua viéc thao luan vé array loa, gébc ma, loa subwoofer
va thadm chi cho ca phong (Hinh 4.12).

FR
Sound & Lighting



Cong am

4.2.1.1 Vung ghép ndi -- Coupling Zone

Viing ghép ndi ndi tiéng tir bay gio: co tat ca gain, va khong hao hut vi bu phase la < £120°. Giai
cla vlung ghép ndi khdng bi gi¢i han bdi bu mirc d6 nhung, vi cong thém quéa nho so va&i dé bu I6n, ching
ta vé dudng thang & 10dB. Gain c6 thé cho 2 yéu t6 t6i da la +6dB (d6 bu 0dB @ 0°) va t6i thiéu 1a 0dB (&
bat ky bu mirc d6 nao @ 120°). Vling ghép ndi la phuong tién tao ra thém nang luong &m thanh hiéu qua
nhat. Giai tan s6 hiéu dung ty 1& nghich v&i sy dich chuyén nguén (khoang cach gan hon kéo dai giai 1én
phia trén). Sy phan b6 khdng gian theo khuynh huéng trrong tu: Ngudn gan nhau duy tri ghép ndi trén
dién réng hon nhirng viing xa. O’ mirc t6i thidu, phai bao dam ghép ndi tai dudng gitra hai loa ghép that
chinh xé&c (trir khi ddo ngugc mét cuc).

4.2.1.2 Vung triét tiéu -- Cancellation Zone

Vung triét tiéu, canh t6i ctia viing ghép, xac dinh bai hiéu (rng déi 18p cla né: co tat ca dd hao hut
va khdng c6 gain. Vung triét tiéu chdng 1én nhau dé tao ra hao hut bang cach gilr bu phase & phia canh trur.
Ung dung that t& bao gém chéng tap 4m va loa subwoofer cardioid. D9 triét tiéu manh (giam hon -6dB) doi
hoi diéu kién gan hoan hao: mirc dd phu hop va dé bu phase trong khoang + 30° dén 180°. Tac déng thong
thuwdng nhét 1a dao curc va delay curc, kéo dai triét tiéu xuéng dén tan so thap nhat.

4.2.1.3 Vung chéi -- Combing Zone

Vung chai hgp nhét ving ghép va triét tiéu. Mirc d6 gan du cho hiéu (rng manh (trong vong 4dB)
va du bu thoi gian cho chu ky qua bu phase. Banh gia vung chai & ché dé "kiém soat thiét hai": Peak va dip
s&u bao nhiéu, giai tan s6 bj anh hud'ng bao nhiéu va da xay ra cai gi v&i mé hinh bao quat cua t6i? L6
héng chét ngudi cua viing chai la né khéng con co 1ap va van co chu ky bu phase hoan toan. Két qua dap
(rng tan sé bi gon sdng >12dB. Kiém soat vung thiét hai t6t nhat qua chién lwgc t6i da hda viéc ¢o lap
va/hay giam thiéu thai gian bu.

Level Offset | Phase based summation
(4B) 5 6 7 8 1 9 ‘ 10 6 17 18 19 2 zones
| Phase offset 0
60 (55|51 |46 42|39 /35|32|20|26|24|2116[18 16|14 13|11[10|09/|08 Maximum addiion
6 |
‘ Coupling zone
-4 Phase offsel: 0" to 120*
2 + : Summation: +6 dB to 0 d8
- : y g = Ripple: < 6 d8
o -
S 2 AR
£
& 4
? & Cancellation zone
g - Phase offset: 120° to 180°
8 z
@ 4 B level offset s"'"";m.‘)("go‘ga'm %8
-10 '
12
-14
.16 k.
1 Phase offset 180"
-60.0/-19.2/-13.7/-10.7| -8.7 | -7.2 6.0 |-52 | -44 |-38|-33|-29|-25|-22 -19|-1.7 15 -14|-1.2 -1.1|-09 Maximum subtraction
| \
Ripple (dB) |66.0{24.7 (188|153 120(11.1| 95 [ 84 | 7.3 | 64 | 57 [ 50 |44 | 40| 36|30 |28 |24 | 22| 20 | 18 | METhm veraton betheon
Phase based
Combing zone Transition zone Isolation zone -
Level based Level offset: 0 to 4 d8 Level offset: 4 to 10 4B Level offset: > than 10 d8 o zonee
summation Phase offset: uniimited Phase offset: unlimited Phase offset: unlimited
zones Summation: +6 dB to -60 dB Summation; +4 dB 10 -8 dB Summation: +2 dB o -3 dB Level based
Ripple: > 12 d8 Ripple: 6dBto 12 dB Ripple: <6 dB summation zones

Hinh 4.12 Ving céng 4m
4.2.1.4 Vung chuyén tiép -- Transition Zone

Blng nhu tén goi, vung chuyén ti€p ndi nhirng viing chdng chéo cao (ghép ndi, chai va triét tiéu)
va noi tra an co 1ap. D6 la mét trang thai ban co lap gitra vung cb 1ap 4-10dB, va&i vong tua cua chu ky
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phase day du. Két qua dap trng tan s6 go'n song 6-12dB. Vung chuyén ti€p xtr dung cach ti€p can kiém
soat thiét hai clia viing chai, v&i bién thé gon song va khong gian it mirc do tram trong hon.

4.2.1.5 Vung cd 1ap -- Isolation Zone

BU murc d6 vurot qua 10dB tao ra sy ¢0 1ap, du dé giam thiéu hiéu (rng bl phase. Tan sé dap rng
gon séng <6dB. Nhirng thudc tinh positive ctia vung c6 1ap bj ggrn séng nho va mé hinh bao quat két hop
dy doan. Canh di xuéng la cong thém nang lugng toi thiéu.

4.2.1.6 Vung c6ng 4m theo tan so

Hé théng &m thanh cla ching ta c6 thé chiém nhiéu vung cong am vi no trai réng trén giai tan so
600:1. Mot cép loa mé xéo c6 thé co ghép LF va co 1ap HF do mo hinh bao quét bién déi cua n6. Hay danh
gia vung bang cach thém th&i gian bu, digu khién giai bu phase trén tan s6. Chang ta cling sé thém do
nghiéng &m phd 1én phia bu mirc dd cta phuong trinh: loc HF xuéng dé quan sat céng 4m ghép tan s6
thép va c0 1ap tan sé cao.

Sy trong tac nay co thé tién trién qua bén trong s6 nam loai cong am trong quy trinh dap rng full-
range. Hay x&r dung thoi gian bu 1ms lam thi du. Cong am cho vung ghép (<=120°) mé rong dén 333Hz,
sau d6 vlng chai con lai cta dudng Ién. Hay thém mot filter cudn HF Ién mét trong nhirng ngudn dé tao ra
bu mirc do v&i tan s6. Su tién trién cua vung bay gid di tir ghép dén chai dén chuyén tiép (khi filter dat dén
4dB) va cudi cling 1a c6 lap (10dB). Sur tién trién cua ving nay sé la mot chu dé chinh trong sach nay vi no
la chudi sy kién tiéu chudn cho sy tuong tac cong am thanh.

Chubi dap (rng tan sé trong hinh 4.13 dén 4.14 doéng vai trdo nhu ty dién vé ho hang vung cong am.
Hiéu (rng tan s va mdrc do that té€ bién déi lién tuc. D&u vét dai dién cho méc quan trong va sé ha xudng
thanh biéu twgng dé xir dung trong phan con lai cua sach nay, dé chi dinh vj tri trong hoi trud'ng hay chung
quanh array, noi c6 diéu kién gay ra viéc no ton tai. Ching ta can théng thao nhirng biéu tugng nay dé xac
dinh no6 bang bo phan tich trong tu nhién. Hay nghi vé& nd nhu 1a "ban & day" trén ban do twong tac khéng
gian/adm phé cuia chung ta.

Biéu tug'ng két hop v&i nhau trong do thj xac dinh vj tri viing cdng &m thanh phdi canh téng thé vé
bu théi gian va bu mirc d6 (Hinh 4.15). Rt ra chién lwgre thiét ké va t6i uu hoa tir quan hé nay. Chién lugc
thanh cong trong viéc chuyén tir viing ghép (duGi bén trai) va di chuyén doc theo con dudng dan dén sy
c6 lap mirc do khi thoi gian bu tang 1én (phia dudi bén phai). Néu thdi gian bl tang Ién ma khong thyc
hién bt mirc do cho du thi ching ta sé thdy chinh minh trong vung chai dé bat én dinh (phia trén bén trai).

4.2.1.7 To6m lurgc 4m phd vung cong am -- Spectral Summation Zone Summary
Sur tién trién cua viing cong &m phd tiéu chuén phai luén lam mai trong dau.

Tém luwgc vung cdng am

B Tan s6 chai (F) = 1/thdi gian bu.

W Ving ghép kéo dai dén bu phase 120° (1/3F la diém cudi cua peak0).

B Vung chai b4t dau & bu phase 120° néu bu mirc d6 1a <=4 dB. Dip1 = %2 F, peak1 = F.

B Vung chuyén tiép bat dau & bu phase 120 ° khi bu mirc do khoang 4 dén 10dB.

B Vung c6 1ap bat dau & bu mirc d6 10 dB bét ké bu phase ra sao.
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Summation: Time offset over frequency
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Hinh 4.13 Vung cong vé tan sé (A + B) v&i mirc d6 phu hop va bu thai gian thay déi 1a 0-10ms

Summation: Time and level offset over frequency

Amrpiitude
(+/- 18 ¢B)

= =
— A
Phase | =

(+/- 180%) = —

100 Hz 1 kHz 10 kHz

Amrpltude

(+/- 18 @B) S 0 -15dB
= ——| B
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iy R ——
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(+/- 18 GB)

SN

Phase |———. 0&0ms
(+/- 180%)

100 Hz 1 kHz 10 kHz Phase cycle does not bum

4.2.2 Hinh hgc vé cdng dm -- Summation geometry

Cong am am thanh & khap noi, theo nghia den. N6 chira khia canh khong gian khéng théy bén
trong doan day, chdng han nhu mé hinh bao quat cua tirng loa va su dich chuyén gitra n6. Mét an nira, nd
rét phirc tap, nhung khong ngau nhién. Chiang ta sé thdy bu mirc do, bu théi gian va bu phase sé xac dinh
vi tri &m thanh dang di va cdng thém hinh hoc vao chia khoéa gidi méa cua ching ta.
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Hinh 4.14 Vung céng vé tan sé (A + B) v&i mirc do khéng phu hop va bu thai gian thay déi 1a 0-10ms
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